
29th Annual Meeting of the Associated 
Professional Sleep Societies, LLC

Scientific Highlights/Abstracts of 
Original Investigations

Click on the buttons below to jump to sections.

SLEEP
VOLUME 38, 2015  |  ABSTRACT SUPPLEMENT

JOURNAL OF SLEEP AND SLEEP DISORDERS RESEARCH
ISSN 0161-8105

Official publication of the
Associated Professional Sleep Societies, LLC

A joint venture of the
American Academy of Sleep Medicine

and the Sleep Research Society



JOURNAL OF SLEEP AND SLEEP DISORDERS RESEARCH

Volume 38, 2015  |  Abstract Supplement

Official publication of the Associated Professional Sleep Societies, LLC.  A joint venture of the American Academy of Sleep Medicine and the Sleep Research Society.

SLEEP
EDITOR IN CHIEF
David F. Dinges, PhD

Executive Director 
Jerome A. Barrett

Book Review Editor
Michael H. Bonnet, PhD

Managing Editor
Andrew Miller

Editorial Board

Daniel Aeschbach, PhD
Richard P. Allen, PhD

Monica L. Andersen, PhD
J. Todd Arnedt, PhD

Alon Y. Avidan, MD, MPH
M. Safwan Badr, MD
Siobhan Banks, PhD

David Barnes, MBBS, FCCP
Celyne H. Bastien, PhD
Dean W. Beebe, PhD
Richard B. Berry, MD
Edward O. Bixler, PhD
Bjorn Bjorvatn, MD, PhD

Orfeu Buxton, PhD
Julie Carrier, PhD

Peter Catcheside, PhD
Thien Thanh Dang-Vu, MD, PhD

Yves Dauvilliers, MD, PhD

Leslie C. Dort, MSc, DDS
Jeanne F. Duffy, PhD
Marie Dumont, PhD

Charmane Eastman, PhD
Jeffrey M. Ellenbogen, MD

Julio Fernandez-Mendoza, PhD
Peter C. Gay, MD

Thomas J. Geller, MD
Sina A. Gharib, MD
Reut Gruber, PhD

Christian Guilleminault, MD
Patrick Hanly, MD, D, ABDSM
Rosemary S. Horne, PhD

Reto Huber, PhD
Luca Imeri, MD

Shahrokh Javaheri, MD
Thomas S. Kilduff, PhD

Elizabeth B. Klerman, MD, PhD

Kristen L. Knutson, PhD
Hans-Peter Landolt, PhD

Peretz Lavie, PhD
Peter Y. Liu, MBBS, PhD

Steven W. Lockley, PhD
Mark Mahowald, MD

Bryce A. Mander, PhD
George Mashour, MD, PhD

W. Vaughn McCall, MD
Dennis J. McGinty, PhD
Thomas A. Mellman, MD
Ralph Mistlberger, PhD

Nicola Montano, MD, PhD
Nirinjini Naidoo, PhD

David N. Neubauer, MD
Seiji Nishino, MD, PhD
Bruce O’Hara, PhD

Lyle Olson, MD
Jason C. Ong, PhD
John Peever, PhD

Philippe Peigneux, PhD
Plamen Penev, MD, PhD

Thomas Penzel, PhD
Michael L. Perlis, PhD

Barbara A. Phillips, MD, MSPH, FCCP
Dante Picchioni, PhD

Gina R. Poe, PhD
Thomas Pollmacher, MD
Govinda R. Poudel, PhD

Gregg S. Pressman, MD, FACC
Hengyi Rao, PhD

David M. Rapoport, MD
Renata L. Riha, RPSGT, MD
Timothy A. Roehrs, PhD

Avi Sadeh, DSc

Paula K. Schweitzer, PhD
Kazue Semba, PhD
Paul J. Shaw, PhD

Priyattam J. Shiromani, PhD
Karine Spiegel, PhD

Arthur J. Spielman, PhD
Robert Stickgold, PhD
Kingman P. Strohl, MD
Deborah Suchecki, PhD

Ariel Tarasiuk, PhD
Robert J. Thomas, MD
Adrienne Tucker, PhD
Sigrid C. Veasey, MD
Arthur S. Walters, MD

Nancy J. Wesensten, PhD
Jonathan P. Wisor, PhD
Amy R. Wolfson, PhD
James K. Wyatt, PhD

Associate Editors

Isabelle Arnulf, MD, PhD
Diane B. Boivin, MD, PhD
Christian Cajochen, PhD

Peter Cistulli, MD, PhD
Ian M. Colrain, PhD
Michael Czisch, PhD
Subimal Datta, PhD

Christopher L. Drake, PhD
Raffaele Ferri, MD

James Gangwisch, PhD

Charles F. George, MD
Daniel G. Glaze, MD

Namni Goel, PhD 
Nalaka S. Gooneratne, MD
Robert W. Greene, MD, PhD

Martica Hall, PhD
Steven J. Henriksen, PhD

Michael Irwin, MD, PhD
Barbara E. Jones, PhD

Athanasios G. Kaditis, MD
Vishesh Kapur, MD
Max Kelz, MD, PhD
Meir H. Kryger, MD

Clete A. Kushida, MD, PhD
Kathryn A. Lee, PhD, RN

Beth A. Malow, MD
Jodi A. Mindell, PhD

Janet M. Mullington, PhD
Matthew T. Naughton, MD, FRACP

Louise M. O’Brien, PhD
Maurice M. Ohayon, MD

Mark R. Opp, PhD
Sairam Parthasarathy, MD

Paul E. Peppard, PhD
Giora Pillar, MD, PhD

Tarja Porkka-Heiskanen, PhD
Larry D. Sanford, PhD

Carlos H. Schenck, MD

Richard J. Schwab, MD
Patrick J. Strollo, MD, FCCP, FAASM

Takeshi Tanigawa, MD, PhD
Eve V. Van Cauter, PhD

Eus J.W. Van Someren, PhD
Terri E. Weaver, PhD

John R. Wheatley, MD, PhD
John W. Winkelman, MD, PhD

Juliane Winkelmann, MD
Kenneth P. Wright Jr., PhD

SLEEP (ISSN: Online 1550-9109; Website: 
www.journalsleep.org) is published on-line 
monthly plus abstract in May by the Associat-
ed Professional Sleep Societies, LLC, a joint 
venture of the American Academy of Sleep 
Medicine and the Sleep Research Society 
located at 2510 North Frontage Road, Darien, 
IL 60561-1511, phone (630) 737-9700 and fax 
(630) 737-9790. 

ANNUAL SUBSCRIPTION RATES: Sub-
scription rates for Volume 38, 2015: Individ-
ual Online (US and International): $225.00; 

Institutional Online (US and International): 
$425.00. Prorated subscriptions are not 
available. Subscriptions begin with the 
January issue of the current year. Renew-
als should be secured as early in the year 
as possible to avoid uninterrupted service. 
Questions about subscriptions (including 
payments, billing procedures, or policy mat-
ters) should be directed to the APSS office at 
(630) 737-9700.

ADVERTISING: Digital advertising is available 
on journalsleep.org. Please contact the Nation-

al Sales Account Executive at advertising@
aasmnet.org for complete information.

PERMISSION TO REPRODUCE: Written 
permission to reproduce, in print or electroni-
cally, whole articles or any parts of works, fig-
ures or tables published in SLEEP must be 
obtained prior to publication. Permission for 
republication must be arranged through the 
Copyright Clearance Center, Inc., 222 Rose-
wood Drive, Danvers, MA 01923, phone (978) 
750-8400 or fax (978) 646-8600 or URL http://
www.copyright.com. There are royalty fees 

associated with such permissions.

REPRINTS: For author reprints contact the 
APSS office. For commercial reprint orders 
contact Cenveo Publisher Services, 4810 
Williamsburg Road, #2, Hurlock, MD 21643 
or Reprints2@cadmus.com

DISCLAIMER: The statements and opinions 
contained in editorials and articles in this 
journal are solely those of the authors thereof 
and not of the Associated Professional Sleep 
Societies, LLC, the American Academy of 

Sleep Medicine, the Sleep Research Society, 
or of their officers, regents, members or em-
ployees. The Editor-in-Chief, the Associated 
Professional Sleep Societies, the American 
Academy of Sleep Medicine, the Sleep Re-
search Society, and officers, regents, mem-
bers and employees disclaim all responsibility 
for any injury to persons or property resulting 
from any ideas or products referred to in ar-
ticles contained in this journal.

© 2015 Associated Professional Sleep Soci-
eties, LLC.

Deputy Editors

Sonia Ancoli-Israel, PhD
Thomas J. Balkin, PhD

Mathias Basner,  MD, PhD, MSc
Claudo L. Bassetti, MD
Ruth M. Benca, MD, PhD
Donald L. Bliwise, PhD

Jan Born, PhD
Daniel J. Buysse, MD

Francesco Cappuccio, MBBS, MD, MSc
Mary A. Carskadon, PhD

Michael W. L. Chee, MBBS
Ronald D. Chervin, MD
Chiara Cirelli, MD, PhD

Charles A. Czeisler, MD, PhD
Christopher J. Earley, MD, PhD
Colin A. Espie, PhD, FBPsS, FCS

Paul Franken, PhD
Daniel J. Gottlieb, MD, MPH

David Gozal, MD
David Hillman, MBBS

David S. Hui, MD, FCCP
Andrew D. Krystal, MD
Samuel T. Kuna, MD

Carol A. Landis, PhD, RN, FAAN
Ralph Lydic, PhD
Atul Malhotra, MD

Rachel Manber, PhD
Carole L. Marcus, MBChB

Douglas McEvoy, MD
Emmanuel Mignot, MD, PhD

Charles M. Morin, PhD

Allan I. Pack, PhD, MBChB
Sanjay R. Patel, MD

Naresh M. Punjabi, MD, PhD
Stuart F. Quan, MD
Susan Redline, MD

Dieter Riemann, PhD
David B. Rye, MD, PhD

Thomas E. Scammell, MD
Jerome Siegel, PhD

Michael H. Silber, MBChB

Virend K. Somers, MD, PhD
Ronald S. Szymusiak, PhD

Fred Turek, PhD
Hans P. Van Dongen, PhD

Alexandros N. Vgontzas, MD 
Matthew P. Walker, PhD
James K. Walsh, PhD

Nathaniel F. Watson, MD
Terry Young, PhD

Phyllis C. Zee, MD, PhD



SLEEP, Volume 38, Abstract Supplement, 2015

EDITORIAL

This abstract supplement unites SLEEP and the science of the SLEEP 2015, the 29th Annual Meeting of the 
Associated Professional Sleep Societies, LLC (APSS), and provides a glimpse into the most current ideas 
and latest research taking place in the field of sleep.

All abstracts presented at SLEEP 2015 held June 6–10, 2015, in Seattle, Washington are included in this 
special issue. This year, 1,247 abstracts will be presented at the meeting. 196 will be presented in an oral 
presentation format, and the remainder will be presented in a poster format. In addition, individuals in 
training programs will be presenting posters of case reports, which are contained in the supplement, and 
abstracts, which, although not included in this supplement, will be an exciting portion of the meeting.  

The abstracts are divided between basic and clinical sleep science and then assigned to one of 28 
subcategories. Each abstract has a unique four-digit number to facilitate identification and location both 
within this issue and at SLEEP 2015. The four-digit number in the abstract supplement matches the four-
digit code published in the SLEEP 2015 Final Program.

The SLEEP meeting fosters an environment in which members and attendees obtain education on the latest 
basic science, clinical science and technologies, which will further promote the continued growth of the 
field through the dissemination of new knowledge.  We look forward to sharing in the success of this pivotal 
event.

David F. Dinges, PhD
Editor-in-Chief
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A. Basic Sleep Science I. Pharmacology and Biochemistry

0001
SLEEP-RELATED OSCILLATORY PHENOMENA INDUCED 
BY NR2B SUBUNIT-SPECIFIC NMDA RECEPTOR 
BLOCKADE
Pittman-Polletta BR1,2,3,4, Bercea C5,6, Hu K 2,3, Kocsis B2,4,5

1Boston University, Boston, MA, 2Harvard Medical School, Boston, 
MA, 3Brigham & Women’s Hospital, Boston, MA, 4Cognitive 
Rhythms Collaborative, Boston, MA, 5Beth Israel Deaconess Medical 
Center, Boston, MA, 6University of Edinburgh, Edinburgh, United 
Kingdom

Introduction: NMDA receptors are implicated in various neuropsychi-
atric diseases. NMDA antagonism induces changes in brain rhythms 
and their coordination, and the cognitive disorganization in these con-
ditions may be mediated by altered rhythmic coordination. However, 
NMDA receptors are not homogeneous; NR2B-specific antagonism is 
neuroprotective, and proposed as a treatment for depression, Alzheim-
er’s, and neuropathic pain. Recently, NR2B-specific antagonist Ro25-
6985 was shown to induce rapid eye movement sleep (REMS)-specific 
increases in gamma power (Kocsis, Sleep 2012). Here, we examined 
whether Ro25-6985 administration induced other REMS-associated 
oscillatory phenomena—including high-frequency oscillation (HFO, 

~120–160 Hz) power and theta-HFO cross-frequency coupling—in a 
state-dependent manner.
Methods: In 6 rats, frontal, occipital, and hippocampal EEG was re-
corded 3 hours before and 20 hours after systemic injection of saline 
and 3 NMDA antagonist drugs: non-specific MK801, NR2A-prefer-
ring NVP-AAM077, and NR2B-selective Ro25-6985. ~16 s epochs 
were scored as active waking, REMS, and quiet waking/non-REMS. 
Spectral, cross-frequency coupling, and phase coupling measures were 
calculated for each epoch, and percent increases from baseline were 
compared to saline for each state.
Results: We observed state- and location-specific patterns of altered 
oscillatory power and coupling followed Ro25-6985 administration. 
Widespread increases in 20–50 Hz gamma and increased frontal and 
hippocampal theta-HFO coupling were REMS-specific. Increased 
HFO power, occipital theta-HFO coupling, and 90–140 Hz phase lock-
ing between hippocampus and visual cortex occurred during active 
waking. In contrast, animals exhibited prolonged wakefulness follow-
ing MK801 and NVP-AAM077 injection, and different patterns of os-
cillatory power and coupling.
Conclusion: Our findings suggest a special role for the NR2B receptor 
in controlling REMS-specific information processing, visual cortical 
processing, and hippocampal-occipital coupling. REMS disturbances 
are associated with both depression and neuropathic pain; it is tempt-
ing to hypothesize that the therapeutic effects of NR2B antagonism 
are in part mediated by the potentiation of REMS-associated cognitive 
processing in patients in whom REMS may be deficient.
Support (If Any): NSF grant DMS-1042134 to BRPP; NIH grants 
R00-HL 102241 and P01AG009975 to HK; NHLBI P01 HL095491 to 
BK; NIMH MH100820 to BK.

0002
THE SLEEP-PROMOTING AND HYPOTHERMIC EFFECTS 
OF GLYCINE ARE MEDIATED BY NMDA RECEPTORS IN 
THE SUPRACHIASMATIC NUCLEUS
Sakai N1, Kawai N2, Bannai M2, Nishino S1

1Stanford University, Palo Alto, CA, 2Ajinomoto Co, Inc, Kawasaki, 
Japan

Introduction: Glycine, a non-essential amino acid, has been physi-
ologically and pharmacologically implicated in sleep regulation. Hu-
man studies show that oral glycine stabilizes sleep state and shortens 

the latency of slow-wave sleep, with no alterations in sleep architecture. 
However, the mechanisms underlying sleep-improving effects of gly-
cine are still unknown, but sleep enhancement by glycine is often as-
sociated with a decrease in core body temperature (CBT). In this study, 
we investigated the site of action and sleep-promoting mechanisms of 
glycine in rats.
Methods: Laser doppler imaging was performed to detect rat cutaneous 
blood flow (CBF) under anesthesia. For intracerebroventricular (icv) or 
intracerebral injections, cannula was surgically implanted to the lateral 
ventricle or medial preoptic area (MPO), dorsal subparaventricular zone 
(dSPZ), or suprachiasmatic nucleus (SCN). c-Fos expression was exam-
ined after glycine administration. For sleep studies, adult male rats were 
implanted with EEG and EMG electrodes along with a transmitter to 
record CBT. Glycine was orally administered with a new cage exchange 
at ZT2, which induces stress and acute insomnia. SCN-lesioned rats 
were used for glycine administration with the cage exchange at ZT2.
Results: In acute sleep disturbance, oral glycine induced NREM sleep 
and shortened NREM sleep latency with a simultaneous decrease in 
core temperature. Oral and icv injection of glycine elevated CBF, re-
sulting in heat loss. Pretreatment with N-methyl-D-aspartate (NMDA) 
receptor antagonists AP5 and CGP78608 but not the glycine receptor 
antagonist strychnine inhibited the CBF increase caused by glycine 
injection into the brain. Induction of c-Fos expression was observed 
in the hypothalamic nuclei, including the MPO and the SCN shell af-
ter glycine administration. Bilateral microinjection of glycine into the 
SCN elevated CBF in a dose-dependent manner, while no effect was 
observed when glycine was injected into the MPO and dSPZ. In ad-
dition, microinjection of D-serine into the SCN also increased CBF, 
while these effects were blocked in the presence of L-701324. SCN 
ablation completely abolished the sleep-promoting and hypothermic 
effects of glycine.
Conclusion: These data suggest that exogenous glycine promotes sleep 
via peripheral vasodilatation through the activation of NMDA recep-
tors in the SCN shell.
Support (If Any): This study was supported by Ajinomoto Co., Inc.

0003
NOVEL AND HIGHLY SELECTIVE OREXIN 2 RECEPTOR 
ANTAGONISTS PROMOTE NREM AND REM SLEEP 
ACROSS MAMMALIAN SPECIES
Gotter AL, Harrell CM, Stevens J, Garson SL, Roecker AJ, 
Tannenbaum PL, Fox SV, Coleman PJ, Renger JJ, Winrow CJ
Merck Research Laboratories, West Point, PA

Introduction: Orexin receptor antagonism has emerged as an ef-
fective mechanism to promote both NREM and REM sleep in in-
somnia patients. Suvorexant and other dual orexin 1 and 2 receptor 
(OX1R, OX2R) antagonist (DORAs) have been evaluated clinically, 
while the efficacy and sleep architecture induced by OX2R selec-
tive antagonists (2-SORAs) has not been fully explored. Genetic and 
pharmacological evidence suggests that orexin-mediated arousal is 
predominantly mediated by OX2R, the blockade of which is expected 
to be sufficient to promote sleep, while OX1R has a lesser role in 
arousal, but may be involved in sleep stage regulation, particularly 
into REM sleep.
Methods: Binding to mammalian OXRs and inhibition of OXR ac-
tivity by MK-1064 and MK-3697, two novel 2-SORAs, was measured 
in radioligand displacement and calcium mobilization assays. Sleep 
efficacy and architecture in mice, rats and canines was evaluated by 
polysomnography in radiotelemetry-implanted animals. Dose and ex-
posure dependent OX2R occupancy by MK-1064 and MK-3697 was 
evaluated in transgenic rats expressing hOX2R. Canine cataplexy po-
tential was evaluated by the food elicited cataplexy test (FECT).
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Results: Both MK-1064 and MK-3697 are highly selective for OX2R 
over OX1R, exhibiting > 2800 and > 3600 fold binding selectivity 
against the human receptors, similar binding and potency across five 
other mammalian species and kinetics comparable to clinical DORAs, 
but shorter than almorexant. Both 2-SORAs induced sleep across 
mammalian species with NREM and REM increases observed in mice 
and rats. Like DORA-12, MK-1064 exhibited no cataplexy potential in 
canine FECT at 500 fold excess the efficacious exposure. MK-1064 and 
MK-3697 required greater OX2R occupancy (> 90%) for sleep promot-
ing efficacy relative to DORAs (65–80%).
Conclusion: Similar to DORAs, OX2R selective MK-1064 and MK-
3697 promote both NREM and REM sleep across mammals with 
no observed cataplexy in canines. Elevated occupancy required for 
2-SORA efficacy suggests that OX1R antagonism of DORAs contrib-
utes efficacy potential.
Support (If Any): This research was funded by Merck & Co., Inc.

0004
TRANSLATIONAL PHARMACOLOGY APPROACHES 
ENABLING THE DISCOVERY AND DEVELOPMENT OF 
OREXIN RECEPTOR ANTAGONISTS FOR INSOMNIA
Winrow CJ, Gotter AL, Fox S, Garson S, Uslaner J, Tye S, Brunner J, 
Harrell CM, Roecker AJ, Yao L, Tannenbaum PL, Coleman PJ, 
Renger JJ
Merck Research Laboratories, West Point, PA

Introduction: The orexin/hypocretin neuropeptides signal through 
the orexin receptors (OX1R and OX2R) and serve as key regulators of 
wakefulness across species. Selective antagonism of these receptors 
with small molecule antagonists results in the blockade of wakeful-
ness and thereby enables sleep. A series of antagonists were extensive-
ly characterized in preclinical and clinical studies, leading to the first 
regulatory approval of an orexin receptor antagonist for the treatment 
of insomnia.
Methods: The in vitro and in vivo pharmacology of orexin receptor 
antagonists and their resulting effects on wake/sleep dynamics across 
species will be presented. The utility of translational preclinical mod-
els to demonstrate the safety, efficacy and differentiating attributes of 
dual and selective orexin receptor antagonists will be discussed. The 
results of these studies will be placed in context with clinical charac-
terization of orexin receptor antagonists.
Results: Suvorexant is a potent, selective and reversible orexin recep-
tor antagonist that dose dependently reduces wake and proportionally 
increases NREM and REM sleep in rodents, dogs, monkeys and hu-
mans. In a variety of preclinical studies, suvorexant and other orexin 
receptor antagonists significantly differentiate from GABAA receptor 
modulators in their effects on sleep architecture, qEEG spectra, arous-
ability to salient stimuli, tolerance, locomotor activity, alcohol interac-
tion, and cognitive performance.
Conclusion: Pharmacological blockade of orexin signaling safely and 
effectively reduces wake and promotes sleep across species. Belsomra 
(suvorexant) is the first approved orexin receptor antagonist, providing 
a novel approach for the treatment of insomnia.
Support (If Any): This work was supported by Merck & Co., Inc.

0005
CHRONIC INTERMITTENT HYPOXIA (IH) EXACERBATES 
VASCULAR DYSFUNCTION IN DIABETIC MICE
Badran M1, Golbidi S1, Abu Yassin B1, Ayas N2, Laher I1

1University of British Columbia, Department of Pharmacology, 
Vancouver, BC, Canada, 2Divisions of Critical Care and Respiratory 
Medicine, Department of Medicine, University of British Columbia, 
Sleep Disorders Program, UBC Hospital, Division of Critical 
Care Medicine, Providence Health Care, Vancouver, BC, Canada, 
Vancouver, BC, Canada

Introduction: Obstructive sleep apnea (OSA) is characterized by 
chronic intermittent hypoxia and occurs frequently in diabetics. This 
study examined the effects of chronic IH on endothelial dysfunction 
in diabetic mice.
Methods: Adult male BKS.Cg-Dock7m +/+ Leprdb/J (db/db) mice 
(8–10 weeks) and their heterozygote littermates were subjected to IH 
or intermittent air (IA) for 8 weeks. Mice were separated into 4 groups: 
IH-DB, IA-DB, IH and IA. IH exposure occurred during the daytime 
(during sleep) and alternated a hypoxic mixture (6–7% oxygen) with 
room air every 30 s (IH group); half received IA every 30 s instead 
of the hypoxic mixture (IA group). Endothelium-dependent relaxation 
was measured using a wire myograph. Plasma asymmetric dimethy-
larginine (ADMA-inhibitor of NO production), 8-isoprostane (oxida-
tive stress marker) and interlukin-6 (IL-6, inflammatory marker) were 
measured.
Results: Endothelium-dependent relaxation was significantly im-
paired (Emax: 33.8 ± 2.4% of induced tone) in the IH-DB group com-
pared to the other three groups (IA-DB: 60.4 ± 2.1%, IH: 73.0 ± 1.4%, 
IA: 94.5 ± 0.7%, p < 0.01 all groups compared to IH-DB). Basal NO 
production was impaired in both IH and IA-DB groups (area under the 
curve after phenylephrine administration: 53.5 ± 2.5, 65 ± 3.2, respec-
tively) when compared to IA group (146 ± 10.1, p < 0.01); the PE AUC 
was lower in IH-DB (23.2 ± 2.8, p < 0.01). ADMA, 8-isoprostane and 
IL-6 levels were 2–3 fold higher in IH and IA-DB groups compared 
to IA group, with these changes being more pronounced in the IH-DB 
group.
Conclusion: IH exacerbates endothelial dysfunction in diabetic mice. 
Also, inflammation and oxidative stress markers were greater in IH-DB 
together compared to IH and DB alone.
Support (If Any): CIHR Sleep Team Grant, VCHRI Clinician Scien-
tist Award

0006
HISTONE DEACETYLASE INHIBITION ATTENUATES 
BRAIN INFLAMMATION AND SLEEP RESPONSES TO 
SLEEP DEPRIVATION
Zielinski MR, Karpova SA, Gerashchenko D
Harvard Medical School and Boston VA Healthcare System, West 
Roxbury, MA

Introduction: Histone acetyl transferases alter chromatin by adding 
carbon to histone proteins and histone deacetylases (HDACs) remove 
acetyl groups from acetyl lysine residues of target proteins to regu-
late various processes including inflammation, synaptic plasticity, and 
cognition. HDAC inhibitors, including trichostatin A (TSA) inhibit 
pro-inflammatory cytokines that are also somnogenic such as inter-
leukin-1 beta (IL1β). We investigated the effects of inhibiting HDAC 
in the central nervous system to counteract sleep deprivation-induced 
enhancements in sleep and brain inflammation.
Methods: Male C57BL/6 mice were implanted with EEG and EMG 
electrodes to assess sleep and a cannula into the left ventricle for intra-
cerebralventricular administration of TSA or 0.9% NaCl vehicle. TSA 
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or vehicle was delivered prior to 6 h of sleep deprivation or spontane-
ous sleep and sleep states [non-rapid eye movement sleep (NREMS), 
rapid eye movement sleep (REMS), and wake] and slow-wave activity 
(SWA) were determined. Additionally, TSA or vehicle was adminis-
tered prior to sleep deprivation and HDAC activity and IL1β mRNA 
expression were assessed in the somatosensory cortex and hippocam-
pus after sleep deprivation.
Results: TSA attenuated sleep deprivation enhancements in NREMS 
and SWA compared to the vehicle responses. TSA administration did 
not alter REMS responses to acute sleep deprivation. Administration 
of the vehicle followed by sleep deprivation enhanced HDAC activ-
ity and IL1β mRNA expression in the somatosensory cortex and hip-
pocampus compared with the time-of-day matched spontaneous sleep 
treatment. However, somatosensory cortex and hippocampus HDAC 
activity and IL1β mRNA expression after the administration of TSA 
followed by sleep deprivation were similar to those occurring during 
time-of-day matched spontaneous sleep.
Conclusion: Our findings show that HDAC inhibition in the central 
nervous system can attenuate sleep, SWA, and brain inflammatory re-
sponses induced by acute sleep deprivation and suggest that HDAC 
inhibition might be an effective strategy to reduce the detriments of 
sleep loss.
Support (If Any): 5T32MH016259-35

0007
PIOGLITAZONE ADMINISTRATION INCREASES 
SENSITIVITY IN GENETICALLY OBESE MICE WITH 
INTERMITTENT HYPOXIA
Watanabe Y1, Yokoe T1, Sagara H1, O’Donnell CP2

1Showa University, Tokyo, Japan, 2University of Pittsburgh, 
Pittsburgh, PA

Introduction: Obstructive sleep apnea (OSA) is characterized by in-
termittent hypoxia (IH). Obesity is the predominant risk factor for both 
OSA and the development of insulin resistance, hyperglycemia and 
type 2 diabetes mellitus (t2DM). The KKAy mice are recognized as 
obese rodent models of human’s t2DM. Pioglitazone (PIO), the thia-
zolidinedione, is used for the treatment of t2DM to improve insulin re-
sistance. We determine whether the PIO administration with IH expose 
impacted metabolism.
Methods: Seven weeks old KKAy mice weighing 35–40 g were fed 
either normal chow (control group; n = 6) or a diet containing 0.02% 
PIO (Pio group; n = 5) for three weeks. At day 8, these mice started 
to display intermittent hypoxia (IH) for two weeks. Then, intraperi-
toneal (ip) glucose tolerance test (IPGTT) was performed to measure 
the blood glucose at 0, 15, 30, 60, 120 minutes after a 1 g/kg ip bolus 
of D50 at time 0.
Results: PIO administration decreased body weight (37.0 ± 0.9 g vs 
39.4 ± 0.4 ; p = 0.032), lowered area under curve of blood glucose 
(20369 ± 1781 mg/dl*min vs 25113 ± 1484 ; p = 0.037), but did not af-
fect each time point of blood glucose.
Conclusion: PIO can lower body weight and reduce insulin resistance 
in genetically obese mice and could represent a potential adjunct to 
CPAP therapy for patients with unresolved metabolic conditions.

0008
A SELECTIVE OREXIN-1 RECEPTOR ANTAGONIST 
ATTENUATES STRESS-INDUCED HYPERAROUSAL 
WITHOUT HYPNOTIC EFFECTS
Yun S1, Bonaventure P1, Johnson P2, Shekhar A 2, Lord B1, Shelton J1, 
Shireman B1, Lovenberg T1, Dugovic C1

1Neuroscience, Janssen Research & Development, San Diego, CA, 
2Indiana University School of Medicine, Indianapolis, IN

Introduction: A critical role for the orexin-1 receptor (OX1R) in emo-
tional behavior is emerging, and overactivation of the OX1R pathway 
has been associated with panic or anxiety states. The present study 
investigated whether a selective OX1R antagonist (compound 56) nor-
malized stress-induced hyperactive states without inducing sedation in 
rodent models.
Methods: The effect of the OX1R antagonist on EEG sleep was tested 
in rats (10 mg/kg po at dark onset) and in OX2R KO and WT mice (30 
mg/kg po at 2 h into the light phase). In a model of psychological stress 
elicited by cage exchange, the activity of compound 56 was evaluated 
on sleep in rats. In a rat model of panic vulnerability elicited by in-
travenous sodium lactate infusion, autonomic activity and behavioral 
responses (locomotor activity and social interaction duration) were ex-
amined in animals treated with compound 56 (3–30 mg/kg sc).
Results: While compound 56 did not alter spontaneous NREM and 
REM sleep in rats and WT mice, its administration selectively pro-
moted REM sleep (reduced latency and prolonged duration) in OX2R 
KO mice during the first 6 h post treatment. Cage exchange stress in-
duced a significant delay in both NREM and REM sleep latencies as-
sociated with a decreased in total sleep for at least 2 h as compared to 
the control condition (brief handling). The OX1R antagonist prevented 
the prolongation of NREM and REM sleep onset without affecting the 
sleep duration. In the panic model, compound 56 attenuated panic-like 
behaviors (increased motor activity and decreased social interaction 
duration) and cardiovascular responses (increased arterial blood pres-
sure, heart rate and body temperature) without altering baseline loco-
motor or autonomic activity.
Conclusion: These results indicate that under aversive conditions, 
hyperarousal and anxiety-associated behavioral and physiological re-
sponses can be reduced by a selective OX1R antagonist that could rep-
resent a new therapeutic strategy without affecting sleep per se.

0009
CHARACTERIZATION OF JNJ-42847922, A SELECTIVE 
OREXIN-2 RECEPTOR ANTAGONIST, AS A CLINICAL 
CANDIDATE FOR THE TREATMENT OF INSOMNIA
Dugovic C, Bonaventure P, Shelton J, Yun S, Aluisio L, Shoblock J, 
Chaplan S, Halter R, Letavic M, Lovenberg T
Neuroscience, Janssen Research & Development, San Diego, CA

Introduction: Various dual orexin-1/2 receptor (OX1/2R) antagonists 
have been shown to promote sleep in animals and humans. However, 
emerging preclinical data indicate that while selective blockade of 
OX2R is sufficient to initiate and prolong sleep, specificity of OX2R 
antagonists may favorably preserve physiological sleep. The present in-
vestigation characterized JNJ-42847922, a high affinity/potent OX2R 
antagonist. Pharmacological properties were assessed in rodent mod-
els for efficacy in sleep promotion and in a preliminary Phase I study 
in healthy subjects.
Methods: The effects of the OX2R antagonist on EEG sleep was tested 
in rats (3–30 mg/kg po, acute and 7-day repeated dosing), and in OX2R 
KO and WT mice (30 mg/kg po) during the light or dark phase. Chang-
es in nucleus accumbens dopamine levels were evaluated in rats by 
microdialysis. Pharmacokinetic and safety profile in a single ascend-
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ing dose study (morning dosing 10–80 mg) was conducted in healthy 
subjects, and sleepiness was assessed by the Stanford Sleepiness Scale.
Results: In rats, oral administration of JNJ-42847922 dose-depend-
ently reduced NREM latency and increased NREM sleep duration 
whereas REM sleep was minimally affected. In contrast to several dual 
OX1/2R antagonists, the REM/total sleep ratio was not altered. Effi-
cacy was maintained upon 7-day repeated dosing and sleep returned 
to baseline level following discontinuation. JNJ-42847922 similarly 
promoted sleep in WT mice but had no effect in OX2R KO mice. The 
compound did not increase dopamine release in rat nucleus accumbens 
nor produce place preference in mice, suggesting a lack of intrinsic 
motivational properties. In healthy subjects, JNJ-42847922 showed a 
favorable pharmacokinetic and safety profile and a strong pharmaco-
dynamic effect in the sleepiness rating.
Conclusion: Collectively, these preclinical and Phase I clinical data 
indicate that the selective OX2R antagonist JNJ-42847922 displays a 
favorable pharmacodynamic/pharmacokinetic profile for further clini-
cal investigation in the treatment of insomnia.

0010
JAPANESE SAKE YEAST IMPROVES SLEEP QUALITY IN 
MICE AND HUMANS: ACTIVATION OF ADENOSINE A2A 
RECEPTOR TO INDUCE SLOW-WAVE SLEEP
Kimura E1, Matsuno A1, Monoi N1, Sugafuji T1, Nagamori Y1, Oka K1, 
Sano T1, Nakamura Y1, Midorikawa T1, Murakoshi M1,2, Uchiyama A1, 
Sugiyama K1,3, Nishino H2,3, Urade Y4

1Lion Corporation, Kanagawa, Japan, 2Kyoto Prefectural University 
of Medicine, Kyoto, Japan, 3Ritsumeikan University, Kusatsu, Japan, 
4University of Tsukuba, Tsukuba, Japan

Introduction: Adenosine is one of the sleep-inducing factors that ac-
cumulate in the brain during prolonged wakefulness. Recent studies 
have suggested that the activation of adenosine A2A receptor (A2AR) 
could contribute to the promotion of non-rapid eye movement (NREM) 
sleep. To improve the quality of sleep by activating A2AR, we per-
formed a screening assay to search for new food materials which stim-
ulated A2AR in vitro and found out Japanese sake yeast containing 
high amounts of S-adenosylmethionine (SAMe). In this study, we in-
vestigated the effect of Japanese sake yeast on A2AR activation in vivo, 
and examined its effects on the quality of sleep in a clinical trial.
Methods: In animal experiments with adult male C57BL6/N mice, 
vigilance states were assessed by electroencephalogram (EEG) and 
electromyogram (EMG). In a double-blind placebo-controlled cross-
over clinical study, 68 healthy participants were selected by the Pitts-
burgh Sleep Quality Index score (≥ 5). They took the tablets containing 
500 mg of Japanese sake yeast (Saccharomyces cerevisiae) and the 
placebo cellulose for each one week. EEG was recorded by portable 
device during sleep at home, and questionnaire evaluations were also 
surveyed.
Results: Oral administration of Japanese sake yeast promoted NREM 
sleep in mice. Its effect was inhibited by an intraperitoneal injection of 
a selective antagonist of A2AR, ZM241385 (15 mg/kg body weight). In 
a clinical trial, Japanese sake yeast significantly increased EEG delta 
power in the first slow-wave sleep cycle compared with the placebo 
(p < 0.05) as assessed by the EEG power spectral analysis. Question-
naire evaluations revealed that Japanese sake yeast improved sleepi-
ness and fatigue in the morning.
Conclusion: Japanese sake yeast improved the quality of sleep in mice 
in an A2AR-dependent manner and also in humans in subjective and 
objective evaluations.
Support (If Any): Lion Corporation

0011
PERIPHERAL CANNABINOID RECEPTOR AGONISTS 
CHROMENOPYRAZOLE 13A AND HU-308 ATTENUATE 
SLEEP APNEAS IN RATS
Topchiy I, Petukhov P, Petukhova V, Hickok J, Thatcher G, 
Carley DW
University of Illinois at Chicago, Chicago, IL

Introduction: We previously demonstrated that systemic adminis-
tration of dronabinol, a nonselective cannabinoid agonist, attenuated 
sleep apneas both in chronically instrumented rats and in human sub-
jects; however, the mechanisms underlying this effect remain unclear. 
Injections of dronabinol into the nodose ganglia of anesthetized rats 
inhibited vagal reflex apnea, suggesting the potential importance of 
peripheral sites for cannabinoid action. Moreover, both CB1 and CB2 
receptors can contribute to this attenuation of reflex apnea. The aim 
of the present study was to define the role peripheral CB1 and CB2 
receptors in attenuation of spontaneous sleep apneas in conscious rats.
Methods: EEG, nuchal EMG and respiration (100 Hz LPF; digitized 
256/s) were recorded in chronically instrumented Sprague-Dawley rats 
during repeated 6 h sessions separated by at least 3 days. Respiration 
was registered by whole-body plethysmography. Selective CB1 (Chro-
menopyrazole 13a) and CB2 (HU-308) receptor agonists non-perme-
able at the blood-brain barrier were administered IP. Each animal was 
recorded on 4 occasions beginning 15 minutes after IP injection of ve-
hicle or 0.1, 1.0 or 10 mg/kg of one of the agonists, in randomized order. 
Sleep was scored in 30 s epochs. Apnea indices (apneas/hour of sleep) 
were assessed for NREM, REM and total sleep. Effects of cannabinoid 
compounds were determined using t-tests, p < 0.05.
Results: Chromenopyrazole 13a attenuated apneas in a dose-depen-
dent manner. Apnea index was effectively suppressed at doses 1 mg/
kg (AI: 5.8 ± 0.9 versus 11.4 ± 1.3 for vehicle, p = 0.05) and 10 mg/kg 
(4.8 ± 2.2, p = 0.01). In contrast, HU-308 did not reduce apnea index in 
total sleep at any dose (1 mg/kg: 10.8 ± 1.1 versus 9.38 ± 1.2 at vehicle, 
p = 0.4; 10 mg/kg: 9.6 ± 1.2, p = 0.9).
Conclusion: The results suggest an important role for peripheral ner-
vous system cannabinoid CB1 receptors in modulation of sleep apnea 
propensity in rats. These findings may have implications for pharma-
cotherapy of human sleep apnea syndrome
Support (If Any): UICentre Grant (drug discovery @ UIC)
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0012
SPECIFIC HLA-DPB1 AND HLA CLASS I ALLELES 
CONFER RISK AND PROTECTION FOR NARCOLEPSY
Ollila HM1, Ravel J1, Han F2, Lin L1, Faraco J1, Plazzi G3, Pizza F3,4, 
Dauvilliers Y5, Jennum P6,7, Knudsen S 8, Kornum B9, Montplaisir J10, 
Fernandez-vina M11, Mignot E1

1Stanford University Center for Sleep Sciences, Palo Alto, CA, 
2Department of Pulmonary Medicine, Peking University People’s 
Hospital, Beijing, China, 3Department of Biomedical and Neuromotor 
Sciences (DIBINEM), University of Bologna, Bologna, Italy, 4IRCCS 
Institute of Neurological Sciences, University of Bologna, Bologna, 
Italy, 5Sleep-Wake Disorders Center, Department of Neurology, 
Gui-de-Chauliac Hospital, CHU Montpellier, France, 6Danish 
Center for Sleep Medicine, Department of Clinical Neurophysiology, 
Glostrup Hospital, Glostrup, Denmark, 7University of Copenhagen, 
Copenhagen, Denmark, 8Norwegian Ressource Center for ADHD, 
TS and Narcolepsy, Oslo University Hospital, Ullevål, Norway, 
9Molecular Sleep Laboratory, Department of Diagnostics, Glostrup 
Hospital, Glostrup, Denmark, 10Sleep Disorder Center, Sacrée-Coeur 
Hospital, Montréal, QC, Canada, 11Department of Pathology, Stanford 
University School of Medicine, Palo Alto, CA

Introduction: Narcolepsy is caused by a lack of hypocretin (orexin) and 
it is so strongly associated with HLA class II DQA1*01:02~DQB1*06:02 
(DQ0602) that very few non DQ0602 cases have been reported. A 
known triggering factor for narcolepsy is pandemic 2009 influenza 
H1N1, suggesting autoimmunity that is triggered by upper airway 
infections. Additional effects of other HLA-DQ alleles have been re-
ported consistently across multiple ethnic groups.
Methods: We used a large sample of over 3,000 narcoleptics and 
10,000 controls of European and Asian background and examined the 
effects of other HLA loci in narcolepsy.
Results: After careful matching of HLA-DR/DQ in cases and controls, we 
found strong protective effects of DPA1*01:03~DPB1*04:02 (DP0402) 
(OR = 0.51 [0.38–0.67], P = 1.01*10-6), DPA1*01:03~DPB1*04:01 
(DP0401) (0.61 [0.47–0.80], P = 2.07*10-4) and predisposing effects of 
DPB1*05:01 in Asians (OR = 1.76 [1.34–2.31], P = 4.71*10-05). Similar 
effects were found using conditional analysis controlling for HLA-DR/
DQ with DP0402 (OR = 0.45 [0.38–0.55] P = 8.99*10-17) and DP0501 
(OR = 1.38 [1.18–1.61], P = 7.11*10-5). HLA class II independent asso-
ciations were also seen across ethnic groups in the HLA class I region 
with HLA-A*11:01 (OR = 1.32 [1.13–1.54], P = 4.92*10-4), B*35:03 
(OR = 1.96 [1.41–2.70], P = 5.14*10-5), and B*51:01 (OR = 1.49 [1.25–
1.78], P = 1.09*10-5).
Conclusion: These effects may reflect modulation of autoimmunity, or 
indirect effects of HLA class I and DP alleles on response to viral in-
fections such as influenza.
Support (If Any): Wake Up Narcolepsy, NIH NS23724, Sigrid 
Juselius Foundation, the Paivikki and Sakari Sohlberg Foundation, 
Orion Research Foundation and 973 Program 2015CB856405 and 
NSFC81420108002.

0013
IMPACT OF COMMON VARIATION AT DIABETES TRAIT 
LOCI MTNR1B AND CRY2 ON SLEEP, CIRCADIAN AND 
MELATONIN PHYSIOLOGY
Lane JM1,2,3, Chang A 2,3,4,5, Consortium C 6, Aeschbach D2,4,7, 
Cain SW2,4, Czeisler CA 2,4, Klerman EB2,4, Lockley SW2,4,8, 
StHilaire M2,4, Shea SA 2,4, Duffy JF2,4, Buxton OM2,4,5,9, Redline S2,4, 
Scheer FA 2,4, Saxena R 2,3,10

1Massachusetts General Hospital, Boston, MA, 2Brigham and 
Women’s Hospital, Division of Sleep and Circadian Disorders, Boston, 
MA, 3Broad Institute, Program in Medical and Population Genetics, 
Cambridge, MA, 4Harvard Medical School, Division of Sleep 
Medicine, Boston, MA, 5Pennsylvania State University, Department 
of Biobehavioral Health, University Park, PA, 6Members of the CARe 
consortium, Boston, MA, 7German Aerospace Center, Institute of 
Aerospace Medicine, Cologne, Germany, 8Monash University, School 
of Psychological Sciences, Clayton, Victoria, Australia, 9Harvard 
School of Public Health, Department of Social and Behavioral 
Sciences, Boston, MA, 10Massachusetts General Hospital, Center for 
Human Genetic Research, Boston, MA

Introduction: Abnormalities in sleep quantity, sleep quality, circa-
dian alignment, and melatonin regulation increase the risk of type 2 
diabetes (T2D). Common genetic variants at loci harboring a receptor 
for the circadian-regulated hormone melatonin (MTNR1B) or the core 
clock gene Cryptochrome2 (CRY2) are associated with increased fast-
ing blood glucose and T2D risk. Whether sleep or circadian disruption 
mediates this risk is unknown. Our aim was to determine if MTNR1B 
and CRY2 risk variants associate with measures of sleep, circadian, 
and/or melatonin physiology.
Methods: We examined two sets of data with complementary strengths: 
1) intensive in-laboratory protocols (n = 193) with precise measures of 
endogenous circadian physiology; 2) cross-sectional questionnaire (n 
up to 10,332) and polysomnongraph (n = 3,026) data from 7 communi-
ty-based cohorts participating in the Candidate Gene Association Re-
search (CARe) consortium. Subjects from in-laboratory protocols had 
phenotype measures of circadian rhythm timing (phase), magnitude 
(amplitude), length (period), and melatonin physiology using hourly 
plasma melatonin concentrations and core body temperature collected 
over a minimum of 24 hours. Subjects from the CARe cohort had self-
reported measures of sleep timing, duration, and quality, as well as 
over-night home PSG measures of sleep duration and stage.
Results: The MTNR1B variant significantly associated with a greatly 
delayed circadian phase of dim-light melatonin offset (1.37 h) and a 
substantially longer duration of elevated melatonin levels (41 min) in 
laboratory studies. The effect of MTNR1B rs10830963 on dim-light 
melatonin offset was partially mediated through delayed offset of mel-
atonin synthesis. We did not identify associations with self-reported or 
PSG sleep measures in CARe.
Conclusion: Our results show alterations in the circadian melatonin 
profile by genotype, a potential mechanism whereby variation in MT-
NR1B could influence fasting glucose and risk of T2D. Ultimately this 
research could lead us towards new therapeutic interventions which 
adjust the timing of melatonin, thereby modifying cardiometabolic 
risk.
Support (If Any): This study was conducted with support from 
NIDDK NIH R21 (DK089378), Harvard Catalyst of the Harvard 
Clinical and Translational Science Center, T32 HL07901, F32, 
AG316902, R01 HL094806, NIDDK R01, U01HL53941, U01HL53916, 
U01HL53934, U01HL 53937 and U01HL63429, and U01HL 63463. 
R01AG06072, R01HL077453, P01AG009975, FA9550, R21AT002571, 
R01HL080978, R01NS054277, R01MH45130, R01AG06072, 
P01AG009975, R01HL093279, HFP01601, R01HL094654, 
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R01HL077399, P01AG009975, NARSAD Young Investigator Award, 
and M01 RR02635. NIA R01 AG044416; NHLBI R01 HL093279 and 
R01 HL094654; and the Brigham and Women’s Hospital BRI Fund to 
Sustain Research Excellence.

0014
HYPOXIA INDUCIBLE FACTOR - REGULATED 
PERIPHERAL BLOOD CHANGES IN CHRONIC 
INTERMITTENT HYPOXIA FROM OBSTRUCTIVE SLEEP 
APNEA
Sundar KM1, Song J1, Swierczek S1, Sundar S2, Prchal JT1

1University of Utah, Salt Lake City, UT, 2DePaul University, Chicago, 
IL

Introduction: Obstructive sleep apnea (OSA) assessment involves the 
measurement of frequency of oxygen desaturations without incorpo-
ration of measures of the extent of hypoxemia. Chronic intermittent 
hypoxia (CIH) secondary to OSA leads to a variety of pathologies 
ranging from cardiovascular to metabolic dysfunction. We used hy-
poxia inducible factor (HIF) regulated gene activity to assess the sever-
ity of CIH. HIF-activity changes were correlated with reactive oxygen 
species (ROS), mitochondrial mass and catalase.
Methods: Twenty OSA patients (Apnea-hypopnea index (AHI) 6–87/
hour; mean 25.2 ± 24.3) were studied before and after polysomnogra-
phy (PSG), and after 2–3 months of optimal continuous positive air-
way pressure (CPAP) therapy. Their blood reticulocyte transcripts of 
HIF-regulated genes (HK1,GLUT1, PDK1, TFRC), its negative regu-
lator EGLN1 (PHD2), ROS, and genes involved in ROS homeostasis 
(Catalase - CAT, and hypoxia inducible microRNA that downregulates 
CAT - miR21) were measured by QT-PCR and FACS. Reticulocyte’s 
mitochondrial autophagy HIF-regulated BNIP3L expression was also 
measured.
Results: GLUT1 and PDK1 transcripts were increased in OSA pa-
tients, normalized after CPAP therapy and correlated with signifi-
cant increases in EGLN1 levels. ROS levels in reticulocytes, platelets, 
granulocytes, T and B lymphocytes and mitochondrial mass were in-
creased in OSA and normalized with CPAP therapy. CAT mRNA and 
activity increased following CPAP treatment along with decrease in 
miR21. Plasma erythropoietin in OSA patients decreased significantly 
following CPAP therapy (p = 0.0054). There were significant correla-
tions between mRNAs of HIF-regulated genes (GLUT1, TFRC, CAT 
and BNIP3L) measured post-PSG with indices of hypoxemia (time be-
low 89% saturation, 4% oxygen desaturation index and lowest oxygen 
saturation). AHI correlated only with post-PSG GLUT1 expression.
Conclusion: 1. In untreated OSA, HIF-dependent gene transcripts, 
mitochondrial mass and ROS in peripheral blood reticulocytes are in-
creased and correlate significantly with a number of OSA-associated 
oxygenation abnormalities. These normalize with CPAP therapy. 2. 
Even though increased erythropoiesis can be expected from increased 
erythropoietin levels in OSA, increased ROS with concomitant de-
creased CAT-ROS protection leads to accelerated erythrocyte destruc-
tion; both normalize with CPAP. 3. Gene expression correlated better 
with indices of oxygenation as compared to AHI. Understanding ex-
pression of HIF-dependent genes and genes involved in ROS expres-
sion can delineate the effects of CIH from OSA and provide a marker 
for OSA severity.
Support (If Any): P01CA108671 Project #1 PI: Prchal - Genetic Basis 
of Polycythemia Vera

0015
THE EVOLUTIONARY CONSERVATION OF SLEEP: 
SHARED GENETIC ARCHITECTURE WITH 
REPRODUCTIVE FITNESS IN DROSOPHILA 
MELANOGASTER
Lobell AS, Kaspari RR, Harbison ST
National Heart, Lung, and Blood Institute, Bethesda, MD

Introduction: Although sleep is universal, its evolutionary conserva-
tion is not understood. One possibility is that sleep shares a genetic 
basis with other traits critical to reproductive fitness. Here, we seek to 
verify effects of 23 genes previously identified as impacting sleep and 
fitness by genome wide association studies in the fruit fly Drosophila 
melanogaster. We investigated pleiotropy by determining whether 
these genes affect sleep in males and females as well as the number of 
ovarioles in female flies.
Methods: We measured 16 sleep parameters in 48 male and female 
flies and ovariole number in 30 female flies from 24 P-element inser-
tion- and RNAi-expression knockdown Drosophila lines. To identify 
genes impacting sleep and ovariole number, we compared measures in 
the knock-down lines to isogenic control lines with wild-type expres-
sion levels of our target genes.
Results: We verified effects on sleep for 23 genes (P < 0.05). Extreme 
effects on sleep duration (> 100 minutes) were observed for the tran-
scriptional regulators ps, bin3, bru-3 and slim, the transmembrane 
transporter VAChT, the developmental protein fred, the putative ABC-
transporter CG33970, and the putative GTPase activator CG34408. 
Twenty genes affected multiple sleep parameters. All genes showed 
significant sexual dimorphism (P < 0.05), with male and female flies 
differing in the direction, magnitude, and number of sleep parameters 
impacted. Of the 19 genes tested for pleiotropic effects, 5 (bru-3, bin3, 
fas, kirre, CG42389) affected both sleep and ovariole number.
Conclusion: The 23 genes with verified Drosophila sleep phenotypes 
are novel targets contributing to the genetic basis of sleep variation 
across species. Additionally, our results indicate widespread pleiotropy 
and sexual dimorphism in the genetic basis of Drosophila sleep which 
may also be conserved. Pleiotropic effects of genes on sleep and on 
reproductive fitness may explain why sleep has been so strongly con-
served over evolutionary time.
Support: This work is supported by the Intramural Research Program 
of the National Heart, Lung, and Blood Institute (HL006147-02).
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0016
INVERSE RELATIONSHIP BETWEEN A GENETIC RISK 
SCORE FOR OBESITY AND EXCESSIVE DAYTIME 
SLEEPINESS IN 9,832 INDIVIDUALS OF EUROPEAN 
ANCESTRY FROM THE CARE STUDY
Lane JM1,2,3, Bjonnes AC1,2,3, Cade B2,4, Gharib SA5,6, Grant SF7,8, 
Lauderdale DS 9, Punjabi NM10, Zee PC11, Gottlieb D2,4, Patel SR 2,4, 
Scheer FA 2,4, Redline S2,4, Saxena R1,2,4

1Massachusetts General Hospital, Center for Human Genetic 
Research, Boston, MA, 2Brigham and Women’s Hospital, Division 
of Sleep and Circadian Disorders, Boston, MA, 3Broad Institute, 
Program in Medical and Population Genetics, Cambridge, MA, 
4Harvard Medical School, Division of Sleep Medicine, Boston, MA, 
5University of Washington, Center for Lung Biology, Seattle, WA, 
6UW Medicine Sleep Center, Department of Medicine, University 
of Washington, Seattle, WA, 7University of Pennsylvania, Perelman 
School of Medicine, Philadelphia, PA, 8Children’s Hospital of 
Philadelphia Research Institute, Philadelphia, PA, 9University of 
Chicago, Department of Health Studies, Chicago, IL, 10Johns Hopkins 
University, Division of Pulmonary and Critical Medicine, Baltimore, 
MD, 11Northwestern University Feinberg School of Medicine, 
Department of Neurology, Chicago, IL

Introduction: Daytime sleepiness, poor quality and insufficient sleep 
are associated with obesity. Common genetic variants for body mass 
index (BMI) reside near genes expressed in hypothalamic regions of 
the brain important in sleep regulation; however it is unknown whether 
these variants contribute to sleep quality. The aim of this study was to 
examine whether genetic variants previously associated with BMI also 
associate individually or in aggregate with measures of sleep quality.
Methods: In cross-sectional analyses within the Candidate-gene As-
sociation REsource (CARe) Study (n = 9,823 individuals of European 
ancestry), we examined the association between five questionnaire-
assessed measures of sleep quality and obesity. A weighted genetic risk 
score of 18 genome-wide significant BMI variants were genotyped and 
tested for association with sleep quality traits using regression adjust-
ing for age, sex, and ancestry.
Results: Sleep disturbances were positively associated with obesi-
ty, with the prevalence of excessive daytime sleepiness (EDS), early 
morning awakening, and frequent naps increased in obese individuals 
compared to normal weight (p ≤ 0.005). In contrast, a weighted BMI 
genetic risk score was significantly associated with a decreased risk of 
EDS (OR 0.96 [0.95–0.98], p = 1.74x10-05). This association remained 
significant after adjusting for BMI, mood, sleep apnea, and season 
and was consistent across CARe cohorts. The highest BMI genetic 
risk score quartile had 25% lower odds of EDS with 14 of the 18 BMI 
risk loci demonstrating an inverse association with EDS (p = 0.012). 
The strongest individual SNP associations were observed for vari-
ants at BDNF (rs10767664, OR 0.90 [0.82–0.97], p = 0.005) and FTO 
(rs1421085, OR 0.91 [0.85–0.98], p = 0.006). No significant associations 
were observed with the remaining sleep traits.
Conclusion: Genetic loci for BMI show a pleiotropic inverse associa-
tion to EDS, suggesting shared underlying pathways between BMI and 
alertness. These pathways may involve hypothalamic links between 
sleep and metabolism, perhaps via orexin pathways.
Support (If Any): This study was conducted with support from NI-
DDK R21 DK089378 and from Harvard Catalyst of the Harvard Clini-
cal and Translational Science Center. CARe and SHHS are supported 
by the NHLBI cooperative agreement U01HL53941, U01HL53916, 
U01HL53934, U01HL 53937 and U01HL63429 and U01HL 63463. 
The CHS was supported by NHLBI contracts HHSN268201200036C, 
HHSN268200800007C, N01HC55222, N01HC85079, N01HC85080, 
N01HC85081, N01HC85082, N01HC85083 and N01HC85086 and by 

NHLBI grants HL080295, HL087652 and HL105756, with additional 
contribution from NINDS. Additional support was provided through 
AG023629 from the NIA.

0017
ANALYSIS OF SLEEP TRAITS IN KNOCKOUT MICE FROM 
THE LARGE-SCALE KOMP2 POPULATION USING A 
NON-INVASIVE, HIGH-THROUGHPUT PIEZOELECTRIC 
SYSTEM
Sethi M1, Striz M1, Joshi SS1, Cole N2, Ryan J2, Lhamon ME3,  
Agarwal A3, Sukoff Rizzo SJ2, Denegre JM2, Braun RE2, 
Donohue KD4, Chesler EJ2, Svenson KL2, O’Hara BF1

1Department of Biology, University of Kentucky, Lexington, KY, 
2The Jackson Laboratory, Bar Harbor, ME, 3Signal Solutions, LLC, 
Lexington, KY, 4Department of Electrical and Computer Engineering, 
University of Kentucky, Lexington, KY

Introduction: In our current study we employed a non-invasive, high-
throughput piezoelectric system to characterize sleep-wake pheno-
types in a large population of control and single-gene knockout mice; 
recorded as part of the KOMP2 studies at JAX.
Methods: Knockout mice (15 weeks) generated on a C57BL6/NJ back-
ground were phenotyped for sleep-wake parameters as part of the phe-
notyping pipeline at JAX under baseline conditions for 5 days under 
12:12 LD conditions using a non-invasive Piezoelectric system and 
compared to control (C57BL6/NJ) mice. The Piezoelectric system con-
sists of a sensor pad placed at the bottom of the mouse cage which re-
cords gross body movements. The pressure signals thus generated are 
classified by an automated classifier into sleep and wake. The system 
characterizes traits that include sleep time over 24-hrs, as well as dur-
ing the light and dark phase, or any desired time interval. Likewise, the 
distribution of sleep bout length (or sleep fragmentation) is assessed, in 
addition to activity onset. The piezoelectric system has been validated 
with EEG and human observations, and demonstrates a classification 
accuracy of over 90%. Thus far, we have recorded over 1000 BL6/NJ 
mice, males and females. The number of animals in each of the 130 
knockout mouse groups range from 4–17.
Results: C57BL6/NJ female mice exhibited shorter bout length and 
less total sleep compared to males. Significant sleep-wake differences 
in both light and dark phases were also found for a number of knockout 
lines and inbred mice strains compared to control mice.
Conclusion: We present the results of the sleep phenotyping for a vari-
ety of inbred strains, single-gene knockouts, and control mice. A num-
ber of genes influencing various sleep traits have been identified, and 
these data will also be compared and correlated with non-sleep traits 
assessed in these same mice. Recently improved algorithms now allow 
classification of REM vs. non-REM sleep as well.
Support (If Any): NIH Grant OD011185, NIH Grant HG006332

0018
THE FABP7 GENE REGULATES SLEEP CONSOLIDATION 
IN MOUSE AND MAN
Gerstner JR1, Perron I2, Riedy S1, Van Dongen H1, Kadotani H3, 
Owada Y4, Pack A 2, Frank M1

1Washington State University-Spokane, Spokane, WA, 2Center 
for Sleep and Circadian Neurobiology, Philadelphia, PA, 3Shiga 
University, Otsu City, JAPAN, 4Yamaguchi University, Ube 
Yamaguchi, Japan

Introduction: The astrocyte brain-type fatty acid binding protein 
(Fabp7) gene expression cycles globally throughout mammalian brain 
based on time-of-day. However the influence of Fabp7 expression on 
circadian locomotor rhythms and sleep/wake states in mammals has 
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not been reported. In this study, we examined whether Fabp7 is neces-
sary for normal circadian rhythms and sleep/wake behavior.
Methods: Adult 2–4 month old male C57BL/6J wild-type (WT) mice 
were compared to age-matched isogenic Fabp7 knock-out (KO) mice 
using standard wheel-running (N = 15 WT; N = 9 Fabp7 KO), and EEG/
EMG (N = 13 WT; N = 8 Fabp7 KO) techniques to examine circadian 
rhythms and sleep, respectively. Actigraphy measures of sleep in hu-
man adult male Fabp7 T61M mutant carriers (N = 29) were compared 
to age-matched male non-carriers (N = 265). The 7 day sleep profiles 
were assessed from the actigraphy records in conjunction with sleep 
diaries, and genotypes were blinded for the analysis.
Results: Fabp7 KO mice showed a reduction in diurnal locomotor run-
ning wheel activity, with a subtle increase in circadian period length 
under constant free running conditions. Fabp7 KO mice also have de-
creased average 24 h sleep bout duration (p < 0.05) and an increase in 
the number of sleep bouts (p < 0.01) compared to control mice. Humans 
which carry a Fabp7 Thr61Met missense mutation showed a decrease 
in average 7 d sleep bout duration (p < 0.01) and an increase in the 
number of sleep bouts (p < 0.05) compared to non-carriers.
Conclusion: These results suggest Fabp7 regulates normal sleep con-
solidation in both mice and humans, and provide novel evidence for a 
molecular lipid-signaling pathway regulating sleep in astrocytes.
Support (If Any): T32 HL07713, R01 MH099544

0019
DISSECTION OF C. ELEGANS SLEEP AND HOMEOSTATIC 
COMPENSATION
Hart AC, Bennett HL, Khoruzhik Y, Hayden D, Huang H
Brown University, Providence, RI

Introduction: Conserved pathways regulate sleep across species and 
all animals sleep, suggesting that this behavior is essential. Sleep de-
privation results in increased compensatory sleep and/or deeper sleep 
with increased arousal thresholds. This is consistent with homeostatic 
mechanisms and pathways responding to sleep need. One pathway re-
quired for sleep homeostasis in C. elegans requires the FOXO tran-
scription factor, DAF-16. We reported previously that, while greatly 
reduced Notch pathway signaling decreases C. elegans sleep, modestly 
diminished Notch signaling causes increased sleep with low arousal 
thresholds. The mechanisms underlying this apparent homeostatic re-
sponse were unclear.
Methods: A microfluidic chamber/camera-based assay system was 
used to measure C. elegans sleep. Mechanical stimulation was used 
to induce sleep deprivation We developed an inexpensive system to 
test arousal threshold during sleep using endogenous response to light. 
The role of DAF-16 FOXO and other genes was examined by testing 
sleep quantity, arousal threshold, and using other behavioral/genetic/
molecular techniques. In addition, other genes required for sleep and 
arousal in C. elegans were identified in a classical genetic screen or by 
bioinformatic approaches.
Results: We find that compensatory increases in sleep due to modest 
loss of Notch pathway function are dependent on FOXO DAF-16 func-
tion. However, complex relationships exist between sleep, mechanical 
perturbation, and genetic background. Additional genes that are re-
quired for sleep, arousal threshold changes, or homeostatic compensa-
tion were identified.
Conclusion: Dissection of sleep, arousal, and homeostatic response in 
C. elegans reveals conserved pathways and genes that likely regulate 
sleep, homeostasis, and arousal across species.
Support (If Any): NINDS R01 NS055813 (ACH), BIBS UTRA (DH), 
NPNI/BIBS Translational Fellowship (HH), IMSD R25 GM083270 
(HLB)

0020
SLEEP REGULATION AT THE POSTSYNAPTIC DENSITY 
IN DROSOPHILA MELANOGASTER
Ly S, Pack AI, Naidoo N
1University of Pennsylvania, Philadelphia, PA

Introduction: Metabotropic glutamate receptors (mGluRs) modulate a 
wide range of processes in the central nervous system such as synaptic 
plasticity and neuronal signaling. At the postsynaptic density of glu-
tamatergic synapses, mGluRs are scaffolded to proteins that regulate 
sleep. However, the direct involvement of mGluR signaling in sleep 
has not yet been established. In this study, we investigated the role of 
mGluR signaling in sleep and wake regulation in Drosophila melano-
gaster.
Methods: We determined the behavioral sleep effects of pharmacolog-
ically and genetically inhibiting the single Drosophila mGluR – known 
as DmGluRA. We fed female wCS10 flies food containing LY341495, 
a type II mGluR antagonist and induced DmGluRA RNAi in neurons 
of adult flies using an inducible UAS/GAL4 system. Additionally, we 
examined the binding dynamics of DmGluRA and Homer, a sleep- and 
wake-regulating adaptor protein that links mGluRs to ionotropic glu-
tamate signaling as well as to calcium signaling in the endoplasmic 
reticulum.
Results: LY341495-treated flies display a 20% sleep reduction during 
the day (P < 0.01) and a 10% reduction in sleep time during the night 
(P < 0.01) while RNAi-mediated genetic inhibition of DmGluRA sig-
naling in the neurons in adult flies decreased sleep time by 50% during 
the beginning of the night, between ZT12 and ZT14 (P < 0.05). Co-im-
munoprecipitation of DmGluRA and Homer confirm that DmGluRA 
and Homer physically interact in Drosophila. Furthermore, prelimi-
nary western blot analysis indicate that levels of Homer/DmGluRA 
protein interaction are higher during the day than during the night.
Conclusion: Our results suggest that DmGluRA signaling modulates 
sleep in Drosophila and suggests that its involvement in sleep regu-
lation may be mediated by binding to Homer proteins. These results 
have important implications for our understanding of the molecular 
mechanisms underlying sleep and wake and provide a link between 
sleep and other biological processes in the brain that depend on mGluR 
and Homer signaling.

0021
MOUSE STRIATAL GENE NETWORKS REVEAL 
MOLECULAR UNDERPINNINGS OF THE INTERACTIONS 
BETWEEN SLEEP AND STRESS: IMPLICATIONS FOR 
CENTRAL NERVOUS SYSTEM DISORDERS
Jiang P1, Scarpa JR 2, Fitzpatrick K1, Losic B2, Gao VD1, Hao K 2, 
Summa KC1, Zhang B2, Allada R1, Vitaterna MH1, Kasarskis A 2, 
Turek FW1

1Northwestern University, Evanston, IL, 2Icahn School of Medicine at 
Mount Sinai, New York, NY

Introduction: An accumulating body of literature has documented 
comorbidities of sleep dysfunction, stress susceptibility and a range of 
central nervous system disorders. However, molecular pathways and 
networks underlying such connections remain largely unknown. Our 
previous work has demonstrated that multi-scale approaches integrat-
ing phenotypic, genotypic and gene expression data are powerful tools 
to elucidate gene regulatory networks underlying complex phenotypes 
such as sleep.
Methods: We screened a large number of sleep and stress phenotypes 
(N = 328, categorized into 29 categories) in 338 chronically stressed 
(B6 x A/J) F2 mice. This comprehensive set of phenotypic data were 
then integrated with genotypic data across the genome and RNA-Seq 
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gene expression data in the striatum, in order to identify genomic loci 
and gene regulatory networks underlying sleep, stress and their inter-
actions.
Results: Both known as well as novel interactions between stress and 
sleep were observed. These interactions are associated with a dynamic 
genetic landscape of 143 genomic loci influencing stress and sleep phe-
notypes. Effects of these loci are mediated by striatal gene expression 
of a number of genes as indicated by a causality test. Construction of 
striatal gene co-expression networks revealed functionally and cell-
type specific gene co-regulatory modules linking stress and sleep, in-
cluding a mitochondria/synaptic module most relevant for both REM 
sleep after restraint stress and behavioral responses to novel environ-
ment. Remarkably, key network regulators of this module are overrep-
resented with GWAS candidate genes associated with neuropsychiatric 
disorders. Furthermore, a number of sleep/stress-relevant modules also 
appeared to be enriched with gene signatures of neurodegenerative dis-
eases.
Conclusion: Our findings suggest the interplay between sleep, stress, 
and neuropathology emerge from genetic influences on gene expres-
sion and their collective organization through complex molecular net-
works. This comprehensive dataset provides a valuable resource for 
future investigations of the mechanisms underlying sleep, stress sus-
ceptibility, and related central nervous system disorders.
Support (If Any): This work was supported by the Defense Advanced 
Research Projects Agency, the U.S. Army Research Laboratory and 
the U.S. Army Research Office (government contract/grant number 
DAAD190210038 and W911NF101006).

0022
ROBUST WAKING IN RESPONSE TO FOOD DEPRIVATION 
IN A METABOLIC MUTANT
Rivera C1, Thimgan M2

1Biological Sciences, Missouri University of Science and Technology, 
Rolla, MO, 2Missouri S&T, Rolla, MO

Introduction: Sleep is the integration of arousal and sleep inducing 
signals. While sleep is restorative and beneficial, there are circum-
stances where wakefulness needs to be favored to keep the animal alive. 
One such situation is starvation, in which the animal sacrifices sleep 
for an opportunity to forage for food. Interestingly, starvation results 
in waking that is not compensated for by a homeostatic rebound sleep 
and does not result in learning impairments. Though this response has 
many intriguing features, the mechanism that underlies this response 
remains unclear. We used the model organism, Drosophila melanogas-
ter to test the hypothesis that both specific cells and a metabolic com-
ponent would mediate the waking response.
Methods: Baseline sleep in flies was recorded for two nights on food 
and then put on starvation media consisting of water and agar eight 
hours prior to the primary sleep period. We compared sleep from the 
primary sleep period at night under starvation conditions to baseline 
nighttime sleep. Immunohistochemical techniques were used to local-
ize potential circuits that detect and induce arousal. Levels of ketone 
bodies were detected by biochemical assay.
Results: Starvation induces lipolysis, so we knocked down a critical 
enzyme involved in lipid metabolism to determine if it accelerated 
waking. This metabolic alteration resulted in a robust waking response 
to starvation in which flies lost 50% of their sleep compared to parental 
controls. To determine if this response is specific to a subset of cells, 
we tested 40 tissue-specific drivers involved with previous sleep phe-
notypes. Only 2 of 40 drivers phenocopied ubiquitous knockdown, and 
neither have been associated with sleep regulation. Given the potential 
role of lipid metabolism and lipolysis in the starvation response, we 

disrupted the production of ketone bodies. When ketone bodies were 
reduced, sleep was reduced with starvation.
Conclusion: These data suggest that the metabolic system, and in par-
ticular lipid metabolism, plays a role in permitting and maintaining 
sleep under fasting conditions. Moreover, there are specific cells that 
detect the metabolic environment and mediate the arousal response. 
Results from these experiments may improve our understanding of in-
dividuals with disrupted sleep that feel compelled to eat in the middle 
of the night.
Support (If Any): University of Missouri Research Board

0023
ENTRAINED HUMAN MALIGNANT MELANOMA CELLS 
DANCE TO BOTH CIRCADIAN AND DIURNAL RHYTHMS; 
A POTENTIAL APOPTOSIS ROLE FOR DIURNAL VITAMIN 
D3 IS IDENTIFIED IN THE CIRCADIAN CLOCK CONTROL 
OF HUMAN MALIGNANT MELANOMA CELLS
Weir BE1,2,3, Youssef O2, Borek L 4, Armenio V5, Iwamoto S5, 
Matsumara A1,2, Vang S5, Hagen CC1, O’Hearn D2,1, Luo L3

1OHSU, Portland, OR, 2VAPORHCS, Portland, OR, 3RWMC, Boston 
University School of Medicine, Providence, RI, 4McLean Hospital, 
Boston, MA, 5RWMC, Providence, RI, 6OHSU, Portland, OR

Introduction: Night shift workers have increased risk of several can-
cers including malignant melanoma. Experimental interference with 
circadian pathways is associated with an increase in cancer incidence. 
One suggested mechanism is disruption of the 10–20% circadian clock 
controlled gene expression. Circadian controlled genes mitigate UVB 
DNA damage, but are themselves damaged by UVB. Under physiologi-
cal conditions, Vitamin D3 production is in phase with the circadian 
rhythm. Murine studies suggest Vitamin D has roles in apoptosis and 
inhibiting malignant cell growth. We investigated the effects of vita-
min D3, on in vitro human malignant melanoma cell lines, to better 
understand Vitamin D as a potential confounder in circadian clock 
controlled cancer prevention.
Methods: Commercially available WM 115 (primary), and WM 266-4 
(metastatic), human malignant skin melanoma cell lines were cultured 
and exposed to three concentrations of Vitamin D3, 0.25 micromolar, 
0.5 micromolar and 1.0 micromolar. Cell lineage was confirmed using 
MITF and Mart-1 immuno-histological staining. Cellular viability was 
assessed using Trypan blue uptake. TUNEL apoptosis was investigat-
ed with immuno-histochemical fluorescence.
Results: Reduction in cell viability was seen; following exposure to 
one of three increasing doses of Vitamin D3 in both primary (40%, 
49%, 79%) and metastatic cell lines (5%, 36%, 62%). Apoptosis rates 
increased significantly in cells exposed to the higher vitamin D3 con-
centration of 1.0 micromolar (p < 0.01) and in borderline significance 
in exposure to the intermediate dose of 0.5 micromolar (p < 0.056), 
when compared with rates of apoptosis at 0.25 micromolar concentra-
tion levels.
Conclusions: Apoptosis and lost viability were proportional to Vita-
min D3 doses. Vitamin D3 concentration related apoptosis rates should 
be considered in future circadian studies on human malignant melano-
ma. While initial studies of cancer risk in shift work focused on noctur-
nal light mediated melatonin suppression; the role of reduced diurnal 
light exposure and Vitamin D levels warrant further study.
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0024
THE CHANGE OF PATHOLOGIC CARDIAC 
HYPERTROPHIC AND OXIDATIVE STRESS MARKER IN 
OSA MOUSE MODEL USING CHRONIC INTERMITTENT 
HYPOXIA
Cho H1,2, Kim J1, Park D1, Kim C1,2, Yoon J1,2, Lee J1

1Yonsei University College of Medicine, Seoul, Korea, Republic of, 
2The Airway Mucus Institute, Seoul, Korea, Republic of

Introduction: Obstructive sleep apnea (OSA) is a common condition 
characterized by chronic intermittent hypoxia (CIH) and frequent 
arousals from sleep. Recent evidence suggests that OSA is directly 
linked to high cardiovascular mortality and morbidity. The aim of this 
study was to make OSA mouse model by exposing to chronic intermit-
tent hypoxia and to identify pathologic changes which are related to 
cardiovascular disorder in OSA patients.
Methods: C57BL/6J mice were used. Briefly, a gas control delivery 
system was designed employing programmable solenoids and flow 
regulators, which controlled the flow of air, nitrogen, and oxygen into 
cages. Normoxic control mice were placed in neighboring chambers 
under room air. Chronic intermittent hypoxia and normoxic were 
administered during the light phase for 12 hours to coincide with the 
mouse sleep cycle and the duration of exposure was 8 weeks. Heart and 
lung tissues were harvested and realtime PCR was performed. During 
each cycle of intermittent hypoxia, the FiO2 decreased from 21 to 5%.
Results: This regimen induced oxyhemoglobin desaturations from 
90% to ~ 70% sensored from mouse foot. The pathologic cardiac hy-
pertrophic markers, such as Beta-MHC and BNP mRNA were signifi-
cantly elevated the heart from CIH group compared to normoxic group. 
However, oxidative stress markers such as p22phox, NOX2, NOX4, 
HIF-1a in between CIH and normoxic group were not different. From 
the lung tissues, interestingly, p22phox, NOX2, HIF-1 were signifi-
cantly elevated in CIH group. However, cardiac hypertrophic markers 
were not different between two groups.
Conclusion: We developed OSA mouse model using chronic intermit-
tent hypoxia. CIH with our experimental setting caused changes of 
pathologic cardiac hypertrophic and oxidative stress markers in heart 
or lung tissue. Their influences on cardiovascular pathologic pheno-
types and involved mechanisms are under investigation. OSA mouse 
model using CIH should be a useful research model for investigating 
pathophysiology of OSA.
Support (If Any): This research was supported by a grant from the 
Basic Science Research Program through the National Research Foun-
dation of Korea (NRF), funded by the Ministry of Education, Science, 
and Technology (NRF-2013R1A1A1010151) to H.J.Cho.

0025
CAVEATS OF USING IN VIVO TETRACYCLINE-
INDUCIBLE GENE EXPRESSION IN SLEEP RESEARCH
Davis CJ
Washington State University-Spokane, WA

Introduction: Conditional transgenic and knock-out mice are popular 
scientific tools often featured in high profile journals. The advantages 
of such models allow for timed and select tissue- or cell-specific ma-
nipulation of a gene and avert developmental carryover effects inherent 
in constitutive mutant mouse strains. Despite these advantages the use 
of these genetically engineered approaches, such as Tet-OFF or Tet-ON 
constructs, are not without problems. In the current study, we used a 
Tet-OFF model to overexpress miRNA-132 in the mouse forebrain via 
a CAMKIIa promoter of the tTA and made polysomnographic record-
ings prior to and after of the removal of doxycycline (DOX) from these 
mice.
Methods: All mice (including breeders) received DOX (50 ug/mL) 
via drinking water. This DOX concentration was previously shown to 
maintain physiological levels of miR-132 (Hansen et al., 2012). Wild-
type (WT), tTA expressing, miR-132 expressing (132) or double trans-
genic (tTA::132) male littermates (n = 5–6) were implanted with EEG/
EMG electrodes and allowed to recover. A 48 h EEG/EMG baseline 
was recorded during the DOX regimen, after which DOX was removed 
and recordings continued for 21 days. Baseline and no-DOX days 
1,2,5,11 and 21 were manually scored.
Results: DOX removal resulted in elevated time in NREMS during 
the light and suppressed NREMS during the dark in WT, tTA, and 132 
mice. The effect was present on day 5 and became more pronounced 
on days 11 and 21. In tTA::132 mice changes in sleep amounts were 
restricted to the light during which NREMS was increased and REMS 
was suppressed.
Conclusion: If DOX isn’t given to tTA mice throughout development, 
abnormal brain morphology manifests. Yet the EEG effects of DOX 
withdrawal after prolonged administration are quite robust in control 
strains and consequently obscure interpretation of the more subtle 
changes of miR-132 up-regulation in tTA::132 mice.
Support (If Any): WSU-PDS grant and NIH-NINDS grant NS085605.
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0026
TRAVELLING SLEEP SLOW OSCILLATIONS AND 
MYELINATION IN PRESCHOOL CHILDREN
Kurth S1, Riedner B2, Benca R 2, Dean D3,4, O’Muircheartaigh J4,5, 
Deoni S 4,6, LeBourgeois M1

1University of Colorado Boulder, Boulder, CO, 2Psychiatric Institute, 
Madison, WI, 3Waisman Center, Madison, WI, 4Brown University, 
Providence, RI, 5King’s College London, London, United Kingdom, 
6University of Colorado Denver, Denver, CO

Introduction: Deep sleep EEG slow oscillations (SOs; < 1 Hz) result 
from membrane potential fluctuations of cortical neurons. In adults, 
SOs originate prefrontally and sweep the scalp in highly reproducible 
propagation patterns, reflecting cortical and subcortical fiber connec-
tivity. We examined the maturation of SO traveling patterns and as-
sociations with myelination in preschool children.
Methods: At-home sleep hdEEG was obtained in 14 subjects (2–5 y, 
8 m). A 0.5–40 Hz bandpass filter was applied, artifacts were removed, 
data were re-referenced to mastoids and filtered (4 Hz low-pass). Waves 
(0.25–1 Hz) were detected with 200–1000 ms proximity, negative peak 
below −80 μV, and negative-to-positive peak amplitude exceeding 140 
μV. Using a quantile average reference wave, we calculated wave speed, 
duration, traveling distance and origin. Myelin-water-fraction (MWF) 
maps were examined (mcDESPOT-MRI) and normalized to custom 
pediatric templates (Gaussian kernel smoothing).
Results: Recordings contained 1278–2691 SOs, with 4.8 ± 0.3 m/s 
(M ± SE) speed, 49.4 ± 1.1 ms duration, 8.6 ± 0.2 cm distance (longest 
streamline), and involved 11.9 ± 0.7% of electrodes per SO. SOs origi-
nated predominantly over central regions. SOs became more “local” 
towards the morning (−2.9% electrodes per SO from the first to the 
last 400 waves; p < 0.05), and traveling distance decreased by 0.81 cm. 
MWF in the optic radiation was positively correlated with SO duration 
(r = 0.65), and negatively with SO speed (r = −0.62). The latter was also 
negatively associated with WMF in the corpus callosum (r = −0.57). 
Whole-brain MWF did not predict SO variables.
Conclusion: Increased SO speed and the central predominance of 
wave origins in children stands in contrast to the frontal wave origins 
in adults, revealing highest cortical excitability over sensorimotor re-
gions in children. Increasing local myelin content across development 
may decelerate SOs but increase their duration. Spatial and temporal 
SO characteristics may reflect the developmental fine-tuning of func-
tional connectivity related to alterations in synaptic strength and con-
necting fibers.
Support (If Any): Funding was provided through the Swiss National 
Science Foundation (PBZHP3-138801 and PBZHP3-147180, SK), the 
National Institutes of Health (R01-MH086566, ML), and institutional 
funding through the Center for Innovation and Creativity.

0027
SLEEP MODERATES THE ASSOCIATION BETWEEN 
EXECUTIVE FUNCTION AND SELF-REGULATION IN 
EARLY CHILDHOOD
Schumacher AM1, Miller AL2, Watamura SE3, Harsh J1, 
LeBourgeois MK1

1University of Colorado Boulder, Boulder, CO, 2University of 
Michigan School of Public Health, Ann Arbor, MI, 3University of 
Denver, Denver, CO

Introduction: Early childhood is a time of rapid developmental chang-
es in sleep, executive function (EF), and self-regulation (SR). EF skills 
can shape the development of effective SR strategies. We examined 
how sleep affected associations between EF and SR in 40- to 48-month 
old children.

Methods: Healthy children (n = 19; 8 males; 45.6 ± 21.8 months) fol-
lowed a strict sleep schedule for ≥ 3 days before each of 2 counterbal-
anced behavior assessments: baseline (morning following habitual nap 
and night sleep) and sleep restriction (morning following missed nap 
and a 3 h delayed bedtime). EF (response inhibition) was evaluated via 
a Go/No-Go task (performance = % correct on No-Go trials). Children 
were also videotaped while attempting an unsolvable puzzle, and 12 
self-regulation strategies were coded. Percent time utilizing each strat-
egy was computed for the 5 seconds after the child was prompted to 

“finish the puzzle” (point of most salient challenge). Using previously 
published methods, we computed z-score means for each strategy and 
created composite variables representing adaptive and maladaptive 
strategies. Pearson correlations were computed between EF and SR 
measures within condition (one-tailed tests).
Results: Average 24-h sleep duration before assessments was 
648.1 ± 33.3 min (baseline) and 489.6 ± 31.0 min (sleep restriction). 
Children exhibiting poorer EF were more likely to use maladaptive 
SR strategies during the baseline condition (r = −0.631, p = 0.002); 
however, this association was not observed when children were sleep 
restricted (r = 0.217, p = 0.187). Also, children showing better EF were 
more likely to use adaptive SR strategies during the baseline condi-
tion (r = 0.634, p = 0.002) but not during sleep restriction (r = −0.117, 
p = 0.317).
Conclusion: SR and EF were closely linked when children obtained 
adequate sleep such that poorer EF was associated with maladaptive 
SR. Sleep restriction, however, decoupled this association. Over time, 
chronic inadequate sleep may increase children’s risk for deficits in 
basic developmental skills, such as EF and SR.
Support (If Any): R01-MH086566 to MKL and K01-MH066139 to 
ALM.

0028
SLEEP IN PRESCHOOL CHILDREN: ASSOCIATIONS 
BETWEEN SLOW SPINDLE ACTIVITY AND PROCESSING 
SPEED
Doucette M1, Kurth S1, Chevalier N2, Munakata Y1, LeBourgeois M1

1University of Colorado Boulder, Boulder, CO, 2University of 
Edinburgh, Edinburgh, United Kingdom

Introduction: Cognitive development is impacted by maturational 
changes in processing speed (PS), a construct reflecting the rapid-
ity with which an individual carries out cognitive operations. Sleep 
spindles are associated with cognitive ability and processing speed in 
adults and adolescents, however, little is known about this relationship 
in early childhood. We examined associations between topographical 
spindle activity and processing speed in a cross-sectional sample of 
preschool children.
Methods: Ten 2–5-year-olds (4.3 ± 1.0; 4 females) were monitored dur-
ing one night of sleep using high-density EEG (128 channels). Data 
were filtered (0.5–50 Hz), down-sampled (128 Hz), artifacts were re-
moved, and data were re-referenced to the average across all chan-
nels. EEG power in the spindle frequency range (Slow, 10–13 Hz; Fast, 
13.25–17 Hz) was calculated for the maximum common length (3.23 h) 
of non-REM sleep across recordings. PS assessments measured simple 
reaction time (RT) for the initiation of a response to a stimulus on a 
touch screen. Pearson correlations were calculated for all channels.
Results: Average RT was 1408.8 ± 251.4 ms, slow sigma power was 
2.7 ± 1.2 μV2, and fast sigma power was 0.7 ± 0.2 μV2. Maximum slow 
and fast spindle activity was located over central areas; however, cor-
relations with PS occurred in an electrode cluster over parietal regions 
(p < 0.05, −0.8 < r < −0.6, two-tailed), such that higher slow spindle 
power was associated with faster PS.
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Conclusion: The associations between parietal slow spindle activ-
ity and PS suggest that spindles are a marker of cognitive ability in 
preschool children. Additionally, these results may indicate that slow 
spindles are involved in network connectivity maturation, as suggested 
for central regions in adults and adolescents.
Support (If Any): NIH R01-MH086566 Grants to MKL and Swiss 
National Science Foundation PBZHP3-138801 and PBZHP3-147180 to 
SK.

0029
DEVELOPMENTAL CHANGES IN SLEEP EEG 
COHERENCE ACROSS AGES 5 TO 9 YEARS
Tarokh L1, Dean DA 2, Chervin R 3, Carskadon M1, Redline S2

1Department of Psychiatry and Human Behavior Warren Alpert 
Medical School at Brown University, Providence, RI, 2Department of 
Medicine and Neurology, Brigham and Women’s Hospital, Harvard 
Medical School, Boston, MA, 3University of Michigan Medical 
School, Ann Arbor, MI

Introduction: Waking EEG and MRI studies suggest that brain con-
nectivity increases from mid to late childhood. Sleep, a time when the 
brain is largely unaffected by outside stimuli, provides a unique oppor-
tunity to measure the maturation of both structural and functional con-
nectivity. The aim of the current study was to examine developmental 
changes in brain connectivity, as measured by sleep EEG coherence, in 
a cross-sectional study of children ages 5 to 9 years.
Methods: All-night sleep EEG recordings in 380 participants in the 
Childhood Adenotonsillectomy Trial (202 girls; mean age = 6.9 (± 1.6) 
years) were analyzed. Coherence was measured for NREM sleep be-
tween all possible pairings of left and right frontal, central, temporal, 
and occipital derivations for the following frequency bands: delta, the-
ta, alpha and sigma. Coherence values were averaged across all possi-
ble pairs within the right and left hemispheres (intra-hemispheric) and 
across hemispheres (inter-hemispheric). A linear regression analysis 
was conducted for each frequency band to characterize potential dif-
ferences in coherence as a function of age.
Results: Regression analysis showed an overall linear increase in left 
(r = 0.11; p = 0.03) and right (r = 0.12; p = 0.02) intra-hemispheric coher-
ence with age during NREM sleep only for the sigma band. By contrast, 
inter-hemispheric coherence increased with age for the delta (r = 0.12; 
p = 0.02), alpha (r = 0.14; p = 0.008), and sigma (r = 0.14; p = 0.008) 
bands.
Conclusion: Small increases in coherence in the sigma band may in-
dicate strengthening of thalamocortical circuits during childhood de-
velopment. On the other hand, increase in inter-hemispheric coherence 
may mark maturation of the corpus callosum.
Support (If Any): Research supported by NIH 1R01HL083075-01, 
R01HL098433, R01 HL098433-02S1, 1U34HL105277-01, 
1R01HL110068-01A1, 1R01HL113338-01 and a research agreement 
with the Emma B. Bradley Hospital/Brown University supported by 
the Periodic Breathing Foundation.
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SLEEP SPINDLE-FREQUENCY EEG ACTIVITY IS 
ASSOCIATED WITH OVERNIGHT MOTOR SKILL 
IMPROVEMENT IN CHILDREN WITH ATTENTION-
DEFICIT-HYPERACTIVITY-DISORDER
Saletin JM1,2, Coon WG2,3, Carskadon MA1,2,4

1Department of Psychiatry and Human Behavior, Alpert Medical 
School of Brown University, Providence, RI, 2Sleep for Science 
Research Lab of EP Bradley Hospital, Providence, RI, 3National 
Center for Adaptive Neurotechnologies, New York State Department 
of Health, Albany, NY, 4Centre for Sleep Research, University of 
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Introduction: Pediatric attention-deficit-hyperactivity-disorder 
(ADHD) is associated with motor learning deficits and sleep abnor-
malities. In adults, Stage 2 sleep spindles predict improvements in mo-
tor learning following sleep. This association is poorly characterized in 
children, and particularly in pediatric ADHD.
Methods: Following a standardized at-home stabilization period and 
an in-lab adaptation night, polysomnographic sleep was monitored 
(~10 hr) in seven children with ADHD (2F, 11.9 ± 0.9 years, abstain-
ing from medication; ADHD-status confirmed from diagnostic inter-
views) and 14 typically-developing controls (4F, 11.7 ± 0.9 years). All 
children trained on a validated motor sequence task (MST) in the eve-
ning (~1 hr prior to bed) with retesting the following morning (~1 hr af-
ter awakening); analyses focused on MST accuracy (correct sequences 
as a proportion of all keystrokes). Performance was summarized in the 
evening as the average of the final two learning trials and in the morn-
ing as the average of the first two learning trials.
Results: Mixed-effects models confirmed a main-effect of 
sleep; MST accuracy improved overnight (Wald-χ2 = 17.56, 
p < 0.001). A significant condition-x-group interaction (Wald-χ2 = 6.08, 
p = 0.014), however, indicated that accuracy improved overnight in 
children with ADHD (Wald-χ2 = 16.61, p < 0.001) but not in controls 
(Wald-χ2 = 2.23, p = 0.135). Although evening accuracy was lower in 
ADHD (Wald-χ2 = 3.90, p = 0.048), morning accuracy did not differ 
between groups (Wald-χ2 = 2.23, p = 0.135), suggesting an overnight 
normalization of performance. Stage 2 EEG power spectra were exam-
ined to explore a possible mechanism underlying this skill improve-
ment. ADHD-status moderated the association between slow spindle 
activity (12–13.5 Hz) and overnight accuracy improvement (β = 1.289, 
p = 0.023); furthermore, spindle-frequency EEG activity positively 
predicted improvements in ADHD (β = 0.792, p = 0.021) but not in 
controls (β = 0.056, p = 0.817).
Conclusion: These data indicate that motor skill learning in children 
with ADHD, as shown in adults, benefits from sleep, particularly sleep 
spindle EEG frequencies. Sleep disturbance in ADHD, therefore, may 
in part underlie cognitive deficits commonly observed in this popula-
tion.
Support (If Any): This work was supported by The Period Breathing 
Foundation (MAC), The Johns Hopkins Second Decade Society (JMS), 
and NIMH T32MH019927 (JMS).
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EFFECTS OF SLEEP RESTRICTION ON ADOLESCENT 
SUSTAINED ATTENTION, RESPONSE TIME AND 
SUBJECTIVE SLEEPINESS
Agostini A, Short M, Carskadon MA
University of South Australia Centre for Sleep Research, Adelaide, 
Australia

Introduction: Adolescents often obtain inadequate sleep. Biological 
and psychosocial factors contribute to later bedtimes across adoles-
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cence, while rise times are necessarily early for school. Negative effects 
of sleep restriction on daytime functioning in adults are documented; 
however, the time course and severity of deficits in sustained attention 
and response times associated with sleep restriction are little studied 
in adolescents. The purpose of this research was to assess the effect of 
five consecutive nights of sleep restriction on adolescents’ psychomo-
tor vigilance task (PVT) performance and subjective sleepiness.
Methods: Twelve participants (six male) ages 15–17 years (M = 16.08, 
SD = 0.9) participated in a ten-day laboratory study. After one adapta-
tion night and one baseline (BSLN) night (10 h time in bed [TIB]), TIB 
was restricted to 5 h for five nights followed by two recovery (REC) 
nights (10 h TIB). Test batteries, including a 10 min PVT (lapses and 
fastest 10% of response times) and the Karolinska Sleepiness Scale 
(KSS), were completed 5 times per day at 3 h-intervals beginning 1 h 
after awakening.
Results: Mixed model analyses showed significant effects of sleep 
condition for PVT lapses (F(8,440) = 16.27, p < 0.001), PVT fastest 10% 
of responses (F(8,440) = 18.84, p < 0.001) and subjective sleepiness 
(F(8,437) = 48.01, p < 0.001). Post hoc tests for all variables showed 
worse performance/greater subjective sleepiness during SR compared 
to BSLN. All three variables showed a decrease in performance/in-
crease in sleepiness from SR1 to SR5. While subjective sleepiness re-
turned to BSLN levels at REC1, PVT lapses and fastest 10% did not 
return to BSLN levels in REC.
Conclusion: Sleep restriction is detrimental to adolescents’ response 
times, ability to sustain attention and perceived sleepiness. Thus, 
across a school week, adolescents can accumulate a substantial sleep 
debt that may have meaningful, negative implications for school per-
formance. Furthermore, weekend recovery sleep may not be adequate 
to overcome deficits incurred through the week.
Support (If Any): University of South Australia Divisional Research 
Fund Grant and a grant from the Australasian Sleep Association.

0032
DECLINING SLEEP TIME ACROSS ADOLESCENCE: SLEEP 
DEPRIVATION OR BRAIN MATURATION?
Campbell IG, Kraus AM, Burright CS, Feinberg I
University of California, Davis, Davis, CA

Introduction: A fundamental question is whether the decline in sleep 
time across adolescence is produced by brain maturation or insufficient 
time in bed (TIB). Sleep loss from partial sleep deprivation dispropor-
tionately reduces REM sleep. However, our longitudinal EEG record-
ings between 9 and 18 years demonstrated that sleep time is reduced by 
a selective NREM duration decrease of 12 min/year (p < 0.0001); REM 
duration actually increases 2 min/year (p < 0.0001). This non-interven-
tional EEG study measured sleep on habitual school-night schedules. 
Here, in different subjects, we examine sleep stage changes induced by 
experimentally restricting TIB.
Methods: Home recordings in children 10–14 years old (N = 36, mean 
age = 12.3). Maintaining current school day awakening time, subjects 
completed three nights of 8.5 hours TIB followed by four nights of 7, 
8.5, or 10 hours TIB. Subjects completed all three schedules. EEG re-
cordings from the final night of each condition were scored according 
to AASM criteria. We analyzed TIB effects on total sleep time (TST), 
NREM and REM duration.
Results: At 10 hours TIB, mean TST = 530 min, NREM = 397 min, and 
REM = 133 min. At 8.5 hours TIB, mean TST = 474 min, NREM = 364 
min, and REM = 110 min. At 7 hours TIB, mean TST = 406 min, 
NREM = 320 min, and REM = 86 min. Mixed effect analysis showed 
that TST decreased 41 ± 2 min per hour TIB reduction, NREM dura-
tion decreased 25 ± 2 min/hr TIB reduction, and REM sleep decreased 
16 ± 2 min/hr TIB reduction (all: p < 0.0001).

Conclusion: In contrast to the selective reduction of NREM sleep that 
occurs across adolescence, experimental sleep restriction in early teen-
agers reduces REM as well as NREM sleep. We have proposed that 
adolescent synaptic elimination reduces the need for the recuperative 
processes of NREM sleep, explaining its selective decrease. The find-
ings here argue against sleep deprivation due to restricted TIB as the 
main factor in adolescent sleep decline.
Support (If Any): R01MH062521, R01HL116490
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NADPH-OXIDASE MEDIATED WHITE MATTER 
DAMAGE IN PERINATAL MOUSE BRAINS ELICITED BY 
MATERNAL EXPOSURES TO SLEEP APNEA-FEATURED 
INTERMITTENT HYPOXIA DURING PREGNANCY
Cai J1, Li X1,2, Wu R1, Tuong C1, Gozal D3

1University of Louisville, Louisville, KY, 2Qilu Children’s Hospital of 
Shandong University, Jinan, China, 3University of Chicago, Chicago, 
IL

Introduction: Recent findings indicate that EPO, IL-6 and IGFBP-1/2 
are significantly increased while IGF-1 is down-regulated in the cord 
blood of infants who experienced maternal OSAS during gestation, 
suggesting an abnormal brain development. We previously reported 
that maternal intermittent hypoxia (IH) exposures during pregnancy 
lead to brain white matter injury (WMI) in mouse offspring. In the 
present study, the potential underlying mechanism was investigated.
Methods: Timed pregnant mice (between 8.5–18.5 day-post-coitus) 
were exposed to IH for 10 days (8% O2/20.9% O2/120s switch/12 hrs 
during the light cycle), or intermittent air (IA). After gestational IA 
or IH exposures, pregnant mice were immediately terminated for em-
bryo collection or transferred to room air conditions for delivery. The 
perinatal brain tissues were collected at different post-exposure days 
for immunostaining and Western blots. The statistical significance was 
considered as p < 0.05.
Results: The cytosolic and membrane-bound components of NADPH 
oxidase and its activity were significantly elevated in fetal brains sub-
jected to maternal IH exposures. Meanwhile, expressions of iNOS and 
eNOS, but not nNOS, were enhanced in maternal IH-exposed fetal 
brains. A large amount of superoxide, lipid peroxidation and protein 
oxidation were produced in e18.5 fetal brains by detecting 4-Hy-
droxynonenal (4-HNE) and nitrotyrosine (NT). Contrasting to WMI in 
offspring after birth, neuronal differentiation and synaptogenesis were 
disturbed after 10 days of maternal IH exposures at e18.5 by inhibited 
expression of NeuroD2, MAP2, phosphorylated GAP43, and synapsin 
I, however, all changes return to normal levels after birth, suggesting 
a quick recovery occurring when maternal IH exposures were with-
drawn. Administration of apocynin, a selective inhibitor of NADPH 
oxidase complex, to IH-exposed pregnant mice prevents lipid peroxi-
dation/protein tyrosine nitration and restores myelin/axon proteins in 
perinatal brains.
Conclusion: These findings suggest that NADPH-Oxidase mediated 
oxidative stress may play an important role in the pathogenesis of ad-
verse fetal outcomes, including perinatal WMI.
Support (If Any): University of Louisville Research Initiation Grant 
(J.C.), and NIH HL-086662 (D.G.).
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0035
PRENATAL INTERMITTENT HYPOXIA AFFECTS BODY 
GROWTH AND CARDIOVASCULAR FUNCTION IN RATS
Zadi ZH1, Scharf SM2, Pae E1, Chen L2,3

1Orthodontics & Pediatric Dentistry, School of Dentistry, University 
of Maryland, Baltimore, MD, 2Medicine, School of Medicine, 
University of Maryland, Baltimore, MD, 3Physiology, School of 
Medicine, University of Maryland, Baltimore, MD

Introduction: The prevalence of obstructive sleep apnea (OSA) in 
pregnancy is approximately 5%. Chronic intermittent hypoxia (CIH) 
is one of the consequences of OSA. Since the fetus is already exposed 
to a hypoxic environment, periodic drops in maternal O2 saturation 
could have negative consequences in the development of the fetus. We 
hypothesized that maternal exposure to CIH impacts body growth and 
cardiovascular function in offspring—potentially via an increased 
sympathetic tone which influences cardiac function, lipid metabolism 
and long bone growth.
Methods: Sprague-Dawley pregnant dams were exposed to CIH (Al-
ternate 1 min of 5% O2 with 1 min of 21% O2 for 8 daytime hours), or 
room air (controls; C), from pregnancy days 3–19. Studies were done 
in male offspring (18 CIH and 17 C). At 8 weeks of age, we measured: 
body weight (BW), tail cuff blood pressure (BP), echocardiography, 
and, following euthanasia, tibia length (TBL) and total weight of ab-
dominal fat pads (FPW).
Results: Compared to C, CIH exposed offspring had significantly 
lower BW (259 ± 21 vs 278 ± 18 g; p < 0.01) and TBL (32.2 ± 0.68 vs 
33.1 ± 0.62 mm; p < 0.01), but higher FPW (4.41 ± 1.02 vs 3.19 ± 1.41 g; 
p < 0.05), FPW/BW ratio (1.7 ± 0.4 vs 1.4 ± 0.3%; p < 0.05) and FPW/
TBL ratios (0.13 ± 0.03 vs 0.10 ± 0.04 mg/mm; p < 0.05). CIH exposed 
offspring had greater systolic BP (126 ± 23 vs 95 ± 18 torr; p < 0.01), 
left ventricular (LV) ejection fraction (67 ± 6 vs 59 ± 8%; p < 0.01), LV 
fractional shortening (38 ± 5 vs 33 ± 6%; p < 0.01), stroke volume index 
(0.72 ± 0.14 vs 0.62 ± 0.11 ul/g; p < 0.05), and LV mass index (5.0 ± 0.5 
vs 4.6 ± 0.5 mg/g; p < 0.05).
Conclusion: Prenatal CIH exposure affects fetal growth and cardio-
vascular function during post-natal development. These may increase 
risks for abdominal obesity, hypertension, and cardiac hypertrophy in 
adults.

0036
CORTICAL MORPHOLOGY OF ADOLESCENT MICE 
SUBMITTED TO NEONATAL SLEEP LOSS
Araujo P, Souza GC, Cesar-Netto CA, Tufik S, Andersen ML
Universidade Federal de Sao Paulo, Sao Paulo, Brazil

Introduction: Sleep is a predominant behavior in early-life that seems 
to contribute with somatosensory development. Sleep loss can lead to 
functional and structural changes in somatosensory cortex. We tested 
the hypothesis that neonatal sleep restriction induces long-term altera-
tions in cortical morphology altering somatosensory cortical thickness.
Methods: Neonatal Balb/c mice at postnatal day (PND) 12 were ran-
domly assigned to either a control (CTRL), a maternal separation (MS) 
or a sleep restriction (SR) groups. MS and SR were performed 2 h/
day for 10 days (PND 12 until PND 21). The gentle handling method 
was used to prevent sleep (from 8 am to 10 am). At PND 35 mice were 
perfused intracardiacally, brains were harvested, coronally sectioned 
and stained with cresyl violet. Layers boundaries of the primary so-
matosensory cortex were defined by changes in cell size and density. 
Quantitative analysis of total cortical thickness and the thickness of 
layers I, II/III, IV, V and VI were measured using a computerized im-
age analysis program.

Results: Cytoarchitecture analyses of primary somatosensory cortex 
showed no significant effect of sleep restriction in the cortical thick-
ness. All groups exhibited similar total thickness, as well the thickness 
in the cortical layers I, II/III, IV, V e VI.
Conclusion: Repeated exposures to sleep loss during early-life were 
unable to induce long-term morphological changes in primary somato-
sensory cortex.
Financial Support: FAPESP (#10/50130-0 to PA), AFIP and CNPq.
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SLEEP HOMEOSTASIS IN TODDLERS: EEG REGIONAL 
ASPECTS IN RESPONSE TO A MISSED NAP
Lassonde J1, Acherman P2, Kurth S1, Rusterholz T 2, LeBourgeois M1

1University of Colorado Boulder, Boulder, CO, 2Institute of 
Pharmacology and Toxicology, Section of Chronobiology and Sleep 
Research, Zurich, Switzerland

Introduction: Findings from adult studies of sleep EEG topography 
suggest the degree of recovery following sleep loss, as measured by 
sleep slow-wave activity (SWA; EEG power in 0.75–4.5 Hz range), is 
most pronounced over frontal regions. Early childhood is a time of dra-
matic changes in brain development; however, little is known about 
the brain’s response to sleep loss during this maturational period. The 
present study examined the effects of sleep restriction via a missed nap 
on regional aspects of the sleep EEG in toddlers.
Methods: Eighteen healthy children (8 males; 30–36 months) followed 
a strict sleep schedule for ≥ 3 days before two non-consecutive, 24-h 
sleep EEG recordings (derivations Oz, Fz and the average of C3 and C4 
[C], average mastoid reference): i) Baseline – daytime nap and subse-
quent night sleep occurring at habitual bedtime and ii) Sleep Restric-
tion – missed daytime nap and night sleep occurring after 13 h prior 
wakefulness (habitual bedtime). Recovery sleep was quantified in each 
derivation as mean SWA (Sleep Restriction/Baseline night for the min-
imal common sleep duration) and slow-wave energy (SWE; cumulative 
SWA; Sleep Restriction/Baseline nap + night sleep).
Results: Mean SWA recovery was lower in Fz compared to C 
(1.11 ± 0.15 versus 1.15 ± 0.14 ratio; t(17) = 2.98, d = 0.25, p < 0.01). 
SWE showed a similar but non-significant trend (0.94 ± 0.10 versus 
0.96 ± 0.09 ratio; t(17) = 1.91, d = 0.20, p = 0.07). We observed no dif-
ferences in SWA and SWE ratios between Oz and the other derivations.
Conclusion: Our finding of a predominance of recovery sleep in cen-
tral regions stands in contrast to reports in adults. These data may be 
reflective of greater sleep need in central cortical regions during early 
childhood, which could have important links to brain morphology and 
functional outcomes.
Support (If Any): Support: NIH R01-MH086566 to MKL and SNSF 
grant 32003B_146643 to PA.
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NAPS IMPROVE INFANTS’ MOTOR LEARNING
Berger SE1, Scher A 2, Gniewkowski LA1

1College of Staten Island & the Graduate Center, Staten Island, NY, 
2University of Haifa, Haifa, Israel

Introduction: For adults, sleep enhances memory consolidation for 
learning new motor skills. For infants, a similar relationship has been 
demonstrated for sleep and language learning, but no studies have ex-
amined whether sleep facilitates motor learning in infancy. In the first 
study to address this gap in the literature, we hypothesized that infants 
who received a nap after learning a novel locomotor task would show 
improved performance at retest over infants who did not sleep after 
learning.



SLEEP, Volume 38, Abstract Supplement, 2015A15

A. Basic Sleep Science III. Sleep and Development

Methods: Fifteen novice walkers, within a week of having given up 
crawling (mean age = 13.02 months), participated in a “tunnel task,” 
which involved placing infants upright at the opening to a nylon tunnel 
(47 cm x 180 cm). Experimenters followed a training protocol control-
ling for when and how to demonstrate postural strategies as infants 
learned the task. Training ended after infants went through the tun-
nel one time to reach a goal at the other end. Next, participants either 
napped (n = 9) or did not sleep (n = 6) during a delay. After the delay 
participants were retested on the same task. Both sessions were video-
taped. Speed measures included latency and restarts (number of with-
in-session trial starts). Accuracy measures included body-awareness 
errors, postural shifts, and number of prompts necessary for learning 
the task.
Results: From training to test, the Nap group improved on latency 
(speed) and postural shifts (accuracy), whereas the No Nap group did 
not improve on any measure. No score decreased from training to test 
suggesting that fatigue did not affect performance at test for infants 
who did not sleep.
Conclusion: Thus, sleep enhances motor learning for infants. This 
finding has implications for how the interruption or regimentation of 
the natural sleep cycle impacts learning. Caregivers may need to take 
steps to ensure adequate daytime napping conditions, including the 
flexibility to respond to changes in individual children’s sleep needs 
coinciding with learning experiences.

0039
CHRONOTYPE IS ASSOCIATED WITH SLEEP-DEPENDENT 
EXECUTIVE FUNCTION IN HEALTHY TODDLERS
Nau SA, Akacem LD, Schumacher AM, LeBourgeois MK
University of Colorado Boulder, Boulder, CO

Introduction: Chronotype is a construct reflecting inter-individual 
differences in sleep timing and diurnal preference. An established lit-
erature indicates that a preference for eveningness is associated with an 
array of negative behavioral and health outcomes (e.g. academic per-
formance, depression) in school-age children, adolescents, and adults. 
Data in early childhood, however, are scarce. This study investigated 
the association between chronotype and sleep-dependent executive 
function performance (EF) in toddlers.
Methods: Data were collected on regularly napping children (n = 19; 8 
females; 30–36 months). Parent-reported midsleep time on “free” days 
(MSF) was used to assess chronotype as measured by the Children’s 
Chronotype Questionnaire (CCTQ). Children participated in two 
counterbalanced in-home behavioral assessments: one following a reg-
ular nap (baseline) and the other after a missed nap (sleep restriction). 
Assessments included the Dimensional Change Card Sort, a 7-level ex-
ecutive function task (i.e., mental flexibility) requiring children to sort 
cards based on different dimensions (color and shape) of increasing dif-
ficulty. Pearson correlations between MSF and the highest level passed 
were computed for both the baseline and sleep restriction conditions.
Results: On average, MSF was 1:46 ± 0:36; highest EF level passed 
was 1.68 ± 1.20 for baseline and 2.05 ± 1.31 for sleep restriction. We 
found no significant association between MSF and executive function 
(r = 0.017, p = 0.47) when children performed after baseline sleep. Yet, 
a later MSF was associated with decreased executive function perfor-
mance (r = −0.577, p < 0.01) when children were assessed after acute 
sleep restriction.
Conclusion: Sleep loss modifies the relationship between chronotype 
and executive function in toddlers: the influence of chronotype on ex-
ecutive function is less important when children have adequate sleep 
versus when they miss sleep, specifically, a daytime nap. Thus, our 
findings suggest that children exhibiting a preference for eveningness 

(but not morningness) may be more dependent on naps to restore ex-
ecutive function performance.
Support (If Any): R01-MH086566 to MKL; HHMI Grant to SAN
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NIGHTTIME SLEEP RESTRICTION IN EARLY 
CHILDHOOD: EFFECTS ON EMOTION REGULATION
Gray KN1, Schumacher AM2, Chevalier N3, Munakata Y1, 
LeBourgeois M2

1Cognitive Development Center, Department of Psychology and 
Neuroscience, University of Colorado Boulder, Boulder, CO, 2Sleep 
and Development Laboratory, Department of Integrative Physiology, 
University of Colorado Boulder, Boulder, CO, 3University of 
Edinburgh, Edinburgh, United Kingdom

Introduction: The preschool-aged years are a sensitive period in the 
development of both sleep and emotion regulation (ER), as well as a 
time when problems in both domains begin to emerge. Although sleep 
loss is a recognized risk factor for decrements in emotion processing 
in adolescents and adults, such relationships remain understudied in 
early childhood. This experimental study examined the effects of acute 
nighttime sleep restriction on ER in 4- to 6-year-old children.
Methods: Healthy, non-napping children (n = 10; 5 females; 5.2 ± 0.6 
years) followed a strict sleep-wakefulness schedule for ≥ 5 days before 
2 counterbalanced assessments occurring in the morning following a 
night of habitual sleep (HS: 598.32 ± 35.83 min) and restricted sleep 
(RS: 474.50 ± 41.79 min; ~3 h bedtime delay). Children were video-
taped during a laboratory ER task designed to elicit frustration by 

“freezing” while children played a computer game. Coping strategies 
and displays of frustration were later coded according to frequency, 
intensity, and duration, and then averaged to create frustration and cop-
ing scores. Paired t-tests (one-tailed) were computed.
Results: When sleep restricted, children expressed more frustration 
(HS: 11.0 ± 9.1; RS: 19.2 ± 11.3; d = −0.85, p = 0.0095) and fewer coping 
behaviors (HS: 41.7 ± 16.6; RS: 24.2 ± 10.6; d = 1.3, p = 0.0095) than in 
the baseline condition.
Conclusion: Sleep restriction impaired children’s adaptive ER cop-
ing strategies and increased children’s frustration displays when chal-
lenged. Our experimental data in young children support findings in 
adolescents and adults, as well as our recent results in toddlers. Future 
studies should target the preschool years and measure ER through oth-
er methodologies, including physiological responses, to examine the 
extent of impairment of sleep loss on ER.
Support (If Any): R01-MH086566 to MKL

0041
SEX DIFFERENCES IN TODDLER’S EMOTIONAL 
RESPONSES TO SLEEP RESTRICTION
Johansen KM1, Schumacher AM1, Bazzanella CL1, Miller AL2, 
LeBourgeois MK1
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Michigan School of Public Health, Ann Arbor, MI

Introduction: Sleep and emotion regulation patterns develop rapidly 
during early childhood, and growing literature suggests that insuffi-
cient sleep impedes effective emotion processing. Although sex differ-
ences have been identified in early emotion regulation, little is known 
about whether young girls and boys respond differently to sleep loss. 
This study used an experimental paradigm to examine sleep-dependent 
sex differences in toddlers’ emotional responses to a challenge task.
Methods: Healthy toddlers (n = 22; 9 males; 45.8 ± 2.2 months) fol-
lowed a stabilization sleep schedule for ≥ 3 days before 2 counterbal-
anced assessments: one on a morning following a habitual nap and 
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night sleep (baseline) and another on a morning following a missed nap 
and a 3 h delayed bedtime (sleep restriction). Children attempted an 
unsolvable puzzle (one piece did not fit). Assessments were videotaped 
and later coded for positive and negative emotion expressions using 
the AFFEX Coding System. Percent time expressing each emotion was 
computed for the 5 seconds after the examiner prompted the child to 

“finish the puzzle” (time of greatest challenge). Two-way repeated mea-
sure ANOVAs were used to examine sex-by-condition (baseline versus 
sleep restriction) effects in positive and negative emotion responses.
Results: We observed main effects of sex for negative but not positive 
emotion. Girls showed more negative emotion than boys regardless of 
condition (F = 6.453, p = 0.019, eta2 = 0.244). There were no effects 
of condition for positive and negative emotion (Positive: F = 1.735, 
p = 0.203, eta2 = 0.080; Negative: F = 2.851, p = 0.107, eta2 = 0.125 ). Fi-
nally, we observed sex-by-condition effects in negative emotion. Girls 
showed more negative emotion relative to baseline while boys showed 
the opposite pattern (F = 4.823, p = 0.040, eta2 = 0.194).
Conclusion: Our findings suggest that girls and boys respond differ-
ently to acute sleep restriction when presented with a challenge task. 
Girls’ more negative emotional responses to being prompted to fin-
ish the puzzle, compared to boys may reflect sex differences in stress 
regulation. Sex may be an important factor in understanding individ-
ual differences in the emotion-related response to sleep loss across the 
lifespan.
Support (If Any): R01-MH086566 to MKL and K01-MH066139 to 
ALM
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NAPS ENHANCE SUBSEQUENT EMOTIONAL LEARNING 
IN PRESCHOOL CHILDREN
Pietri MC, Kurdziel L, Spencer R
University of Massachusetts, Amherst, MA

Introduction: According to the synaptic homeostasis hypothesis, syn-
aptic strength increases over wake and decreases over sleep. This sug-
gests that sleep may benefit subsequent learning as reduced synaptic 
strength across the brain favors plasticity. During the preschool years, 
children develop emotional control and awareness. For this reason, the 
function of daytime naps on subsequent new learning of emotional 
stimuli was studied in preschool children (33–60 months). We hypoth-
esized that if decreased synaptic strength over sleep provides a ‘clean 
slate’ for new memories, then encoding would be better after a nap 
than after an equivalent interval awake.
Methods: A within-subjects comparison of two different conditions 
was used: wake and nap promotion. In the nap condition, children 
napped for 1–2 hrs prior to the task. In the wake condition, children 
rested quietly on their cots or mats. The task was an emotional face rec-
ognition task in which children viewed neutral expression faces paired 
with either mean or nice descriptions. Recall of these faces was probed 
immediately following encoding and again the following day.
Results: A paired-samples t-test showed an overall greater performance 
accuracy of the nap compared to the wake condition. Memory perfor-
mance was greater following a nap for immediate recall, although this 
did not reach significance (p = 0.083). However, when memory was 
tested the next day, a benefit of having napped prior to learning was 
evident for memory for ‘nice’ faces (p = 0.019). Thus, mean faces were 
preferentially remembered in both conditions, but only in the nap con-
dition was memory for the nice faces protected. Additionally, only in 
the wake condition was delayed recall accuracy significantly better for 
the mean faces compared to the nice faces (p = 0.001).
Conclusion: These results suggest that naps promote emotional mem-
ory acquisition for young children and may contribute to reduced emo-
tional reactivity observed following sleep.

Support: NIH R01 HL111695-01A1
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ACUTE SLEEP RESTRICTION IN ADOLESCENTS MAY 
INFLUENCE RISK TAKING AND REWARD MOTIVATION
Ohlsen TJ, Franzen PL
University of Pittsburgh School of Medicine, Pittsburgh, PA

Introduction: Early adolescence is marked by changes in sleep pat-
terns as well as increased risk-taking behavior. Sleep deprivation is 
also prevalent: as many as 69% of high schoolers report averaging 
less than 7 hours of sleep on school nights. It has been demonstrated 
in adult subjects that sleep deprivation may increase risk-taking and 
reward-motivated behaviors; however, this has not been explored in 
adolescents.
Methods: Participants (n = 52) ranged from 11.5–14.5 years of age, 
with normal sleep patterns and no history of mental illness. Partici-
pants underwent one of two experimental conditions, lasting 48 hours: 
two nights of either (1) sleep restriction (i.e., 4 hours time in bed) or 
(2) sleep extension (10 hours time in bed). Following the second night, 
participants completed a behavioral task to earn money within the con-
text of threat. The task consisted of simultaneously operating between 
two computer screens: the first screen allowed participants to earn a 
fixed reward by pressing a button 30 times/reward; the other displayed 
a constantly increasing threat meter estimating a probability of losing 
money. A separate button switched between screens, and participants 
could reduce the threat meter by pressing another button on the threat 
screen. The task lasted 10 minutes was completed with two different 
levels of reward ($0.05 and $0.50), in randomized order.
Results: Participants switched between the threat and reward screens 
significantly less often while sleep restricted than otherwise (F = 5.93, 
p = 0.017), and also allowed the threat meter to rise to higher levels be-
fore reducing threat (F = 5.95, p = 0.017). Furthermore, sleep-restricted 
participants incurred significantly more total loss penalties by allowing 
the threat meter to rise too high (F = 6.73, p = 0.011), being 6.4 times 
(95% CI: 1.72–23.7) as likely to incur such a penalty (p = 0.006).
Conclusion: The data may indicate that sleep-restricted adolescents 
place lower value on risks, greater value on rewards, and/or show poor-
er vigilance to threat.
Support (If Any): The study was funded in part by DA033064, UL1 
RR024153, and UL1TR000005. This project was supported by NIH 
Award Number 5T35AT005933-02 from the National Center for Com-
plementary & Alternative Medicine.

0044
THE EFFECTS OF INTERMITTENT HYPOXIA ON THE 
MICROSTRUCTURE OF GROWING CRANIOFACIAL 
BONES
Oishi S1,2,3, Shimizu Y1, Hosomichi J1, Kuma Y1, Nagai H2, Maeda H2, 
Usumi-Fujita R1, aneko S1, Shitano C1, Suzuki J2, Yoshida K 3, Ono T1

1Tokyo Medical and Dental University, Tokyo, Japan, 2The University 
of Tokyo, Tokyo, Japan, 3Tokyo Medical University, Tokyo, Japan

Introduction: Obstructive sleep apnea syndrome (OSAS) is a com-
mon respiratory disorder characterized by partial or complete upper 
airway obstruction during sleep, causing intermittent hypoxia (IH). 
In children with OSAS, the low oxygen saturation during sleep can 
induce systemic growth retardation. Moreover, changes in the bone 
microstructure are associated with altered skeletal growth. However, 
the effects of IF on the microstructure of growing craniofacial bones 
remain unclear. This study aimed to investigate the influence of IH on 
the microstructure of the growing mandibular bone in peripubertal rats.
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Methods: Seven-week-old male Sprague-Dawley rats were randomly 
divided into an experimental group and a control group. Rats in the ex-
perimental group were subjected to IH at the rate of 20 cycles/h (nadir 
4% O2 to peak 21% O2 with 0% CO2 for 8 h/day) for 4 days (n = 4) or 3 
weeks (n = 5). The control group rats were made to breathe room air for 
4 days (n = 4) or 3 weeks (n = 5). The trabecular bone structure in the 
subchondral and alveolar bones of the mandible were analyzed with re-
gard to bone mineral density (BMD), bone volume/tissue volume (BV/
TV), trabecular thickness (Tb.Th), and trabecular number (Tb.N) using 
micro-computed tomography (micro-CT). The tibial bone was used as 
a reference. Statistical analyses were performed using the Mann-Whit-
ney U-test (P < 0.05).
Results: In the experimental group, BMD was increased in the can-
cellous bone of the temporomandibular joint, indicating osteosclerotic 
changes in the subchondral bone. In addition, both BMD and BV/TV 
of the alveolar bone in the first molar region were affected in the ex-
perimental group.
Conclusion: The findings of this study suggest that IH induces changes 
in the microstructure of growing craniofacial bones, leading to skeletal 
growth disturbances.

0045
INTERMITTENT HYPOXIA INDUCES CHANGES IN THE 
EXPRESSION OF THE ANGIOGENIC FACTOR, NITRIC 
OXIDE SYNTHASE 3, WITH IMPAIRED GROWTH OF THE 
NASAL AIRWAY
Kuma Y1, Usumi-Fujita R1, Hosomichi J1, O-ishi S1, Shimizu Y1, 
Nagai H2, Maeda H2, Shitano C1, Kaneko S1, Ishida Y1, Suzuki J2, 
Yoshida K 3, Ono T1

1Tokyo Medical and Dental University, Tokyo, Japan, 2The University 
of Tokyo, Tokyo, Japan, 3Tokyo Medical University, Tokyo, Japan

Introduction: There has been a reported prevalence of pediatric ob-
structive sleep apnea syndrome (POSAS) as well as obstructive sleep 
apnea syndrome (OSAS) in adults. Subjects with POSAS are likely to 
have nasal obstructions that are caused by inflammation and these ob-
structions lead to exacerbation of nasal respiratory disturbances. In-
termittent hypoxia (IH) is one of the main symptoms of POSAS and is 
known to cause systemic inflammation and pathological angiogenesis. 
However, detailed investigations have not been performed on the role 
of IH in chronic inflammation of the nasal mucosa in children. The aim 
of this study was to elucidate the relationship between inflammation of 
the nasal mucosa and IH in growing lab rats.
Methods: Seven-week-old Sprague-Dawley male rats were divided 
into 2 groups: the experimental group (n = 5), which was exposed to 
IH at a rate of 20 cycles/h (nadir 4% O2 to peak 21% O2 with 0% 
CO2), and the control group (n = 5), which was exposed to room air. 
After 3 weeks, maxillofacial structures in both groups_surface area, 
cross-sectional area, and volume of the nasal cavity_were evaluated 
using microCT. Expressions of nitric oxide synthase (NOS) in the na-
sal mucosa were evaluated using qPCR to elucidate the pathways of 
angiogenesis and inflammation.
Results: The experimental group showed significantly smaller cross-
sectional area and volume of the nasal cavity than the control group. 
Although there was no significant difference in the surface areas, the 
area in the experimental group tended to be smaller than that in the 
control group. Moreover, qPCR showed that mRNA levels of NOS3 
was significantly lower in the experimental group than in the control 
group.
Conclusion: Our findings suggest that IH exposure regulates NOS3 
mRNA expression and influences growth of the nasal cavity.

0046
EARLY LIFE REM SLEEP-DEPRIVATION HAS SEXUALLY 
DIMORPHIC EFFECTS ON HIPPOCAMPAL SYNAPTIC 
PLASTICITY IN ADULT RATS
Shaffery JP, Roffwarg HP
University of Mississippi Medical Center, University of Mississippi 
Medical Center, MS

Introduction: In early life, synaptic plasticity underlies correct CNS 
development. However, brain maturation can be compromised by in-
sults such as hypoxia, drugs, and deficiencies of sleep. We have shown 
previously that REM sleep restriction during early life leads to altered 
relay cell sizes in the lateral geniculate nucleus, extension of cortical 
plasticity beyond its usual developmental phase, and in hippocampus, 
delayed maturation of LTP stability and of glutamatergic signaling 
proteins. The latter two changes were observed in male rats that were 
REMS-deprived when very young and then allowed up to a week of 
sleep recovery before LTP-stability was examined. The present study 
attempts to determine whether early-life REM sleep deprivation (ERD) 
still affects hippocampal synaptic plasticity in adulthood.
Methods: Rats of both sexes experienced ERD for 4 h (9:00–13:00 h) 
every day between postnatal day (P) 16 and P19. The animals were re-
turned to standard cages and between P50 and P54, one rat in a cohort 
was sacrificed each day. Coronal hippocampus slices were prepared for 
in vitro studies. Following published protocols, slices were maintained 
in vitro for at least 2 h before LTP induction in the CA1 region was at-
tempted, with tetanizing and test stimulation directed at CA3 Shaffer 
collaterals.
Results: In normal and control male rats, LTP was produced in 14 of 
16 attempts. In comparison, adult ERD males were less likely to exhibit 
LTP in hippocampal slices (4/11 attempts, Fisher’s Exact, two-tailed, 
P = 0.0115), and when exhibited in the ERD males, LTP levels were 
much lower than in the control males (129% vs 148% increase over 
baseline levels). In contrast, female ERD rats as adults exhibited LTP 
in hippocampal slices consistently (13/13). Control females also consis-
tently exhibited LTP (11/11). However, ERD females exhibited signifi-
cantly lower magnitude of LTP, when produced, (135.6%) compared to 
controls (145%) over the last 10 minutes of the 30 minute recording (F 
[1,238] = 8.37, p , 0.01).
Conclusion: These data extend into adulthood our previous findings 
that ERD has persistent effects on the developmental programing of 
hippocampal synaptic plasticity. Our findings are the first demonstrat-
ing sexually dimorphic effects of ERD on hippocampal development. 
Insofar as the hippocampus is involved in memory, learning and de-
pression, undisturbed REM sleep in the first weeks of life appears to 
be essential for correct brain development.
Support (If Any): P30-GM103328 and the Center for Psychiatric Neu-
roscience Animal Behavior Core

0047
PREBIOTIC BLEND INCREASES STRESS-PROTECTIVE 
GUT BACTERIA, IMPROVES EARLY LIFE NREM SLEEP 
ARCHITECTURE, AND ENHANCES REM SLEEP REBOUND 
FOLLOWING AN ACUTE STRESSOR
Thompson RS1, Roller R1, Mika A1, Greenwood BN2, Knight R1, 
Fleshner M1

1University of Colorado, Boulder, CO, 2Department of Psychology, 
University of Colorado, CO

Introduction: Stressor exposure can produce anxiety/depression-like 
behaviors and disruptions in the sleep/wake cycle. Prebiotics, a form 
of non-digestible dietary fiber, can selectively promote the expansion 
of specific microbial species in the mammalian gut that promote stress 
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resistance and prevent stress-evoked anxiety and depression. It may be 
possible, therefore, that a diet containing prebiotics can prevent stress-
evoked anxiety and depression and protect the sleep/wake cycle. Thus 
we tested the hypothesis that prebiotic blend would increase Bifidobac-
terium spp. and Lactobacillus spp. species, modulate the sleep/wake 
cycle prior to stress, and protect the sleep/wake cycle following stress.
Methods: Male F344 rats, postnatal day 24 (P24), were placed on 
either prebiotic blend or a control diet ad-libitum. In the first experi-
ment, body weights and food consumption were measured and weekly 
fecal samples were collected. In the second experiment, biotelemetry 
devices were implanted on P59, to examine real-time differences in 
the sleep/wake cycle across rodent development due to prebiotic blend. 
Rats were exposed to an acute stressor on P87 in order to examine the 
potential protective effects of prebiotic blend on stress-induced disrup-
tions of the sleep/wake cycle.
Results: Fecal cultures confirmed that rats fed prebiotic blend had 
increases in stress-protective Bifidobacteria and Lactobacillus when 
compared to rats fed the control diet. In the second experiment, rats fed 
prebiotic blend had greater NREM sleep consolidation in early adult-
hood (P71, P72) compared to control diet. In addition, rats fed prebiotic 
blend also displayed enhanced REM rebound following stress expo-
sure (P87) compared to rats fed the control diet.
Conclusion: These results demonstrate that prebiotic blend increased 
stress-protective gut bacteria, increased NREM sleep consolidation, 
and conferred stress-protective effects on REM sleep following acute 
stress. Our results suggest that modulation of the gut microbiota with 
prebiotic blend improves sleep architecture and may help reduce the 
incidence of stress-induced disruptions to the sleep/wake cycle.
Support (If Any): Mead Johnson Nutrition

0048
UP-REGULATION OF INFLAMMATORY PATHWAY 
THROUGH INTERLEUKINS AND NOS IN THE 
GENIOHYOID MUSCLE IN CONTRAST TO 
GASTROCNEMIUS MUSCLE IN GROWING RATS EXPOSED 
TO INTERMITTENT HYPOXIA
Hosomichi J1, Kuma Y1, Oishi S1, Usumi-Fujita R1, Shimizu Y1, 
Maeda H2, Nagai H2, Shitano C1, Kaneko S1, Ishida Y1, Suzuki J2, 
Yoshida K 2,3, Ono T1

1Tokyo Medical and Dental University, Tokyo, Japan, 2The University 
of Tokyo, Tokyo, Japan, 3Tokyo Medical University, Tokyo, Japan

Introduction: Exposure to intermittent hypoxia (IH) causes systemic 
inflammation in obstructive sleep apnea syndrome (OSAS). Systemic 
inflammation serves a novel role in skeletal muscular dysfunction in 
chronic OSAS. The atrophic change and the mitochondrial dysfunc-
tion occur in the upper airway (UA) muscles in OSAS. However, the 
role of IH in muscular inflammation in the growing UA is poorly un-
derstood. The aim of this study was to elucidate the inflammatory path-
way in the geniohyoid (GH) muscle under IH using a rat model that 
recapitulate OSAS pathology.
Methods: Seven-week-old male rats were exposed to IH at a rate of 
20 cycles/h (nadir of 4% O2 to peak of 21% O2 with 0% CO2) or nor-
moxic air for 8 h/d for 3 weeks. After the experimental period, qPCR 
and immunoblot of the GH muscle were performed for IL-1β/6, TNF-α 
and iNOS, which are accelerators in the inflammatory pathway under 
hypoxia. Both nNOS and eNOS levels were analyzed as a mediator of 
neurotransmission and metabolism in the skeletal musculature. PCG-
1α was evaluated as a key regulator in mitochondrial energy metabo-
lism and insulin resistance. The gastrocnemius muscle was analyzed 
as a reference.
Results: qPCR showed that exposure to IH significantly elevated 
mRNA level of IL-1β/6 (IL-1, 3.3-fold change vs. the normoxia; IL-6, 

1.6-fold change vs. the normoxia) and TNF-α (1.9-fold change vs. the 
normoxia) in the GH muscle, whereas these mRNA level did not sig-
nificantly change in gastrocnemius muscles. Immunoblots showed a 
consistent expression of IL-1β and IL-6. iNOS and eNOS significantly 
increased mRNA level in the GH muscle. PCG-1α mRNA and protein 
levels in IH-rats significantly decreased in the GH muscle, but not in 
the gastrocnemius muscle.
Conclusion: Findings suggest that IH induces inflammation with the 
down-regulation of muscular metabolism in the GH muscle in the 
growing rats.
Support (If Any): This study was financially supported in part by 
Grants-in-Aid for Scientific Research (23593020, 22792042) from the 
Japanese Ministry of Education, Culture, Sports, Science and Technol-
ogy to JH.

0049
HIGHER RETROSPECTIVELY REPORTED MATERNAL 
CARE IS ASSOCIATED WITH BETTER SLEEP QUALITY 
AND LESS ANXIETY IN YOUNG ADULTS
Rojo-Wissar DM1, Beck CJ1, Kaplan TF1, Bootzin RR1, Haynes PL2

1Psychology Department, University of Arizona, Tucson, AZ, 
2Department of Psychiatry, University of Arizona, Tucson, AZ

Introduction: There is little research on the effects of parental bond-
ing on young adults’ sleep and mental health symptoms. The focus of 
the present study is to examine the association between retrospectively 
reported parental bonding (care and overprotection) from both moth-
ers and fathers, sleep, and symptoms of depression and anxiety in col-
lege freshman. Poor attachment is associated with more infant sleep 
problems. Parental control is associated with child anxiety disorders, 
and observed low parental care and high parental overprotection are 
associated with child depressive symptoms.
Methods: Freshman college students (N = 277) completed the Pitts-
burgh Sleep Quality Index (PSQI) to assess sleep, the Generalized 
Anxiety Disorder 7 (GAD-7) and Patient Health Questionnaire 9 
(PHQ-9) to measure symptoms of generalized anxiety and depression, 
and the Parental Bonding Instrument (PBI; care and overprotection) to 
retrospectively assess parental bonding levels with mothers and fathers 
separately.
Results: For both parents, higher levels of care and lower levels of 
overprotection were correlated with lower global PSQI, PHQ9, and 
GAD-7 scores, with the exception of paternal over-protection on global 
PSQI (r = 0.14, p = 0.07). A series of multiple linear regressions indicat-
ed significant effects for higher levels of maternal care predicting lower 
symptoms of anxiety (β = −0.21, SE = 0.08, p = 0.01) and better sleep 
quality (β = −0.04, SE = 0.01 , p < 0.01), when controlling for other PBI 
subscales and after employing Bonferroni corrections.
Conclusion: Findings are consistent with previous research suggest-
ing that maternal bonding is associated with sleep and mental health 
outcomes in children. These results suggest that there may also be a 
relationship between paternal care and sleep, although this effect may 
not be as strong as maternal care. Future studies should include a lon-
gitudinal design to assess whether sleep is a possible mediator between 
parental bonding and mental health.
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0050
MATERNAL SHIFT WORK AND ADOLESCENTS ‘ SLEEP 
PATTERNS AND QUALITY OF LIFE: THE ROLE OF 
MATERNAL MENTAL QUALITY OF LIFE
Gur-Yaish N1,2, Rokach-Ze’ev O2, Shochat T 2

1University of Haifa, Haifa, Israel, 2The Cheryl Spencer Department 
of Nursing, Haifa, Israel

Introduction: Physiological, behavioral and social factors have been 
indicated as possible contributors to the decline in adolescents’ sleep 
quality in recent years. Parental and especially maternal behaviors, in-
cluding sleep, have been associated with sleep patterns in adolescence. 
Although it is well documented that shiftwork affects maternal sleep 
quality as well as mental and physiological quality of life (QOL), no 
study to date has investigated the influence of maternal shiftwork on 
adolescents’ sleep patterns. We explored associations between habitual 
sleep and QOL in adolescents and their shift-working and day-working 
mothers.
Methods: Seventy-eight nurses who work either rotating shifts (n = 38) 
or day shifts only (n = 50) and their adolescent children (ages 11–16) 
participated in this study. Mothers and their adolescent children com-
pleted self-reports about their sleep (Pittsburgh Sleep Quality Index 
and School Sleep Habits Survey), and mental and physical QOL (SF-12 
and PedsQL-SF-15), respectively.
Results: As previously found, maternal shift work was related to in-
ferior quality of sleep and life. Most importantly, maternal shift work 
was related to longer sleep latencies, more daytime problem behaviors 
related to sleep, and poorer physiological aspects of QOL in adoles-
cents. Moreover, maternal mental quality of life mediated these links, 
but not maternal sleep quality or physiological quality of life.
Conclusion: The current study reveals the process by which maternal 
shiftwork affects adolescents’ quality of sleep and quality of life. In 
addition, it raises the importance of taking into account contextual fac-
tors such as maternal shiftwork, when investigating the relationships 
between mothers’ and adolescents’ sleep, quality of life, and possibly 
other health and functional outcomes. כם דאבקפדש ךשרםןהשיקנ קיא work 
was related to adolecnce quality of sleeppicpated

0051
CYCLE-BASED EVALUATION OF NEONATAL SLEEP 
ARCHITECTURE INDICATES DIFFERING SLEEP 
PRESSURES THAN WINDOW-BASED OBSERVATION
Schade M, Montgomery-Downs HE
West Virginia University, Morgantown, WV

Introduction: Neonatal sleep architecture is traditionally reported as 
a behavioral state proportion within observation windows of conve-
nience. Because a more biologically relevant unit is the sleep cycle, we 
explored neonatal sleep cycle organization during the first two days 
after birth.
Methods: Uninterrupted cycles of active/quiet sleep lasting ≥ 30 min-
utes from male (n = 21), and female (n = 32) neonates were analyzed for 
proportion of Active Sleep, Quiet Sleep, Transitional Sleep and Wake 
using pressure-sensitive, nonintrusive Motility Monitoring System-
recorded respiratory and movement patterns. Males and females did 
not differ on: maternal age, parity, labor anesthetic, delivery or feed-
ing method, data-relevant infant age, or number of qualifying cycles. 
5-minute Apgar scores were all > 7. Circumcised and uncircumcised 
males presented similar sleep-variable trends.
Results: There was a significant Apgar*Transitional% interaction 
(p = 0.015). Infants with Apgar = 10 and Apgar < 10 had initially simi-
lar Transitional% that increased from day 1 to day 2 only for those with 
Apgar = 10 (p = 0.005). Male and female cycle durations did not differ 

on day 1 but males’ cycle duration was longer on day 2 (p = 0.003). 
A marginal Sex*Time interaction for Quiet% (p = 0.045) and Tran-
sitional% (p = 0.051), but not Active% (p = 0.134) in cycles indicated 
that males’ Quiet% decreased (p = 0.006) and their Transitional% in-
creased (p = 0.039) from day 1 to day 2 while females were stable on all 
three measures. Cycle Transitional% was inversely related to Quiet% 
(p < 0.001), but was not related to Active%.
Conclusion: Males’ day 2 cycle duration was longer and their Quiet% 
was lower than females. The decrease we found in cycle Quiet% is dis-
tinct from previous reports that nocturnal (not within cycles) Quiet% 
increases among circumcised males (who constitute the majority of our 
male sample) but is consistent with reports of increased wakefulness 
after circumcision. We suggest that considering neonatal sleep in the 
cycle context offers a unique perspective on developmental sleep archi-
tecture and that cycle features should be evaluated for their utility as 
a measure of neonatal well-being because of their relation to 5-minute 
Apgar score.

0052
THE DEVELOPMENT OF SLEEP SPINDLES ACROSS 
EARLY CHILDHOOD
McClain I1, Kurth S1, Lustenberger C2,3, Achermann P4, 
Lassonde JM1, LeBourgeois MK1

1University of Colorado Boulder, Boulder, CO, 2University Children’s 
Hospital Zurich, Zurich, Switzerland, 3University of North Carolina 
at Chapel Hill, Chapel Hill, NC, 4University of Zurich, Zurich, 
Switzerland

Introduction: Sleep spindles, a prominent feature of the electroen-
cephalogram (EEG) during non-rapid eye movement (NREM) sleep, 
are linked to cognitive ability. Although cross-sectional data indicate 
age-related changes in spindle features (i.e., frequency, density, dura-
tion, amplitude), longitudinal data are scarce. This study examined de-
velopmental changes in sleep spindles across early childhood, a time of 
rapid change in both sleep and cognition.
Methods: At-home sleep EEG was recorded after 13 hours of prior 
wakefulness in 8 healthy children at ages 2, 3 and 5 years (Y). Sleep 
was scored using standard criteria; data were resampled to 128 Hz. A 
spindle detection algorithm (Ferrarelli et al. 2007) utilizing ampli-
tude and frequency criteria [11–16 Hz, rectified (translated into posi-
tive polarity), passing an upper threshold of 6 times the mean signal 
amplitude] was applied to derivations C3A2, C4A1, O1A2 and O2A1. 
Spindle frequency, density, duration and integrated amplitude were 
analyzed using repeated measures ANOVA (post-hoc paired t-tests, 
2-tailed), including the maximal common length of NREM sleep 
across individuals.
Results: Spindle density did not consistently change with increasing 
age in all derivations; however, spindle duration and integrated am-
plitude increased in all derivations [all ps < 0.05; e.g., C3A2 spindle 
duration 0.9 ± 0.2 s (2Y); 1.0 ± 0.2 s (3Y); 1.2 ± 0.2 s (5Y); integrated 
amplitude 806 ± 156 μV2 (2Y); 905 ± 208 μV2 (3Y); 1254 ± 358 μV2 
(5Y)]. We also found a small maturational decrease in spindle fre-
quency in all derivations [all ps < 0.05; e.g., C3A2 13.1 ± 0.2 Hz (2Y); 
13.0 ± 0.4 Hz (3Y); 12.8 ± 0.3 Hz (5Y)]
Conclusion: Across the preschool years, the duration and integrated 
amplitude of spindles increases, while frequency decreases. Matura-
tion of spindle characteristics in early childhood may reflect functional 
changes in thalamo-cortical networks. The association with age sup-
ports spindles as a potential neurophysiological marker of maturational 
changes in the developing brain.
Support (If Any): NIMH (K01-MH74643,R01-MH086566), Sepracor 
Inc., (ESRC026) to MKL and the Swiss National Science Foundation 
(PBZHP3-138801 and PBZH3-147180 to SK, 320030-130766 to PA).
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0053
AGE-RELATED DIFFERENCES IN EEG DELTA POWER 
DURING SLEEP IN ADOLESCENTS: INITIAL FINDINGS 
FROM THE NATIONAL CONSORTIUM ON ALCOHOL AND 
NEURODEVELOPMENT IN ADOLESCENCE
Willoughby AR1, de Zambotti M1, Clark DB2, Franzen P2, Hasler B2, 
Prouty D1, Baker FC1, Colrain IM1

1SRI International, Menlo Park, CA, 2University of Pittsburgh School 
of Medicine Western Psychiatric Institute and Clinic, Pittsburgh, PA

Introduction: The National Consortium on Alcohol and NeuroDevel-
opment in Adolescence (NCANDA) is a multisite longitudinal study of 
normal adolescent development and the effects of alcohol exposure on 
brain structure, neuropsychological performance, and other processes, 
including sleep. Here we present initial findings of age-related differ-
ences in sleep delta EEG power in a subset of adolescents who com-
pleted a baseline sleep study at two of the five NCANDA sites.
Methods: Sleep EEG data at 14 scalp locations (Fp1/2, F3/4, FC3/4, 
C3/4, CP3/4, P3/4, O1/2) referenced to averaged mastoid channels, 
sampled at 256 Hz and filtered between 0.3 and 30 Hz, were recorded 
from 37 girls and 41 boys, 12 to 19 years old. Thirty-second epochs 
were scored according to standard criteria. Time-frequency analysis 
was conducted using FFT (fast Fourier transform), and power corre-
sponding to the delta band (0.3–4 Hz) was extracted. Linear regression 
was used to estimate delta power over age.
Results: Delta power was greatest at frontal electrode sites and de-
creased from anterior to posterior electrode sites. It also showed a nega-
tive, linear correlation with older age at all electrode locations. Over the 
ages studied, delta power at frontal electrode sites was approximately 
35% less in the older than younger participants, and this difference was 
greater at more posterior sites (e.g., over 60% at occipital sites). Delta 
power did not show a significant age-by-sex interaction.
Conclusion: Results are consistent with previous cross-sectional and 
longitudinal research demonstrating a dramatic decline in delta power 
during sleep across adolescence. As participants are followed up, these 
results will be used as baseline data for longitudinal analysis to ad-
dress the hypothesis of Feinberg and Campbell that a decline in delta 
power across adolescence reflects underlying brain reorganization, and 
to determine the effect of alcohol use on EEG maturational trajectories.
Support (If Any): U01AA021696; U01AA021690; U01AA021697; 
U01AA021695; K01DA032557

0054
NOVEL ACTIGRAPHIC MEASURES DEMONSTRATE 
GREATER SLEEP DISTURBANCE IN YOUNG CHILDREN 
WITH SYMPTOMS OF ADHD
Desrochers P1, Cremone A1, Peterson B2, Spencer R1

1University of Massachusetts Amherst, Amherst, MA, 2Philips 
Healthcare, Bend, OR

Introduction: Sleep disturbances are prevalent in children with At-
tention Deficit Hyperactivity Disorder (ADHD) and are thought to pre-
cede the onset of symptoms. However, as yet, evidence of sleep deficits 
prior to or at the time of diagnosis is scarce and inconsistent. To this 
end, we used actigraphy and polysomnography (PSG) to examine sleep 
in young children with (ADHD group) and without (control group) 
symptoms of ADHD.
Methods: Recruited children were assessed with the DSM-IV by a 
trained clinician. Those with ≥ 6 symptoms of ADHD were included 
in the ADHD group (n = 8, M = 80 months) while those with < 4 symp-
toms were included in the control group (n = 7; M = 85 months). Actig-
raphy was recorded for 3–10 days (M = 7 days). Additionally, 1-night 
of overnight PSG was collected.

Results: Contrary to results from studies in older children with diag-
nosed ADHD, PSG architecture was not statistically different between 
groups, including Wake After Sleep Onset (WASO; t(10) = −1.251, 
p = 0.244). Actigraphic estimates of aWASO showed that it was greater 
in the ADHD group but the difference was not statistically significant 
(p = 0.08). However, analysis of the motion data collected by actigra-
phy showed that the ADHD group had a larger mean activity during 
the night (16.2 ± 5.2 vs 11.7 ± 1.5 cts/min, p < 0.05) and a larger 95th 
percentile activity level (p < 0.05). In addition, the activity pattern of 
the ADHD group had a different distribution of activity values as evi-
denced by differences in skewness (p < 0.02) and kurtosis (p < 0.03).
Conclusion: These data demonstrate an additional information may 
be obtained from actigraphy data by analyzing motion patterns. This 
information may detect an early difference in sleep of children with 
and without ADHD symptoms, which may help identify children who 
are at-risk for developing ADHD, creating opportunities for earlier di-
agnosis and intervention.
Support (If Any): This study was supported in part by NIH R01 
HL111695-01A1 (R.M.C. Spencer).

0055
HABITUAL NAPPING IN TODDLERS WITH DOWN 
SYNDROME
Spano G, Edgin JO
University of Arizona, Tucson, AZ

Introduction: Previous studies have suggested that napping plays an 
important role in sleep-dependent language and memory consolidation, 
with recent work suggesting that children who nap habitually are better 
able to retain learned information the following day. However, some 
studies have found opposing effects in children, and studies in adults 
have shown that regular nappers have higher levels of obstructive sleep 
apnea syndrome (OSAS). Therefore, napping might also be a marker of 
sleep disturbances. Down syndrome (DS), the most common genetic 
disorder resulting in intellectual disability, is characterized by sleep 
disturbance, with 60% of this population developing OSAS in early 
childhood. By examining napping behavior in typically developing 
toddlers and those with DS, and relations between naps and cognitive 
development, we will gain more information regarding the nature of 
diurnal sleep in the developing child.
Methods: Napping behavior was measured in toddlers with DS ages 
2–5 years old (n 40) in relation to chronological age-matched controls 
(CA, 2–5 years; n 26). Nocturnal and Diurnal sleep was assessed using 
actigraphy and sleep diary over seven consecutive days. The MacAr-
thur-Bates Communicative Development Inventory (CDI) measured 
parent report of developing language.
Results: A chi-square test showed more children with DS were ha-
bitual nappers (≥ 5 times per week) X2 (1, N = 50) = 3.8, p = 0.05, 
with equivalent age in both groups (t(44) = −1.5, p = 0.15). Toddlers 
with DS exhibited more fragmented sleep (p = 0.003) and lower sleep 
efficiency (p < 0.001). A mixed factorial ANOVA was conducted on 
vocabulary measured by the CDI, with group (DS, CA) and type of 
nap behavior (habitual [≥ 5], non-habitual [≤ 2]) as the independent 
variables. Significant main effects of group and type of nap behavior 
on CDI vocabulary were found (ps < 0.01), with habitual nappers and 
DS having lower vocabulary than those who did not nap habitually and 
CA controls, respectively. The group x nap behavior interaction was 
significant, F(1, 39) = 8.06, p = 0.007, suggesting that DS had lower 
vocabulary than CA controls, especially when they nap habitually.
Conclusion: These results suggest that toddlers with DS are habitual 
nappers. Habitual napping related to vocabulary reductions in DS, but 
not in controls, suggesting that this type of napping pattern (recupera-
tive nap) might not reflect the same learning benefits as a regular nap.
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HERITABILITY OF THE SLEEP EEG IN EARLY 
ADOLESCENCE: PRELIMINARY RESULTS FROM A TWIN 
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Hamann C1, Rupp D1, Leuenberger S1, Schmidt S1, Tarokh L1,2,3

1University Hospital of Child and Adolescent Psychiatry and 
Psychotherapy, University of Bern, Bern, Switzerland, 2Institute of 
Pharmacology and Toxicology, University of Zurich, Switzerland, 
3Department of Psychiatry and Human Behavior Warren Alpert 
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Introduction: Previous studies have shown that the sleep EEG power 
density spectrum in adolescence is highly variable across subjects. 
Furthermore, the sleep EEG spectrum undergoes significant changes 
during this period. In adults, twin studies have found that the variabil-
ity in the sleep EEG spectrum is largely due to genes. The aim of this 
study was to exam the degree to which the sleep EEG spectrum during 
adolescence, a time of significant cortical restructuring, is heritable. 
To this end, we recorded sleep EEGs in monozygotic and dizygotic 
adolescent twins between the age of 12–14 years.
Methods: All-night high-density (64 channel) sleep EEG recordings 
were performed in three monozygotic (MZ; n = 6) and three dizygotic 
(DZ; n = 6) twin pairs. Sleep EEG spectra were calculated for deri-
vation C3 (average reference) separately for NREM and REM sleep 
and divided into the following frequency bands: delta, theta, alpha and 
sigma. Heritability, h2, was defined the correlation between DZ pairs 
minus the correlation for MZ pairs times two and calculated for each 
frequency band during NREM and REM sleep.
Results: We found greater similarity between MZ as compared to DZ 
pairs in all frequency bands. This was true for both NREM and REM 
sleep.
Conclusion: Our preliminary findings show high heritability of the 
sleep EEG even during a period of significant cortical development. 
Many psychiatric disorders have their onset during adolescence and 
are accompanied by a sleep phenotype. By understanding how genes 
and environment contribute to the sleep EEG during this period we can 
open up new avenues for research.
Support (If Any): This work was supported by a grant from the Jacobs 
Foundation (to LT)
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SLEEP PHENOTYPE CHARACTERIZATION IN DMSXL 
MICE CARRYING CTG REPEAT EXPANSION FROM 
HUMAN DM1 LOCUS
Sakai N1, Sato M1, Day J1, Pereira MG2, Gourdon G2, Nishino S1

1Stanford University, Palo Alto, CA, 2Paris Descartes University, 
Paris, France

Introduction: Excessive daytime sleepiness and alterations in REM 
sleep patterns are among the most characteristic non-muscular fea-
tures of myotonic dystrophy (DM). The symptoms of DM are caused 
by an expanded C(C)UG repeat that sequesters muscleblind-like pro-
tein 1 (MBNL1) and MBNL2, proteins that regulate alternative splic-
ing required for fetal to adult development. Recent studies suggest that 
major pathological changes in the DM brain are attributable to MBNL2 
sequestration and missplicing in genes required for normal adult CNS 
function. We have presented at the last APSS meeting that MBNL2 KO 
mice exhibited selective increase in REM sleep propensity. We hypoth-
esized that REM sleep abnormalities in MBNL2 KO mice might be a 

residual of infant-type REM sleep, as infants of altricial species spend 
a large majority of their time in REM sleep. In the current study, we 
characterized the sleep phenotype of DMSXL transgenic mice, another 
mouse model of DM that carries expanded CTG repeats in human DM1 
locus to examine if this model also exhibits REM sleep abnormalities 
similar to those seen in MBNL2 KO mice.
Methods: Adult wild-type and DMSXL mice at 6 months of age (wild-
type, n = 9; DMSXL, n = 6) were implanted with EEG and EMG elec-
trodes along with E-mitters for locomotor and temperature monitoring. 
EEG/EMG and E-mitter data acquisition was performed in the 12:12 
LD condition.
Results: DMSXL mice had normal amounts and natural diurnal dis-
tributions, of wakefulness and NREM sleep in the 12:12 LD condition. 
However, DMSXL mice exhibited an increase in REM sleep amount 
with larger numbers of REM sleep episodes and increased EEG theta 
power, the main sleep abnormalities seen in MBNL2 KO mice. There 
was no difference in locomotor and body temperature. DMSXL mice 
did not exhibit cataplexy or any direct transitions from Wake to REM 
sleep, the results also observed in MBNL2 KO mice.
Conclusion: Our results in DMSXL mice indicate that increased REM 
sleep propensity may be the most consistent sleep abnormality in DM 
mouse models showing CNS symptoms. REM sleep abnormalities 
seen in these mice are thus likely caused by dysregulation of alterna-
tive splicing events in the brain. REM sleep abnormalities in DMSXL 
mice may reflect the main sleep and CNS abnormalities in human DM1 
patients. It is important to examine if REM sleep abnormalities in DM 
are functionally related with excessive sleepiness and if REM sleep 
abnormalities are associated with other CNS symptoms.
Support (If Any): Research supported by Marigold Foundation.
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THE RELATIONSHIP BETWEEN VIGILANCE TOWARDS 
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Introduction: Child anxiety is associated with sleep disturbance. 
Vigilance towards threat (including arousal and attentional processes) 
is a dimension of anxiety that runs counter to the loss of responsive-
ness to the environment required for sleep. We hypothesized that threat 
vigilance would contribute to sleep disturbance beyond the influence 
of overall anxiety severity.
Methods: Participants were 72 youth (ages 9–14) with anxiety disor-
ders (from Child Anxiety Treatment Study; PI: Ryan); and 27 controls. 
Vigilance to threat was assessed via reaction times and eyetracking 
from a dot-probe task with 2-second fearful/neutral face-pairs. Anxi-
ety severity was assessed by Pediatric Anxiety Rating Scale (PARS). 
Sleep was assessed by actigraphy for 5 nights [Total Sleep Time (TST), 
Sleep Efficiency (SE), Sleep Onset Latency (SOL), and Wake After 
Sleep Onset (WASO)], and questionnaires [Children’s Sleep Habits 
Questionnaire (CSHQ) and Sleep Self-Report (SSR)].
Results: Greater threat vigilance was associated with several aspects of 
sleep (determined a priori), even after controlling for anxiety (PARS). 
Specifically, reaction time bias predicted SE (β = −0.236, p = 0.028, ƒ2 

(Cohen’s) = 0.058), WASO (β = 0.235, p = 0.029, ƒ2 = 0.059), and CSHQ 
Total (β = 0.224, p = 0.012, ƒ2 = 0.079). In eyetracking, bias in initial 
fixation towards threat (β = 0.366, p = 0.001, ƒ2 = 0.148), and dwell time 
on threat (β = 0.220, p = 0.039, ƒ2 = 0.051) predicted SOL. Follow-up 
analyses of the CSHQ Sleep Onset Delay subscale showed an associa-
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tion with reaction time biases (β = 0.193, p = 0.037, ƒ2 = 0.054). Vigi-
lance was not correlated with SSR Total (p > 0.05). No other pairwise 
relationships between sleep and vigilance (including fixation mainte-
nance bias, and disengagement delay bias) were significant.
Conclusion: Findings highlight the unique role of threat vigilance in 
sleep disturbance. Vigilance may serve as a mechanism explaining 
the connection between anxiety and sleep disturbance. Results have 
implications for the refinement of treatments for sleep; e.g. reducing 
vigilance at bedtime to enhance sleep. Such targeted treatments may be 
particularly powerful in adolescence when neural systems underpin-
ning both arousal and sleep are dynamic.
Support: NIMH MH080215 “Transdisciplinary Studies of CBT for 
Anxiety in Youth” (PI: Neal Ryan, M.D.)
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ASSOCIATION BETWEEN BEDTIME, CHILD 
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LeBourgeois M2, McDermott J1, Spencer R1

1University of Massachusetts, Amherst, Amherst, MA, 2University of 
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Introduction: Sleep and behavior problems are common among chil-
dren high in temperamental negative affect (NA). Specifically, these 
children often have inconsistent bedtimes, which have been associated 
with externalizing behaviors. As bedtime variability and NA have been 
associated with externalizing behaviors independently, we examined 
the interaction of bedtime variability (BTVar) and NA in predicting 
externalizing behaviors during early childhood.
Methods: The sample included 118 children (57 females, M = 53.29, 
SD = 9.02 months). Sleep was assessed using actigraphy. Externalizing 
behaviors (i.e. the externalizing behaviors broad scale and attention 
problems and aggressive behaviors subscales) and NA were measured 
by caregiver responses on the Child Behavior Checklist and the Chil-
dren’s Behavior Questionnaire, respectively.
Results: Hierarchical linear regression revealed a significant interac-
tion between BTVar and NA (B = 0.057, p = 0.054), with the model 
accounting for 19% of the overall variability in externalizing behav-
iors (R2 = 0.192, p < 0.001). In a separate model specifically predicting 
attention problems, the interaction between BTVar and NA was not 
significant (B = 0.013, p = 0.118, R2 = 0.159, p = 0.001). In a model 
predicting aggressive behaviors, the interaction between BTVar and 
NA was marginally significant (B = 0.044, p = 0.069) with the model 
accounting for 19% of variability (R2 = 0.189, p < 0.001). The associa-
tions between BTVar and both externalizing behaviors and aggressive 
behaviors were significantly stronger among children with high NA, 
(B = 0.093, p = 0.038 and B = 0.068, p = 0.063) compared to those with 
low NA (B = −0.022, p = 0.594 and B = −0.21, p = 0.546).
Conclusions: High bedtime variability predicts externalizing behav-
iors in children with high NA. These findings align with other recent 
studies suggesting that children with difficult temperament are suscep-
tible to behavioral consequences associated with bedtime variability. 
Collectively, the results of this study and others suggest that bedtime 
consistency may minimize externalizing behaviors, particularly in 
children with high NA.
Support: This study was supported by NIH R01 HL111695-01A1 
(R.M.C. Spencer).
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THE ASSOCIATIONS BETWEEN SLEEP DURATION AND 
SLEEP INERTIA WITH DIETARY BEHAVIORS IN YOUNG 
ADOLESCENTS
Arora T
Weill Cornell Medical College in Qatar, Doha, Qatar

Introduction: Adolescence is a vulnerable period for obesity develop-
ment. The sleep-obesity association may, in part, be explained by in-
creased food consumption. The relationship between sleep inertia and 
dietary behaviors has not been previously examined, thus we sought to 
investigate this in adolescents.
Methods: Adolescents (n = 644; 11–13 y; 43% male) were recruited 
and sleep inertia assessed using the Schools Sleep Habits Survey. Sleep 
duration was obtained from 7-day sleep diaries and dietary behaviors 
ascertained. Body mass index (BMI) was calculated from objective 
anthropometry.
Results: There was a significant difference in sleep duration with 
consumption of three meals p/day (F = 4.43, p = 0.02). Adolescents 
consuming three meals/day had average sleep duration of 532 ± 44 m 
versus those rarely consuming three meals/day, 489 ± 64 m (Bonferro-
ni p < 0.01). A significant difference was found for sleep duration with 
unhealthy snacking (F = 2.95, p = 0.03). Adolescents sometimes con-
suming unhealthy snacks had sleep duration of 533 ± 50 m versus those 
consuming unhealthy snacks daily, 500 ± 54 m (Bonferroni p = 0.04). 
There was a significant mean difference in sleep duration with break-
fast intake (F = 3.39, p = 0.02). Adolescents consuming breakfast daily 
had sleep duration of 532 ± 45 m versus those sometimes consum-
ing breakfast, 504 ± 58 m (Bonferroni p = 0.03). Of those consuming 
breakfast daily, 40.6% stated they required < 10 m to feel fully awake, 
compared to 6.1% who required > 40 m (x2 = 20.16, p = 0.02). Breakfast 
frequency was significantly associated with BMI (F = 8.5, p < 0.001). 
BMI was higher in those rarely eating breakfast (21.4 ± 3.6) versus 
those consuming breakfast daily (19.4 ± 3.5), p < 0.001.
Conclusion: Sleep impaired adolescents may be at risk of develop-
ing obesity through effects of sleep duration/inertia. Addressing sleep 
problems could be important for tackling obesity in adolescents.

0061
DOES SEX MODERATE THE ASSOCIATION OF HABITUAL 
SLEEP DURATION AND TIMING WITH DEPRESSIVE 
MOOD SYMPTOMS IN COLLEGE-BOUND HIGH SCHOOL 
SENIORS?
Shochat T1, Saletin JM1,2, Barker D1, Van Reen E1,2, Sharkey KM1, 
Roane BM3,1,2, Gredvig-Ardito C2, Carskadon MA1,2,4

1Warren Alpert Medical School of Brown University, Providence, RI, 
2Sleep for Science Research Lab of EP Bradley Hospital, Providence, 
RI, 3UNT Health Science Center, Fort Worth, TX, 4University of 
South Australia, Adelaide, Australia

Introduction: Later bedtime (BT), earlier wake time (WT), and 
shorter total sleep time (TST) are correlated with increased depressive 
mood symptoms (DMS). While sex differences occur for both sleep 
and DMS, the role of sex as a moderating factor in the relationship 
between sleep and DMS is unknown. We examined this possibility in 
college-bound high school seniors, hypothesizing that the association 
between later BT, earlier WT and shorter TST with DMS would be 
stronger in females than males.
Methods: Participants accepted to Brown University (n = 1987; mean 
age = 18.5 ± 0.5; 856M) completed a survey near the end of high 
school. Sleep variables include school night BT, WT, and computed 
TST; DMS: total score of Center for Epidemiologic Studies-Depression 
Scale (CES-D). Simple associations between sleep and DMS were ex-
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amined by Pearson-r; sex differences were assessed by independent 
t-tests. Regression tested the moderation of sex on the associations be-
tween sleep variables and DMS.
Results: Later BT (r = 0.12, p < 0.001) and shorter TST (r = −0.22, 
p < 0.001) but not WT (p > 0.05) were correlated with DMS. Com-
pared to females, males had later BT [males: 23:35 ± 01:02, fe-
males: 23:29 ± 01:04, p = 0.028], WT [males: 06:43 ± 00:41, females: 
06:33 ± 00:43, p < 0.001], and lower DMS [males: 10.02 ± 7.67, females: 
12.78 ± 9.14, p < 0.001], with no differences found for TST (p > 0.05). 
Contrary to our hypothesis, sex did not moderate the association of 
BT or WT with DMS (p > 0.05). Controlling for WT and sex, however, 
later BT was independently associated with increased DMS (β = 1.238, 
∆CES-D/1 hr BT, p < 0.001), while earlier WT (controlling for BT and 
sex) was independently associated with increased DMS (β = −0.989, 
∆CED-D/1-hr WT, p = 0.008).
Conclusions: Commensurate with past studies, females demonstrated 
earlier BT and WT and higher DMS compared to males. While in-
creased DMS were associated with later BT and earlier WT, sex did 
not moderate these associations in our non-clinical sample of late ado-
lescents.
Support: NIMH MH079179
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Introduction: Infancy is a critical period for growth and cognitive de-
velopment. We conducted a study to examine the relationships between 
infants’ sleep and wake patterns and growth and development.
Methods: A total of 473 healthy infants born in nine maternity hos-
pitals were enrolled and followed 1 year. After delivery, we observed 
and recorded infants’ wake and sleep patterns by acti-watch and sleep 
diaries weekly during the first month and monthly for the 2nd to 6th 
months, and 9th and 12th months. Infants’ weight and length were 
measured at the 1st, 3rd, 6th, 9th and 12th month, and their cognitive 
development was assessed by standard development evaluation tool 
BSID at the 6th and 12th month.
Results: The number of night-waking, duration of nocturnal longest 
uninterrupted sleep, nighttime sleep efficiency (total sleep percentage 
of nighttime), physical activity level during nighttime sleep and num-
ber of naps and nap proportion (total sleep percentage of daytime), all 
had significant influences on infants’ growth and related velocity. With 
an increase by one night-waking or nap, or an increase in sleep efficien-
cy by 5%, infant weight increased by 23 g, 41 g, and 63 g respectively, 
while an increase in nap proportion by 5% resulted in weight decreased 
by 56 g. On cognitive development, nighttime sleep efficiency and the 
number of naps had significant influences on infants’ mental devel-
opment index (MDI). When sleep efficiency increased by 5%, MDI 
increased by 0.4 on average, while with an increase by one nap, MDI 
decreased by 1.5 on average.
Conclusion: Sleep and wake patterns influence infants’ growth and 
development. The high nocturnal sleep efficiency and uninterrupted 
sleep appears beneficial to infants’ growth and cognitive development 
and should be evaluated if growth or development delays occur.
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PARENT-REPORTED SLEEP PROBLEMS ARE 
ASSOCIATED WITH HIGHER COGNITIVE FUNCTIONS IN 
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Studer M1, Hamann C2, Rupp D2, Leuenberger S2, Tarokh L2,3,4
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University Children’s Hospital Bern, Switzerland, 2University 
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Introduction: Childhood subjective sleep problems have been shown 
to be associated with neuropsychological functioning. However, less 
is known about this association in adolescence. Since sleep problems 
disrupt sleep, they may delay neural and skill development and in turn 
lead to neuropsychological impairments. Of particular interest are 
tasks of executive function that require the prefrontal cortex—a region 
with prolonged maturation into young adulthood, that is particularly 
sensitive to the effects of sleep disruption. Therefore, we investigated 
the effects of sleep problems and duration on the development of execu-
tive functions in early adolescents.
Methods: Cross-sectional data of 24 children (15 females, mean age: 
12.49 years, SD: 1.57 years) who underwent neuropsychological testing 
in verbal learning and memory (German Version of the RAVLT), ex-
ecutive functioning (Regensburger verbal fluency test) and processing 
speed (Coding, WISC-IV) were examined. Subjective sleep problems 
were rated by parents; sleep duration and sleep latency was measured 
using 5 weeknights of actigraphy data. Associations were analysed 
with two-sided Spearman correlations, controlled for age at testing.
Results: Parent-reported sleep problems correlated negatively with 
processing speed (r = −0.64, p = 0.001) and executive functioning (se-
mantic fluency: r = −0.45, p = 0.03; semantic category change: r = −0.49, 
p = 0.02), but not with verbal learning or memory. Furthermore, no as-
sociation was found between actigraphically measured sleep duration 
or latency and neuropsychological performance.
Conclusion: Preliminary results revealed that subjective parent-report-
ed problems are correlated with higher cognitive functions (processing 
speed and executive functions) in early adolescents, but not with learn-
ing and memory. This finding suggests that sleep disruption may have 
a dissociative impact on these processes. In addition, no relationship 
was found between objective measures of sleep duration and latency 
and neuropsychological performance, suggesting that disrupted sleep 
rather than total sleep time may impart risk. Future analyses will ex-
amine longitudinal associations between sleep and neuropsychological 
performance in a larger sample.
Support (If Any): This work was supported by a grant from the Jacobs 
Foundation (to LT)
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THE DELAYED BENEFIT OOF A NAP ON EMOTIONAL 
MEMORY CONSOLIDATION IN PRESCHOOL-AGED 
CHILDREN
Kurdziel L, Spencer R
University of Massachusetts Amherst, Amherst, MA

Introduction: Preschool-aged children rapidly develop emotional pro-
cessing skills. Simultaneously, children of this age transition to adult-
like monophasic sleep patterns. In young adults, emotional memories 
are thought to be consolidated over REM sleep. However, recent work 
from our lab has shown that preschool-aged children get little to no 
REM during a nap. Here, we examine whether emotional memories 
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are consolidated over a nap in young children and the physiological 
mechanisms involved in this process
Methods: Preschool-aged children (n = 49; M = 51.55 months, 
SD = 7.16) were tested on their memory for faces described as either 

“mean” or “nice.” Children completed a nap and a wake condition 
(within-subject design). In both conditions, memory was tested imme-
diately following the nap opportunity and after subsequent nocturnal 
sleep. In a subset of the children (n = 20), polysomnography was used 
to record the physiology of the nap and of the overnight sleep bouts.
Results: The change in performance across the nap opportunity 
was not significantly different between conditions (F(1,47) = 0.678, 
p = 0.414). However, the change in performance across the 24-hour 
period was significantly better in the nap condition (F(1,43) = 4.523, 
p = 0.039). Across the nap, SWA was negatively correlated with per-
formance change (r = −0.601, p = 0.008), but positively predicted the 
improvement in memory across nocturnal sleep in the nap condition 
compared to the wake condition (b = 0.475, t(17) = 2.159, p = 0.046).
Conclusion: The delayed benefit of the nap is intriguing, and reflects 
previous work in juvenile songbirds. In the present study, greater SWA 
during the nap may reflect greater synaptic remodeling as indicated by 
poorer initial performance changes; however, those synaptic changes 
are also associated with a greater overall benefit after additional pro-
cessing during subsequent nocturnal sleep. SWA across the nap may 
therefore be necessary for long-term emotional memory consolidation 
in preschool-aged children.
Support (If Any): NIH R01 HL111695-01A1
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USING DENSE EEG TO STUDY OSCILLATORY 
TOPOGRAPHY IN NAPPING INFANTS, AND THEIR 
RELATION TO BRAIN AND SKILL MATURATION
Peters SE1, Ortiz-Mantilla S1, Day C2, Benasich AA1
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Introduction: Sleep rhythms are thought to play an integral role in 
infant brain development, and may serve as early biomarkers for sev-
eral neurodevelopmental disorders. Two spectral microstructure com-
ponents, spindles and slow wave activity (SWA), have been proposed 
as electrophysiological measures of brain maturation, and have been 
linked to cognitive measures in school-aged children, adolescents, and 
adults. This study aims to characterize the microstructure of non-REM 
daytime sleep, including slow wave and spindle neurophysiology and 
topography, using both cross-sectional and longitudinal groups of typi-
cally developing infants at 3.5 and 6.5 months.
Methods: Infant sleep dEEG data (124 channels) were collected and 
analyzed using Matlab toolboxes (i.e. SPM, FASST, EEGLAB). Con-
current standardized tests designed to measure infant cognitive and 
language development were administered. Sleep sessions were scored 
for NREM sleep stages using EEG and behavioral data. Additional 
scoring analyses were completed by a certified PSG technician, on a 
subset of data. Spectral analysis of NREM 2/3 sleep stages was com-
pleted on eight topographical regions, using spectral decomposition.
Results: The occipital SWA power was higher than the frontal power 
at both ages (p < 0.001). There was a maturational increase in the left 
occipital region peak slow wave frequency (p = 0.0015). There was a 
significant maturational increase in temporal theta power (p = 0.002), 
which may be representative of the auditory cortical acoustic mapping 
that occurs during the first year of life. A significant positive correla-
tion between the temporal theta amplitude and the cognitive score was 
seen at 3.5 months, and may represent hippocampal replay activity.
Conclusion: While these results are preliminary, they are the first to 
include an examination of oscillatory topography during sleep concur-

rent with standardized cognitive testing at these ages. This research 
may lead to more detailed studies of sleep microstructure including 
temporally-bounded sensory information processing and possible 
links to emerging language and cognitive abilities.
Support (If Any): This work was funded by NSF grant #SMA-
1041755 to the Temporal Dynamics of Learning Center, an NSF Sci-
ence of Learning Center, and by the Elizabeth H. Solomon Center for 
Neurodevelopmental Research.
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Introduction: Adolescence is marked by dramatic increases in sleep 
problems and alcohol use (AU), and the use of highly caffeinated en-
ergy products (EP). Previous research suggests that sleep problems and 
EP use are associated with increased risk of AU; however, few studies 
have examined racial/ethnic differences in these associations, despite 
known racial/ethnic differences in sleep, EP use, and AU.
Methods: The current study cross-sectionally examines the associa-
tion between self-reported measures of trouble sleeping, weekend and 
weekday total sleep time (TST), and EP use, and past month AU in a ra-
cially/ethnically diverse sample of teens (N = 2539; mean age = 15.54; 
54.23% female). We also examined associations separately by race/
ethnicity for Whites (N = 533), Hispanics (N = 1115), Asians (N = 532), 
and “Other” racial/ethnic categories (N = 359). Logistic regressions ex-
amined the odds of AU associated with sleep/EP use after controlling 
for age, sex, sociodemographics and mental health symptoms.
Results: In the total sample, shorter TST (weekends and weekdays), 
trouble sleeping, and use of EP were associated with significantly 
greater likelihood of past month AU (p’s < 0.05). In race/ethnicity 
stratified analyses, EP use was significantly associated with AU for all 
racial/ethnic groups (p’s < 0.05), except for Asians. Additionally, for 
whites, there was a significant association between shorter weekday 
TST and AU, whereas for “Other” racial/ethnic groups, there was a sig-
nificant association between shorter weekend TST and AU (p’s < 0.05). 
For Asians, there was a significant association between trouble sleep-
ing and AU (p < 0.05).
Conclusions: Sleep problems and EP use are associated with increased 
AU in teens, even after controlling for sociodemographics and mental 
health. Findings also highlight the importance of considering racial/
ethnic differences in observed associations. Further longitudinal re-
search on sleep and EP use is critical to identify novel prevention and 
intervention efforts to reduce disparities in the relationship between 
sleep, energy products, and alcohol use.
Support (If Any): NIAA R01AA020883; R01AA016577; HL093220
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1Queensland University of Technology, Brisbane, Australia, 2School 
of Psychology and Counselling, Queensland University of Technology, 
Brisbane, Australia, 3School of Dentistry and Medicine, James Cook 
University, Australia, 4Library services, Queensland University of 
Technology, Brisbane, Australia, 5Institute for Health and Biomedical 
Research, Queensland University of Technology, Brisbane, Australia

Introduction: Duration and quality of sleep affects child development 
and health. Encouragement of napping has been suggested as a health-
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promoting strategy in early childhood however, the effects of napping 
promotion, although debated, are not clear.In response, a systematic 
review was conducted to examine the state of evidence and current 
findings regarding the independent effects of napping on children’s 
night sleep, behaviour, cognitive functioning and physical health from 
birth to 5 years.
Methods: Electronic database search following PRISMA guidelines 
and assessment of research quality following a GRADE protocol was 
undertaken. We focussed on published, original research articles of any 
design reporting on outcomes for children aged 0 to 5 years.
Results: Twenty-five articles met inclusion criteria. No study was 
randomised; all had observational designs. Among the studies quality 
was heterogeneous. Most did not obtain data on the children’s habitual 
napping status or the context of napping. Many were reliant on parent 
report rather than direct observation or physiological measurement of 
sleep behaviour. The studies variously reported on salivary cortisol, 
night-sleep, cognition, behaviour, obesity and accidents. The findings 
regarding cognition, behaviour and health impacts were inconsistent, 
probably due to variation in age and habitual napping status of the sam-
ples. The most consistent finding was an association between napping 
and later onset, shorter duration and poorer quality of night sleep, with 
evidence strongest beyond age 3.
Conclusion: There is consistent correlational evidence that night 
sleep onset, duration and quality are adversely impacted by napping 
beyond the age of 2 years. Effects of napping on behaviour, cognition 
and health are less certain. There is an imperative for more systematic 
studies of effects of napping in early childhood

0068
MOTOR ACTIVITY DURING SLEEP: ACTIGRAPHIC 
RECORDINGS FROM INFANCY TO ADULTHOOD
Natale V1, Scher A 2, Atun-Einy O2, Samuel M2, Boreggiani M1, 
Tonetti L1, Fabbri M3, Martoni M1

1University of Bologna, Bologna, Italy, 2University of Haifa, Haifa, 
Israel, 3Second University of Naples, Caserta, Italy

Introduction: Use of actigraphy in sleep medicine is rapidly increas-
ing. As sleep evaluation by actigraphy is indirect (i.e. validated al-
gorithms), a valuable way to use the tool is to focus on its primary 
outcome measure—motor activity counts. However, developmental 
data are still lacking. The aim of the current retrospective study was to 
quantitatively investigate motor activity pattern during nocturnal sleep 
in multiple age groups.
Methods: Actigraphic recordings came from the Laboratory of Ap-
plied Chronopsychology of the Department of Psychology, University 
of Bologna and the Department of Counseling and Human Develop-
ment, University of Haifa. The final sample consisted of 122 healthy 
participants: 20 aged one year; 17 aged five; 21 aged ten; 16 aged twen-
ty; 15 aged thirty; 19 aged forty; and 14 aged sixty. We analyzed hourly 
motor activity for the first six hours of sleep.
Results: All groups, except the infant group, showed a clear decrease 
in motor activity from the 1st to the 2nd hour of sleep. The decrement is 
statistically significant from age 10 to 40 years. The infant group stood 
out in a number of ways: (a) a progressive increment of motor activity 
from 1st to 5th hour of sleep, (b) at the 5th and 6th hour, activity was 
significantly higher in comparison to all other groups, and (c) low mo-
tor activity in the 1st hour of sleep. Lower activity during the 1st hour 
was also observed in the 5-year-old children.
Conclusion: During the first six hours of sleep, one-year-olds’ motor 
activity pattern differed from the other groups. This result is probably 
due to the lack of motor paralysis during REM sleep, which is char-
acteristic of infants. The finding that both the one- and five-year-old 

groups showed low motor activity during the 1st hour suggests that 
sleep onset occurs easily in early development.

0069
DOES WEEKEND SLEEP PRODUCE JETLAG-LIKE 
CIRCADIAN DISRUPTION IN TEENAGERS?
Rossi N, Nadel L, Gomez RL
The University of Arizona, Tucson, AZ

Introduction: The proverbial surge of hormones during puberty af-
fects many aspects of behavior, including sleep. A delay in hormones 
driving the sleep-wake cycle compels teenagers to postpone bedtime, 
especially when mornings are free of early school obligations. Con-
sequently, adolescents are sometimes described as “chronically jet-
lagged.” One of these hormones, cortisol, is of particular importance 
due to its role in alertness and cognition. Increased or desynchronized 
cortisol across the 24-hour period, as has been observed in jetlagged 
adults, could have profound implications for teens with variable sleep.
Methods: We tracked 17 subjects (8 female) aged 14–17 years across 
the school week. Using actigraphy and self-report, we measured week-
end total sleep time (the difference between bed and wake controlling 
for any nocturnal awakenings) and weekend sleep delay (the difference 
in average sleep midpoint from week to weekend). These variables en-
tered into a temporal model predicting daily salivary cortisol collected 
about the sleep period.
Results: No significant effect was observed for weekend total sleep 
time on cortisol across the week. However, weekend sleep delay pre-
dicts lower cortisol on Monday that increases by Friday morning, 
β = 0.013, p = 0.03, suggesting that inconsistent sleep yields slower 
adaptation of cortisol to the new wake up time. More consistent sleep 
schedules, on the other hand, predicts a decrease in cortisol across the 
week, β = 0.05, p = 0.01.
Conclusion: Our findings indicate that sleep schedule, but not sleep 
amount, is associated with circadian effects that mirror jetlag in adults. 
Namely, cortisol production is suppressed early in the week in teen-
agers who delay sleep on the weekends, indicating that their internal 
clock requires several days to adapt to the earlier schedule. A current 
future direction involves investigating the impact of cortisol on work-
ing memory performance as a function of weekend sleep.

0070
PROSPECTIVE SLEEP AND PSYCHOLOGICAL 
SYMPTOMS IN ADOLESCENTS REPORTING FOR A SLEEP 
TREATMENT TRIAL
Mashash M, Kaplan KA, Zeitzer JM
Stanford University, Stanford, CA

Introduction: Insufficient sleep and dissatisfaction with sleep are 
widespread among adolescents, yet the clinical relevance of such re-
ports remains incompletely understood. We examined the relation-
ships between sleep and psychological functioning in a sample of 
adolescents presenting for enrollment in a sleep treatment trial.
Methods: A community sample of adolescents in 9th–12th grades 
with self-reported difficulty getting to sleep at an early enough hour 
(N = 25) completed a baseline assessment where self-report measures 
of depression (CES-DC) and ADHD symptomatology (Hyperactivity/
Impulsivity, Inattention, and Oppositional Defiant Disorder; SNAP-
IV-26) were collected. All participants subsequently completed sleep 
diaries for one week, with variables of interest including sleep initia-
tion time, number and length of naps, number of awakenings, wake 
after sleep onset (WASO) and total sleep time.
Results: Sleep diaries revealed that adolescents slept 6.87 ± 1.07 hours 
on weekdays and 8.60 ± 1.92 hours on weekends, with sleep initiation 
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at 23:23 ± 1:14 (weekdays) and 23:48 ± 1:19 (weekends). They awoke 
0.62 ± 0.69 times per night and had 11.2 ± 16.5 minutes of wake per 
night. They reported 0.36 ± 0.99 daily naps with a mean nap length of 
46.73 ± 74.07 minutes. While adolescents scored in non-clinical ranges 
on measures of ADHD symptomatology, reports of depressive symp-
toms were clinically significant (CES-DC = 22.52 ± 6.84), and greater 
CES-DC scores were associated with reduced time in bed (r = −0.44, 
p < 0.05). A greater number of naps was associated with increased 
frequency of nighttime awakening (r = 0.88, p < 0.01) and with longer 
WASO (r = 0.78, p < 0.01). Longer nap duration was associated with 
lower scores on SNAP-IV Inattention Subscale (r = −0.52, p < 0.05).
Conclusion: In the present sample, elevated self-reported depres-
sive symptoms may be related to inadequate sleep opportunity. More 
frequent napping during the day is associated with disturbed sleep at 
night, though longer naps also appear to be linked with fewer ADHD 
Inattentive symptoms.
Support (If Any): NICHD 1R21HD073095

0071
RELATIONSHIPS BETWEEN RISK TAKING, DISTRESS 
TOLERANCE AND SLEEP IN ADOLESCENCE
Kaplan KA, Mashash M, Zeitzer JM
Department of Psychiatry and Behavioral Sciences, Stanford 
University School of Medicine, Stanford, CA

Introduction: Evidence for the impact of insufficient sleep on behav-
ioral measures of risk-taking is mixed, with some studies reporting de-
creases and others noting increases in risk-taking behavior following 
experimental sleep deprivation. Few studies have examined the influ-
ence of naturalistic sleep quantity or quality on risk-taking or its related 
construct distress tolerance.
Methods: A community sample of adolescents in 9th–12th grades 
with self-reported difficulty getting to sleep at an early enough hour 
(N = 25) completed computerized measures of risk-taking (Balloon 
Analog Risk Task; BART) and distress tolerance (Behavioral Indicator 
of Resiliency to Distress; BIRD), along with self-report measures of 
sensation seeking (Sensation Seeking Scale; SSS), sleep quality (Ado-
lescent Sleep Wake Scale; ASWS), and one week of prospectively-kept 
sleep diaries.
Results: Indices of risk-taking (BART ‘average adjusted pumps’ and 

‘exploded balloons’) were positively associated with sensation seeking 
(r’s ≥ 0.42, p’s < 0.05). Consistent with reports of conservative behav-
ior following sleep deprivation, individuals were less likely to demon-
strate risky behavior (BART ‘risk ratio’) if they reported spending less 
time in bed across the week (p < 0.05), went to bed later on weekends 
(p < 0.05), or noted greater sleep maintenance disturbance (ASWS ‘re-
initiating sleep’ p < 0.05). Adolescents who demonstrated high distress 
tolerance on the BIRD (i.e., opted to stick with an increasingly dif-
ficult task) similarly reported less diary total sleep time (p < 0.05) and 
reduced sleep quality (ASWS total p < 0.05) compared to adolescents 
who chose to quit the task.
Conclusion: Results support the idea that poorer sleep quality and re-
duced quantity are associated with less risky behavior and higher levels 
of distress tolerance. Adolescents may be less willing to take risks and 
test limits when not fully rested.
Support (If Any): NICHD 1R21HD073095

0072
IS DAYTIME NAPPING ASSOCIATED WITH 
INFLAMMATORY MARKERS IN ADOLESCENTS?
Jakubowski KP1, Hall MH1,2, Marsland AL1, Matthews KA1,2,3

1University of Pittsburgh, Department of Psychology, Pittsburgh, PA, 
2University of Pittsburgh, Department of Psychiatry, Pittsburgh, PA, 
3University of Pittsburgh, Department of Epidemiology, Pittsburgh, 
PA

Introduction: Short nocturnal sleep leads to more napping in adoles-
cents, and more napping leads to short nocturnal sleep. Some studies 
also link short nocturnal sleep to inflammatory markers among adoles-
cents. However, it is unclear whether napping can make up for deficits 
caused by short sleep, or if napping further exacerbates the influence 
of short sleep on inflammation. We investigated whether actigraphy-
assessed napping was associated with inflammatory markers, indepen-
dent of nocturnal sleep, and also whether the timing of daytime naps 
was related to inflammatory markers.
Methods: Participants were 234 healthy adolescents (56% black, 53% 
female). Nocturnal sleep and daytime napping were assessed with ac-
tigraphy across one week. Napping was measured as the proportion of 
days napped and the average minutes napped across the full week; nap-
ping within school days was measured as the average minutes napped 
and the proportion of school days with at least one nap before 2 p.m, 
between 2 pm and 6 pm, and between 6 pm and 10 pm Inflammatory 
markers included fasting measures of high sensitivity C-reactive pro-
tein (hs-CRP) and interleukin-6 (IL-6). Linear regressions were used, 
adjusting for age, sex, race, average nocturnal sleep duration, and BMI 
percentile.
Results: On average, adolescents napped 36% of days and 24 minutes 
per day across the full week. Within school days, adolescents napped 
before 2 pm on 11% of school days, between 2 pm and 6 pm on 19% 
of school days, and between 6 pm and 10 pm on 11% of school days; 
school day naps lasted 22 minutes on average. More days napped 
across the full week associated with elevated IL-6 [B (SE) = 0.49 (0.21), 
p < 0.05]. More days napped after school between 2 pm and 6 pm [B 
(SE) = 0.42 (0.22), p < 0.05] and between 6 pm and 10 pm [B (SE) = 0.66 
(0.30), p < 0.05] associated with higher IL-6. More minutes napped on 
school days also associated with elevated IL-6 [B (SE) = 0.07 (0.07), 
p < 0.05]. Napping was not associated with hs-CRP.
Conclusion: Actigraphy-assessed napping associated positively with 
circulating IL-6, a peripheral proinflammatory cytokine known to im-
pact levels of inflammation within the central nervous system, which 
contribute to sleep regulation. Further examination of the direction of 
this effect is warranted. IL-6, but not CRP, can cross the blood brain 
barrier, which might explain their different relationships with napping.
Support (If Any): This work was supported by the National Institutes 
of Health (HL025767, HL007560).

0073
SLEEP SCHEDULE REGULARITY IN COLLEGE 
STUDENTS: RELATIONSHIPS WITH MOOD, EMOTION 
REGULATION, AND MORNINGNESS-EVENINGNESS 
TENDENCIES
Blank Y, Bootzin RR
University of Arizona, Tucson, AZ

Introduction: College students are known for having poor sleep and 
irregular sleep schedules, especially during the first year of college. 
These sleep habits may contribute to poor academic outcomes down the 
line. We utilize a new questionnaire to examine the relation between 
sleep schedule regularity, sleep, and daytime function. We hypothesize 
that students with more regular sleep schedules will have better overall 
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sleep, report better mood, and utilize more adaptive emotion regulation 
strategies, and that students with more morning tendencies will have a 
more regular sleep schedule.
Methods: Data were obtained from 311 college freshmen (237 females). 
The Morningness-Eveningness Questionnaire (MEQ) was used to as-
sess morning and evening tendencies. The Sleep Schedule Regular-
ity Questionnaire (SSRQ), created for this study, was used to assess 
students’ perceptions of their sleep regularity. Higher scores on the 
SSRQ subscales indicate a more regular sleep schedule. The Emotion 
Regulation Questionnaire (ERQ) was used to assess emotion regula-
tion strategies.
Results: Morning tendencies were associated with a more regular cur-
rent sleep schedule (r = 0.28, p < 0.001). More regular sleep schedules 
were also associated with greater use of reappraisal (r = 0.18, p < 0.01)), 
fewer sleep complaints (r = −0.22, p < 0.001), and better mood over 
the following week (r = 0.21, p < 0.001). There was no relationship 
between schedule regularity and use of emotional suppression or total 
sleep time.
Conclusion: Students who keep a more regular sleep schedule in the 
first year of college have better sleep and daytime functioning that 
those with more variable schedules. Surprisingly, schedule variability 
in this sample was unrelated to total sleep time, perhaps due to students’ 
ability to sleep in on weekends. Additionally, schedule regularity was 
related to use of positive, but not negative emotion regulation strategies. 
Finally, students who have more morning tendencies tend to have a 
more regular sleep schedule across time, consistent with current lit-
erature.

0074
REM SLEEP PHYSIOLOGY DIFFERENTIALLY 
REGULATES SOCIAL THREAT DETECTION IN THE 
ADOLESCENT AND ADULT BRAIN
Saletin JM1,2, Goldstein AN3,2, Greer SM4, Krause AJ2, Cerreta AG2, 
Harvey AG2, Dahl RE5, Walker MP2,4

1Department of Psychiatry and Human Behavior, Brown University, 
Providence, RI, 2Department of Psychology, University of California 
at Berkeley, Berkeley, CA, 3Department of Psychiatry and Behavioral 
Sciences, Stanford University, Palo Alto, CA, 4Helen Wills 
Neuroscience Institute, University of California at Berkeley, Berkeley, 
CA, 5School of Public Health, University of California at Berkeley, 
Berkeley, CA

Introduction: Adolescence represents a developmental period of 
profound psychosocial change, one that demands accurate process-
ing of complex emotions. In adults REM sleep physiology is known 
to contribute to optimal emotional brain processing, however, the role 
of equivalent REM sleep recalibration mechanisms in adolescents re-
mains uninvestigated.
Methods: 31 healthy males—22 adolescents (age: 12.1–15.9) and 9 
young-adults (age: 18.0–21.1) obtained a PSG-recorded night of sleep, 
followed the next morning by a complex socio-emotional fMRI task 
requiring discrimination of “Threatening” from “Affiliative” face 
stimuli. Analyses focused on limbic-related anterior insula cortex, dor-
sal anterior cingulate cortex (dACC) and amygdala. Regression mod-
els examined both (1) separate effects of age and (adrenergic-related) 
REM sleep gamma EEG activity (REM-γ) in predicting accurate emo-
tional-brain discrimination, and (2) their interaction—that is, does the 
predictive benefit of reduced REM-γ vary by age.
Results: Significant discrimination activity differentiating threating 
from affiliative stimuli was observed in both dACC and the insula in all 
participants (p’s < 0.05), and in the amygdala in adolescents (p < 0.05). 
When considered in the regression model, age (corrected for REM-γ) 
and REM-γ (corrected for age) significantly predicted threat discrimi-

nation accuracy in dACC and insula (p’s < 0.03). Most critical, however, 
there was a significant age-by-REM-γ interaction (p’s < 0.01) in the 
dACC and insula, indicating that the neural recalibrating function of 
low REM-γ in these limbic regions varied with age. Specifically, the 
beneficial effect of REM-γ on enhanced emotion discrimination in the 
dACC and insula cortex emerged as developmental age increased to-
wards adulthood (β(age = 21) < −287), relative to younger adolescents 
(β(age = 12) > +161).
Conclusion: These results suggest a sleep-sensitive window of human 
emotional brain maturation, one in which the recalibrating benefits of 
REM sleep physiology emerge during the transition from adolescence 
to adulthood. Such findings emphasize the critical need for sleep—es-
pecially late morning REM-rich sleep—during adolescence, thereby 
optimizing emotional brain processes that support parental-indepen-
dent social functioning.
Support (If Any): This work was supported by NIMH R01 MH093537 
(MPW), NIA R01 AG031164 (MPW), NIDA R21 DA03193 (MPW), 
NSF GRFP (JMS), and the Jacobs Foundation (JMS).

0075
POPULATION-LEVEL SOCIO-DEMOGRAPHIC FACTORS 
ASSOCIATED WITH INFANTS’ SLEEP PATTERNS AND 
ENVIRONMENTS IN AOTEAROA/NEW ZEALAND
Muller D1, Paine S1, Signal L1, Sweeney B1, Priston M1, Huthwaite M2, 
Lee K 3, Gander P1

1Sleep/Wake Research Centre, Wellington, New Zealand, 2University 
of Otago, Wellington, New Zealand, 3University of California, San 
Francisco, CA

Introduction: Sleep is associated with development, but limited re-
search exists on infants’ sleep patterns and the role of socio-demo-
graphic factors in different facets of babies’ sleep. The study aimed to 
investigate the association between maternal ethnicity, socioeconomic 
deprivation and age, and 11–13-week-olds’ sleep in a prospective co-
hort of infants (Māori: n = 316 and non-Māori: n = 635) and mothers.
Methods: Logistic regression models were used to examine inde-
pendent predictors of parentally-reported infant sleep duration, sleep 
location, bed-type and day-to-day sleep pattern variability. Maternal 
ethnicity (Māori/Non-Māori), socioeconomic deprivation (NZDep: a 
neighbourhood measure of socioeconomic deprivation) and maternal 
age were independent variables in analyses.
Results: Babies of Māori mothers were less likely to have variable 
day-to-day sleep patterns (OR = 0.65, 95% CI 0.47–0.88), or short (< 2 
hrs) diurnal sleep durations (OR = 0.66, 95% CI 0.49–0.89). They were 
more likely to change sleeping location during the night (OR = 1.77, 
95% CI 1.28–2.45) and sleep in parents’ bedrooms (day: OR = 1.73, 
95% CI 1.29–2.34; night: OR = 2.42, 95% CI 1.75–3.35) and/or beds 
(day: OR = 2.28, 95% CI 1.17–4.45; night: OR = 2.15, 95% CI 1.30–
3.55). The likelihood of an infant sleeping in their own room (day: 
OR = 0.91, 95% CI 0.87–0.96; night: OR = 0.93, 95% CI 0.88–0.98) 
or being held while sleeping (day: OR = 0.89, 95% CI 0.82–0.97) de-
creased with increasing neighbourhood deprivation. Conversely, the 
likelihood of sleeping in the parent/s’ bedroom (day: OR = 1.08, 95% 
CI 1.02–1.13; night: OR = 1.09, 95% CI 1.03–1.15) and/or bed (night: 
OR = 1.14, 95% CI 1.04–1.25) increased with increasing neighbour-
hood deprivation. Increasing maternal age was associated with a lower 
likelihood of sleeping in the parent/s’ bed during the day (OR = 0.91, 
95% CI 0.86–0.96).
Conclusion: Maternal ethnicity, neighbourhood socioeconomic de-
privation and maternal age independently predicted how and where 
3-month-old infants slept in this sample. Further investigation is need-
ed to ascertain what these differences in sleep patterns and environ-
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ments mean for infants’ sleep and development, cross-sectionally and 
longitudinally.

0076
GROUP NAPPING PATTERNS IN RELATION TO DURATION 
OF MANDATORY NAPTIMES IN CHILDCARE SETTINGS
Staton S1, Smith SS1, Hurst C2, Pattinson C1, Thorpe K1

1Queensland University of Technology, Brisbane, Australia, 2Khon 
Kaen University, Khon Kaen, Thailand

Introduction: Naptime is a routine feature within many childcare set-
tings and may include a mandatory period in which all children are 
required to lie down without alternate activity permitted. This study 
aimed to examine the relationship between variation in duration of 
mandatory naptimes for preschool aged children (3–6 years) and chil-
dren’s sleep patterns within these settings.
Methods: An observation study of a community sample of 113 pre-
school rooms attended by 2114 preschool aged children was under-
taken. Within each childcare room sleep practices and children’s sleep 
patterns were observed using a standard protocol. Observations were 
conducted within in the second semester of the education year. Counts 
of the number of children asleep were coded in 10-minute intervals. 
Poisson mixed effect regression models were conducted to map the 
patterns of the number of children asleep and latency to sleep onset 
in rooms with different durations of mandatory naptime, whilst con-
trolling for potential confounds of age range, socio-economic status, 
childcare quality, childcare type and nap start times.
Results: Three-quarters of childcare settings implemented a manda-
tory naptime with considerable variation in duration (15–145 minutes). 
Compared to rooms with ≤ 30 minutes of mandatory naptime, there 
was a two-fold increase in the proportion of children napping with-
in rooms with 31–60 minutes of mandatory naptime, and a four-fold 
increase for those in rooms with > 60 minutes mandatory naptime. 
Napping patterns across mandatory naptime groups were similar; in-
creased duration of mandatory naptime was associated with increased 
napping prevalence, but not the time to nap onset.
Conclusion: The results of the current study suggest that mandatory 
naptimes are associated with an increase in napping prevalence, but 
not sleep onset time, within childcare rooms. Future studies should ex-
amine the influence of other child and childcare sleep characteristics, 
including routines, noise and teacher strategies on children’s sleep pat-
terns within these settings.
Support (If Any): This study was funded via a grant from the Insti-
tute of Health and Biomedical Innovation at Queensland University of 
Technology. The E4Kids study, from which the sample is derived, is 
funded by the Australian Research Council Linkage Projects Scheme, 
the Victorian Government Department of Education and Early Child-
hood Development, and the Queensland Government Department of 
Education and Training.

0077
“IF GIVEN THE OPPORTUNITY WOULD YOU WANT YOUR 
CHILD TO SLEEP IN CHILDCARE?”
Thorpe K1, Sinclair D2, Staton S2, Pattinson C2, Smith S2

1Queensland University of Technology, Brisbane, Australia, 2School 
of Psychology and Counselling, Queensland University of Technology, 
Brisbane, Australia

Introduction: In Australia, approximately 60% of children aged 3–5 
attend an ECEC setting. A majority of settings schedule a nap period. 
Previous research reports that parental decisions regarding children’s 
sleep patterns are influenced by various factors, including financial 
conditions, family size, cultural practices and beliefs, parent work 

schedules and child factors, to name a few. To date, no research has 
been conducted to examine a) parental preferences towards the day-
time sleep/rest period in ECEC settings and b) the underlying reasons 
behind these preferences.
Methods: A large cohort of parents (N = 1302) of preschool aged chil-
dren (aged 3–6) attending early childhood services completed surveys. 
Families were from metropolitan, rural and remote sites and repre-
sented the diversity of social groups in Australia. Parents provided a 
range of demographic data and responded to the question “If given the 
opportunity would you want your child to sleep in childcare?” They 
also gave open-ended reasons for their response. Quantitative data 
were analysed for association with demographic data while thematic 
analysis assessed open response
Results: 80% of parents did not wish their preschool child to sleep 
while in non-parental care. Those preferring their child to nap (20%) 
had younger children and children who spent long days in childcare. 
Social class variables were not associated with napping preference. 
The key reasons for parent choice were their perceptions of the cost or 
benefit to their child’s health and development. Family functioning was 
also a key theme.
Conclusion: There is currently a disjuncture between practices in 
childcare settings and parents preference. Many parents report distur-
bance to their children’s night sleep. The interface between childcare 
sleep practices and those in the home is important for child health and 
development and impacts on family functioning. Our data suggest the 
need for detailed investigation.
Support (If Any): The sampling derives from an Australian longitu-
dinal cohort study , Effective Early Educational Experiences for Chil-
dren (E4Kids). E4Kids is funded by the Australian Research Council 
Linkage Projects Scheme (LP0990200), the Victorian Government 
Department of Education and Early Childhood Development, and the 
Queensland Government Department of Education and Training.

0078
DIM LIGHT DURATION PREDICTS BODY MASS INDEX OF 
YOUNG CHILDREN
Pattinson CL1, Allan A 2, Thorpe KJ1, Staton SL1, Smith SS2

1Queensland University of Technology, School of Psychology and 
Counselling, Kelvin Grove, Australia, 2Queensland University 
of Technology, Centre for Accident Research and Road Safety - 
Queensland (CARRS-Q), Kelvin Grove, Australia

Introduction: A potential role for light exposure in appetite, sleep and 
weight regulation is currently emerging. This study aimed to deter-
mine the effects of sleep, activity and light exposure on children’s body 
mass index (BMI) at baseline and at 12-month follow-up.
Methods: Data was collected from 48 children (25 females; mean 
age = 57.06 months ± 4.90; ages 45.90–64.66 months) recruited from 
six childcare services in Brisbane, Australia. Children’s sleep, activity 
and light exposure were measured via Actigraphy for 14 days. Each 
child’s height (cm) and weight (kg) were measured objectively for BMI 
z-score calculations. At 12 month follow-up, parent survey and objec-
tive BMI measurements were conducted; 40 (83.33%) children partici-
pated.
Results: Cross-sectional analyses of baseline data showed higher BMI 
z-scores were associated with longer duration of light exposure above 
a threshold of 2500 lux (r = 0.31, p < 0.05), and earlier exposure to light 
above 200 lux (r = −0.34, p < 0.05). Linear regression adjusting for 
activity, total sleep duration, and sleep midpoint, indicated duration of 
light exposure above 2500 lux did not contribute significant variance 
however, earlier timing of light exposure above 200 lux (β = −0.419, 
p = 0.01) independently predicted increased BMI z-score (R2 = 0.273, 
p = 0.017). At 12-month follow-up, duration of light exposure > 10 
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lux was a significant independent predictor of BMI z-score (β = 0.409, 
p = 0.001) after adjusting for Baseline measures of BMI z-score and 
sleep midpoint, and accounted for 58.3% of the variance in BMI z-
score (p < 0.001).
Conclusion: Exposure to dim levels of light can influence children’s 
body mass both concurrently and at 12 months post-exposure, inde-
pendent of sleep and activity. While mechanisms remain unclear, these 
data suggest that light should be considered as a factor in studies of 
weight gain and obesity in children.
Support (If Any): Financial Markets Foundation for Children Grant 
(2012–213)

0079
EFFECT OF MATERNAL SEPARATIONS ON SLEEP AND 
BRAIN ACTIVITY IN FEMALE OFFSPRING
Mrdalj J1, Pallesen S2, Ursin R 3, Grønli J1

1University of Bergen, Bergen, Norway, 2Department of Psychosocial 
Science, University of Bergen, Bergen, Norway, 3Department of 
Biomedicine, University of Bergen, Bergen, Norway

Introduction: Early life stress has been shown to alter sleep and lower 
brain activity during sleep and wakefulness in male rats. Disadvanta-
geous early life conditions may give rise to gender specific behaviour 
and stress reactivity in adulthood. The present study aimed to inves-
tigate effects of maternal separations in early life on sleep parameters 
and brain activity during sleep and wakefulness in adult female rats.
Methods: During postnatal day 2–14 female rat pups were exposed 
to either long (LMS; 180 min) or brief maternal separations (BMS; 10 
min) (n = 6, both). A telemetric device was implanted subcutaneously 
and 24 h EEG and EMG recordings performed at 5 months of age.
Results: Adult LMS and BMS rats showed similar total sleep time, as 
well as duration of different sleep stages and sleep fragmentation dur-
ing both the 12 h inactive and the 12 h active phase. However, LMS 
offspring showed higher EEG power within gamma range (35–60 Hz) 
during REM sleep compared to BMS offspring (p < 0.05). Otherwise, 
no differences were found for sleep and wakefulness specific EEG fre-
quencies (delta, 0.5–4.5 Hz; theta, 5.5–9.5 Hz; and beta, 19.5–34.5 Hz).
Conclusion: In contrast to male rats, female rats exposed to differ-
ent early life conditions displayed similar behaviour in terms of sleep 
parameters in adulthood. Brain activity in the gamma range during 
REM sleep was however higher in LMS offspring compared to BMS 
offspring. These findings support the notion of gender specific reac-
tions in adult behaviour and brain activity following early life maternal 
separation.

0080
IMPACT OF OBLIGATORY DAYTIME NAP IN JAPANESE 
NURSERY SCHOOLS ON CHILDREN’S NIGHTTIME SLEEP 
AND DAYTIME FUNCTIONING
Fukuda K1, Hasegawa T 2, Kawahashi I3, Imada S 4

1Edogawa University, Nagareyama, Chiba, Japan, 2Taisho University, 
Tokyo, Japan, 3Meiji Gakuin University, Tokyo, Japan, 4Hiroshima 
Shudo University, Hiroshima, Japan

Introduction: Newborn infants show scarce evidence of circadian 
rhythm of sleep and wakefulness. Around the 7th week after the birth, 
the first evidence of sleep circadian rhythm is found in full-term infants 
(Fukuda & Ishihara, 1997). During 2 to 5 years of age, percentage of 
the children who take an afternoon nap gradually decreases. At the age 
of 3, about 60% of children take naps, then the percentage decreased to 
about 30% at the age of 4, about 15% at the age of 5, then almost none 
at the age of 6 (National Sleep Foundation, 2004). However, In many 
Japanese nursery schools, obligatory lengthy daytime nap was taken 
by children of all ages, i.e., before the entrance to primary schools. The 
obligatory daytime nap for about 90 min was found to cause the delay 
of nocturnal sleep onset, morning moodiness, and reluctance to go to 
preschools.
Methods: The authors conducted surveys on children attend pre-
schools. Informed consent was given by the parents of the children. 
In Japan, the obligatory nap was taken only in nursery schools, not in 
kindergartens, because these two preschools are regulated under dif-
ferent laws, and supervised by the different ministries, i.e., ministry of 
health and labor, and ministry of education and science, respectively.
Results: Nursery school children showed significantly later bedtime, 
severer morning moodiness, and more frequent reluctance to go to 
preschools than kindergartners. Children’s bedtime was not associated 
with parents’ bedtime. The authors recorded children’s activity with an 
actographic monitoring device to estimate their sleep wake patterns. 
Preschool children with long obligatory naps showed significantly de-
layed onset of nocturnal sleep (over one hour) than the children without 
naps. Authors surveyed the percentage of preschool children who take 
naps without any persuasion to take naps from adults (including oblig-
atory nap routine and advise from parents, etc.), there are only 30% of 
children of 3 years old who take naps spontaneously. The number is 
much lower than that have been reported. The number previously re-
ported was actual number of children who take naps regularly without 
reference to the naps were advised or not from their guardians. The 
discrepancy is considered to be attributable to the fact that the naps 
were spontaneous or not.
Conclusion: The impact of unnecessary lengthy daytime naps on 
nighttime sleep was confirmed also by the objective measurements.
Support (If Any): This study was supported by JSPS KAKENHI 
Grant Number 24500907.
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THE IMPACT OF GESTATIONAL INTERMITTENT 
HYPOXIA (IH) ON THE OFFSPRING OF MICE FED A HIGH 
FAT (HF) DIET
Badran M1, Golbidi S1, Laher I1, Ayas N2

1University of British Columbia, Department of Pharmacology, 
Vancouver, BC, Canada, 2Divisions of Critical Care and Respiratory 
Medicine, Department of Medicine, University of British Columbia, 
Sleep Disorders Program, UBC Hospital, Providence Health Care, 
Vancouver, BC, Canada

Introduction: An adverse maternal environment can increase the risk 
of cardiovascular disease in adult offspring. Obstructive sleep apnea 
(OSA) is prevalent in pregnant women and may be characterized by 
chronic intermittent hypoxia and placental insufficiency. The inci-
dence of maternal and neonatal outcomes such as preeclampsia, pre-
term birth, low birth weights, cesarean delivery and neonatal intensive 
care unit admission are increased in pregnant women with OSA. This 
study examined the effects of gestational IH on endothelial function of 
the adult offspring of mice fed high fat (HF) diet.
Methods: Female WT C57BL/6 mice (8 weeks) were divided in 4 
groups: IH or intermittent air (IA) and received either a high fat (HF) 
or control diet (CD) for one month. Mice were subjected to IH while 
they were asleep during the daylight cycle; IH was by delivering a hy-
poxic mixture (12% oxygen) with room air every 30 s; IA received air 
instead of the hypoxic mixture. Mice were impregnated and kept under 
IH and received HF diet during the gestation period. After giving birth, 
IH was halted but the mothers still received HF diet and pups were 
allowed to breastfeed. After weaning, male mice were maintained on 
normal diet. Eight weeks later, mice were sacrificed and endothelium-
dependent relaxation was measured using a wire myograph.
Results: After 2 weeks of delivery, pups in the CD-IH (4.4 ± 0.2 g) and 
HF-IH (4.0 ± 0.2 g) groups weighed significantly less than the HF-IA 
and CD-IA groups (7.9 ± 0.2 g, 7.3 ± 0.3 g, respectively, p < 0.001); 
these differences remained significant for 4 weeks. Subsequently 
though, HF-IH and CD-IH pups gained weight until there were no sig-
nificant difference between the groups at 8 weeks of age. Endothelium-
dependent relaxation, however, was not significantly different between 
the groups (Emax HF-IH: 92.1 ± 0.6%, HF-IA: 95.8 ± 0.5%, CD-IH: 
94.9 ± 0.7% and CD-IA: 97.6 ± 0.6% of induced tone, p = NS).
Conclusion: In mice, chronic gestational IH resulted in significant 
growth impairment in the offspring but this difference was abolished 
later in adulthood. Neither gestational IH nor high fat diet caused endo-
thelial dysfunction in the adult offspring.
Support (If Any): CIHR Sleep Team Grant, VCHRI Clinician Scien-
tist Award
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PARTIAL SLEEP DEPRIVATION INDUCES DNA DAMAGE 
AND SENESCENCE IN OLDER ADULTS
Carroll JE1, Cole SW2, Seeman TE3, Irwin MR1

1UCLA Department of Psychiatry & Biobehavioral Sciences, Los 
Angeles, CA, 2UCLA Department of Medicine, Los Angeles, CA, 
3UCLA Department of Geriatrics, Los Angeles, CA

Introduction: Biological processes that link sleep deprivation to 
disease risk have yet to be clearly defined. We hypothesized that mo-
lecular changes involved in the etiology of biological aging would be 
responsive to sleep deprivation, namely DNA damage, cell cycle arrest, 
cellular senescence, and the expression of the senescence associated 
secretory phenotype (SASP).
Methods: Community-dwelling older adults aged 61–86 years (n = 29; 
48% male) underwent an experimental partial sleep deprivation (PSD) 
protocol over 4 nights, including adaptation, an uninterrupted night 
of sleep (baseline), PSD (restricted 3 am–7 am), and another uninter-
rupted night of sleep (recovery). Blood samples were obtained each 
morning to assess peripheral blood mononuclear cell (PBMC) gene ex-
pression using Illumina HT-12 arrays. Genes were selected a priori rep-
resenting the DNA damage response, cell cycle arrest (NBS1-CHK2), a 
senescence marker (p16INK4a), and the SASP.
Results: Analyses revealed that genes associated with DNA damage 
and cell cycle arrest were significantly elevated from baseline to PSD 
nights, all p’s < 0.05. Subsequently, the senescence marker p16INK4a was 
increased at recovery compared to baseline, p < 0.01. SASP markers 
increased from baseline to PSD nights, p = 0.008, and declined from 
PSD to recovery, p = 0.04.
Conclusion: One night of partial sleep deprivation activates gene ex-
pression patterns in PBMCs consistent with increasing accumulation 
of damage that initiates cell cycle arrest and increases susceptibility 
to senescence. These findings causally link sleep deprivation to the 
etiology of biological aging, and further supports the hypothesis that 
sleep deprivation may be associated with elevated disease risk because 
it promotes molecular processes involved in biological aging.
Support (If Any): K01AG044462; UCLA Cousins Center for Psy-
choneuroimmunology; UCLA CTSI UL1TR000124; R01AG034588; 
American Sleep Medicine Foundation 2013 Bridge to K Award.

0083
TOPOGRAPHY OF AGE-RELATED MODIFICATIONS IN 
QUANTITATIVE REM SLEEP EEG
Gaudet-Fex B1,2,3, Latreille V1,2,3, Lafortune M1, Rosinvil T1,2,3, 
Gaudreault P1,2,3, Bouchard M1,2,3, Dubé J1,2,3, Lina J1,4, Gagnon J1,5, 
Carrier J1,2,3

1Center for Advanced Research in Sleep Medicine, Montréal, QC, 
Canada, 2Centre de Recherche de l’Institut Universitaire de Gériatrie 
de Montréal, Montréal, QC, Canada, 3Departement of psychologie, 
Université de Montréal, Montréal, QC, Canada, 4Department of 
Electrical Engineering, École de Technologie Supérieure, Montréal, 
QC, Canada, 5Departement of Psychologie, Université du Québec à 
Montréal, Montréal, QC, Canada

Introduction: The topography of quantitative EEG during rapid-eye 
movement (REM) sleep is a tool to discriminate Alzheimer patients 
from controls (Petit et al. 1992) but less is known on the effects of nor-
mal aging on the topography of REM sleep. The aim of this study is to 
compare the topography of REM sleep EEG in young and older par-
ticipants.
Methods: Forty-six young (20–30 y.o.), 30 middle-aged (40–60 y.o.) 
and 16 elderly (60–70 y.o.) subjects underwent a polysomnographic 
sleep recording. Power spectral analysis of the REM sleep EEG was 

performed on prefrontal, frontal, central, parietal and occipital deri-
vations. Absolute power in the delta, theta, alpha and beta frequency 
ranges was computed from 60 seconds of artifact-free REM sleep 
EEG selected in all REM periods except the first. An EEG slowing 
ratio [delta + theta]/[alpha + beta] was also calculated. ANOVAS 
3groups*5derivations were performed.
Results: Compared to young subjects, both middle-aged and elderly 
subjects showed lower REM delta power for all derivations but this ef-
fect was less prominent in the prefrontal area. The elderly subjects dis-
played lower theta power than young subjects for all derivations, except 
prefrontal. Elderly subjects also presented lower power in alpha and 
beta but only for the occipital derivation. Compared to young subjects, 
middle-aged and older subjects showed a smaller slowing ratio and this 
effect was predominant in central and parietal regions.
Conclusion: The age-related decrease in REM sleep EEG power was 
limited to delta in middle-aged subjects but encompassed all frequen-
cies in the elderly. These effects were more prominent in posterior 
areas. Contrary to the REM EEG slowing reported in Alzheimer pa-
tients, normal aging was associated with a faster REM sleep EEG ratio, 
supporting the notion that REM sleep slowing in dementia does not 
reflect “accelerated” aging. Research should evaluate links between 
age-related changes in REM sleep EEG and cognition.
Support (If Any): Supported by the Natural Sciences and Engineering 
Research Council of Canada, the Fonds de recherche du Québec - Na-
ture et technologies, the Canadian Institutes of Health Research and 
the Fonds de recherche du Québec - Santé

0084
DEPRESSION AS A MEDIATOR OF THE RELATIONSHIP 
BETWEEN BURDEN AND SLEEP IN DEMENTIA FAMILY 
CAREGIVERS
Peng H1, Chang Y2

1Cardinal Tien Junior College of Healthcare and Management, Taipei, 
Taiwan, 2The University of New York at Buffalo, Buffalo, NY

Introduction: Caring for a family member with dementia poses spe-
cial challenges. People with dementia require increasing levels of su-
pervision and personal care. Many family caregivers experience high 
levels of stress and negative effects on their health as a result of over-
whelming caregiving task. Existing research evidence supports that 
burden on caregivers may cause their depression and sleep problem, 
and caregivers’ depression is highly correlated with their sleep. Yet, 
limited evidence is available regarding the role that depression may 
play in the relationship between burden and sleep. The study aimed to 
examine the mediating effect of depression on the association between 
caregivers’ burden and sleep.
Methods: This study used a cross-sectional design. Participants were 
recruited from the Alzheimer’s Association Western New York Chap-
ter at Buffalo. Caregivers’ sleep are measured by Actigraph (wore for 
7 days) and Pittsburg Sleep Quality Index (PSQI). Other measures 
include burden (Caregiver Burden Inventory) and depression (Center 
for Epidemiologic Studies Depression). Descriptive statistics and path 
analysis were used for data analysis.
Results: Forty-five family caregivers participated in this study. The 
results of path analysis indicated that depression mediated the rela-
tionship between caregiver burden and subjective sleep. By adding 
depression in the association between caregiver burden and sleep, the 
direct effect of caregiver burden on sleep switched from significant to 
non-significant. This model showed a near complete mediating effect 
of depression on the association between caregiver burden and sleep. 
Similar results were remained after removing the sleep items from the 
depression scale. However, depression did not mediate the relationship 
between caregiver burden and objective sleep.
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Conclusion: In the context of family caregiving in dementia, the de-
velopment of depressive symptoms may explain why caregivers with a 
higher level of perceived burden experienced increased sleep problems. 
Our findings suggested that providing treatments for caregivers’ de-
pression may improve their sleep.

0085
EFFECTS OF LONG-TERM CALORIC RESTRICTION ON 
CIRCADIAN RHYTHMS AND SURVIVAL OF AGED RATS
Dunberry K1, Malick M1, Ferland G1, Gaudreau P1, Rousseau G1, 
Godbout R 2

1Centre de Recherche, Hop du Sacre-Coeur, Montreal, QC, Canada, 
2Université de Montréal, Montreal, QC, Canada

Introduction: Aging involves changes in physiological functions. 
Long-term caloric restriction (LTCR) can prevent or delay age-related 
deteriorations and diseases. Here we assessed the effects of LTCR on 
circadian rhythms of aged rats.
Methods: 26 male rats were submitted to a 40% caloric restriction 
from 8 to 21 months old (O-CR rats) while 13 control rats (O-AL) were 
fed ad libitum. Average weight was then 605 g and 1185 g, respectively. 
A group of 8 months old rats (M-AL rats) served as age controls. Te-
lemetry probes for rest-activity, body temperature and heart rate were 
implanted and recordings took place for the next 6 days. Analyses were 
performed on the last 24 hours, with ANOVAs on means of 4-hour 
bins, alpha = 0.05. After the recordings, the rats were submitted to an 
experimental myocardial infarction and survival rate was calculated.
Results: O-AL rats were significantly less active than O-CR rats and 
the latter were not different from M-AL rats. Only M-AL rats exhib-
ited a circadian pattern of the rest-activity cycle. Heart rate was sig-
nificantly faster in O-AL rats than O-CR and M-AL rats. Again, only 
M-AL rats showed a circadian pattern of heart rate. Body temperature 
was significantly higher in O-AL than O-CR rats, particularly during 
the dark (active) period. Values of M-AL rats were in between and the 
amplitude of the temperature circadian rhythms was higher in M-AL 
rats. 90% of the M-AL and O-CR rats survived the myocardial infarc-
tion while only 10% of the O-AL did.
Conclusion: The present results show that LTCR may favorably im-
pact the effects of aging on activity levels, heart rate and body tem-
perature. However, it does not appear to prevent the loss of circadian 
rhythmicity. The neural mechanisms involved remains to be identified. 
LTCR also increased survival to a myocardial infarction.
Support (If Any): RQRV, a network funded by FRQS, and NSERC.

0086
DECREASED BIP CONTRIBUTES TO AGE-ASSOCIATED 
CHANGES IN WAKE ACTIVE NEURONS AND SLEEP/
WAKE BEHAVIOR
Naidoo N, Stern A, Zhu J, Pack A
University of Pennsylvania, Philadelphia, PA

Introduction: Sleep/wake quality changes across aging. Many indi-
viduals experience increased nighttime awakenings and have difficulty 
staying awake during the day. This is likely attributed to age related 
wake-active neuronal dysfunction. Expression of BiP/GRP78, an ER 
molecular chaperone, decreases over age leading to accumulation of 
misfolded proteins and an increase in apoptotic factors. Low levels of 
BiP are correlated with impaired waking in aged mice. We hypoth-
esized that transgenic mice with reduced BiP (+/-) would display wake-
fulness impairments at earlier ages than wild-type (WT) mice.
Methods: Analysis of EEG-recorded sleep/wake and power density 
over the frequency spectrum was completed for wild type and BiP het-
erozygous mice across 24 hours at 3, 12 and 18 months. Immunohisto-

chemistry and neurostereology was used to determine orexin neuron 
numbers in 12 month old wildtype and heterozygous mice.
Results: The BiP heterozygous mice display premature aging of sleep/
wake behavior. BiP heterozygotes have decreased wake bout duration 
at 12 months, although wild-types don’t display this until 18 months. 
Spectral analyses indicate that there was a significant decrease in the-
ta power (5–6 Hz) in heterozygous mice during waking in the first 3 
hours of the dark phase (p < 0.05) at 12 months compared to WT. This 
is accompanied by a significant decrease in numbers of orexin neuron 
(p < 0.01) (compared to WT) at 12 months, a phenotype characteristic 
of aging, in the heterozygous mice.
Conclusion: Age related chaperone dysregulation diminishes mainte-
nance of wakefulness.
Support (If Any): P01 AG017628
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SLEEP FRAGMENTATION-INDUCED ER STRESS IS 
ASSOCIATED WITH DIFFERENTIAL SPATIAL MEMORY 
DEFICITS IN YOUNG AND AGED MICE
Stern A, Naidoo N
The University of Pennsylvania, Philadelphia, PA

Introduction: Sleep fragmentation is a prevalent concern among the 
elderly, yet little is understood about how fragmentation affects the ag-
ing brain. We have shown previously that endoplasmic reticulum (ER) 
stress is induced in mouse cortex following sleep deprivation, and that 
this induction varies with aging. The present study addresses whether 
sleep fragmentation, a more physiological concern, induces age-de-
pendent effects in wake-active area locus coeruleus (LC) and whether 
these effects are associated with cognitive changes.
Methods: EEG recordings from 3-month-(young) and 12-month-
old (aged) mice were collected over the 12-hour sleep phase during 
baseline and fragmented conditions. Fragmentation was induced by a 
rotating bar spanning the diameter of a circular chamber. Following 
fragmentation (or undisturbed conditions), one cohort of mice was per-
fused and brains were extracted for immunohistochemical analysis of 
ER stress markers in LC. Another cohort was tested for their ability to 
recognize a displaced object using visual cues.
Results: At baseline, aged mice had fragmented sleep (p < 0.001), 
and also showed increased basal levels of ER stress marker CHOP 
(p < 0.001). Following 12-hour sleep fragmentation, young but not aged 
mice had robust induction of upstream marker p-PERK (p < 0.01) and 
CHOP (p < 0.05) expression. In correlation, young but not aged undis-
turbed mice were able to recognize a displaced object (p < 0.05), and 
this ability was lost in young mice following fragmentation.
Conclusion: By 12 months of age, mouse sleep is fragmented, basal 
ER stress is increased in LC, and spatial memory is impaired. Fur-
thermore, fragmentation causes ER stress and memory impairments 
in young but not aged mice. This indicates that baseline fragmentation 
in aged mice may induce protein dyshomeostasis that contributes to 
memory impairments in aging, consistent with data on sleep loss and 
aging in human subjects.
Support: T32; P01 AG017628

0088
NAPPING AND AGE ASSOCIATION WITH PERCEIVED 
ADEQUATE SLEEP
LaJambe C, Brown F
The Pennsylvania State University, University Park, PA

Introduction: Older adults nap more than younger adults, although the 
relationship between napping and nightly sleep remains unclear. We 
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examined subjective reports by middle-aged and older adults to deter-
mine whether napping was associated with perceived adequate sleep.
Methods: 516 active community-dwelling individuals (53.6% female), 
ages 35–97, responded to a “Sleep Disruption Survey” about napping 
and adequate sleep (Yes/No: feel rested the next day, and enough sleep 
hours). Respondent age groups were: 35–44 (n = 52), 45–54 (n = 80), 
55–64 (n = 117), 65–74 (n = 99), 75–84 (n = 124), and 85+ (n = 45). Chi-
square tests analyzed relationships between those who napped, age 
group, and perceived adequate sleep.
Results: 47.8% napped one or more times per week. Napping propor-
tions generally increased with age (p = 0.001): [35–44 (32.7%), 45–
54 (43.8%), 55–64 (37.6%), 65–74 (50.5%), 75–84 (62.1%), and 85+ 
(53.3%)]. Sleep hours decreased (p < 0.001) from rested (7.2 ± 1.1) to 
not-rested individuals (6.3 ± 1.4 h), and for those with enough (7.4 ± 1.1 
h) to not-enough sleep (6.5 ± 1.2 h). Although napping was not associ-
ated with feeling rested/not-rested (p = 0.533) or enough/not-enough 
sleep (p = 0.986), napping by age was associated with being rested 
(p = 0.001), not-rested (p = 0.048), and not-enough sleep (p = 0.002), 
but was non-significant for enough sleep (p = 0.320). With aging, inad-
equate sleep was associated with increased or similar napping for non-
rested vs. rested [35–44 (42.9% vs. 20.8%), 45–54 (51.2% vs. 35.9%), 
55–64 (34.8% vs. 39.4%), 65–74 (65.5% vs. 44.3%), 75–84 (63.2% vs. 
61.6%)] and for not-enough vs. enough sleep [45–54 (45.6% vs. 33.3%), 
55–64 (37.7% vs. 37.5%), 65–74 (55.8% vs. 44.7%), 75–84 (64.7% vs. 
58.9%), 85+ (54.2% vs. 52.4%)]. Conversely, decreased napping was as-
sociated with being not-rested vs. rested [38.9% vs. 63.0%] for 85+ and 
not-enough sleep vs. enough sleep [29.5% vs. 50.0%] for 35–44 groups.
Conclusion: These findings suggest that the function of napping and its 
relationship with sleep may vary across decades of life in older adults.
Support (If Any): Social Sciences Research Institute and Office of the 
Vice President for Research at the Pennsylvania State University.
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THE EFFECT OF LIFE SATISFACTION ON SLEEP ONSET 
LATENCY DURING MIDLIFE
O’Hara H, Clegg-Kraynok M
Ohio Northern University, Ada, OH

Introduction: Poor sleep quality during midlife has been linked with 
poor subjective well-being. Insomnia symptoms also impact subjec-
tive well-being during midlife. Though the link between sleep quality 
and subjective well-being during midlife is well documented, there is a 
dearth of research on the link between life satisfaction and sleep onset 
latency (SOL).
Methods: Data was collected from 3,950 adults as part of the Midlife 
in the United States II (MIDUS-II) study. A 6-item life satisfaction 
survey was used to code participants as having low, medium, and high 
levels of satisfaction, and a subjective measure of minutes it takes to 
fall asleep was used to measure SOL. The sample was 55% female and 
ranged in age from 17 to 74 (M = 55.43; SD = 12.45).
Results: A one-way analysis of variance showed the impact of satis-
faction on SOL was significant [F(2,3947) = 76.59, p < 0.001]. Bonfer-
roni post hoc tests for significance demonstrated that each group was 
significantly different from one another: low satisfaction (M = 57.94; 
SD = 5.86), medium satisfaction (M = 39.52; SD = 1.16), and high sat-
isfaction (M = 24.78; SD = 0.60). These results suggest that low life 
satisfaction may delay sleep onset during midlife.
Conclusion: Respondents with higher life satisfaction reported shorter 
sleep onset latency. Sleep onset delay among those with low life satis-
faction could be the result of worry and anxiety, as reported elsewhere. 
These findings support the idea that life satisfaction is interlinked with 
many measures of sleep and sleep quality, suggesting that improving 
one of these variables might result in improving the other. For example, 

by decreasing sleep onset latency with the help of pharmacological 
agents or cognitive behavioral therapy for insomnia we might amelio-
rate the impact of depressive symptoms.
Support (If Any): Data was obtained from the MIDUS-II (2009) study 
funded by the National Institute on Aging.

0090
GOOD SLEEP IN OLDER WOMEN HAS SIMILAR 
POLYSOMNOGRAPHICAL CHARACTERISTICS AS POOR 
SLEEP IN YOUNGER WOMEN
Åkerstedt T1,2, Lindberg E2,3, Theorell-Haglow J2, Gruber G3

1Stockholm University, Stockholm, Sweden, 2Upsala University, 
Uppsala, Sweden, 3The Siesta Group, Vienna, Austria

Introduction: Women complain more of sleep than do men, but little 
is known about the relation to the macro- and microstructure of sleep 
and how age affect this relation. This was the topic of the present study.
Methods: Ambulatory polysomnographical (PSG) recordings were 
obtained in a representative sample of 400 non-pregnant women 
(oversampling of snorers) and analysed through automatic analysis and 
manually verified. Sleep quality ratings (poor, rather poor, average, 
good, very good sleep) at awakening after recording and age (cutoff 
50.1 years) were related to PSG-derived data using ANOVA (300 par-
ticipants after exclusions).
Results: Significant association between sleep quality ratings (good 
vs poor) and age and PSG measures were obtained for sleep efficien-
cy (91 ± 2 vs 83 ± 2% for young participants and 85 ± 2 vs 72 ± 2% 
for older participants), WASO, Changes to Stage wake, and Stage 
changes/h). Stage 1% and increased with poor sleep (no age effect). 
Number of sleep spindles increased with poor sleep in young subjects 
only, while K-komplexes and spectral data (delta, theta, beta power in 
NREM or REM) were not related to sleep quality. Also total sleep time 
increased with good sleep and young age (418 vs 373 min for young 
participants and 386 vs 328 min for older participants. For most PSG 
variables Good sleep in the older group corresponded to poor sleep in 
the younger group.
Conclusion: Reported sleep quality is clearly related to PSG indicators 
of sleep continuity in a large, representative group of women, but age 
will change the PSG values characterizing good and poor sleep.
Support (If Any): The Swedish Research Council for Health, Working 
Life and Wellfare

0091
THE EFFECT OF AGE ON OBJECTIVE SLEEPINESS 
DURING CHRONIC SLEEP RESTRICTION
Zitting K1,2, Cain SW1,2, Münch MY1,2, Wang W1,2, Ronda JM1,2, 
Aeschbach D1,2, Czeisler CA1, Duffy JF1,2

1Division of Sleep Medicine, Harvard Medical School, Boston, MA, 
2Division of Sleep and Circadian Disorders, Departments of Medicine 
and Neurology, Brigham and Women’s Hospital, Boston, MA

Introduction: Sleep loss increases subjective and objective measures 
of sleepiness and negatively affects many aspects of neurobehavioral 
performance. There is evidence that healthy older adults tolerate acute 
sleep deprivation better than young adults, but whether this is true for 
chronic sleep restriction (CSR) is not known. To explore this, we as-
sessed the effects CSR combined with circadian disruption on mea-
sures of sleepiness in healthy older and young adults.
Methods: 12 healthy young (18–27; 6f) and 12 older adults (55–70; 
6f) participated in a 39-day inpatient study. The study consisted of 3 
baseline days (time-in-bed (TIB) 10 h/24 h), followed by 3 weeks of 
CSR-in a forced desynchrony protocol (6.5 h TIB/28 h, equivalent to 
5.6 h/24 h). Objective sleepiness was assessed by the number of lapses 
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on a psychomotor vigilance task (PVT) and by the number of epochs 
of sleep in the EEG during the scheduled wake episodes. Mixed-Model 
ANOVA was used for statistics.
Results: The number of PVT lapses and the number accidental sleep 
epochs during scheduled wake increased across the 3 weeks of CSR, 
and were significantly higher during the CSR segment compared to 
baseline (p < 0.01). There was a significant effect of age, such that both 
the number of lapses (p = 0.026) and the number of accidental sleep 
epochs (p = 0.030) were lower in older subjects.
Conclusion: In both age groups objective sleepiness increased across 
the 3 weeks of CSR. As has been shown with acute sleep deprivation, 
older subjects had fewer inadvertent epochs of sleep and fewer PVT 
lapses during CSR, suggesting that healthy older individuals may be 
better at resisting sleepiness.
Support (If Any): The study was supported by NIH grant 
P01AG009975 and was conducted at the Brigham and Women’s Hospi-
tal Center for Clinical Investigation, part of Harvard Catalyst (Harvard 
Clinical and Translational Science Center) supported by NIH Award 
UL1 TR001102 and financial contributions from the Brigham and 
Women’s Hospital and from Harvard University and its affiliated aca-
demic health care centers. KMZ was supported by a fellowship from 
the Finnish Cultural Foundation.
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SLEEPINESS AND FATIGUE DIFFERENCES BETWEEN 
AVERAGE AND LONG SLEEPING OLDER ADULTS
Havens CM1, Dawson SC1, Youngstedt SD2, Irwin MR 3, Jean-
Louis G4, Bootzin RR1

1University of Arizona, Department of Psychology, Tucson, AZ, 
2Arizona State University, College of Nursing and Health Innovation, 
Phoenix, AZ, 3University of California, Los Angeles, Cousins 
Center for Psychoneuroimmunology, Los Angeles, CA, 4New York 
University, SUNY Downstate Medical Center, New York City, NY

Introduction: Previous research has found that long sleep is associ-
ated with a myriad of negative outcomes. These studies have been 
epidemiological, with large samples but without validated measures of 
sleep-related outcomes. Few studies have examined subjective sleepi-
ness and fatigue levels in the context of long sleep among older adults. 
The present study examined differences between average and long 
sleeping older adults on measures of sleepiness and fatigue. We hy-
pothesized that both sleepiness and fatigue would be higher among the 
long-sleeping compared with the average-sleeping older adults.
Methods: Participants were 41 older adults (31 female; mean age 65.0, 
range 60–77). Exclusion criteria included sleep medication use, exces-
sive napping, severe medical disorders, > 30 mins TIB intentionally 
awake, TIB < 6 hrs, 7.25–8 hrs, or > 9.25 hrs, and OSA (AHI > 15) 
as assessed by ambulatory peripheral arterial tonometry. Participants 
completed two weeks of sleep diaries and actigraphy and were clas-
sified as average sleepers (median 2-week TIB: 6–7.25 h, N = 22) or 
long sleepers (median 2-week TIB: 8–9.25 h, N = 19). Participants then 
completed the Epworth Sleepiness Scale (ESS) and Multidimensional 
Fatigue Symptom Inventory Short Form (MFSI-SF).
Results: On the ESS, average sleepers indicated greater sleepiness 
(6.2 ± 3.4) than long sleepers (3.7 ± 2.8), p < 0.02, d = 0.80. There were 
no significant group differences on the MFSI-SF, with average sleep-
ers reporting similar levels of fatigue (14.95 ± 11.7) as long sleepers 
(12.26 ± 13.3), p = 0.46.
Conclusion: Lower levels of sleepiness among long sleepers is incon-
sistent with previous research. That we found a difference in sleepiness, 
but not in fatigue suggests that this may not simply be due to measure-
ment effects. Since all participants were healthy, longer sleep time may 
leave these long sleepers better rested. Future research should include 

larger sample sizes and objective measures of sleepiness to clarify the 
differences between these groups.
Support (If Any): NIH/NHLBI HL095799

0093
SLEEP IS ASSOCIATED WITH DUAL-TASK WALKING 
AMONG COMMUNITY DWELLING OLDER ADULTS
Agmon M, Shochat T, Kizony R
University of Haifa, Haifa, Israel

Introduction: Sleep problems are highly prevalent in older adults 
and are associated with increased mortality and morbidity and greater 
physical and mental functional limitations. Dual-task (DT) interfer-
ence during walking is widely recognized as a functional mobility 
concern among older adults, and is an important public health prob-
lem due to its association with increased risks for falls and cognitive 
decline. We aimed to examine associations between objective sleep/
wake measures and indices of motor (gait) and cognitive function in a 
DT walking test, hypothesizing that reduced sleep and increased wake 
during the nighttime sleep period are associated with increased motor 
and cognitive functional limitations in DT testing.
Method: Thirty-six (21 women) independently functioning commu-
nity dwelling older adults (Mean age 71.3 ± 5.8, Montreal Cognitive 
Assessment mean score 24.0 ± 2.7) participated. Sleep/wake measures 
were assessed based on seven-day wrist actigraphy monitoring, to in-
clude sleep (SMIN, SPER) and wake (WMIN, WPER) minutes and 
percentages, sleep efficiency (SE) and number of wake episodes (WE). 
Measures of gait (walking distance) and verbal fluency (number of 
words generated) during 1-min periods were assessed separately as 
motor and cognitive single-tasks (ST) respectively, and combined as 
DT. Relative dual-task cost (DTC) was computed using the formula 
[(ST-DT)/(ST)]*100 for motor and cognitive tasks, so that higher scores 
reflect higher DTC (i.e., lower functional ability). Bivariate correla-
tions were performed to assess relationships between sleep and DT 
measures.
Results: Cognitive DTC was negatively correlated with SMIN 
(r = −0.43), SPER (r = −0.62) and SE (r = −0.63, all p < 0.001), and 
positively correlated with WMIN (r = 0.62, p < 0.001) and WE (r = 0.45, 
p < 0.05). Motor DTC was not related to any of the sleep/wake mea-
sures.
Conclusions: Reduced sleep and increased wake during the nighttime 
sleep episode were associated with lower ability to efficiently divide 
attention between two tasks, as expressed in compromised cognitive 
function. Experimental and longitudinal studies are needed to assess 
the direction of these associations.

0094
LIGHT TO OPTIMIZE VISION AND MINIMIZE 
ALERTNESS IN OLDER ADULTS
McBean AL1,2, Najjar RP1,2, Zeitzer JM1,2

1Stanford University, Palo Alto, CA, 2VA Palo Alto Health Care 
System, Palo Alto, CA

Introduction: Nocturia reduces sleep quality and is associated with 
an increased risk of falls and fractures among older adults. To offset 
the risk of falling during nocturnal toileting, many individuals turn 
the lights on, which may exacerbate difficulties re-initiating sleep. The 
current study manipulated the lighting environment in an attempt to 
optimize vision while minimizing alertness.
Methods: Twenty-one healthy older adults (65 [range = 55–82] years, 
55% female, 75% White) completed a three-week crossover protocol. 
On three separate occasions, following a week of at-home activity 
monitoring, participants came to the lab three hours prior to their habit-
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ual bedtime. Participants remained in ~150 lux broad spectrum white 
light until their bedtime. After a two-hour sleep opportunity, research-
ers awakened subjects for 13-min into one of three lighting conditions: 
dim white light (< 0.5 lux), white light (~28.0 lux) and orange light 
(~28.0 lux). Low contrast visual acuity was assessed with standard ET-
DRS charts, subjective sleepiness with the Stanford Sleepiness Scale, 
and sleep onset latency after the 13-min awakening was determined 
using polysomnography.
Results: Within subjects, visual acuity was significantly better in both 
orange (39.4 ± 37.0 correct answers; p < 0.001) and white (39.2 ± 40.0 
correct answers; p < 0.001) light as compared to dim white light 
(20.5 ± 20.0 correct answers). There was no difference in subjective 
sleepiness (F = 0.18, p = 0.84) or sleep onset latency (F = 0.08, p = 0.93) 
after the awakening across lighting conditions.
Conclusion: Compared to dim white light, orange or white light of 
28 lux in illuminance can improve visual acuity without influencing 
alertness. These findings suggest that light of an illuminance similar 
to what is emitted from a desk lamp (either long wavelength or broad 
spectrum) is sufficient to improve vision of older adults at night with-
out further disrupting sleep.
Support (If Any): VA RR&D: 1I21RX000773-01A2, VA Sierra Pa-
cific Mental Illness Research Education and Clinical Center

0095
FACTOR STRUCTURE OF SLEEP ACTIGRAPHY 
MEASURES
Yeh A, Pressler SJ, Giordani B
University of Michigan, Ann Arbor, MI

Introduction: It has been shown that actigraphy can be used to reliably 
and validly evaluate sleep disturbances among older adults, 50% of 
whom have chronic sleep disturbances. However, little is known about 
the interrelationship of the various sleep parameters measured by an 
actigraph. The purpose of this research was to determine the factor 
structure of this sleep measure.
Methods: Data were obtained from 62 older adults over 60 years of 
age (male: 24%; mean age: 70 years). Sleep variables were measured 
by an actigraph wore on the non-dominant wrist for 7 days. Explor-
atory factor analysis was used to explore the factor structure among 
the actigraph sleep variables. Principal components method was used 
to extract factors; eigenvalues over Kaiser’s criterion of > 1 and scree 
plot were used to determine factor numbers; and the Varimax method 
was used to rotate factor loading.
Results: Results showed that sleep variables fit a three-factor solution: 
sleep fragmentation (eigenvalue of 3.7), difficulties for falling asleep 
and maintaining sleep (eigenvalue of 2.2), and sleep time (eigenvalue 
of 1.9), explaining total 86% of total variance. The value of Kaiser-
Meyer-Olkin Measure test was 0.55, and the result of Barlett’s Test 
of Sphericity was significant (p = 0.000), which indicated acceptable 
sample adequacy.
Conclusion: The sleep parameters from actigraph had a clear and sta-
ble factor structure, indicating that the actigraph is capable of identify-
ing distinct aspects of sleep disturbances among older adults.
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TRANSGENIC MICE CARRYING THE MOUSE HOMOLOG 
OF THE PRION PROTEIN MUTATION ASSOCIATED WITH 
FATAL FAMILIAL INSOMNIA (FFI) DEVELOP SEVERE 
SLEEP ABNORMALITIES
Imeri L1, Del Gallo F1, Bouybayoune I2, Mantovani S2, Forloni G2, 
Fiordaliso F2, Tagliavini F3, Chiesa R 2

1University of Milan Medical School, Milan, Italy, 2Mario Negri 
Institute for Pharmacological Research, Milan, Italy, 3Carlo Besta 
National Neurological Institute, Milan, Italy

Introduction: Investigation of inherited prion disease biology requires 
animal models with the essential features of the corresponding human 
disorder. To this purpose, we developed transgenic (Tg) mice, referred 
to as Tg(FFI), expressing the mouse homolog of the prion protein (PrP) 
mutation associated with fatal familial insomnia (FFI). We then inves-
tigated sleep patterns, and EEG features of Tg(FFI) mice.
Methods: Adult male mice were anesthetized and instrumented for 
chronic EEG recording according to standard techniques. Cages were 
kept in sound-attenuated rooms at a constant temperature (26 ± 1 C), 
with a 12/12-hour light-dark cycle. Gross body activity was detected 
using an infrared sensor. EEG signals and gross body activity were 
recorded for 24 h. Two mice of different genotypes were always ran-
domly matched and recorded simultaneously. Postacquisition determi-
nation of vigilance states was done according to standard criteria. EEG 
recordings were also band pass filtered, and NREM sleep spindles 
were visually identified.
Results: Sleep spindle density and slow wave activity during NREM 
sleep were significantly reduced in Tg(FFI) mice (n = 9) compared to 
non-Tg controls (n = 8). Tg(FFI) mice also exhibited a profound disrup-
tion of sleep continuity and organization. They showed a higher num-
ber of transitions between the different behavioral states than non-Tg 
mice. In addition, in Tg(FFI) mice approximately one fourth of REM 
sleep episodes started directly from wakefulness. REM sleep amount 
and EEG theta activity during REM sleep were also significantly de-
creased in Tg(FFI) mice. Circadian organization of sleep and motor 
activity was lost in Tg(FFI) mice. Bursts of high voltage polyphasic 
complexes were detected in the EEG of Tg(FFI) mice.
Conclusion: Like in FFI patients, circadian organization, architecture, 
EEG features and amount of sleep are deranged in Tg(FFI) mice. We 
propose that these mice represent a useful model for investigating the 
pathophysiology of sleep alterations in FFI.
Support (If Any): Telethon-Italy, Italian Ministry of Health and “Fon-
dazione Cariplo”

0097
SLEEP IS NECESSARY FOR NEUROPROTECTION FROM 
ISCHEMIC STROKE INDUCED BY REMOTE PRE-
CONDITIONING
Brager A, Yang T, Ehlen J, Meller R, Paul K
Morehouse School of Medicine, Atlanta, GA

Introduction: Neuroprotection from stroke can be facilitated by inter-
mittent exposure to mild, non-harmful ischemia prior to stroke. This 
phenomenon termed pre-conditioning has been widely studied at the 
level of the brain. Here, we developed a model of peripheral (remote) 
pre-conditioning (rPC). We were also interested in the residual effects 
of rPC on sleep and if this sleep was necessary for rPC-induced neuro-
protection from occlusion of the middle cerebral artery.
Methods: We first employed four, different regimens of hind limb liga-
tion in male mice (n = 6/treatment) under anesthesia. Only regimens 
of interval-based ligation consisting of 10 min of ligation immediately 
followed by 10 min of release for 2x or 3x reduced the extent of in-

farcted tissue present in the fore- and midbrain compared to a one-time 
ligation lasting 10 or 30 min.
Results: A recording of sleep two days after an interval-based regimen 
of rPC revealed a ~35% increase in NREM sleep coupled with a ~85% 
increase in slow wave activity relative to baseline that was namely 
found during the light-phase. There was no change in sleep in anesthe-
sized, control mice. We then employed a protocol of induced wakeful-
ness that accounts for sleep rebound to determine if this additional 2.5 
h of recovery sleep after rPC was necessary for rPC-induced neuropro-
tection from stroke. Preventing mice from having this recovery sleep 
reduced the neuroprotective benefits of rPC; the extent of infarcted tis-
sue increased by ~30% relative to undisturbed, rPC-treated mice. In
Conclusion: The relationship between remote pre-conditioning, sleep, 
and stroke outcome is of high translational value; remote pre-condi-
tioning may be a novel therapeutic strategy outside the CNS to improve 
sleep quality in the general population and stroke outcome in high-risk 
stroke populations.

0098
CHRONIC INTERMITTENT SHORT SLEEP: DELAYED 
RECOVERY AND DEGENERATION OF WAKE NEURONS
Veasey S, Zhu Y, Fenik P, Zhan G
Center for Sleep & Respiratory Neurobiology, Philadelphia, PA

Introduction: Chronic intermittent sleep loss (CISL) is pervasive in 
modern 24/7 societies. The effects of sleep loss on brain function and 
health are largely considered reversible. However, we recently deter-
mined that mice exposed to three consecutive days of short sleep lose 
1/3 of locus coeruleus neurons (LCn). In this series of studies, we de-
termined whether mice over time adapt to chronic sleep loss or injury 
to LCn progresses. To determine whether the effect of sleep loss is spe-
cific to LCn we also examined orexinergic neurons and a sleep-active 
group, melanin concentrating hormone (MCH) neurons.
Methods: Adult male mice were randomized to rested conditions or 
exposed to three consecutive days of 8 hr sleep loss across the lights-on 
period followed by 4 recovery days; this sleep loss pattern was repeated 
for 4 consecutive weeks. Subsets of mice in both groups were provided 
4 weeks of recovery. Sleep/wake activity and LC, orexin and MCH 
counts using unbiased optical fractionator stereology were obtained.
Results: Four consecutive weeks of intermittent sleep loss (CISL-4wk) 
resulted in a further reduction in LCn and in orexin neurons but not 
in MCH neurons. Specifically, CISL-4wk resulted in a 50% reduction 
in LCn (p < 0.0001) and in orexinergic neurons (p < 0.01). The 4 wk 
recovery opportunity did not normalize cell counts for either group. 
MCH neuron counts were unaffected by CISL.Total time spent in each 
behavioral state across 24 hrs did not differ across groups (N.S., n = 8/
group), but mice exposed to I CISL showed less diurnal variation in 
Dark:Light wake, CISL, 1.59 ± 0.12 vs. rested, 2.21 ± 0.10, p < 0.01. 
Body weights and corticosterone levels did not differ across groups.
Conclusion: Our findings substantiate irreversible injury to wake-
active neurons and lasting effects on sleep/wake activity. The work 
has implications for the individuals with CISL or sleep disorders with 
chronic sleep disruption.
Support (If Any): NIH HL 079588, HL124576
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ASSOCIATION BETWEEN CORTICAL THICKNESS AND 
OBSTRUCTIVE SLEEP APNEA: A PRELIMINARY STUDY
Kim H1,2,3, Greve DN2, Thomas RJ4, Yun C5, Lee S3, Shin C3
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Introduction: Obstructive sleep apnea (OSA) has been linked with 
cognitive impairment or brain structural changes, due to its associa-
tion with hypoxemia and arousal. However, there is a lack of consistent 
report on whether OSA contributes to cortical thinning. The current 
study was aimed to investigate the association between OSA and corti-
cal thickness in the general population.
Methods: Fifty participants with moderate-severe OSA (mean 
age = 63.30 ± 4.36, 51% male) and 50 age- and sex matched healthy par-
ticipants (mean age = 63.30 ± 4.38, 51% male) were randomly selected 
from a population-based Korean Genome and Epidemiology Study 
(KoGES). Each participant underwent acquisitions of structural T1-
weighted magnetic resonance imaging (MRI) scans using a 1.5 Tesla 
scanner, and all data were averaged to produce high-resolution, high-
contrast data sets. Cortical thickness was measured by reconstructing 
representations of the gray/white matter boundaries and was quantified 
by calculating the distance between those boundary surfaces at each 
point, resulting in a continuous estimate across the cortical mantle. 
Group analysis for cortical thickness was then performed between 
OSA and control groups, with age and gender as covariates. All MRI 
data analyses were performed using the FreeSurfer software package.
Results: Results from the general linear model (GLM) analysis showed 
that OSA was associated with regional atrophy in the superior tempo-
ral (604 mm2), the lateral-occipial (301 mm2), the precentral (107.26 
mm2), the caudal middle frontal (36 mm2), the rostral middle frontal 
(120 mm2), and the superior parietal regions (119 mm2) in the left hemi-
sphere. Right precuneus (191.91 mm2), right pericalcarine (350 mm2), 
right postcentral (235 mm2), and right precentral (225 mm2) were sig-
nificantly associated with OSA. However, these results were not statis-
tically significant after correction for multiple comparisons.
Conclusion: Findings from the current preliminary study did not sup-
port previous findings that OSA is associated with cortical thickness. 
Further studies with greater sample size may clarify whether there ex-
ists a relationship between sleep apnea and cortical atrophy in the non-
clinical aging population.

0100
MODERATE-SEVERE OBSTRUCTIVE SLEEP APNOEA 
IS ASSOCIATED WITH HIPPOCAMPAL MICROGLIOSIS 
THAT IS ATTENUATED WITH REGULAR CPAP THERAPY
Owen JE1,2, Gislason T3,4, Benediktsdottir B3,4, Robinson SR1,2

1School of Health Sciences, RMIT University, Bundoora, Australia, 
2Health Innovations Research Institute, RMIT University, Bundoora, 
Australia, 3Faculty of Medicine, University of Iceland, Reykjavik, 
Iceland, 4Department of Respiratory Medicine and Sleep, Landspitali - 
The National University Hospital of Iceland, Reykjavik, Iceland

Introduction: Obstructive sleep apnoea (OSA) involves repeated 
cessations in breathing, leading to blood-oxygen desaturations and 
arousals. Since the hippocampus is sensitive to oxidative stress, the 
activation of glial cells serves as a marker of local tissue injury. The 

present study investigated whether moderate-severe OSA is associated 
with higher numbers of astrocytes and microglia in the hilus of the 
hippocampus, and whether the number is related to regular CPAP use.
Methods: Autopsy brain tissue was obtained from 34 Icelandic pa-
tients that had been previously diagnosed with mild-to-severe OSA 
(oxygen desaturation index (ODI): 1.9–92.2 events/hr). Formalin-fixed 
tissue from the hippocampus, embedded in paraffin, was sectioned at 
20 microns. Immunohistochemistry was performed for glial fibrillary 
acidic protein (anti-GFAP) to show astrocytes, and for cluster of differ-
entiation molecule 11b (anti-CD11b) to show microglia. Labeled cells in 
the hilus were counted with image analysis software (CellSens, Olym-
pus). Statistical comparisons used 2-tailed student t-tests.
Results: 12 patients had mild OSA (ODI less than 15; mean ODI 
7.3 ± 3.1) and 22 had moderate-severe OSA (ODI more than 15; mean 
ODI 35.5 ± 20.4). The groups did not differ significantly in age at death 
(mean 62.2 vs 69.7 years; p = 0.057), BMI (mean 28.1 vs 30.4; p = 0.341) 
or number of astrocytes (mean 360.4 vs 357.7; p = 0.925). However, 
patients with mild OSA had fewer microglia than those with moder-
ate-severe OSA (mean 134.4 vs 175.6; p = 0.022). When stratified by 
reported CPAP use, 15 moderate-severe patients who used CPAP had 
a similar number of microglia to patients with mild OSA (mean 161.2 
vs 134.4; p = 0.223) whereas the 7 moderate-severe patients who had 
not regularly used CPAP had higher numbers of microglia (206.5 vs 
134.4; p = 0.005).
Conclusion: Patients with moderate-severe OSA have more microglial 
cells in the hilus, indicative of hippocampal injury. This microgliosis is 
attenuated when regular CPAP therapy is reported.

0101
NEUROPATHOLOGICAL HALLMARKS OF ALZHEIMER’S 
DISEASE ARE MORE COMMON IN PATIENTS WITH 
MODERATE-SEVERE OBSTRUCTIVE SLEEP APNOEA
Owen JE1,2, Gislason T3,4, Benediktsdottir B3,4, Robinson SR1,2

1School of Health Sciences, RMIT University, Bundoora, Australia, 
2Health Innovations Research Institute, RMIT University, Bundoora, 
Australia, 3Faculty of Medicine, University of Iceland, Reykjavik, 
Iceland, 4Department of Respiratory Medicine and Sleep, Landspitali - 
The National University Hospital of Iceland, Reykjavik, Iceland

Introduction: Typically diagnosed in midlife, obstructive sleep ap-
noea (OSA) is characterized by repeated cessation of breathing during 
sleep, causing blood-oxygen desaturations and arousals. Alzheimer’s 
disease (AD) is a neurodegenerative dementia that is common in old 
age. OSA is prevalent in patients with AD; middle-aged persons with 
OSA have an increased risk of developing dementia in old age, yet no 
causal link has been established. The present study investigated how 
frequently the neuropathological features of AD are seen in moderate-
severe OSA.
Methods: Autopsy brain tissue was obtained from 34 Icelandic patients 
previously diagnosed with mild-to-severe OSA (oxygen desaturation 
index (ODI): 1.9–92.2 events/hr). Formalin-fixed tissue from entorhi-
nal cortex, embedded in paraffin, was sectioned at 20 microns. Im-
munohistochemistry was performed for amyloid beta peptide (Aβ1-40) 
to show plaques, and for phosphorylated tau protein (anti-tau) to show 
neurofibrillary tangles. The plaque and tangle burdens were staged ac-
cording to standard neuropathological criteria. Statistical comparisons 
used 2-tailed student t-tests.
Results: 12 patients had mild OSA (ODI < 15; mean ODI: 7.3 ±  3.1) and 
22 patients had moderate-severe OSA (ODI > 15; mean: 35.5 ± 20.4). 
The two groups did not differ significantly in age at death (mean 62.2 
vs 69.7 years; p = 0.057) or BMI (mean 28.1 vs 30.4; p = 0.341). Tangles 
were present in 58% of mild OSA patients and 82% of moderate-severe 
patients. Plaques were present in 33% of mild OSA patients and 64% 
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of moderate-severe patients. Both plaques and tangles were present in 
17% of mild OSA patients and 59% of moderate-severe patients. Mod-
erate-severe patients had significantly more tangles (mean stage: 1.7 vs 
0.9; p = 0.029), and a significantly higher plaque burden (mean stage: 
1.5 vs 0.4; p = 0.031).
Conclusions: Patients with moderate-severe OSA are more likely to 
have a greater burden of tangles and plaques, suggesting that moder-
ate-severe OSA contributes to AD-like neuropathological changes.

0102
HYPOCRETIN PREVENTS APNEA-INDUCED 
DEGENERATION OF HIPPOCAMPAL NEURONS BY 
FACILITATING GABAERGIC INHIBITION
Fung SJ1,2, Xi M1,2, Zhang J1, Sampogna S1, Chase M1,2,3

1Websciences International, Los Angeles, CA, 2VA Greater Los 
Angeles Healthcare System, Los Angeles, CA, 3UCLA School of 
Medicine, Los Angeles, CA

Introduction: Previous studies demonstrated that hypocretin (Hcrt) 
can function as a neuroprotective agent by promoting the survival of 
cortical and hypothalamic neurons during periods of ischemia and hy-
poxia. Recently, we reported that Hcrt also prevents the apnea-induced 
degeneration of hippocampal CA1 neurons. In the present study, we 
investigated the neuronal mechanism that mediates the neuroprotec-
tive actions of Hcrt in the hippocampus.
Methods: Four groups of adult alpha chloralose-anesthetized rats were 
employed. In three groups, two hours of recurrent apnea was induced 
by ventilatory arrest. Group 1 rats were apneic and otherwise untreated. 
Group 2 rats were administered Hcrt-1 (60 ug/kg, i.v.) 15 min before 
the initiation of apnea. Group 3 rats were administered bicuculline, a 
GABAA antagonist (1 mg/kg, i.v.), 15 min. prior to the injection of 
Hcrt-1 (60 ug/kg, i.v.); 15 min later, apnea was initiated. Group 4 rats 
were untreated and normoxic. After experimentation, the hippocam-
pus was immunostained with the poly (ADP-ribose) polymerase-1 
(PARP-1) antibody to detect DNA strand breaks and activation of a 
caspace-independent pathway of programmed cell death, i.e., neuro-
degeneration.
Results: Apneic, untreated rats (Group 1) exhibited abundant PARP-
1-positive CA1 neurons. In apneic, Hcrt-1-treated rats (Group 2), only 
weak traces of PARP-1 immunoreactivity were present in a few CA1 
neurons. Apneic rats that were treated with bicuculline and Hcrt-1 
(Group 3) exhibited many labeled CA1 neurons with similar immuno-
reactive labeling intensity in apneic, untreated rats. PARP-1-positive 
CA1 neurons were not observed in CA1 neurons of control normoxic 
rats (Group 4).
Conclusion: We conclude that Hcrt-1 prevents the apnea-induced de-
generation of CA1 neurons by activating GABAA receptors on these 
cells. These findings corroborate the Survival Theory of the Function-
ing of the Hypocretinergic System, presented by Chase in 2013, by 
demonstrating that hypocretin facilitates survival-related cellular pro-
cesses in addition to promoting survival-related behaviors.
Support (If Any): 1|01BX000819, TGS-109219.
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PRELIMINARY CHARACTERIZATION OF SLEEP-WAKE 
BEHAVIOR AND LOCOMOTOR ACTIVITY IN THE VMAT2-
DEFICIENT MOUSE MODEL OF PARKINSON’S DISEASE
Vaughan C, Keating GL, Guillot TS, Rogers A, Garcia PS, Miller GW, 
Rye DB, Willie JT
Emory University, Atlanta, GA

Introduction: In addition to debilitating motor symptoms, patients 
with Parkinson’s disease (PD) suffer non-motor symptoms such as 
sleep disturbances (fragmented nocturnal sleep, excessive daytime 
sleepiness, REM sleep during daytime naps, excessive phasic muscle 
activity during sleep, and/or absence of REM sleep atonia). Mice with 
reduction in vesicular monoamine transporter 2 (VMAT2-deficient, 
VMAT2LO) exhibit progressive loss of striatal dopamine, L-DOPA-
responsive motor deficits, alpha-synucleinopathy, and nigral dopami-
nergic cell loss. VMAT2LO mice also display reduced latency to rest 
behavior after an arousing stimulus. To determine whether this rodent 
model of PD exhibits Parkinsonian sleep disturbances, we examined 
locomotor and EEG-EMG characteristics.
Methods: We measured habituated locomotor activity for 48 h (open 
field infrared beam breaks) in VMAT2LO and wildtype controls (n = 7 
per group). Mice were then instrumented and tethered in standard fash-
ion to measure EEG-EMG, which was scored visually in 10 sec epochs 
using Somnologica. Following recovery and baseline recording, mice 
were challenged with a 4 h sleep deprivation (SD). A smaller cohort 
(n = 6 VMAT2LO, n = 3 WT) underwent murine multiple sleep latency 
test (MMSLT).
Results: VMAT2LO mice showed no difference in baseline distance 
traveled, center time, or horizontal movement, but showed a nonsig-
nificant trend toward depressed vertical rearing. EEG/EMG of VMAT-
2LO mice exhibited increased phasic EMG during sleep. VMAT2LO 
mice exhibited more overall sleep-wake transitions and longer bouts of 
rest phase REM sleep than WT mice. Following a 4 h SD, VMAT2LO 
and WT mice similarly recovered sleep amounts, but VMAT2LO mice 
again showed more sleep-wake transitions.
Conclusion: Preliminary studies suggest abnormal phasic EMG dur-
ing sleep, prolonged REM sleep duration, and sleep-wake fragmenta-
tion in VMAT2LO mice. VMAT2LO mice may provide a valid model 
for future descriptive and therapeutic studies of sleep disturbances as-
sociated with PD.
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0104
IDENTIFICATION OF A WAKE-PROMOTING GABAERGIC 
POPULATION IN THE LATERAL HYPOTHALAMUS
Venner A1,2, Saper CB1,2, Fuller PM1,2

1Harvard Medical School, Boston, MA, 2Beth Israel Deaconess 
Medical Center, Boston, MA

Introduction: A role for the lateral hypothalamus (LH) in promot-
ing wakefulness has long been suggested. However, identification of 
a wake-promoting cell group in this region has proven elusive. While 
LH orexin neurons strongly influence wake bout length, these neurons 
are not required for normal amounts of daily wake. Additionally, MCH 
neuronal activity is linked with REM sleep, but not wake, regula-
tion. We thus sought to identify other LH cell types that may promote 
wakefulness. One LH cell type that has received little attention, and is 
coextensive with orexin and MCH neurons, are GABAergic vesicular 
GABA transporter containing (VGAT+) neurons.
Methods: We activated LH VGAT+ neurons using the excitatory 
DREADD (hM3Dq). hM3Dq was delivered to the LH of Vgat-IRES-
cre mice via stereotaxic injection of an adeno-associated viral (AAV) 
vector that expressed hM3Dq in a cre-dependent manner (AAV-FLEX-
hM3Dq-mCherry). In a parallel experiment, injections of a conditional 
anterograde tracer (AAV-STOP-hrGFP) were placed into the LH of 
Vgat-IRES-cre mice and the brains were analyzed for terminal projec-
tions
Results: Mice expressing hM3Dq in LH VGAT+ neurons were near 
continuously awake for 4 hours following injection of the hM3Dq li-
gand, clozapine-N-oxide (CNO; 98.74.67 ± 0.67% vs. 37.46 ± 1.13% 
following saline, n = 8, p < 0.0001, paired t-test) and correspondingly 
displayed a peak in the 8–12 Hz range of the EEG power spectrum. 
Activation of VGAT+ neurons in neighboring regions, such as the zona 
incerta, was without effect on wakefulness. In addition, conditional 
anterograde tracing from LH VGAT+ neurons revealed projections to 
several established sleep and arousal nodes, including the ventrolateral 
preoptic area, ventral periaqueductal gray, locus coeruleus and tuber-
omamillary nucleus.
Conclusion: LH VGAT+ neurons can potently drive wakefulness and 
project to other sleep-wake nuclei. LH VGAT+ neurons likely com-
prise a hitherto undefined wake-promoting node.
Support (If Any): NARSAD Young Investigator Grant from the Brain 
& Behavior Research Foundation. National Institutes of Health grant 
R01NS073613 and NS085477-01A1.

0105
OPTOGENETIC ACTIVATION OF HYPOTHALAMIC 
DOPAMINE A11 NEURONS RESCUES CATAPLEXY IN 
NARCOLEPTIC MICE
Fraigne JJ1, Torontali ZA1, Snow MB1, Adamantidis A 2,3, Peever JH1

1University of Toronto, Department of Cell & System Biology, 
Toronto, ON, Canada, 2Department of Neurology, Inselspital, Bern, 
Switzerland, 3Department of Psychiatry, McGill University, Montreal, 
QC, Canada

Introduction: Cataplexy, a defining symptom of narcolepsy, is a dis-
sociative state in which brain arousal and motor activity are involun-
tarily decoupled. Multiple lines of evidence indicate that dysregulation 
of dopamine system function contributes to narcolepsy. We recently 
showed that A11 dopamine cells function to couple arousal state with 
motor activity during natural behavior. Here, we aimed to determine 
if activation of A11 dopamine neurons could reinstate motor activity 
during cataplexy.
Methods: To precisely control the neuronal activity of the A11 dopa-
mine neurons, we bilaterally infused 200 nL of an adeno-associated 

viral vector (AAV) containing a light-sensitive opsin (AAV-EF1α-
DIO-ChETA-eYFP) into the A11 region of narcoleptic mice containing 
cre-recombinase in dopaminergic cells (i.e., OXKO/TH-cre mice). An-
imals were instrumented for EEG and EMG recordings. Neurons were 
stimulated with short blue light pulses (5 ms) at 20 Hz independent of 
behavioral state, or at the onset of cataplexy. Only animals that had 
histological verification of ChETA/eYFP expression in the A11 region 
were used for analysis.
Results: To generate narcoleptic mice with cre-recombinase in dopa-
mine cells, we crossed hypocretin knockout mice with those express-
ing cre-recombinase in tyrosine hydroxylase positive cells. We found 
that double transgenic and hypocretin knockout mice exhibited similar 
amounts of cataplexy (unpaired t-test; n = 4; p = 0.5813). Semi-chronic 
activation (i.e., laser on 10 ms and off 90 ms) of A11 dopamine cells de-
creased overall cataplexy amounts by 51 ± 0.1% (n = 4; p < 0.05) during 
the 3 h stimulation period. We also found that individual cataplexy at-
tacks were rapidly terminated when A11 dopamine cells were optically 
stimulated during discrete cataplexy episodes. Specifically, we found 
that A11 activation terminated cataplexy within 5 ± 2 s (n = 4; p < 0.05) 
after optical stimulation.
Conclusion: Our findings show that A11 neurons function to couple 
arousal and motor behaviors, and that optical activation of this dopa-
mine circuit rescues cataplexy in narcoleptic mice.
Support (If Any): Research was funded by NSERC, CIHR and a 
SRSF Early Career Research Development Award (JJF).

0106
TARGETED ACTIVATION OF THE SUBCOERULEUS 
PROMOTES REM SLEEP AND PREVENTS NREM SLEEP
Torontali ZA, Peever JH
University of Toronto, Toronto, ON, Canada

Introduction: The subcoeruleus (SubC) region in the brainstem is hy-
pothesized to generate REM sleep. Chemical stimulation of the SubC 
can produce REM-like sleep and motor atonia, whereas, SubC lesions 
disturb REM sleep and prevent motor atonia. Here, we aimed to de-
termine if targeted and reversible activation of SubC neurons would 
trigger REM sleep episodes in freely behaving mice.
Methods: We infused 400 nL of an AAV harboring a modified musca-
rinic G-protein coupled receptor (AAV-HSYN-hm3D(Gq)-mCherry) 
into the left/right SubC regions in wild-type mice. Administration of 
clozapine-N-oxide (CNO, 5 mg/kg) was used to activate SubC neurons 
expressing hM3D(Gq) receptors. Sleep/wake data was analyzed for 3 
hours following CNO administration.
Results: We found CNO-induced activation of SubC neurons pro-
moted sharp increases in overall amounts of REM sleep. Specifically, 
SubC stimulation increased the number of REM sleep episodes by 
467% (saline vs CNO; n = 9; paired t-test; p < 0.05). Remarkably, SubC 
activation triggered REM sleep episodes that rapidly punctuated peri-
ods of wakefulness. CNO-induced REM sleep episodes are indistin-
guishable from “natural” REM sleep episodes. Muscle tone and length 
of REM sleep periods were similar during baseline and CNO-induced 
conditions. However, one difference between CNO-induced and natu-
ral REM sleep was the intensification of theta activity during REM 
sleep and wakefulness (p < 0.05). One unexpected finding was SubC 
activation completely blocked NREM sleep expression during the 3 h 
recording period (saline vs CNO; p < 0.05).
Conclusion: Our results support the hypothesis that the SubC pro-
motes REM sleep. Indeed, SubC activation is capable of triggering 
REM sleep episodes that intrude directly into wakefulness. Important-
ly, we show that SubC stimulation prevents NREM sleep expression, 
suggesting SubC neurons not only drive REM sleep, but also function 
to inactivate the neuro-circuitry underlying NREM sleep.
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Support (If Any): This research was funded by the Canadian Insti-
tutes of Health Research (CIHR), the Natural Sciences and Engineer-
ing Research Council of Canada (NSERC), and the Ontario Graduate 
Scholarship (OGS).

0107
ALTERED REGIONAL BRAIN ACTIVITY IN PATIENTS 
WITH PSYCHOPHYSIOLOGICAL INSOMNIA
Kim S1, Lee Y2, Park J1, Kim S3, Kang S 4, Jeong D2

1Department of Psychiatry, Seoul National University Hospital, 
Seoul, Korea, Republic of, 2Department of Psychiatry and Center 
for Sleep and Chronobiology, Seoul National University College of 
Medicine, Seoul, Korea, Republic of, 3Department of Medicine, Seoul 
National University College of Medicine, Seoul, Korea, Republic of, 
4Department of Psychiatry, Gachon University, School of Medicine, 
Incheon, Korea, Republic of

Introduction: Psychophysiological insomnia is known to be learned 
insomnia related with sleep-related anxiety. Conditioning of sleep situ-
ations with insomnia (or arousal) plays a major role in the pathophysi-
ology. In current study, we aimed to investigate neural correlates of 
learning (conditioning) in patients with psychophysiological insomnia 
using sleep-related stimuli.
Methods: Ten patients diagnosed as psychophysiological insomnia 
(INS: 44.4 ± 4.8 y, 7 females) on ICSD-2 and 20 healthy good sleepers 
(GS: 36.6 ± 2.5 y, 16 females) underwent brain fMRI while viewing 
blocks of sleep-related pictures and matched control pictures. A whole-
brain analysis was used for comparing neural activity to sleep related 
stimuli among two groups.
Results: Compared to GS group, INS gruop showed increased ac-
tivation to sleep related pictures (vs. control picture) in right vi-
sual association cortex (BA18, Talairach coordinate x = 22, y = −78, 
z = −7), bilateral posterior cingulate (BA29,30, Talairach coordinate 
x = 9, y = −43, z = 14), right hippocampus (Talairach coordinate x = 23, 
y = −16, z = −13), right inferior temporal (BA29,30, Talairach coordi-
nate x = 38, y = −16, z = −19), cerebellum (Talairach coordinate x = 3, 
y = −80, z = −7), and midbrain (Talairach coordinate x = 0, y = −21, 
z = −11) (all, uncorrected p < 0.001), whereas GS group showed in-
creased activation in left inferior frontal (BA44, Talairach coordinate 
x = −40, y = 1, z = 23, uncorrected p < 0.001).
Conclusion: The current results revealed differential brain regional 
activations in psychophysiological insomnia patients from those in 
good sleepers to sleep related pictures. Especially, brain regions with 
increased responses in our results were associated with arousal, emo-
tion or intrinsic control networks.
Support (If Any): This research was supported by Basic Science Re-
search Program through the National Research Foundation of Korea 
(NRF) funded by the Ministry of Education (NRF-2013R1A1A2062517)

0108
PUBERTAL OVERWEIGHT PROGRAMS LIFE-TIME 
SLEEP DISTURBANCES IN MICE BY REDUCING THE 
SEROTONERGIC TONE IN THE BRAIN
Gazea M, Patchev AV, Leidmaa E, Flachskamm C, Almeida OO, 
Kimura M
Max Planck institute of Psychiatry, Munich, Germany

Introduction: Obese individuals often show sleep disturbances, such 
as excessive daytime sleepiness and poor sleep quality. Obesity is a 
major health threat and its incidence is rapidly rising, especially in 
young individuals. Since puberty is a period when brain functions un-
dergo dynamic remodeling, it was of interest to examine the impact of 
pubertal overweight on sleep-wake behavior during adulthood.

Methods: We generated a peripubertal diet-induced obesity (ppDIO) 
model by exposing male C57BL6N mice to a high-fat/high-carbohy-
drate diet (HFD) for six weeks (postnatal weeks 4 to 10); control mice 
were maintained on standard laboratory diet. To monitor sleep-wake 
behaviors, mice were implanted with EEG and EMG electrodes at dif-
ferent ages (2.5, 3 and 12 months).
Results: HFD exposure during puberty significantly increased body-
weight and time spent asleep during the active period. Cessation of 
HFD exposure resulted in acute increases of wakefulness and body-
weight loss in 3-mo ppDIO mice. In contrast, ppDIO mice aged 12-
mo exhibited an increase in sleep time and bodyweight. To understand 
the mechanisms underlying these changes in sleep-wake behavior and 
bodyweight regulation, we analyzed neurotransmitter and neuropep-
tide levels in the lateral hypothalamus (LH), a brain area where cues for 
ingestive and sleep-wake behaviors converge. We found that increased 
LH dopamine contents paralleled the increased time spent awake in 
3-mo ppDIO mice. However, dopamine contents returned to normal 
levels in ppDIO mice at 12-mo of age. By contrast, LH serotonin con-
tents were decreased during HFD exposure and in ppDIO mice aged 
12-mo. However, orexin and MCH expression was differentially regu-
lated in 2.5-mo and 12-mo old ppDIO mice, suggesting that reduced 
serotonin contributed to increased sleepiness and bodyweight during 
HFD exposure and again, when ppDIO mice were 12-mo old.
Conclusion: These results suggest that ppDIO programs excessive 
sleepiness and increased bodyweights through reduced serotonergic 
inputs to the LH during aging.
Support (If Any): European Union (FP7 SWITCHBOX Project)

0109
CHOLINERGIC NEURONS IN THE PEDUNCULOPONTINE 
TEGMENTUM MODULATE BLOOD PRESSURE AND 
RENAL SYMPATHOEXCITATION IN AN EXPERIMENTAL 
MODEL OF INTERMITTENT HYPOXIA
Fink AM1, Dean C2, Carley DW1

1Center for Narcolepsy Sleep and Health Research, University of 
Illinois at Chicago, Chicago, IL, 2Department of Anesthesiology, 
Medical College of Wisconsin, Milwaukee, WI

Introduction: Sleep apnea syndrome confers a significant risk for de-
veloping hypertension. The pedunculopontine tegmentum (PPT) of the 
rostral pons may be implicated. Known functions of the PPT include 
regulation of wakefulness, rapid eye movement sleep, and respiration. 
We tested the hypothesis that PPT neurons are involved in blood pres-
sure regulation.
Methods: DL-homocysteic acid (DLH 4 mM, 10 nl) was microinjected 
into the PPT of anesthetized Sprague-Dawley rats (N = 6) to identify 
sites eliciting increases in renal sympathetic nerve activity (RSNA) 
and mean arterial pressure (MAP); the micropipette position was fixed 
once a response was observed. Rats received alternating cycles of room 
air (RA) and hypoxia (10% oxygen) via tracheostomy for the following 
inspired gas episodes: 5-min baseline [RA], 5-min stimulus [hypoxia], 
and 5-min recovery [RA]; this sequence was repeated 3 times (45-min). 
Then, carbachol (1 mM, 10 nl) was microinjected to inactivate cholin-
ergic neurons, followed by DLH (5-min later); rats again underwent 
the 45-min inspired gas protocol. We examined responses across each 
inspired gas episode (using data from the last 30-sec of each; data are 
mean ± SD).
Results: DLH microinjections into the PPT elicited increases in RSNA 
and MAP (by 35.0 ± 9.0% and 10.1 ± 5.0% from baseline, respectively). 
Each bout of hypoxia was associated with RSNA bursts followed by 
peak MAP elevations within 5.5 ± 1.2 sec. These sympathoexcitatory 
responses increased in magnitude with each successive hypoxia ex-
posure. After microinjecting carbachol, however, DLH did not elicit 
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the sympathoexcitatory response, and there were no statistically sig-
nificant increases in RSNA or MAP with the subsequent hypoxia ex-
posures.
Conclusion: Our observations suggest that cholinergic neurons in the 
PPT regulate sympathetic responses to intermittent hypoxia. Because 
the PPT regulates sleep-wake behaviors, research into the role of PPT 
neurons in the descending control of the cardiovascular system is im-
portant to achieve a mechanistic understanding of cardiovascular risk 
factors with sleep disorders.
Support (If Any): National Institute of Nursing Research 
(K99NR014369).

0110
EFFECTS OF CYCLICAL INTERMITTENT HYPOXIA ON 
THE BLOOD BRAIN BARRIER
Lim DC1, Brady DC1, Po P1, Chuang L2, Marcondes L3, Kim EY1, 
Soans R4, Keenan BT1, Guo X1, Maislin G1, Galante RJ1, Sha JA4, 
Pack AI1

1University of Pennsylvania, Philadelphia, PA, 2Department of 
Thoracic Medicine and Department of Sleep Center, Chang Gung 
Memorial Hospital, Taipei, Taiwan, 3Superior School of Health 
Sciences, Brasilia, Brazil, Brasilia, Brazil, 4Drexel University, 
Philadelphia, PA

Introduction: Associations between obstructive sleep apnea, specifi-
cally cyclical intermittent hypoxia (CIH), and cognitive impairment 
are reported. Physiological effects of CIH on the Blood Brain Barrier 
(BBB) may be one mechanism of cognitive impairment. We propose 
that different CIH severities in a mouse model differentially affect an-
giogenesis and transporter levels at the BBB.
Methods: We exposed C57BL/6 male mice, 4 months old, to one of 
four conditions for 12 hours per day for 2 weeks: (1) sham of continu-
ous air, FiO2 = 0.21, (2) moderate CIH, FiO2 0.21 to 0.125 (CIH12.5), 
(3) severe CIH, FiO2 0.21 to 0.10 (CIH10), and (4) very severe CIH, 
FiO2 0.21 to 0.05 (CIH5). We use immunohistochemistry to stain hip-
pocampal brain tissue for CD31 and GLUT1. Neurostereology using 
CD31 was used to quantitate the length of blood vessels, a measure-
ment of angiogenesis. GLUT1 expression in blood vessels at the BBB 
was quantitated using Immunohistochemistry Quantification (IQ) al-
gorithms.
Results: We show that there is significantly more angiogenesis in the 
CIH5 condition compared to all other conditions (p < 0.05), as well as 
strong evidence for a linear dose response to CIH severity (p = 0.002). 
Using IQ we identified a total of 564,714 vessels and quantified GLUT1 
expression to be significantly increased at the CIH5 compared to the 
other conditions (p < 0.05), but no significant dose response increase in 
GLUT1 within the other CIH conditions. Thus, only very severe CIH 
levels increased expression of this transporter.
Conclusion: Increasing severity of CIH induces angiogenesis at the 
BBB in a linear response. However, GLUT1 increased only at very 
severe CIH. Thus, homeostatic mechanisms are likely to be activated 
during moderate and severe CIH, but at severe CIH there may be a 
breakdown in homeostasis.
Support (If Any): Funding sources for this work: NIH grants P01 
HL094307 (AIP), K12 HL090021 (AIP); American Academy of Sleep 
Medicine Foundation grant #56-PA-10 (DCL); Science Without Bor-
ders Program - Coordination for the Improvement of Higher Education 
Personnel, Ministry of Education, Brazil (LM) and the Han Eol Pro-
gram (W.Y.K. and M.J.P).

0111
ANTAGONISTIC JAW MUSCLE RESPONSES TO 
CORTICOBULBAR TRACT STIMULATION DURING REM 
SLEEP IN GUINEA PIGS
Higashiyama M1, Kato T1,2, Sato F1, Yatani H1, Yoshida A1

1Osaka University Graduate School of Dentistry, Suita, Osaka, Japan, 
2Osaka University Hospital, Suita, Japan

Introduction: Rhythmic jaw muscle activities often occur during 
REM sleep in experimental animals. However, little is known about 
the responsiveness of jaw premotor system to facilitatory inputs dur-
ing REM sleep. This study aimed to investigate the response charac-
teristics of jaw-opening (digastric) and -closing (masseter) muscles to 
electrical micro-stimulations to corticobulbar tracts during REM sleep 
in guinea pigs.
Methods: In ten male Hartley guinea pigs, the electrodes for electro-
encephalographic (EEG), electro-occlugraphic, electromyographic 
(EMG; dorsal neck, digastric and masseter muscles) and electrocar-
diographic electrodes were first implanted for chronic sleep record-
ings. Subsequently, a glass-coated metal electrode was placed into the 
corticobulbar tract where the electrical micro-stimulation can induce 
jaw muscle responses. In the recording sessions, short- and long-train 
repetitive electrical micro-stimulations were given to the corticobulbar 
tract under freely moving conditions. EMG responses to the stimula-
tion were analyzed and compared among wakefulness, NREM sleep 
and REM sleep.
Results: Short-latency oligo-synaptic responses of the digastric mus-
cle were induced by short-train stimulations for the three behavioral 
states. The response rate and the EMG amplitude of the responses were 
significantly lower during REM sleep than the other two states while 
the response latency did not differ among the three states. Long-train 
stimulations induced rhythmic digastric activations during wakeful-
ness and NREM sleep; most of them were followed by rhythmic mas-
seter contractions after stimulation. During REM sleep, however, only 
digastric muscle was rhythmically activated while stimuli were given. 
Stimulus-induced rhythmic digastric activations were less frequently 
scored during REM sleep than wakefulness and NREM sleep.
Conclusion: During REM sleep, trigeminal premotoneurons and mas-
ticatory rhythm generators can be responsive to corticobulbar stimula-
tion although motoneurons are inhibited.
Support (If Any): Supported by the JSPS (#23659869 and #25670789).

0112
MATERNAL SLEEP DEPRIVATION-INDUCED COGNITIVE 
DEFICITS WERE IMPROVED BY INHIBITION OF 
MICROGLIAL ACTIVATION IN YOUNG OFFSPRING RATS
Zhao Q, Zhang J, Zhang B, You Z
University of Electronic Science and Technology of China, Chengdu, 
China

Introduction: During pregnancy, maternal sleep complaints are 
emerging health concerns as they are associated with several harmful 
consequences to their children. But few researches evaluated the ef-
fects of microglia on offspring with maternal sleep deprivation (MSD). 
In this study, it was investigated the effect of MSD on cognition, neuro-
development and inflammation in prepuberty offspring rats.
Methods: Sleep deprivation was performed using modified small-plat-
forms method. Pregnant Wistar rats received sleep deprivation for 72 h 
on gestational day (GD) 4, 9, and 18, respectively. The male prepuberty 
offspring (21 days old) were used in the experiments. Cognitive func-
tion was examined by Morris Water Maze for 7 days. Hippocampal 
neurogenesis (BrdU+/DCX+ cells) was estimated by immunohisto-
chemistry (IHC). Inflammatory cytokines were determined by Real 
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Time PCR and IHC. The microglial state was confirmed by ELISA and 
IHC. The prepuberty male offspring with MSD were given the intra-
peritoneal injections with minocycline (50 mg/kg) for 5 days to inhibit 
microglial activation.
Results: MSD impaired hippocampus-dependent spatial learning and 
memory in the Morris Water Maze task, and decreased the number 
of BrdU+/DCX+ cells in prepuberty offspring, especially in the late 
MSD young rats (sleep deprivation on GD18). The pro-inflammatory 
cytokines (IL-1β, IL-6 and TNFα) increased and anti-inflammatory 
cytokine (IL-10) decreased and the Iba1+ microglia activated in late 
MSD offspring. After injected minocycline, the classical microglial 
activation (M1 phenotype) was inhibited, and promoted the alternative 
microglial activation (M2 phenotype). The cognition and neurogenesis 
were improved after minocycline administration.
Conclusion: MSD-induced microglial activation is involved in im-
paired of neurogenesis and cognitive function in the prepuberty off-
spring.
Support (If Any): This research was funded by the National Natural 
Science Foundation of China, and the Open Research Fund of State 
Key Laboratory Breeding Base of Systematic Research, Development 
and Utilization of Chinese Medicine Resources.

0113
EEG CROSS-FREQUENCY COUPLING DURING SLEEP 
AND WAKEFULNESS DISTINGUISHES MILD TRAUMATIC 
BRAIN INJURY IN MOUSE AND HUMAN SUBJECTS
Modarres M1, Kretzmer T 2, Kuzma NN3, Nakase-Richardson R 2, 
Lim MM3,4

1North Florida/South Georgia Veterans Health System, Gainesville, 
FL, 2James A Haley Veterans Hospital, Tampa, FL, 3Portland VA 
Medical Center, Portland, OR, 4Oregon Health & Science University, 
Portland, OR

Introduction: Chronic mild traumatic brain injury (mTBI) is associ-
ated with persistent sleep-wake disturbances in both human subjects 
and animal models. EEG cross-frequency coupling (CFC) reflects co-
ordination between neural circuits, an important component of optimal 
sleep and wakefulness. We sought to identify a CFC-based quantitative 
EEG metric during sleep and wakefulness sensitive to mTBI, first, by 
using a mouse model of mTBI, and next, by applying our findings to a 
human population with chronic mTBI.
Methods: Mice were randomized to receive mTBI or sham surgery 
(n = 6 per group) using lateral fluid percussion injury. Amplified poly-
somnographic EEG/EMG recordings were obtained 2 weeks post-injury 
and scored for behavioral state across 24 hours of continuous recording 
(NREM, REM and wakefulness). EEG amplitudes were computed for 
each frequency band (delta, theta, alpha, beta and gamma frequencies) 
using the square root of EEG power obtained by short-term Fourier 
transform (STFT) using a 2 second sliding window. Ratios between 
amplitudes of each pair of frequency bands were calculated for every 
second, and were averaged over the awake and NREM sleep periods to 
obtain a single index value. For the human studies, polysomnography 
from subjects obtained for clinical purposes were scored according to 
AASM guidelines (n = 10 mTBI, n = 10 controls). EEG from electrode 
C3 was used to compute a similar ratio of the EEG amplitudes for each 
frequency band. Statistical analyses were performed in MATLAB us-
ing Student’s t-tests.
Results: Mice with mTBI showed significantly higher EEG CFC am-
plitudes based on the ratio of median EEG amplitude for delta:theta 
(1–5 Hz: 6.5–10 Hz) in both awake and NREM sleep states, compared 
to sham injured mice. Human subjects with mTBI showed significantly 
higher EEG CFC amplitudes based on the ratio of median EEG ampli-
tude for theta:gamma (6 Hz: 40 Hz) in both awake/drowsy and stage 

N2 sleep states, compared to control subjects. These results suggest 
that in both mouse and human subjects, amplitude couplings between 
slower and faster frequency bands appear to be a sensitive marker for 
chronic mTBI.
Conclusion: EEG amplitude CFC during wake and NREM sleep states 
is a sensitive marker for chronic mTBI in a mouse model and in hu-
man subjects. These results identify potentially useful sleep-relevant 
physiologic markers of mTBI. Further work should interrogate these 
markers in response to treatment and their predictive utility in recovery 
of function.
Support (If Any): NIH HL076986 to MM, American Sleep Medicine 
Foundation to MML, Portland VA Research Foundation to MML.

0114
THE ROLE OF HYPOCRETIN IN POST-TRAUMATIC 
BRAIN INJURY (TBI) SLEEP DISTURBANCES
Thomasy HE1, Febinger HY2, Ringgold KM2, Gemma C2, Opp MR 2

1Neuroscience Graduate Program, University of Washington, Seattle, 
WA, 2Department of Anesthesiology & Pain Medicine, University of 
Washington, Seattle, WA

Introduction: Disorders of sleep and wakefulness have been reported 
in up to 73% individuals who have experienced traumatic brain injury 
(TBI). Specifically, increased sleep need and excessive daytime sleepi-
ness are often reported post-TBI. At present, the etiology of post-TBI 
sleep disturbances is not well understood, and behavioral and phar-
macological therapies have limited efficacy. Here, we investigate the 
effects of TBI on sleep-wake behavior and on hypocretin and melanin-
concentrating hormone (MCH), two neuropeptides important for regu-
lating sleep and wakefulness.
Methods: Adult male C57BL/6 mice (n = 6–10/group) were implanted 
with EEG recording electrodes and baseline recordings were obtained. 
After baseline recordings, TBI was induced using controlled cortical 
impact (CCI). EEG recordings were obtained from the same animals at 
7 and 15 days post-surgery. A separate set of animals (n = 6–8/group) 
underwent sham or TBI surgery and were sacrificed 7 or 15 days later. 
Brains from these animals were used for immunohistochemistry to de-
termine the number of hypocretin or MCH-producing neurons in the 
hypothalamus.
Results: At 15 days post-surgery, wakefulness was decreased and 
NREM sleep was increased during the dark period in moderately 
injured animals. There were no differences between groups in REM 
sleep time, nor were there any differences between groups in sleep 
behavior during the light period. There was a main effect of injury se-
verity on hypocretin-producing neurons, such that more severe injury 
resulted in fewer hypocretin-producing neurons. There were no signifi-
cant differences among groups in MCH-producing neurons.
Conclusion: Moderate TBI reduces wakefulness and increases NREM 
sleep during the dark period. Moderate TBI also decreases the number 
of hypocretin-producing neurons, which may be one mechanism un-
derlying observed changes in sleep after TBI.
Support (If Any): Funding was provided by the Department of Anes-
thesiology & Pain Medicine, University of Washington, Seattle, WA.

0115
HYPERACTIVITY AND MALE-SPECIFIC SLEEP DEFICITS 
IN THE 16P11.2 DELETION MOUSE MODEL OF AUTISM
Angelakos CC, Krainock KS, O’Brien WT, Cusmano DM, Abel T
University of Pennsylvania, Philadelphia, PA

Introduction: Sleep problems are extremely prevalent in several 
neurodevelopmental disorders, including autism spectrum disorders 
(ASDs) and attention deficit-hyperactivity disorder (ADHD). Evidence 
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from genome-wide association studies suggests that chromosomal 
copy number variations (CNVs) are significantly more likely in both 
ASDs and ADHD. In particular, CNVs in chromosomal region 16p11.2 
profoundly increase the risk for these male-enhanced neurodevelop-
mental disorders. We hypothesized that 16p11.2 hemideletion mice 
(16p11.2 del/+) may exhibit sex-specific sleep and activity deficits, and 
thus may serve as an appropriate genetic model for a common human 
CNV strongly associated with ASDs and ADHD.
Methods: Activity patterns were assessed in male and female 16p11.2 
del/+ and control mice across the 12-hour light/dark cycle for 2 weeks 
via infrared home cage beam breaks. After 2 weeks, lighting conditions 
were switched to 24 hour continuous darkness for 2 additional weeks 
in order to assess intrinsic circadian rhythms. In separate experiments, 
male and female 16p11.2 del/+ and control mice were implanted with 
EEG/EMG electrodes. Sleep was scored during 24 hour baseline con-
ditions and also over the 18 hour recovery period following 6 hours of 
sleep deprivation by gentle handling.
Results: Both male and female 16p11.2 del/+ mice exhibit robust home 
cage hyperactivity in comparison to controls. This is particularly pro-
nounced during the early third of the dark/active period (p < 0.0001 
in males; p < 0.01 in females). Additionally, 16p11.2 del/+ male, but 
not female, mice exhibit significantly more wake and significantly less 
NREM sleep over the 24 hour day. There are no differences in circa-
dian period between 16p11.2 del/+ and control animals.
Conclusion: 16p11.2 del/+ mice exhibit hyperactivity and male-specif-
ic sleep deficits. These findings are analogous to behaviors observed 
in human ADHD and ASD patients, suggesting that the 16p11.2 del/+ 
mouse model may be an appropriate genetic model for studying human 
neurodevelopmental disorders.
Support (If Any): Simons Foundation Autism Research Initiative 
(SFARI)

0116
DAYTIME SLEEPINESS IS ASSOCIATED WITH ALTERED 
THALAMOCORTICAL CONNECTIVITY
Vanuk JR1, Rosso IM2, Rauch SL2, Alkozei A3, Markowski SM3, 
Pisner D3, Shane B3, Fridman A3, Knight SA3, Killgore WD3

1University of Arizona, Tucson, AZ, 2McLean Hospital, Belmont, MA, 
3Department of Psychiatry, University of Arizona, Tucson, AZ

Introduction: The thalamus plays a critical role in alertness, atten-
tion, and the transfer of neural information, as well as regulation of 
sleep states and wakefulness. While evidence suggests that total sleep 
deprivation disrupts thalamocortical functional connectivity, in turn 
contributing to deficits in alertness, vigilance, and information pro-
cessing; it is unclear whether such altered connectivity is associated 
with daytime sleepiness under non-sleep deprived conditions. We hy-
pothesized that greater daytime sleepiness would be associated with 
lower thalamocortical resting state functional connectivity.
Methods: Sixty healthy adults (30 male, 30 female; M age: 30.4 years), 
completed the Epworth Sleepiness Scale (ESS) and underwent a six 
minute resting state functional connectivity neuroimaging scan at 3T. 
Regions of interest for the thalamus (bilaterally) and parcellated re-
gions of the cortex (defined by the Automated Anatomical Labeling 
Atlas) were interrogated using the CONN toolbox in SPM12. Specifi-
cally, we examined the functional connectivity between the thalamus 
and other regions of the cortex (p < 0.05, FDR corrected for height and 
cluster threshold).
Results: Higher levels of sleepiness were associated with significant 
anticorrelated activity between the right thalamus and widespread cor-
tical regions, most prominently including the ventral prefrontal cortex, 
sensory, motor, auditory, and visual processing regions. Sleepiness lev-

els were only associated with four small clusters of cortical sensory and 
motor regions that were anticorrelated with the left thalamus.
Conclusion: These findings suggest that differences in daytime sleepi-
ness are associated with altered thalamocortical connectivity during 
rested wakefulness. This pattern of reduced functional connectivity 
may reflect the disengagement of sensory and motor processing, result-
ing in the reduced alertness that is present among individuals with high 
levels of chronic sleepiness. Future work may examine whether these 
patterns of connectivity are affected by alertness promoting agents or 
other treatments that experimentally reduce sleepiness.
Support (If Any): W81XWH-09-1-0730

0117
CONNEXIN36 KNOCKOUT MICE SHOW REDUCTION IN 
ACOUSTICALLY GENERATED CORTICAL GAMMA
McNally J, Trausch A, Ormberg C, Lindborg I, McCarley RW, 
Basheer R
Harvard Medical School-VA Boston Healthcare System, West 
Roxbury, MA

Introduction: Gap junction proteins such as connexins form electrical 
synapses between neurons. Among several subtypes of connexins (Cx), 
Cx36 is of particular interest as its expression is restricted to neurons. 
Cx36 is highly expressed in parvalbumin-expressing GABAergic in-
terneurons and unlike other connexins, forms only homotypic channels. 
Thus, in Cx36 knockout (Cx36KO) mice, which lack Cx36 expression, 
functions subserved by these channels will be compromised. In vivo 
experiments have shown that cortical oscillations at the gamma range 
(30–40 Hz) are specifically reduced in Cx36 knockout mice (Buhl et 
al., 2003). Here using Cx36 gene knockout model mice we examined 
the importance of Cx36 in acoustically generated cortical gamma, and 
explore the impact of sleep deprivation on Cx36 expression.
Methods: Frontal EEG/EMG recordings were performed on both 
Cx36KO mice, and wild-type (WT) controls to assess their response to 
an auditory steady state paradigm (ASSR). Here, using a cage mounted 
speaker, mice were exposed to a 500 ms train of audible clicks (90 
dB), presented at a defined frequency (20–60 Hz). These stimuli were 
repeated 100X, and the resulting EEG activity was averaged to provide 
the evoked response. Additionally, we examined total cortical protein 
levels of Cx36 in WT mice to determine the effects of 6 hr of sleep 
deprivation on channel expression.
Results: Our ASSR findings show that Cx36KO mice (n = 8), com-
pared to WT (n = 7) have an impaired ability to entrain cortical activity 
specifically in the low gamma frequency range (30–40 Hz). Further, 
we have found that in WT mice cortical expression of Cx36 is in-
creased following 6 hr of sleep deprivation.
Conclusion: These findings suggest that Cx36 is essential for evoked 
cortical gamma activity, confirming earlier findings. Our somewhat 
surprising observation that cortical Cx36 expression is actually in-
creased following sleep deprivation may suggest a compensatory role 
of Cx36 expression to help maintain gamma activity, which is strongly 
linked to cognition.
Support (If Any): Dept. of Veterans Affairs (VA merit & CD, RWM, 
RB, JMM), NIMH MH039683 (RWM), & Stonehill College SURE 
Fellowship.
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0118
ELECTROENCEPHALOGRAPHIC SIGNATURES OF 
CIRCUIT-SPECIFIC ACTIVATION IN THE CEREBRAL 
CORTEX
Clegern WC, Wisor JP, Grønli J
Washington State University, Spokane, WA

Introduction: Slow wave activity (SWA) in the cerebral cortical elec-
troencephalogram (EEG) varies locally in proportion to the use of ce-
rebral circuits during prior wake. Whether SWA varies in relation to 
higher EEG frequencies associated with information processing, such 
as beta (15–35 Hz) and gamma (80–90 Hz) during prior wake is uncer-
tain. We measured the effects of intensive activation of the vibrissal 
sensorimotor circuit of mice on local and distal SWA, beta and gamma 
activities during wake.
Methods: EEG was monitored unilaterally, with cerebellar reference, 
from the frontal and somatosensory barrel cortices of mice. Barrel cor-
tex receives whisker sensory input. A sensory stimulation (SS) proto-
col consisted of six back-to-back sessions of alternating 30 min SS/30 
min spontaneous sleep/wake cycling (Rec), beginning at ZT4 and end-
ing at ZT10. Mice were subjected to either continuous stimulation of 
the whiskers during SD (STIM; n = 12) or whisker trimming before 
SS and continuous stimulation of the hindlimbs and dorsum during 
SD (NOSTIM; n = 11). Data were analyzed as percentage change from 
wake in the 24-hr baseline immediately prior to SD onset.
Results: STIM/NO-STIM was significant for beta activity in barrel 
cortex (F1,17 = 5.64, p = 0.030) but not frontal cortex. Beta activity 
was elevated of STIM mice compared to NOSTIM mice. Main effect of 
session on beta, gamma and SWA (p < 0.015 all channels, all frequen-
cies) and significant interaction of session and time-within-session 
(p < 0.001 all channels, all frequencies) demonstrated effects of ho-
meostatic sleep pressure non-selectively across EEG channels. Across 
and within sessions beta and SWA activities increased, while gamma 
decreased, in both channels. These time effects on beta were attenu-
ated in STIM mice non-selectively across channels (session X time-
within-session X STIM interaction p < 0.011.
Conclusion: Beta activity measures circuit-specific activation. Gam-
ma and SWA activities in wake change in opposite fashion as a func-
tion of homeostatic sleep pressure independently of circuit activation.
Support (If Any): R01NS078498

0119
CHANGES IN PHOSPHORYLATED MTOR AND PSD-95 
PROTEIN EXPRESSION ACROSS SLEEP DEPRIVATION 
AND RECOVERY IN MICE
Zapertov N1,2, Watson A 2, Frank M1,2

1College of Medical Sciences, Washington State University, Spokane, 
WA, 2Department of Neuroscience, Perelman School of Medicine, 
University of Pennsylvania, Philadelphia, PA

Introduction: Phosphorylated mammalian target of rapamycin (p-
mTOR) mediates the synthesis of proteins critical for synaptic po-
tentiation and experience-dependent plasticity, such as post synaptic 
density 95kDa (PSD-95). Sleep deprivation (SD) has been shown to 
disrupt protein synthesis-dependent forms of plasticity and downregu-
late p-mTOR and PSD-95 in the hippocampus, but changes after the 
immediate SD period are not well described. Here we investigated the 
time-course of p-mTOR and PSD-95 protein expression in cortex and 
hippocampus following 5 hours of SD + 1 or 2 hours of additional SD 
or sleep recovery (SR).
Methods: Adult male C57BL/6J mice were sleep deprived for 5 h by 
gentle handling, after which time they were sleep deprived for an ad-
ditional 1–2 hours (SD+1h/2h SD), or allowed to sleep for 1–2 hours 

(SD+1h/2h SR). Experimental animals and homecage controls were 
sacrificed for cortical and hippocampal protein extraction and West-
ern blot protein quantification analysis, allowing for the comparison of 
protein expression changes associated with extended sleep deprivation 
and sleep recovery.
Results: We confirmed previous results, showing downregulated hip-
pocampal p-mTOR expression in SD+1h SD animals compared to 
controls. Additionally, we found that 1 h SR was sufficient to bring 
p-mTOR expression levels back to control levels. In contrast to hippo-
campus, cortical p-mTOR protein levels actually trended slightly high-
er in both the SD+1h SD and SR conditions. Cortical PSD-95 protein 
expression was found to be downregulated in the SD+1h SD conditions, 
as compared to upregulated levels in the SR conditions.
Conclusion: The time-course expression of p-mTOR and PSD-95 pro-
tein during SD and SR highlights a differential role of sleep in plastic-
ity-related protein translation throughout different brain areas. Future 
studies should investigate the effects of varying amounts of SD and SR 
on protein targets along the mTOR pathway involved in cortical and 
hippocampal synaptic plasticity.

0120
INTRINSIC MEMBRANE PROPERTIES AND 
CHOLINERGIC MODULATION OF BASAL FOREBRAIN 
VGLUT2-POSITIVE NEURONS
Yang C, McKenna J, Brown R
VA Boston Healthcare System and Harvard Medical School, Brockton, 
MA

Introduction: Basal forebrain (BF) wake-active neurons play an 
important role in cortical activation, attention and cortical plasticity. 
Among the three major types of BF cortically-projecting neurons (cho-
linergic, GABAergic and glutamatergic), glutamatergic neurons are 
the least understood due to difficulties in identification. Here, we take 
the advantage of a novel transgenic mouse model [vesicular glutamate 
transporter 2 (vGluT2)-tdTomato mice] expressing a red fluorescent 
protein in the major group of BF glutamatergic neurons to characterize 
for the first time the intrinsic membrane properties and neurotransmit-
ter modulation of identified BF glutamatergic neurons.
Methods: vGluT2-cre mice were crossed with cre-tdTomato mice to 
generate vGluT2-tdTomato mice. Whole-cell patch clamp recordings 
were performed on coronal slices from young (13–22 d) vGluT2-tdTo-
mato mice. vGluT2 neurons were identified prior to recording based 
on their expression of tdTomato (red fluorescence). Drugs were bath-
applied.
Results: Unlike BF cholinergic neurons, BF vGluT2 neurons were 
small/medium-sized (14.5 ± 1.4 μm, n = 9), had a small afterhyper-
polarization (−14.0 ± 1.5 mV) and a high maximum firing frequency 
(37.6 ± 8.4 Hz), but did not display an A-type current. Unlike most 
large-sized (> 20 μm) BF GABAergic neurons, vGluT2 were si-
lent at rest. vGluT2 neurons had a time-dependent depolarizing sag 
(80.7 ± 2.8%) due to a small H-current, which distinguishes them from 
small-sized (< 20 μm) GABAergic neurons. The vGluT2 neurons were 
later categorized into two groups: medium-sized (larger than 15 μm, 
n = 3) and small-sized (≤ 15 μm, n = 6). The medium-sized vGluT2 
neurons showed repetitive bursts of action potentials when depolarized, 
and were hyperpolarized by 50 μM carbachol in the presence of tetro-
dotoxin (−18.6 ± 6.4 mV, n = 2), while the small-sized vGluT2 neurons 
exhibited tonic firing while depolarized.
Conclusion: BF glutamatergic neurons have distinct intrinsic mem-
brane properties from BF cholinergic and GABAergic neurons. Unlike 
BF GABAergic neurons, cholinergic inputs have a hyperpolarizing ef-
fect which may facilitate burst firing during wakefulness and REM 
sleep.
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Support (If Any): VA Merit, NIMH R01 MH039683, NHLBI 
HL095491.

0121
BASAL FOREBRAIN PURINERGIC P2 RECEPTOR 
MECHANISMS OF SLEEP-WAKE REGULATION
Yang C1, Kalinchuk A 2, McCarley R1, Brown R1, Basheer R 2

1VA Boston Healthcare System and Harvard Medical School, 
Brockton, MA, 2VA Boston Healthcare System and Harvard Medical 
School, West Roxbury, MA

Introduction: Adenosine triphosphate (ATP) serves as the cellular 
energy source of all organisms and is an important glio- and neuro-
transmitter in the brain. In vivo, extracellular ATP activates purinergic 
P2 receptors (P2Rs), and/or inhibitory adenosine receptors via degra-
dation to adenosine by ectonucleotidases. While the effect of adenos-
ine in basal forebrain (BF) in sleep homeostasis has been extensively 
investigated, little is known about the effect of P2Rs. Thus, we inves-
tigate the effect of selective activation of BF P2Rs on wakefulness and 
on the excitability of BF neurons.
Methods: Reverse microdialysis was used to infuse drugs into BF in 
freely-moving adult male mice. The sleep-wake states were recorded 
with electroencephalography and electromyography. Whole-cell patch 
clamp was performed on coronal slices from GAD67-GFP knock-in 
mice (13–22 d). Cholinergic neurons were GFP-negative and identified 
by their distinctive intrinsic membrane properties. GABAergic neu-
rons were GFP-positive and categorized after recording based on their 
intrinsic membrane properties. Drugs were bath-applied.
Results: A 2-h infusion of 1 mM ATP-γ-S (non-hydrolysable ATP ana-
log) into BF during the light period (ZT3-ZT5) increased wake time by 

~17% compared to ZT1-ZT3 on the same day (no change on baseline 
day; n = 3). In tetrodotoxin, ATP-γ-S (100 μM) depolarized BF cho-
linergic (20.7 ± 4.2 mV, n = 5) and two groups of putative cortically-
projecting GABAergic neurons (large Ih: 12.1 ± 1.4 mV, n = 5; small Ih: 
18.3 ± 2.6 mV, n = 6). An ionotropic-P2XR antagonist, 30 μM PPADS, 
blocked 80–90% of the ATP-γ-S-induced response in cholinergic neu-
rons (n = 5) and the GABAergic neurons with small Ih (n = 4), and 
reduced it by ~30% in GABAergic neurons with large Ih (n = 6).
Conclusion: Our data suggest that application of a P2R agonist to the 
BF increases wakefulness in vivo and excites BF cholinergic and GA-
BAergic neurons in vitro. Therefore, investigation of BF P2Rs’ role in 
promoting wakefulness may contribute to the discovery of novel thera-
peutic agents to promote alertness.
Support (If Any): VA Merit Grant (McCarley, Basheer), NIMH R01 
MH039683, NHLBI HL095491, NINDS R21 NS079866

0122
ROLE FOR NUCLEUS PONTIS ORALIS (PNO) IN THE 
NEURAL NETWORK OF REM SLEEP-CONTROL
Marks GA1, Liang C2

1University of Texas Southwestern Medical Center, Dallas, TX, 
2Department of Veterans Affairs North Texas Health Care System, 
Dallas, TX

Introduction: The PnO has long been identified as part of a REM 
sleep-control network based on the action of a variety of drugs, act-
ing through different receptors, to induce significant increases in REM 
sleep following direct injection into PnO. How mechanisms in PnO in-
teract with these drugs and other putative nodes in the neural network 
of REM sleep-control is largely unknown.
Methods: Here we address the problem by mapping the network in rat 
utilizing triple-label immunohistochemistry and neuronal tract-tracing 
to identify connectivity, neurotransmitter and receptor proteins. This 

is determined at high resolution utilizing fluorescence scanning confo-
cal microscopy. Functional aspects are studied with behavioral phar-
macology using intracerebral injection into PnO.
Results: Utilizing retrograde transport of cholera toxin B ejected into 
the sublaterodorsal nucleus (SLD), a sub-population of GABAergic 
neurons labeled with GAD67 were observed to project to SLD and 
coexpress a variety of receptors including: muscarinic m2 and m4; 
adenosinergic A1; and melanin concentrating hormone MCH-1R. Ag-
onist ligands at these receptors induce REM sleep following injection 
into PnO. Utilizing antibodies to vesicular acetylcholine transporter 
(VAChT), cholinergic boutons in PnO were observed to express GA-
BAa receptor gamma2 subunit apposed by GAD67 labeled varicosities. 
In addition, immunoreactivity for all receptors mediating the action of 
pituitary adenylate cyclase-activating polypeptide (PACAP) and vaso-
active intestinal polypeptide (VIP) were found colocalized to cholin-
ergic boutons. GABAa receptor antagonists and agonists of PACAP 
and VIP injected into PnO result in an atropine sensitive induction of 
REM sleep.
Conclusion: Based on these data and more, we hypothesize the pres-
ence of two network nodes in PnO in the control of REM sleep. One, in 
the control of REM-off activity of GABAergic neurons in PnO project-
ing to SLD influencing REM-on activity in the latter nucleus. And, a 
second node in the control of acetylcholine release in PnO resulting in 
selectively high levels during REM sleep.
Support (If Any): VA Merit Review

0123
OPTOGENETICALLY-EVOKED RESPONSES IN NEURONAL 
NITRIC OXIDE SYNTHASE-POSITIVE CELLS OF THE 
CEREBRAL CORTEX
Schmidt MA1, Zielinski MR 2, Loft JM1, Moore ME1, Gerashchenko D2, 
Wisor JP1

1Washington State University, Spokane, WA, 2Harvard Medical 
School at VA Medical Center, MA

Introduction: A putative sleep-active population of interneurons, de-
fined as such by the expression of Fos in the brains of animals eutha-
nized after protracted deep sleep and identified neurochemically by the 
expression of neuronal nitric oxide synthase (nNOS), may be a local 
regulator of slow wave activity in the cerebral cortex.
Methods: Using a germ line Cre/loxP strategy, we targeted the nNOS 
population of interneurons to express the light-activated cation channel 
Channelrhodopsin2 and the histological marker tdTomato. We applied 
optogenetic stimuli (10-msec blue light pulses at 1 Hz) to the cerebral 
cortex of awake transgene-expressing (n = 10) and negative control 
(n = 11) mice. We also applied optogenetic stimuli to the cerebral cor-
tex of anesthetized transgene-expressing (n = 4) and transgene negative 
control (n = 5) mice. We measured event-triggered electrophysiological 
potentials (n > 500 per animal) at the site of stimulation to generate 
averaged evoked potential curves.
Results: Evoked responses to stimulation occurred in anesthetized 
(F49,147 = 5.97, P < 0.001) and awake, behaving (F199,796 = 3.81, P < 0.001) 
transgene-expressing mice, but not in non-expressor controls in anes-
thetized (F49,196 = 1.06, P = 0.375) or awake (F199,796 = 0.75, P = 0.993) 
conditions. The evoked response was a positive deflection of the elec-
trical potential lasting approximately 200 msec and peaking at 80 msec. 
This evoked response in unanesthetized transgene-expressing mice 
varied as a function of EEG background state (F3,12 = 3.75, P = 0.041): 
the magnitude was maximal when the electroencephalogram (EEG) 
was in a negative polarization state and abolished when the EEG was 
in a positive polarization state at stimulus onset.
Conclusion: nNOS cell-driven potentials are phenomenologically 
similar to slow waves. The polarization state of the EEG is a manifes-
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tation of slow wave oscillations in the activity of underlying pyramidal 
neurons between the relatively depolarized up state and the relatively 
hyperpolarized down state. The data demonstrate responsiveness of 
the cortex to nNOS cells only when it is in the depolarized up state.
Support (If Any): NINDS RO1NS078498 and RO3NS082973.

0124
VGLUT2-TDTOMATO TRANSGENIC MICE AS A MODEL 
SYSTEM FOR INVESTIGATION OF BASAL FOREBRAIN 
GLUTAMATERGIC NEURONS
McKenna JT1, McNally JM1, Yang C1, Gamble M1,2, Hulverson A1,2, 
Winston S1, Thankachan S1, McCarley RW1, Brown RE1

1VA Boston Healthcare/Harvard Medical School, Brockton, MA, 
2Stonehill College, Easton, MA

Introduction: The basal forebrain (BF) plays a crucial role in cortical 
activation, attention, and sleep-wake behavior. Glutamatergic neurons 
are the least well understood of the three major BF neurotransmitter 
classes, due to difficulties in identification. Thus, here, we establish a 
novel transgenic mouse model which expresses a red fluorescent pro-
tein (tdTomato) in BF glutamate neurons, allowing online identifica-
tion and combinatorial approaches with other transgenic mouse lines or 
viral vectors utilizing green/yellow fluorescent proteins.
Methods: Vesicular glutamate transporter, subtype 2 (vGluT2)-td-
Tomato mice were generated by crossing vGluT2-Cre Recombinase 
mice with a Cre-reporter strain expressing tdTomato. Immunohisto-
chemical staining was performed against choline acetyltransferase, to 
confirm that tdTomato was not ectopically expressed in cholinergic BF 
neurons; and calbindin, to identify putative cortically-projecting neu-
rons. Crossing with GAD67-GFP knock-in mice is underway to test 
for co-localization in GABAergic neurons. To investigate BF vGluT2 
projections, floxed adeno-associated viral vectors (AAV) expressing 
ChR2-EYFP (Enhanced Yellow Fluorescent Protein) were unilaterally 
injected into BF.
Results: The distribution of tdTomato+ neurons in the BF of vGluT2-
tdTomato mice was markedly different from that of GABAergic 
(GFP+) neurons in GAD67-GFP knock-in mice and resembled that of 
BF vGluT2+ neurons identified by in situ hybridization in rats. tdTo-
mato was not expressed in cholinergic neurons (N = 2, 1172 neurons 
analyzed). 26.1 ± 4.5% of BF vGluT2-Tomato neurons contained cal-
bindin (N = 2). Efferent projections were identified in frontal cortex 
and midline thalamus as well as fibers apposed to BF cholinergic and 
PV neurons.
Conclusion: BF vGluT2 neurons may play a role in modulation of 
cortical activation through their direct cortical projections and inter-
actions with BF cholinergic and parvalbumin neurons. Validation of 
this mouse model is a critical first step prior to studying their role in 
sleep-wake behavior, using in vivo optogenetic or pharmacogenetic 
approaches and will facilitate study of their properties using in vitro 
intracellular recordings.
Support (If Any): Department of Veterans Affairs NIMH R01 
MH039683 and NHLBI P01 HL095491

0125
OPTOGENETIC INHIBITION OF GLUTAMATERGIC 
NEURONS IN THE BASOLATERAL AMYGDALA (BLA) 
INCREASES POST-STRESS REM IN MICE
Machida M, Wellman LL, Fitzpatrick ME, Kuzmina O, Demick AM, 
Lonart G, Sanford LD
Eastern Virginia Medical School, Norfolk, VA

Introduction: One of our primary research goals is to understand the 
linkages between stress-related disturbances in sleep and the develop-

ment of psychopathology. Previously, we and others have demonstrated 
that experiencing inescapable shock (IS) produces a prominent reduc-
tion in sleep of mice (in particular, REM) whereas allowing escape can 
increase REM. We recently found that the glutamatergic regulation of 
BLA is important for mediating the effects of IS and IS-related mem-
ories on REM. For example, optogenetic inhibition of glutamatergic 
neurons in BLA during IS blocked reductions in REM in the immedi-
ate post-stress period and altered the ability of fear memory to reduce 
REM without blocking fear behavior or the stress response. Here, we 
extend these findings and examined the relationship between longer-
term, post-IS changes in REM and subsequent fear-induced behaviors 
and sleep.
Methods: Mice were stereotaxically injected with AAV-CaMKIIa-
eNpHR3.0-eYFP into BLA to target glutamate neurons and were sur-
gically implanted for telemetric monitoring of sleep and with optic 
fibers aimed into BLA for light stimulation. After recovery, the ani-
mals received 20 footshocks (0.5 mA, 0.5 sec duration, 1.0 min inter-
val). Inhibitory light stimulation started 5 sec prior to shock onset and 
continued for 5 sec after shock offset. Post-stress sleep was visually 
scored for 20 h.
Results: Peri-shock inhibition of BLA blocked the normal IS-induced 
reduction in REM and also produced a significant increase in REM, 
which was more prominent during the dark period in comparison to 
baseline. This increase in REM was associated with a normalization of 
REM on testing with contextual fear.
Conclusion: These results demonstrate a pivotal role of glutamatergic 
neurons in BLA in the neurocircuitry mediating the effects of stress- 
and fear memory on REM. The increase in REM may reflect an adap-
tive response to stress as REM has been hypothesized to play a role in 

“decoupling” memory from its emotional charge.
Support (If Any): This work was supported by NIH research grant 
MH64827.

0126
RECIPROCAL PROJECTIONS BETWEEN 
CORTEX AND BASAL FOREBRAIN - AN IN VITRO 
ELECTROPHYSIOLOGICAL STUDY
Ferrari LL, Arrigoni E
BIDMC/Harvard Medical School, Boston, MA

Introduction: The basal forebrain (BF) is an essential wake-promot-
ing region that contains a heterogeneous population of neurons. BF 
cholinergic neurons fire in association with wakefulness and REM 
sleep, and they promote cortical activation. These neurons also receive 
a robust glutamatergic input, which might contribute to their behav-
ioral state-dependent activity. The cortex is heavy innervated by the 
BF and provides reciprocal glutamatergic inputs back to the BF. Here 
we used a ChR2-assisted-circuit-mapping approach to identify BF neu-
rons targeted by the medial prefrontal cortex (mPFC)
Methods: We used ChAT-IRES-cre, Vgat-IRES-Cre and Vglut2-
IRES-cre mice that express Cre recombinase respectively in cho-
linergic, GABAergic and glutamatergic neurons. We placed two 
adeno-associated-viral (AAV) injections in each mouse. We injected 
an AAV-FLEX-hrGFP into the BF of each type of cre-expressing 
mouse line to label cholinergic, GABAergic or glutamatergic BF neu-
rons. We also injected AAV-CaMKIIa-hChR2(H134R)-mCherry into 
the mPFC to express ChR2 in glutamatergic cortical neurons. We per-
formed whole-cell recordings in BF slices and targeted MCPO/SI neu-
rons that expressed GFP. We photostimulated ChR2 expressing axons/
terminals using blue-light (473 nm) pulses.
Results: Photostimulation of cortical axons/terminals expressing 
ChR2-mCherry evoked short latency (shorter than 6 ms) excitatory 
post synaptic currents (EPSCs) in GABAergic and glutamatergic 
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MCPO/SI neurons. These photo-evoked EPSCs were abolished by 
DNQX, indicating that were mediated by the release of glutamate and 
by the activation of AMPA postsynaptic receptors. However, photo-
stimulation of cortical axons/terminals failed to evoke short-latency 
synaptic responses in BF cholinergic neurons, suggesting a lack of di-
rect cortical projection onto BF cholinergic neurons. We found instead 
that photostimulation of cortical input produced delayed (longer than 
10 ms) inhibitory postsynaptic currents (IPSCs) in cholinergic MCPO/
SI neurons. These photo-evoked IPSCs were abolished by bicuculline 
indicating that were mediated by the release of GABA and by the ac-
tivation of GABAA postsynaptic receptors. The photo-evoked IPSCs 
were also blocked by DNQX indicating their di-synaptic nature.
Conclusion: Previous studies have shown that BF neurons diffusely 
innervate the cortex, and our results demonstrate functional projec-
tions back from the cortex to the BF. These projections mainly con-
tact GABAergic and glutamatergic neurons, but there appears to be no 
direct innervation of BF cholinergic neurons. Cortical glutamatergic 
input may produce a feed-forward inhibition of BF cholinergic neu-
rons through the activation of local BF GABAergic cells. Much sleep 
research emphasizes ascending arousal signals, and our results now 
demonstrate functionally important descending projections from the 
mPFC which may influence behavioral state.
Support (If Any): NHLBI (HL095491) and NINDS (NS061863)

0127
A NOVEL THETA-GAMMA COUPLING DURING RAPID 
EYE MOVEMENT SLEEP IN RATS
Fink AM, Vern BA, Carley DW, Topchiy I
University of Illinois at Chicago, Chicago, IL

Introduction: Defining interactions among brain oscillations in differ-
ent frequency bands is important for understanding complex behaviors 
such as learning and memory. Oscillations in the theta and gamma 
frequency range (5–12 Hz and 30–120 Hz, respectively) occur con-
comitantly during wakefulness and rapid eye movement (REM) sleep. 
Variations in these oscillations, as well as alternations in their coupling, 
may reflect changes in information processing. The aim of this study 
was to explore the characteristics of cortical theta and gamma oscilla-
tions, as well as their coupling, in rats undergoing 20-hr polysomnog-
raphy.
Methods: Electrodes were implanted to record the frontal and pari-
etal electroencephalogram (EEG) and nuchal muscle electromyogram 
in rats (N = 8). For each REM period we determined the variation of 
power and frequency for gamma and theta oscillations by Fast Fou-
rier Transformation (FFT; Welch method) implemented using Matlab-
based algorithms. All REM FFT data were normalized to the averaged 
spectrum obtained during non-REM sleep. We then conducted cross-
correlation analyses between the variations of theta frequency and 
those of power within 5 Hz-width sub-bands of gamma activity. Statis-
tical significance was set at p < 0.01.
Results: We recorded a total of 103 REM sleep periods and selected 
46 for analysis based on the absence of artifact. The frequency and 
power of theta were significantly higher during REM sleep than dur-
ing wakefulness. In 83% of cases, there were statistically significant 
cross-correlations between theta frequency variation and gamma 
power across the range 30–120 Hz, which also was significantly higher 
during REM sleep.
Conclusion: An exploration of EEG-banded power across sleep-wake 
states revealed a pattern of coupled theta-gamma activity associated 
with REM sleep. This phenomenon may represent a unique fingerprint 
of REM sleep that correlates with behaviors. Future studies will de-
termine whether these REM-related theta-gamma interactions are as-

sociated with performance on cognitive tasks, such as navigation and 
memory, in rats.
Support (If Any): National Institute on Aging (R01AG016303) and 
University of Illinois at Chicago Chancellor’s Discovery Fund.

0128
HYPOCRETIN AND NOREPINEPHRINE INTERACTIONS 
IN ZEBRAFISH LARVAE
Oikonomou G, Singh C, Prober DA
California Institute of Technology, Pasadena, CA

Introduction: The hypothalamic neuropeptide hypocretin is a major 
regulator of wakefulness in vertebrates, including the diurnal teleost 
zebrafish. The neurotransmitter norepinephrine, supplied to the central 
nervous system by efferent projections of the locus coeruleus, has been 
shown to promote arousal in many vertebrate model systems.
Methods: Here we employ a pharmacological approach and high-
throughput behavioral experiments to investigate interactions between 
hypocretin and norepinephrine in larval zebrafish.
Results: We previously showed that overexpression of hypocretin us-
ing a heat-shock inducible system (HS-Hcrt) induces an insomnia-like 
state. Conversely, we find that the alpha-adrenergic antagonist prazo-
sin increases sleep during both day and night. When HS-Hcrt larvae 
are subjected to heat shock, we find that the majority of the insomnia 
phenotype is inhibited by prazosin.
Conclusion: These, as well as other pharmacological studies, suggest 
that norepinephrine is a major mediator of the hypocretin system in 
larval zebrafish, similar to what has been shown in mammals. Thus 
zebrafish could provide a useful diurnal vertebrate system for inves-
tigating interactions between arousal promoting centers in the brain.
Support (If Any): Research was supported by grants from NINDS 
(NS060996, NS070911), NIDA (DA031367), the Mallinckrodt Founda-
tion, the Rita Allen Foundation and the Brain and Behavior Research 
Foundation.

0129
GABAERGIC NEURONS IN THE VENTROLATERAL 
PERIAQUEDUCTAL GREY SUPPRESS RAPID EYE 
MOVEMENT (REM) SLEEP IN MICE
Vetrivelan R, Lu J, Saper CB
Beth Israel Deaconess Medical Center, Boston, MA

Introduction: Previous studies have established the role of the ven-
trolateral periaquaductal grey/lateral pontine tegmentum (vlPAG/LPT) 
in suppressing rapid eye movement (REM) sleep. Because cytotoxic 
lesions and pharmacological inhibition of the vlPAG/LPT produced an 
increase in REM sleep, we hypothesized that GABAergic neurons in 
the vlPAG/LPT are critical for REM sleep suppression. To test this hy-
pothesis, we herein selectively activated and silenced vlPAG/LPT GA-
BAergic neurons using Designer Receptors Exclusively Activated by 
Designer Drugs (DREADDs), a pharmacogenetic method, and studied 
changes in REM sleep in mice.
Methods: Adult male Vgat-Cre mice [transgenic mice expressing cre 
recombinase (Cre) specifically in GABA neurons (containing vesicular 
GABA transporter, Vgat)] were stereotaxically injected with Cre-de-
pendent adeno-associated viral vectors (AAVs) containing the stimula-
tory (hM3Dq) or inhibitory (hM4Di) DREADD into the vlPAG/LPT 
bilaterally. These mice were then implanted with telemetry transmit-
ters to record electroencephalogram and electromyogram. Four weeks 
after the surgical procedure, all mice were intraperitoneally (IP) in-
jected with saline (vehicle) or clozapine-N-oxide (CNO, ligand for 
DREADDs; 0.3 mg/kg) on 2 occasions (10 am and 7 pm) and post-
injection recordings were carried out for 24 h. Three days after the final 
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recordings, the mice were injected with CNO, perfused after 3 hours 
and the harvested brains were processed for DsRed+cFos immunohis-
tochemistry to identify the DREADD-expressing neurons activated by 
IP CNO.
Results: Selective activation of Vgat+ neurons in the vlPAG/LPT by 
IP CNO resulted in significant reduction in REM sleep amounts for 
5 h when compared to IP saline in the same mice (n = 7). Complete 
PS suppression upto 4 h was observed depending upon the spread of 
AAV injections in the vlPAG/LPT. In contrast, selective inhibition of 
vlPAG/LPT Vgat+ neurons produced moderate (~20%) increase in PS 
amounts (n = 4).
Conclusion: GABAergic neurons in the vlPAG/LPT actively suppress 
REM sleep in mice and thus may play an important role in termination 
of REM sleep episodes.
Support (If Any): This research was supported by National Institutes 
of Health grants P01-AG09975,R01-NS072337 and R21-NS074205

0130
PHARMACOGENETIC ACTIVATION OF THE AMYGDALA 
PROMOTES CATAPLEXY IN NARCOLEPTIC MICE
Snow MB, Peever JH
University of Toronto, Toronto, ON, Canada

Introduction: Narcolepsy is a sleep disorder caused by loss of orexin 
(hypocretin) neurons in the hypothalamus. Cataplexy is a particularly 
debilitating symptom of narcolepsy characterized by abrupt, involun-
tary loss of muscle tone during wakefulness. The neural circuits me-
diating cataplexy are poorly understood. Cataplexy is often triggered 
by strong positive emotions, and the amygdala is hypothesized to play 
a role in its onset. The goal of this study is to establish whether the 
amygdala mediates cataplexy by determining how reversible activation 
of this region impacts cataplexy in narcoleptic mice.
Methods: The central nucleus of the amygdala (CeA) of five orexin 
knockout mice, a mouse model of narcolepsy, was bilaterally injected 
with 200 nL of a recombinant adeno-associated viral (rAAV) vector 
containing a Designer Receptor Exclusively Activated by Designer 
Drugs (DREADD) (rAAV/hSyn-hM3Dq-mCherry). Neurons express-
ing this DREADD are activated by clozapine-N-oxide (CNO, 2.5–5 
mg/kg). Electroencephalogram, electromyogram, and video data were 
collected overnight following intraperitoneal CNO or saline (control) 
injections to evaluate changes in sleep/wake architecture and cataplexy.
Results: We found that CNO-induced activation of CeA neurons in-
creased the amount of time orexin knockout mice spent in cataplexy 
(p < 0.05) but not wakefulness. CeA activation triggered more cata-
plexy episodes (p < 0.05), but did not change the average duration of 
individual attacks. Importantly, CNO-induced cataplexy attacks were 
indistinguishable from episodes occurring during control conditions. 
Specifically, we found levels of muscle atonia, theta activity (4–8 Hz; 
total spectral power), and cataplexy duration were identical under both 
saline and CNO conditions, suggesting CNO-induced CeA activation 
produces cataplexy attacks that resemble spontaneous cataplexy events.
Conclusion: Our results are important because they suggest that the 
amygdala, and particularly the CeA, is an integral part of the neuro-
circuitry underlying emotionally-induced cataplexy in narcolepsy. Un-
derstanding how orexin cell loss impacts normal amygdala function is 
an important next step in dissecting mechanisms of cataplexy.
Support (If Any): This research was funded by the Canadian Insti-
tutes of Health Research (CIHR), the Natural Sciences and Engineer-
ing Research Council of Canada (NSERC), and the CIHR Sleep and 
Biological Rhythms Toronto Training Program.

0131
CORTICAL NEURONAL FIRING RATES INCREASE 
DURING RAPID EYE MOVEMENT SLEEP EPISODES IN 
YOUNG AND OLDER MICE
McKillop LE, Cui N, Fisher SP, Vyazovskiy VV
Department of Physiology, Anatomy and Genetics, Oxford, United 
Kingdom

Introduction: Sleep consists of alternations between two states—non-
rapid eye movement (NREM) and REM sleep. The mechanisms and 
functional significance of transitions into REM sleep are unclear. In 
this study we investigated the dynamics of cortical multiunit neuronal 
activity (MUA) occurring during individual REM episodes in young 
and older mice.
Methods: MUA was recorded from the primary motor cortex of young 
(92 ± 17 days, n = 4) and older (346 ± 4 days, n = 6) male C57BL/6J 
mice, using a 16 channel microwire array. REM sleep episodes from 
the middle three hours of the light period (LD 12:12) were scored man-
ually, using cortical EEG and EMG. REM episodes that were artefact-
free and > 60 sec in duration were included in the analyses (5.9 ± 1.0 
and 4.9 ± 0.6 for young and older mice, respectively). Only recording 
channels with robust MUA were included (13.0 ± 1.4 and 15.2 ± 0.5 
channels per animal in young and older mice, respectively). MUA was 
analysed across REM episodes divided into six equal intervals.
Results: MUA showed substantial variability between individual re-
cording channels and within REM episodes, although on average there 
was an increase in overall firing rates within a REM sleep episode 
(young: +11.7 ± 8.0%, p = 0.07; older: +14.9 ± 4.0%, p = 0.01, repeated 
measures ANOVA). In young mice 10 channels showed an overall de-
crease in MUA, 4 remained stable and 29 channels increased by > 5%. 
The corresponding values in older mice were 16, 9 and 58 channels, 
respectively. Although firing rates on average increased throughout 
REM episodes, the maximal value was often attained earlier in the 
episode, and was significantly different between ages (young: episode 
interval 4.0 ± 0.1, older: 3.7 ± 0.1, p = 0.03, paired t-test).
Conclusion: Overall, neuronal firing rates in the primary motor cortex 
increased across individual REM episodes, irrespective of age. The 
results are consistent with the notion that REM sleep may be involved 
in the overall regulation of cortical excitability and sleep homeostasis.
Support (If Any): BBSRC Industrial CASE grant (BB/K011847/1), 
Eli Lilly and Company, MRC NIRG (MR/L003635/1), FP7-PEOPLE-
CIG (PCIG11-GA-2012-322050), and Wellcome Trust Strategic Award 
(098461/Z/12/Z).
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0132
NEURAL TRANSLIN IS REQUIRED FOR SLEEP-
METABOLISM INTERACTIONS
Keene AC
University of Nevada, Reno, NV

Introduction: Neural regulation of sleep, appetite and energy homeo-
stasis is essential to an animal’s survival under stringent evolutionary 
pressure. Dysregulation of sleep is strongly linked to metabolic dis-
ease such as obesity and diabetes. Fruit flies, like mammals, modulate 
sleep-wake cycles in accordance with their nutritional needs, providing 
the opportunity to characterize the neural basis for metabolic regula-
tion of sleep.
Methods: A neuron-specific RNA interference screen isolated trans-
lin (trsn), an mRNA/DNA binding-protein, that is highly conserved 
among species was isolated. Neural specific trsn knock-down results 
in flies that fail to suppress sleep during starvation but have normal 
energy stores, indicating that trsn is required for modification of sleep 
in accordance with metabolic state.
Results: Current work seeks to characterize the cellular and neuroana-
tomical function of trsn to determine how sleep and metabolic state are 
integrated. trsn knock-down and trsn null flies display normal feeding 
behavior suggesting trsn is not required for the induction of hunger 
dependent behaviors. Tissue specific knock-down experiments reveal 
that trsn functions in peptidergic neurons that innervate the Insulin 
Producing Cells. Insulin levels are constitutively upregulated in trsn 
mutnats and mutation of specific insulin like peptides rescue the sleep 
phenotype of trsn mutant flies, suggesting trsn regulates insulin signal-
ing to modulate sleep during starvation.
Conclusion: Taken together, these experiments indicate trsn is a novel 
integrator of sleep and metabolic state.
Support (If Any): 1R01 NS085252
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0133
GABAERGIC REGULATION OF THE CENTROMEDIAN 
THALAMUS AND CONTROL OF CORTICAL ACTIVATION 
IN THE MOUSE
Brown RE1, McNally JM1, McKenna JT1, Yang C1, Hulverson A 2, 
Gamble M2, Wood P2, Kim B3, Choi JH3

1VA BHS & Harvard Medical School, Brockton, MA, 2Stonehill 
College, Easton, MA, 3Korea Institute of Science and Technology, 
Seoul, Korea, Republic of

Introduction: Vegetative and minimally conscious states (VS/MCS) 
are devastating neurological conditions with limited therapeutic op-
tions. Improved function has been observed in some VS/MCS patients 
following application of drugs affecting the basal ganglia or electri-
cal stimulation of the centromedian thalamus (CM). In particular, the 
paradoxical arousing effect of the hypnotic, zolpidem, may be due to its 
facilitation of GABA-A receptors containing α1 subunits on basal gan-
glia outputs which target CM (Schiff, 2010). Here we test this model in 
the mouse using optogenetic techniques.
Methods: We used optogenetic techniques to test the effect of stimu-
lation or inhibition of CM & SNr on the cortical EEG. We used ana-
tomical tracing to confirm the connection between SNr and CM in the 
mouse and immunohistochemistry to test if the subset of SNr neurons 
containing parvalbumin (PV) express GABA-A receptors containing 
α1 subunits. In vitro optogenetic experiments tested the effect of the 
GABAB receptor agonist baclofen on the SNr PV→CM pathway.
Results: Excitation of CM enhanced cortical gamma-band power, par-
ticularly in frontal regions. Conversely, inhibition of CM suppressed the 
40 Hz auditory steady-state response. Tracing experiments revealed a 
major input to CM from SNr parvalbumin (PV) neurons. Furthermore, 
SNr PV neurons stained for the α1 GABA-A receptor subunit. Notably, 
bilateral stimulation of SNr PV neurons elicited an EEG peak at ~8 
Hz, reminiscent of that observed in zolpidem-responsive VS/MCS pa-
tients, and thus may be an EEG biomarker of responsive patients. The 
GABA-B receptor agonist, baclofen, inhibited the GABAergic inputs 
to CM in vitro.
Conclusion: Our data in the mouse support the Schiff 2010 meso-
circuit model that increased activity of basal ganglia inputs to CM 
causes impairments in the generation of EEG activity required for 
conscious states. Use of an in vitro optogenetic approach may be ben-
eficial in identifying novel therapeutic agents which downregulate the 
SNr→CM pathway.
Support (If Any): Department of Veterans Affairs, NIMH R01, NHL-
BI P01 HL095491, SURE Fellowships from Stonehill College

0134
MELATONIN IS REQUIRED FOR THE CIRCADIAN 
REGULATION OF SLEEP
Gandhi AV, Mosser E, Oikonomou G, Prober DA
California Institute of Technology, Pasadena, CA

Introduction: Sleep is regulated by homeostatic and circadian pro-
cesses, but the molecules underlying the circadian process are unclear. 
Melatonin is a good candidate because the circadian clock regulates its 
production and it can induce sleep in some contexts. However the ef-
ficacy of exogenous melatonin in promoting sleep is controversial and 
the function of endogenous melatonin is unknown. Determining the 
role of endogenous melatonin in sleep has been difficult because it is 
produced at night in both nocturnal and diurnal animals, and because 
mouse strains commonly used for genetic studies produce little or no 
melatonin. To clarify the role of endogenous melatonin in regulating 
sleep and circadian rhythms in a diurnal vertebrate, we generated ze-

brafish that lack melatonin due to mutation of arylalkylamine N-acet-
yltransferase 2 (aanat2).
Methods: We compared the sleep/wake behavior of aanat2 mutant ze-
brafish larvae to their wild-type siblings using a high-throughput vid-
eotracking assay.
Results: Under standard light/dark conditions, aanat2 mutants have 
defects in the initiation and maintenance of sleep at night, but have nor-
mal daytime sleep/wake behaviors, indicating that endogenous mela-
tonin is required to promote sleep at night. In free-running conditions, 
the circadian regulation of sleep is abolished in aanat2 mutants, indi-
cating that melatonin is required for the circadian regulation of sleep. 
In contrast to claims that melatonin affects sleep indirectly via the cir-
cadian system, the aanat2 mutant phenotype persists in animals that 
lack entrained circadian rhythms, suggesting that melatonin directly 
engages the sleep/wake regulatory system. While it has been claimed 
that melatonin is required for circadian rhythms, we found that mo-
lecular and behavioral circadian rhythms are normal in aanat2 mutants. 
Finally, we provide evidence that melatonin promotes sleep in part by 
stimulating adenosine signaling, thus potentially linking homeostatic 
and circadian regulation of sleep.
Conclusion: Our results suggest that melatonin mediates the circadian 
process of the two-process model of sleep regulation.
Support (If Any): Research was supported by grants from NINDS 
(NS060996, NS070911), NIDA (DA031367), the Mallinckrodt Founda-
tion, the Rita Allen Foundation and the Brain and Behavior Research 
Foundation

0135
ANTERIOR INSULA REGULATES PATTERNS OF SLEEP 
AND WAKEFULNESS
Chen MC1, Chiang W2, Yugay T 2, Patxot M2, Özçivit &1, Zhang Y3, 
Lo M3, Hu K 2, Lu J1

1Beth Israel Deaconess Medical Center, Boston, MA, 2Brigham 
and Women’s Hospital, Boston, MA, 3National Central University, 
Taoyuan City, Taiwan

Introduction: The brainstem, hypothalamus, and cortex interact to 
generate sleep and its behavioral and electrophysiological properties. 
The role of specific cortical regions in sleep-regulating circuits is un-
clear. The anterior insula has strong reciprocal connectivity with wake 
and sleep-promoting brainstem regions, and dysfunction of this region 
has been implicated in sleep disorders like insomnia. We hypothesized 
that the anterior insula regulates patterns of sleep and wakefulness.
Methods: To test this hypothesis, we lesioned the anterior insula in 
rats and measured sleep-wake patterns with electroencephalography 
(EEG), electromyography (EMG), and video recordings. We also ex-
amined chronic activity patterns using infrared sensors.
Results: Compared to control animals, anterior insula lesion animals 
had less wakefulness and more rapid eye movement (REM) sleep and 
non-REM (NREM) sleep. Insula lesion animals were unable to sustain 
wakefulness, especially during the active dark period. Insula lesion an-
imals also had more transitions from NREM to REM sleep, especially 
during the inactive light period. Chronic infrared monitoring revealed 
that insula lesion animals also had disturbed fractal patterns of activity 
but intact circadian rhythms.
Conclusion: These results suggest that the anterior insula regu-
lates sleep and activity patterns. Projections to brainstem sleep and 
wake-promoting regions may allow the insula to regulate wakeful-
ness, NREM, and REM sleep and sustain normal patterns of activity 
throughout the day. Dysfunction of the anterior insula may underlie 
changes in sleep/wake patterns in neurological and psychiatric disor-
ders.
Support (If Any): MCC is supported by The Davis Foundation.
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0136
DISCOVERY OF A NEUROPEPTIDE SIGNALING PATHWAY 
THAT REGULATES SLEEP/WAKE BEHAVIOR IN 
ZEBRAFISH
Chiu CN1, Rihel J2, Lee DA1, Singh C1, Mosser EA1, Schier AF3, 
Prober DA1

1California Institute of Technology, Pasadena, CA, 2University 
College London, London, United Kingdom, 3Harvard University, 
Cambridge, MA

Introduction: The discovery of the neuropeptide hypocretin’s role in 
regulating sleep was a major breakthrough in sleep research and un-
derscored the potential of genetic approaches to discover new sleep 
regulators. However, few molecular regulators of sleep have been dis-
covered since.
Methods: To identify genes that regulate vertebrate sleep, we per-
formed an inducible genetic overexpression screen using a high-
throughput larval zebrafish locomotor activity assay.
Results: We found that overexpression of neuromedin U (Nmu) dra-
matically increased locomotor activity and decreased sleep during 
both the day and night. To identify the signaling pathways that me-
diate this phenotype, we mutated the zebrafish orthologs of the two 
mammalian Nmu receptors. We found that Nmur2, which is primarily 
expressed in the central nervous system, and not Nmur1, which is ex-
pressed at lower abundance in the CNS, is required for Nmu-induced 
arousal. Previous studies hypothesized that Nmu promotes behaviors 
associated with stress via the hypothalamic-pituitary-adrenal (HPA) 
axis, which is initiated by hypothalamic corticotropin-releasing hor-
mone (Crh) signaling and ultimately stimulates adrenal production of 
glucocorticoids. We found that the Nmu overexpression phenotype 
persists in zebrafish glucocorticoid receptor mutant larvae, suggesting 
that the HPA axis is not required for Nmu-induced arousal. Instead, 
we found that Nmu overexpression activates crh-expressing neurons 
in the rostral brainstem. These cells may be analogous to mammalian 
brainstem Crh neurons in the locus coeruleus and parabrachial nucleus, 
which play an important role in sleep/wake regulation.
Conclusion: Taken together, our data identify a role for Nmu in regu-
lating sleep/wake behaviors and suggest that the relevant effectors are 
arousal systems in the brainstem rather than the classical HPA axis in 
the periphery.
Support (If Any): Research was supported by grants from NINDS 
(NS060996, NS070911), NIDA (DA031367), the Mallinckrodt Founda-
tion, the Rita Allen Foundation and the Brain and Behavior Research 
Foundation.

0137
GLUTAMATERGIC INPUT TO OREXIN NEURONS IS 
DECREASED AFTER MILD TRAUMATIC BRAIN INJURY 
AND RESTORED BY DIETARY THERAPY
De Luche SE1, Churchill MJ1, Cocking DL1, Moore C1, Meshul CK1,2, 
Lim MM1,2

1VA Portland Healthcare System, Portland, OR, 2Oregon Health & 
Science University, Portland, OR

Introduction: Traumatic brain injury (TBI) causes difficulty in main-
taining wakefulness, in part explained by decreased activity/levels 
of orexin. Dietary supplementation with branched chain amino acids 
(BCAA; precursors to de novo glutamate synthesis in brain) restores 
wakefulness and orexin activity in mice with TBI. One possible mech-
anism to explain decreased orexin activity/levels following TBI is de-
creased excitatory inputs. We hypothesized that TBI would decrease 
pre-synaptic glutamate levels within terminals contacting orexin neu-

rons, and that dietary BCAA therapy would restore glutamate in these 
terminals.
Methods: Mice were randomized to receive no TBI, mild TBI, or mild 
TBI plus dietary BCAA therapy for 1 week (n = 8 per group) using 
lateral fluid percussion injury. Brain tissue was processed for electron 
microscopy first by orexin pre-embed immunolabeling, followed by 
glutamate post-embed immunogold labeling. Thirty images of pre-
synaptic terminals synapsing onto three types of orexin-labeled post-
synaptic structures (i.e. dendrites, cell bodies and dendritic spines) 
were collected from each animal. Synapses were subdivided into asym-
metrical (excitatory) or symmetrical (inhibitory) contacts. Glutamate 
particles within pre-synaptic terminals were counted and analyzed us-
ing one-way ANOVA followed by Bonferroni post-hoc comparisons.
Results: The density of glutamate labeling within terminals making 
asymmetrical synaptic contact onto orexin- labeled dendrites was sig-
nificantly decreased following TBI, compared to naïve mice and TBI 
mice receiving BCAA therapy. Furthermore, TBI mice showed a sig-
nificantly increased terminal area for asymmetrical synaptic contacts 
onto orexin-labeled cell bodies compared to naïve mice; however, this 
effect was not restored by BCAA therapy.
Conclusion: TBI decreases the density of glutamate immunogold la-
beling within nerve terminals making an excitatory synaptic contact 
onto orexin neurons, and this is restored by dietary BCAA supplemen-
tation. Increased nerve terminal area within synapses contacting orex-
in cell bodies may reflect irreversible swelling of afferent projections 
after TBI. These results suggest a possible mechanism by which TBI 
compromises orexin neuron function and causes sleep-wake distur-
bances, and highlight a potential therapy that enhances glutamatergic 
input to orexin neurons.
Support (If Any): American Sleep Medicine Foundation to MML; 
Portland VA Research Foundation to SED and MML; Department of 
Veterans Affairs Merit Review (#I01BX 001643A) to CKM.

0138
CGRP NEURONS IN THE EXTERNAL LATERAL 
PARABRACHIAL NUCLEUS REGULATE HYPERCAPNIA - 
INDUCED AROUSALS
Kaur S, Kroeger D, Fuller PM, Saper CB
Beth Israel Deaconess Medical Centre and Harvard Medical School, 
Boston, MA

Introduction: We have reported that glutamatergic signaling in the 
lateral parabrachial area that includes both the lateral crescent and 
external lateral PB (PBel) regulates cortical arousals to hypercapnia 
[J Neurosci,  2013]. The majority of the PBel neurons express calcito-
nin gene-related peptide (CGRP), and are possibly a necessary relay for 
the hypercapnic signal to cause arousal.
Methods: We conducted optogenetic inhibition of CGRP PBel neu-
rons selectively in CGRP-CreER mice (n = 5) and tested their arousal 
responses to 10% CO2. On one side of the brain, we injected an ade-
no-associated virus containing the gene for Archaerhodopsin TP009 
T in a Cre-inducible FLEX cassette (AAV-FLEX-ArchT-GFP), that 
expressed ArchT in CGRP+ PBel cells. On the other side we deleted 
the CGRP neurons by injecting a Cre dependent virus expressing the 
diphtheria toxin subunit A (AAV-FLEX-DTA). Mice were also instru-
mented for sleep recording and glass fiber. To model cyclic hypercap-
nia as seen during sleep apnea, we investigated EEG arousals to 10% 
CO2 given for 30 s every 300 s. We compared the cortical arousals to 
10% CO2 in these mice, with and without the 593 nm laser light that 
hyperpolarize the CGRP-PBel.
Results: Without laser, mice showed normal responses to CO2 (arousal 
latency 16.8 ± 0.6 sec), and woke-up on every CO2 trial (0% failure to 
arouse). With 593 nm laser-ON, the arousal latency increased five-fold 
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(74.4 ± 6.9 sec) and in 43.7 ± 5.2% of the trials mice did not wake up 
to CO2 stimulus. ArchT-induced inhibition of CGRP-PBel had no ef-
fect on sleep and wake percentages, and on their responses to acoustic 
stimuli.
Conclusion: These results suggest that CGRP-PBel neurons mediate 
cortical EEG arousals to hypercapnia, by projecting to the lateral hy-
pothalamus, basal forebrain, and central nucleus of amygdala. Current 
studies are underway to dissect the role of these targets of the CGRP-
PBel neurons in CO2 arousal.
Support (If Any): NIH grant -P01 HL095491.

0139
DIET/ENERGY BALANCE AFFECT WAKEFULNESS 
INDEPENDENT OF BODY WEIGHT
Perron IJ1,2, Veasey S1, Pack AI1

1Center for Sleep and Circadian Neurobiology, Philadelphia, PA, 
2Neuroscience Graduate Group, Philadelphia, PA

Introduction: Obesity is strongly associated with sleep/wake distur-
bances, even in individuals without obstructive sleep apnea or nar-
colepsy. In rodent models of adiposity, sleep/wake abnormalities can 
be rescued by diet-induced weight loss. Therefore, it was posited that 
sleep/wake alterations are secondary to increased body weight. How-
ever, an alternate explanation is that diet and/or energy balance drives 
sleep abnormalities, potentially independent of body weight. To test 
this, we implemented a novel feeding paradigm that generates mice of 
equal body weight, but opposing energetic statuses.
Methods: Adult mice were randomized to receive either regular chow 
(RC; 13.5% kcal from fat) or high fat diet (HFD; 45% kcal from fat) for 
eight weeks. Subsets of mice from each group were then fed the oppo-
site diet, causing newly-fed HFD mice to gain weight and RC-fed mice 
to lose weight. One week post-diet switch, the two groups of mice were 
of equal body weight. Sleep/wake behavior was assessed at baseline 
(Week 0), pre-diet switch (Week 8), and post-diet switch (Week 9).
Results: Consistent with previous studies, chronic HFD-feeding 
increases both total sleep time (p < 0.05, t-test) and sleep and wake 
fragmentation (p < 0.0001, t-test). We found that one week of HFD sig-
nificantly decreases total wake time (p < 0.05, one-way ANOVA with 
Holm-Sidak’s correction) and worsens wake fragmentation in the dark 
phase (p < 0.001, two-way ANOVA, H-S), while acute RC improves 
total wake time and wake consolidation. In comparing groups in our 

‘diet switch’ paradigm, we found that RC-fed mice spend more time 
awake than HFD-fed mice (p < 0.05, t-test) despite having similar body 
weight and caloric intake at this time point.
Conclusion: Our study provides evidence that acute dietary alterations 
are sufficient to drive sleep/wake behavioral changes. Further, adipos-
ity is not necessary to induce these wake impairments.

0140
DRONABINOL, A CANNABINOID RECEPTOR AGONIST, 
MODIFIES SLEEP ARCHITECTURE IN CONSCIOUS 
SPRAGUE-DAWLEY RATS
Calik MW, Carley DW
University of Illinois at Chicago, Chicago, IL

Introduction: Untreated obstructive sleep apnea (OSA) is associated 
with cardiovascular and metabolic diseases. Treatments for OSA are 
limited, and there are currently no pharmacological treatments. In 
anesthetized rats, dronabinol attenuates reflex apnea via activation 
of cannabinoid (CB) receptors located on vagal afferents, and reflex 
apnea attenuation is blocked by systemic pre-treatment with cannabi-
noid type 1 (CB1) and/or type 2 (CB2) receptor antagonists. Here, we 

examine the effects on sleep architecture of dronabinol, alone and in 
combination with selective antagonists.
Methods: Adult male Sprague-Dawley rats were anesthetized and 
implanted with bilateral stainless steel screws into the frontal/parietal 
bones of the skull for EEG recording and bilateral wire electrodes into 
the nuchal muscles for EMG recording. The EEG/EMG leads were 
soldered to a miniature connector and fixed to the skull. Rats were al-
lowed to recover from surgery for one week. Each animal was recorded 
by polysomnography on multiple occasions (10:00 to 16:00) separated 
by at least 3 days. The study was a fully nested, repeated measures 
crossover design, such that each rat received each of 8 intraperitoneal 
injections one time: vehicle alone (DMSO/peanut oil in PBS); vehicle 
and CB1 antagonist (am 251, 5 mg/kg); vehicle and CB2 antagonist (am 
630, 5 mg/kg); vehicle and CB1/CB2 antagonist (5 mg/kg); dronabinol 
alone (10 mg/kg); dronabinol and CB1 antagonist; dronabinol and CB2 
antagonist; dronabinol and CB1/CB2 antagonist.
Results: Dronabinol decreased the percent time spent in REM sleep 
(2.7 ± 2.9% [mean ± SD]) compared to vehicle controls (5.4 ± 4.3%). 
Cannabinoid receptor antagonists did not reverse this effect (antagonist 
main effect p = 0.09). Interestingly, CB1/CB2 receptor antagonist com-
bination increased percent time spent awake (48 ± 11%) compared to 
vehicle controls (40 ± 12%).
Conclusion: Dronabinol decreased time spent in REM sleep, and CB 
receptor antagonists did not reverse dronabinol’s effect on REM sleep, 
suggesting dronabinol’s effects are independent of CB receptor acti-
vation. Biologically active doses of CB1 and CB2 receptor antagonists 
were tested, given that their combination increased wakefulness.
Support (If Any): National Institutes of Health (1UM1HL112856)

0141
SLEEP DIFFERENCES AND NALOXONE INTERACTION IN 
HEALTHY PARTICIPANTS
Hand MM, Pejsa MC, Polley MA, Burton EF, Buenaver LF, Smith MT, 
Campbell CM
Johns Hopkins University School of Medicine, Baltimore, MD

Introduction: Poor sleep has a well-documented negative impact on 
clinical pain. These effects are mirrored in the laboratory, with short-
ened sleep duration/poorer sleep quality amplifying sensitivity to 
quantitative sensory testing methods. One explanation for the differ-
ences in pain perception could be differential functioning of endog-
enous pain-regulatory systems between those who get more vs. less 
sleep per night. Of note, recent evidence in non-human animals sug-
gests that naloxone may be a micro-glia inhibitor, which may also im-
pact the sleep-pain relationship. We examined the association between 
self-reported sleep duration and response to capsaicin pain under both 
saline and naloxone conditions.
Methods: Naloxone (0.1 mg/kg), an opioid antagonist, was employed 
to probe endogenous opioid function and examine its effect on pain re-
port. Thirty-two healthy individuals (20 with < 6.5 hours, 12 with ≥ 6.5 
hours per night; average age, M = 25.4, SD = 5.2) participated. A 10% 
topical capsaicin cream was applied to the dorsum of the non-dominant 
hand and a thermode was applied, maintaining a constant temperature 
of 40°Celsius for 90 minutes. Pain ratings were obtained every five 
minutes, using a 0–100 scale.
Results: Capsaicin pain ratings typically increase for 20 to 25 min-
utes and then plateau; therefore, analyses focused on ratings in the last 
hour. There were no sex or age differences between sleep groups, and 
no differences in psychological characteristics (i.e., pain catastroph-
izing, reactivity; p’s > 0.05). Analyses revealed a main effect of drug 
(p = 0.015), with responses during the naloxone session generally rated 
as less intense compared to the saline session. A drug by sleep interac-
tion was also observed (p = 0.038), with participants who slept less re-
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porting a significant pain increase in the naloxone condition compared 
to longer sleepers.
Conclusion: The findings of this study suggest differences in en-
dogenous pain regulatory function based on sleep duration. Potential 
mechanisms for this finding will be discussed.
Support (If Any): This research was supported by grants K23 
NS070933, The Blaustein Pain Foundation, and the Johns Hopkins 
Bayview Clinical Research Unit.

0142
SYNERGISM BETWEEN A SEROTONIN 5HT2A RECEPTOR 
ANTAGONIST AND A SEROTONIN 5HT2C RECEPTOR 
AGONIST ON METHAMPHETAMINE-INDUCED SLEEP 
DISRUPTION IN RHESUS MONKEYS
Berro LF1,2, Diaz MP2, Andersen ML1,2, Howell LL2

1Universidade Federal de São Paulo, Department of Psychobiology, 
São Paulo, Brazil, 2Yerkes National Primate Research Center, Emory 
University, Atlanta, GA

Introduction: Psychostimulants have pronounced effects upon sleep. 
Methamphetamine markedly disrupts sleep measures in monkeys, 
and these effects are attenuated by a selective 5HT2A antagonist. To 
further elucidate the serotonergic mechanisms involved in the sleep-
disrupting effects of methamphetamine, we investigated the effects of 
the selective 5HT2C agonist, WAY 163909, administered alone and in 
combination with the 5HT2A receptor antagonist, M100907, on meth-
amphetamine-induced sleep disruption in nonhuman primates.
Methods: Adult rhesus monkeys (Macaca mulatta; n  =  5) consistently 
self-administered Meth (0.03 mg/kg/injection, i.v.) under a fixed-ratio 
20 schedule of reinforcement for at least 1 week before the beginning of 
the treatments. In the first experiment, subjects received i.m. injections 
of WAY 163909 (0.03, 0.1, 0.3 or 1.0 mg/kg) or its vehicle at 6 pm (60 
minutes prior to lights off). In a subsequent experiment, subjects were 
treated with either vehicle, M100907 (0.1 mg/kg), WAY 163909 (0.3 
mg/kg) or a combination of these drugs in the same timeframe. Each 
treatment was given for 5 consecutive days, with a 1-week interval be-
tween different treatments. The order of the doses or drug treatments 
was randomized across subjects within an experiment. Daily self-
administration sessions were maintained throughout the experiments. 
Sleep-like measures were evaluated with Actiwatch monitors.
Results: WAY 163909 dose-dependently attenuated the effects of 
methamphetamine on both sleep efficiency and latency to sleep onset, 
being significantly effective at the highest dose. Doses of M100907 and 
WAY 163909 that alone did not affect methamphetamine-induced sleep 
disruption significantly restored sleep measures (increased sleep effi-
ciency and decreased sleep latency) when administered in combination.
Conclusion: Our data demonstrate a synergistic effect of 5HT2A and 
5HT2C receptors on sleep impairment induced by methamphetamine. 
Because serotonin is involved in both sleep-wake behavior and drug 
addiction, our results provide important insights for the understanding 
of sleep in the context of methamphetamine abuse.
Support (If Any): USPHS grants DA010344, DA031246, and OD-
P51OD11132, AFIP, CNPq.

0143
ACTIGRAPHY-BASED SLEEP PARAMETERS DURING 
THE REINSTATEMENT OF METHAMPHETAMINE SELF-
ADMINISTRATION IN RHESUS MONKEYS
Berro LF1,2, Andersen ML1,2, Eisenberg CT 2, Tufik S1, Howell LL2

1Universidade Federal de São Paulo, Department of Psychobiology, 
São Paulo, Brazil, 2Yerkes National Primate Research Center, Emory 
University, Atlanta, GA

Introduction: Sleep impairment and drug addiction show a bidirec-
tional relationship. Although several studies have addressed sleep in 
drug withdrawal, no study has evaluated sleep during drug relapse. 
We aimed to investigate the sleep patterns of nonhuman primates dur-
ing extinction and drug-primed reinstatement of methamphetamine 
(Meth) self-administration (SA).
Methods: Adult rhesus monkeys (Macaca mulatta; n  =  5) with an ex-
tended history of Meth SA self-administered Meth (0.01 mg/kg/injec-
tion, i.v.) under a fixed-ratio 20 schedule of reinforcement for 1 week. 
Saline infusions were then substituted for Meth and stimulus lights 
withheld until animals reached extinction criteria. Reinstatement ef-
fects were evaluated after i.v. non-contingent priming injections of 
Meth (0.03, 0.1 or 0.3 mg/kg). During reinstatement sessions, stimu-
lus lights were reintroduced but saline continued to be substituted for 
Meth. Sleep-like measures were evaluated with Actiwatch monitors a 
week before (baseline sleep parameters) and throughout the protocol.
Results: Higher Meth intake predicted higher levels of sleep fragmen-
tation during SA maintenance. Although Meth SA did not significantly 
affect sleep compared to baseline, sleep parameters were improved 
during extinction compared to SA maintenance (increased sleep frag-
mentation and decreased sleep efficiency). Priming injection of 0.1 mg/
kg Meth, but not 0.03 or 0.3 mg/kg, induced significant reinstatement 
effects. These behavioral effects were accompanied by sleep outcomes, 
with increased sleep fragmentation and decreased sleep efficiency in 
the night following 0.1 mg/kg Meth-induced reinstatement.
Conclusion: Because sleep impairment during reinstatement was 
not dose-dependent, the direct pharmacological effects of the prim-
ing drug injection on sleep parameters cannot account for the results 
obtained. Rather, it appears that absence of both drug and drug-paired 
cues (extinction conditions) normalized sleep, while the reintroduction 
of the stimulus lights as drug-paired cues (effective reinstatement con-
ditions) impaired sleep measures. Our data add to current literature 
showing that the relationship between sleep and addiction is influenced 
by the conditioned component of drug abuse.
Support (If Any): USPHS grants DA010344, DA031246, and OD-
P51OD11132, AFIP, CNPq.

0144
OPTOGENETIC INVESTIGATIONS IN MICE TO IDENTIFY 
THE CELLULAR MECHANISMS OF THE THALAMIC 
RETICULAR NUCLEUS CONTROL OF SPINDLES: 
IMPLICATIONS FOR SCHIZOPHRENIA
Thankachan S, McNally JM, McKenna JT, Strecker RE, Brown RE, 
McCarley RW
VA Boston Healthcare System & Harvard Medical School, Brockton, 
MA

Introduction: Spindles are EEG oscillations (12–15 Hz in humans, 
8–15 Hz in rodents) occurring during NREM sleep. We here provide 
for the first time evidence of the importance of thalamic reticular nu-
cleus (TRN) parvalbumin-containing GABA neurons (PV neurons) in 
control of spindles. Clinically this knowledge is important since spin-
dles are abnormally reduced in schizophrenia (Sz) while PV cortical 
neurons are abnormal in Sz, and a GWAS study found the gene coding 
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for the CaV 3.3 channel responsible for spindles to be a risk gene for Sz. 
Evidence also suggests basal forebrain (BF) PV neurons may impor-
tantly control TRN PV neurons.
Methods: AAV-ChR2-EYFP (excitation) or AAV-ArchT-GFP (inhibi-
tion) were bilaterally injected into TRN or BF in PV-Cre mice. Optical 
stimulation (optical fibers) was used for stimulation/inhibition of TRN 
PV neurons or BF fibers in TRN to study spindle generation. Sleep-
wake (EEG/EMG electrodes) and TRN single-units (microwire assem-
bly) were recorded in freely moving mice. Auditory stimulation (40 
Hz, 1 s) during TRN PV inhibition was compared with no inhibition. 
Mouse Ns ranged from 2 to 4 for the various experimental components.
Results: TRN resonance oscillation frequency was identified at the 
spindle frequency (~10 Hz). ChR2 excitation of TRN PV neurons pro-
duced spindles and increased (~30%) NREM sleep while decreasing 
wake. ArchT inhibition of TRN PV neurons blocked ongoing sponta-
neous trains of spindles for 4 s (p < 0.0001 compared with no ArchT). 
ArchT inhibition also increased wake (30%) while decreasing NREM 
sleep. ArchT inhibition of TRN PV neurons enhanced the cortical re-
sponse to 40 Hz auditory stimulation. Immunohistological analysis 
showed a large BF PV neuronal projection to TRN PV neurons and 
companion electrophysiologic data indicated BF PV inhibitory control.
Conclusion: TRN PV neurons are important for spindle generation 
and NREM sleep. The BF PV projection to TRN is important in spin-
dle regulation, inhibiting spindles during states of cortical activation. 
These mechanistic insights are ultimately important for pharmacologi-
cal target development for Sz spindle deficit treatment.
Support (If Any): Dept. of Veterans Affairs (VA merit, RWM), 
MH039683 (RWM), HL095491

0145
OPTO-DIALYSIS: A NOVEL TECHNIQUE ALLOWING 
SIMULTANEOUS OPTOGENETIC STIMULATION AND IN 
VIVO MICRODIALYSIS REVEALS AN IMPORTANT ROLE 
OF BASAL FOREBRAIN NON-CHOLINERGIC NEURONS IN 
SLEEP-WAKE CONTROL
Zant JC1, Shukla C1, Kim T1, Prokai L2, Szarka S2, McNally JM3, 
McKenna JT3, Kalinchuk A1, McCarley RW3, Brown RE3, Basheer R1

1Harvard Medical School - VA Boston Healthcare Systems, West 
Roxbury, MA, 2Department of Pharmacology & Neuroscience, 
University of North Texas Health Science Center, Fort Worth, TX, 
3Harvard Medical School - VA Boston Healthcare Systems, Brockton, 
MA

Introduction: Optogenetics is the premier tool for selective focal 
stimulation of specific neurotransmitter systems. However, the inter-
pretation of optogenetic experiments requires an understanding of the 
effect of optical stimulation on neurotransmitter release adjacent to the 
stimulation and the effects on neighboring, ‘unstimulated’ neurons. 
Thus, here we report the development of an ‘opto-dialysis probe’ that 
is the first to couple selective optical stimulation with simultaneous 
in vivo microdialysis, allowing local measurement of neurotransmitter 
concentrations and application of pharmacological agents.
Methods: ChAT-ChR2-EYFP-BAC mice were outfitted with an opto-
dialysis probe, aimed at the basal forebrain (BF) area, and EEG/EMG 
electrodes. The experiment consisted of a baseline day and an experi-
mental day, where a 10-s stimulation paradigm was repeated every min 
for 2 h, using 10-ms laser pulses (473 nm) at selected frequencies (8/10 
Hz). Microdialysis samples were collected every hour and analyzed by 
LC/MS-MS. To antagonize the muscarinic and/or nicotinic receptor-
mediated input on BF GABAergic and glutamatergic neurons, atropine 
(50 µM) or atropine and mecamylamine (1 mM) were administered by 
reverse microdialysis during cholinergic stimulation.

Results: Using this novel tool we found that optical stimulation of BF 
cholinergic neurons increased wakefulness by 84 ± 9% (n = 6), in-
creased the probability to wake, especially in the first 10 s after the 
start of stimulation (298 ± 74% increase in transitions from NREM 
sleep to wake; n = 6), and decreased NREM sleep to wake latency by 

~12 s. Extracellular BF acetylcholine levels increased during stimula-
tion, comparable to levels seen during sleep deprivation (81 ± 13% and 
69 ± 13% increase from baseline respectively; n = 5). Surprisingly, the 
enhanced wakefulness caused by cholinergic stimulation is blocked by 
simultaneous reverse microdialysis of cholinergic receptor antagonists.
Conclusion: The wake-promoting effect of cholinergic stimulation 
is not primarily due to cholinergic actions in the cortex but rather to 
local release of acetylcholine in the BF and subsequent activation of 
cortically-projecting, non-cholinergic neurons.
Support (If Any): VA Merit Grant, NINDS R21 NS079866, NIMH 
R01 MH039683, Welch Foundation

0146
DO A1/C1 CATECHOLAMINERGIC NEURONS 
CONTRIBUTE TO SLEEP-RELATED INHIBITION OF 
GENIOGLOSSUS MUSCLE ACTIVITY?
Rukhadze I1,2, Fuller PM2, Fenik VB1

1Veterans Affairs Greater Los Angeles System, Los Angeles, CA, 
2Beth Israel Deaconess Medical Center and Harvard Medical School, 
Boston, MA

Introduction: Withdrawal of excitation from brainstem catecholamin-
ergic (CA) neurons has been suggested to mediate sleep-related atonia/
hypotonia of upper airway muscles (Fenik et al., 2005). The A1/C1 
neurons excite genioglossus (GG) muscle (Rukhadze et al., SFN-2014) 
in non-state dependent manner (Rukhadze et al., 2008). However, it 
is possible that the release of CA from A1/C1 terminals is modulated 
by sleep-related, presynaptic inhibitory mechanisms. To test this hy-
pothesis, we used designer receptors exclusively activated by designer 
drugs (DREADD) technique to acutely inhibit A1/C1 neurons and as-
sess their contribution to sleep-related inhibition of GG.
Methods: We used DBH-cre mice in which Cre-recombinase is se-
lectively expressed in CA neurons. The inhibitory DREADD (EF1a-
DIO-hM4Di-mCherry AAV10) was bilaterally injected into the A1/
C1 regions. One week after the injections, mice were implanted for 
the chronic recording of the cortical electroencephalogram (EEG) and 
neck/GG electromyograms (EMGs). After habituation, animals were 
recorded 10 am–5 pm and received injections of either saline or the 
DREADD ligand, Clozapine-N-Oxide (CNO; 0.3 mg/kg, i.p.), at 12:00 
pm. Sleep-wake states was scored in 10 s-long epochs as wakefulness, 
non-rapid-eye-movement (NREM) or rapid-eye-movement sleep and 
the mean of rectified GG and neck EMGs were quantified separately 
for each state in 3 hours after CNO/saline injections (n = 3 mice).
Results: After saline (control) injections, the magnitude of GG activity 
was 27.0 ± 16 during NREM sleep and 113 ± 38 during wakefulness 
(arbitrary units ± SE). After injections of CNO in the same animals, 
GG activity decreased to 22.0 ± 4.9 during NREM sleep and 95.3 ± 42 
during wakefulness. The relative sleep-related inhibition of GG ac-
tivity (ratio of NREM/wakefulness activity) was similar after saline 
(23.9%) and CNO (23.1%) injections.
Conclusion: Our results suggest that A1/C1 neurons may play a role 
in maintenance of GG tone during both wakefulness and NREM sleep. 
However, these results do not support the hypothesis that A1/C1 neu-
rons contribute to sleep-related inhibition of GG activity.
Support (If Any): J. Christian Gillin, M.D. Research Grant, Sleep Re-
search Society Foundation; R01 NS073613 and RO1 HL116845
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0147
MEDULLARY A1/C1 CATECHOLAMINERGIC NEURONS 
DIRECTLY INNERVATE HYPOGLOSSAL MOTONEURONS
Rukhadze I1,2, Fuller PM2

1Veterans Affairs Greater Los Angeles Health System, Los Angeles, 
CA, 2Beth Israel Deaconess Medical Center and Harvard Medical 
School, Boston, MA

Introduction: Genioglossus (GG) muscle activity is important for 
pharyngeal airway patency in Obstructive Sleep Apnea (OSA) pa-
tients. In recent studies we determined that acute inhibition of A1/C1 
catecholaminergic (CA) neurons decreased GG muscle tone during 
sleep in behaving mice (Rukhadze, et al., SFN, 2014). In earlier ana-
tomical studies (Rukhadze&Kubin, 2007) employing a conventional 
retrograde tracing technique, we found that A1/C1 cells project to the 
hypoglossal nucleus. However, spread of the tracer to surrounding 
regions of the XII nucleus limited our data interpretation. Therefore, 
in the present study, we used a conditional viral vector-based tracing 
method to identify A1/C1 CA input to XII mns.
Methods: We used transgenic mice, in which Cre-recombinase is 
selectively expressed in CA neurons under the tyrosine hydroxylaze 
(TH) promoter. These mice received unilateral injections (10 nl) of an 
adeno-associated viral (AAV) vector coding for a Cre-dependent green 
fluorescent protein (GFP). Four weeks later, we double immunolabeled 
sections for GFP and TH to examine the injection site and distribution 
of A1/C1 CA fibers and terminal profiles in the XII nucleus.
Results: GFP-expressing TH-positive anterogradely labeled axons 
and terminals originating from A1/C1 neurons were largely restricted 
to ventral and lateral sub-divisions of the XII nucleus. The density of 
double-labeled fibers was relatively high in the central part of the ven-
tral division of XII nucleus, which is where motoneurons that innervate 
GG muscle are located.
Conclusion: These finding suggest that CA A1/C1 neurons send direct 
projections to the hypoglossal motoneurons. These inputs may provide 
excitatory aminergic drive to GG motoneurons in a non-state-depen-
dent manner.
Support (If Any): J. Christian Gillin, M.D. Research Grant, Sleep Re-
search Society Foundation and R01 NS073613

0148
ACTIVATION OF THE SUPRAMAMMILLARY NUCLEUS 
CAUSES PROLONGED WAKE WITHOUT SLEEP REBOUND
Wang JL, Pedersen NP, Fuller PM, Saper CB
Beth Israel Deaconess Medical Center, Boston, MA

Introduction: The ascending arousal system consists of a number of 
nuclei that produce wakeful behavior and cortical activation, predomi-
nantly by the action of the upper brainstem parabrachial region, the 
posterior hypothalamus, and basal forebrain. We have recently shown 
that activation of the supramammillary (SuM) region of the hypothala-
mus results in prolonged wakefulness. Here we report the effects on 
rebound of sleep quantity and intensity (slow wave power) after this 
prolonged wakefulness.
Methods: Transgenic reporter mice (vesicular glutamate transporter 
2 [vglut2]-cre) received microinjections of adeno-associated viral vec-
tors containing an M3-muscarinic designer receptor exclusively acti-
vated by designer drugs (DREADD) into the SuM. We recorded sleep 
in these mice after habituation, then the injection of either vehicle or 
the DREADD agonist clozapine-N-oxide (CNO).
Results: Preliminary data showed that activation of the SuM produced 
uninterrupted wake for a mean of 8.9 hours (SD 0.11 hours) following 
injection of CNO, compared to a mean uninterrupted wake bout of 0.37 
hours (SD 0.0079 hours) following a control injection of saline (paired 

t-test, p = 0.000014). However, the increased wake caused by activation 
of the SuM did not lead to a sleep rebound effect, measured by the aver-
age hourly accrual of sleep (mean [SD] 26.7 [13.8] min/hour after saline 
injection vs. 29.3 [16.7] min/hour after CNO, paired t-test, p = 0.75), or 
an increase in delta power (EEG fluctuations of 0.5–4.2 Hz, mean [SD] 
2376 [893] after saline vs. 2391 [1013] after CNO) in non-rapid eye 
movement (NREM) sleep (paired t-test, p = 0.43).
Conclusion: Our preliminary findings suggest that the glutamate neu-
rons in the SuM play an important role in wake-promotion. The lack 
of sleep rebound indicates that the SuM glutamate neurons may either 
suppress or bypass the homeostatic regulation of sleep, providing a 
model to study the circuits underlying sleep homeostasis.
Support (If Any): JLW (R01NS085477); NPP (R25NS070682); PMF 
(R01NS073613); CBS (R01AG09975; R01HL095491; R01NS085477; 
the G. Harold and Leila Y. Mathers Foundation).

0149
DISTINCT MECHANISMS REGULATE THE EVOLUTION 
OF SLEEP LOSS IN MEXICAN CAVEFISH
Jaggard BJ1, Robinson BG1, Yoshizawa M2, Keene AC1

1University of Nevada, Reno, NV, 2Department Biology, University of 
Hawaii, Manoa, HI

Introduction: Sleep is characterized by extended periods of quies-
cence and reduced responsiveness to sensory stimuli. Animals rang-
ing from insects to mammals adapt to environments with limited food 
by suppressing sleep and enhancing their response to food cues, yet 
little is known about the genetic and evolutionary relationship between 
these processes. The blind Mexican cavefish, Astyanax mexicanus is 
a powerful model for elucidating the genetic mechanisms underlying 
behavioral evolution. A. mexicanus comprises an extant ancestral-type 
surface dwelling morph and at least five independently evolved cave 
populations.
Methods: The evolutionary convergence on sleep loss and changes 
in sensory responsiveness has been documented in cavefish. Further, 
cavefish have an increased number of lateral line sensory neuromasts 
likely to compensate for loss of vision, raising the possibility that en-
hanced sensory response underlie changes in sleep. To investigate the 
relationship between sensory processing and sleep, we ablated the sen-
sory neuromasts and measured sleep in cave and surface fish.
Results: While neuromast ablation has no effect on sleep of surface 
fish, it significantly enhanced sleep in Pachón cavefish, suggesting that 
enhanced lateral line input underlies sleep loss in this population. In-
terestingly, no effect of lateral line ablation is observed in fish from the 
independently derived Molino cave, suggesting distinct mechanism 
underlie the convergent evolution of sleep loss.
Conclusion: Enhanced sensory input or altered gating of sensory in-
formation, underlies sleep loss in Pachón population, while sleep loss 
in the Molino population is independent of changes in lateral line func-
tion. Current work seeks to localize the specific neuromast populations 
and genetic factors regulating sleep loss in Pachón cavefish. These 
findings highlight that distinct mechanisms can lead to the evolution of 
sleep loss in response to a changing environment.
Support (If Any): NSF IOS-125762
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0150
DIFFERENTIAL EFFECTS OF BEHAVIOUR AND GLOBAL 
AROUSAL ON CORTICAL NEURONAL ACTIVITY IN 
FREELY BEHAVING MICE
Fisher SP, McKillop LE, Cui N, Vyazovskiy VV
Department of Physiology, Anatomy and Genetics, University of 
Oxford, Oxford, United Kingdom

Introduction: Global cortical neuronal firing rates vary with behav-
ioral state and are modulated by preceding sleep/wake history. The ori-
gin and functional significance of differences in cortical firing patterns 
between waking and sleep states remains unclear. One possibility is 
that the higher firing rate during waking is state-dependent and merely 
a result of an elevated activation of arousal-promoting systems. Alter-
natively, cortical neuronal firing could be driven by specific behaviours 
rather than by global arousal or locomotor activity levels. To disen-
tangle these possibilities, we investigated cortical multiunit neuronal 
activity (MUA) across a repertoire of spontaneous behavioural states 
ranging from sleep to active waking, including running on a wheel.
Methods: MUA was recorded from nine male C57BL/6J mice (3–4 
mths, n = 4, 11–13 mths, n = 5) chronically implanted with 16 channel 
microwire arrays in deep cortical layers of the primary motor cortex. 
Recordings started at least 2–3 weeks post-surgery. Vigilance states 
were defined based on cortical EEG and nuchal EMG signals. For each 
animal, representative episodes of spontaneous waking, running wheel 
(RW) activity, NREM and REM sleep were selected during the dark 
period (LD 12:12). At least six recording channels showing robust 
MUA were included per animal (60 channels total, n = 9 animals).
Results: We found that cortical firing did not change uniformly across 
channels as a function of global state of arousal. Specifically, even with-
in the same animal, some channels showed an increased MUA during 
RW activity vs. non-running waking while unexpectedly, in a greater 
number of channels it was reduced. Furthermore, across all animals, 
MUA firing rate in 38 channels (63%) was higher during non-running 
waking vs. running, while it was only lower in 16 recording channels 
(27%). RW-bouts were subdivided into 1-s epochs to determine periods 
of slow and fast running (relative to median running speed). Overall 
cortical firing rates were decreased by 19.5 ± 4.5% during fast running 
compared to non-running wakefulness. In most cases, neuronal firing 
was significantly lower during NREM and REM sleep vs. waking, but 
a substantial variability was apparent between individual channels, 
even in the same animal.
Conclusion: Overall these findings reveal that behaviour contributes 
significantly to cortical activity, independent of global levels of arous-
al. Future studies will seek to phenotype neurons which predictably 
change their firing during specific waking behaviours to investigate 
their activity patterns during subsequent sleep.
Support (If Any): MRC NIRG (MR/L003635/1), FP7-PEOPLE-CIG 
(PCIG11-GA-2012-322050), and Wellcome Trust Strategic Award 
(098461/Z/12/Z).

0151
EFFECTS OF LIVING IN AN UNDERWATER HABITAT ON 
SLEEP PARAMETERS
Anderson JR1, Ojile JM2, Cousteau F3, Rosser S 4, Correa D2, 
Muehlbach MJ2, Belcher L5, Drake CL1

1Henry Ford Health System, Novi, MI, 2Clayton Sleep Institute, St 
Louis, MO, 3Mission 31, Sherman, CT, 4Advanced Diving Systems, 
San Francisco, CA, 5Pritzker School of Medicine, University of 
Chicago, Chicago, IL

Introduction: The long-term effects of living in an underwater habitat 
on sleep parameters are currently unknown. We assessed the sleep of 

individuals conducting a 31-day stay in the Aquarius underwater re-
search habitat 4.5 km offshore of Key Largo, Florida.
Method: Sleep data was collected using standardized electronic sleep 
diaries and actigraphy. Participants lived in the underwater habitat for 
either 15 nights (n = 6) or 30 nights (n = 3).
Results: Nine individuals participated (mean age 35 ± 12.32, 22.22% 
F). Diary results revealed a large effect size of sleep location on sleep 
onset latency (SOL; d = 0.91), such that SOL was higher while under-
water (X = 17.39 min ± 8.81 min) compared to surface levels (X = 10.00 
min ± 7.36 min). A large effect size of sleep location on sleep effi-
ciency (SE) was also found (d = 0.85), with SE being lower underwater 
(X = 91.47% ± 4.65%) compared to surface levels (X = 94.00% ± 1.27%). 
Actigraphy data showed low levels of total sleep time (TST; X = 360.12 
min ± 53.86 min) and low SOL (X = 4.38 min ± 1.00 min) for the 
duration of the mission regardless of location. Post-mission Insomnia 
Severity Index (ISI) results suggest that all individuals were non-in-
somniacs (X = 4.13, range = 1–8).
Conclusions: These results suggest that in normal healthy individu-
als, minimal sleep disruption (+7.5 min SOL; −2.5% SE) occurs in an 
underwater habitat (63 ft below the surface) for durations up to 30 days. 
Sleep deprivation throughout the duration of the mission may have 
minimized the potential impact of living at depth on sleep.

0152
UNDERLYING MECHANISMS OF SUBJECTIVE AND 
OBJECTIVE EXCESSIVE DAYTIME SLEEPINESS
Li Y1, Vgontzas AN1, Fernandez-Mendoza J1, Kritikou I1, Basta M2, 
Pejovic S3, Bixler EO1

1Pennsylvania State University, Hershey, PA, 2University of Crete, 
Heraklion, Greece, 3Clinical Centre of Serbia, Belgrade, Serbia

Introduction: Several studies have shown that objective and subjective 
measures of excessive daytime sleepiness (EDS) are weakly associated, 
which precluded a good understanding of the underlying mechanisms 
of EDS. Pro-inflammatory cytokines such as interleukin-6 (IL-6) are 
suggested to be fatigue-inducing, while activation of the HPA axis sup-
presses sleepiness. Our aim was to assess the mechanisms that underlie 
both subjective and objective EDS based on IL-6 and cortisol levels.
Methods: We studied 103 research subjects (74 men; 50.48 ± 9.39 
years) who underwent in-lab polysomnography for 4 consecutive 
nights and serial 24-hour plasma measures of IL-6 and cortisol ob-
tained during the 4th day. Objective sleepiness was assessed with the 
Multiple Sleep Latency Test (MSLT; 6 naps on the 4th day) and defined 
by mean MSLT value ≤ 8 min. Subjective EDS was assessed with the 
Epworth Sleepiness Scale (ESS) and defined by ESS > 10. Depressive 
symptoms were assessed with the Beck Depression Inventory-II (BDI-
II). Twenty-four-hour plasma IL-6 and cortisol level were analyzed us-
ing MANOVA, controlling for age, sex, gender, AHI, BMI, and BDI-II 
score.
Results: Subjects with objective EDS had elevated mean 24-h IL-6 
secretion, particularly during the 18:00–6:00 period (p = 0.02), as com-
pared to subjects without objective EDS. Subjects with subjective EDS 
had marginally decreased 24-h cortisol levels as compared to subjects 
without subjective EDS (p = 0.15). In fact, mean cortisol levels were 
lowest and IL-6 secretion highest in subjects with objective EDS cou-
pled with a complaint of subjective EDS, as compared to those without 
EDS or with either subjective or objective EDS only.
Conclusion: These data indicate that the underlying mechanisms of 
subjective vs objective EDS differ, which may explain the weak asso-
ciation of these two seemingly similar variables and suggest that pos-
sibly they reflect two different CNS functions.
Support (If Any): R01 HL64415
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HEMISPHERIC ASYMMETRY IN VIGILANCE AND 
AROUSAL DURING SLOW-WAVE SLEEP IN ASSOCIATION 
WITH THE FIRST-NIGHT EFFECT IN HUMAN
Tamaki M, Bang J, Watanabe T, Sasaki Y
Brown University, Providence, RI

Introduction: Marine mammals and migrating birds show a half-
awake-half-asleep state by interhemispheric asymmetry in sleep when 
complete sleeping is challenging; they can sleep deeply in only one 
hemisphere of the brain, leaving the other less asleep. Here we found 
that an interhemispheric half-awake-half-asleep state occurs even in 
human sleep as a result of measuring vigilance for each hemisphere 
during the first night sleep (first-night effect: FNE) in which sleep 
does not deepen. We examined an evoked brain potential, the N3, as 
vigilance using an oddball paradigm by presenting tones to one brain 
hemisphere. If the FNE involves the interhemispheric half-awake-half-
asleep state, the N3 to deviant stimuli should be larger in one hemi-
sphere than the other on Day 1 with the FNE, and not on Day 2 without 
the FNE.
Methods: Two types of subthreshold auditory stimuli, deviant (10%, 
2000 Hz) and standard (90%, 1000 Hz) tones, were presented to one 
brain hemisphere randomly while subjects were asleep, which was de-
termined polysomnographically.
Results: The result showed that deviant tones presented to the left 
hemisphere induced not only significantly larger N3, but also arousals 
more often than those to the right, specifically during slow-wave sleep 
stage on Day 1. The hemispheric asymmetry in vigilance was vanished 
on Day 2.
Conclusion: Our results suggest that the human brain involves an 
interhemispheric half-awake-half-asleep under the FNE in which hu-
mans may have to keep some degree of alertness in a new environment.

0154
PSYCHOPHYSIOLOGICAL STRESS REACTIVITY IN 
INDIVIDUALS WITH DIFFERENT STRESS-RELATED 
SLEEP VULNERABILITY
Lin P, Jan Y, Yang C
Department of Psychology, National Cheng-Chi University, Taipei, 
Taiwan

Introduction: Sleep vulnerability to stress, as measured by the Ford 
Insomnia Response to Stress Test (FIRST), has been proposed to be 
a predisposing factor for insomnia. Previous studies have shown that 
the score on the FIRST are associated with arousal related subjective 
measures, such as rating scales for emotional valance, neuroticism and 
extraversion. However, its association with psychophysiological stress 
reactivity has not been established. The current study aims whether 
sleep vulnerability is also associated with stress reactivity as measured 
by objective psychophysiological measures.
Methods: 21 normal young adults were recruited and were divided 
into two groups (high vs low vulnerability) based on their scores on the 
FIRST (cut-off = 19). All participants underwent two different stress 
task, speech stress and cognitive challenge with the PASAT. The ANS 
reactions, includes skin conductance, peripheral temperature, and 
heart rate, were recorded throughout the experimental procedure, in-
cluding 3-minutes baseline, two periods of stress challenges (3 min-
utes), and 6 minutes of rest were inserted after arousal stimulations.
Results: High vulnerable individuals showed higher skin conductance 
response (23.23 ± 9.14 vs. 17.91 ± 7.80) and heart rate (104.15 ± 20.37 
vs. 99.01 ± 15.94) than low vulnerable individuals while undergoing 
the stress tasks; however, the difference between the two groups only 
approached significant level (SCR: F = 1.96, p = 0.177; HR: F = 3.319, 

p = 0.085). Low vulnerable group (0.06 ± 0.036 vs. 0.035 ± 0.024.) 
shows the trend of better recovery from stress on finger temperature 
(p = 0.082).
Conclusion: The results show that high sleep vulnerability individuals 
have the tendency to show higher stress reactivity and longer recovery 
time than low vulnerability population. Future study required more 
subjects to determine the psychobiological mechanisms of sleep vul-
nerability.

0155
FLIPPING THE SLEEP SWITCH ON OR OFF (PROCESS 
O) ALLOWS THE RECUPERATIVE EFFECTS OF BRIEF 
NAPS AND EXTENDED SLEEP FOLLOWING NOCTURNAL 
AWAKENINGS
Lack LC, Lovato N
Flinders University of South Australia, Adelaide, Australia

Introduction: A novel sleep process, Process O (onset/offset of sleep), 
has been proposed to account for the significant recuperative effects 
of brief naps (10 minutes of sleep) since little, if any, dissipation of ho-
meostatic drive (Process S) would occur in that brief light sleep period. 
It is suggested to operate similar to Process S but have less strength 
and much shorter time constant. It was seen as operating on the ‘sleep 
switch’ such that when it is ‘flipped’ to sleep during the day there is a 
rapid dissipation of a limited but significant amount of wakeful inhibi-
tion accumulated by Process O. It is hypothesized here that Process 
O should also have a symmetrical effect such that when a brief awak-
ening interrupts nocturnal sleep it should rapidly dissipate the inhibi-
tion to continued sleep and allow extended sleep when sleep resumes. 
PSG recordings of normal sleep generally show longer sustained bouts 
of sleep following awakenings late in the sleep period than would be 
predicted by a largely dissipated Process S. It has been suggested that 
Process C, the circadian effect with maximum circadian sleepiness at 
the end of the normal sleep period helps to sustain sleep. The circadian 
effect can be removed in a forced de-synchrony routine by examining 
the ends of forced sleep periods (last 3 hours) not falling in the maxi-
mum circadian sleepiness phase.
Methods: Analysis of these periods was carried out in twenty normal 
good sleepers undergoing forced de-synchrony routine.
Results: We found generally longer sleep bouts after awakenings than 
would be predicted by Process S alone.
Conclusion: These results were consistent with the predictions of Pro-
cess O that ‘flipping the switch’ to the opposite state for only a brief 
time dissipates the inhibition to the previous state and helps to main-
tain the previous state, once it resumes.
Support (If Any): Flinders University Research Grant
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CORTICAL RHYTHM MODULATIONS BY REPEATED 
SLEEP RESTRICTION AND RECOVERY
Stamoulis C1, Haack M2, Surette R 2, Mullington JM2

1Harvard Medical School, Boston, MA, 2Beth Israel Deaconess 
Medical Center, Boston, MA

Introduction: This study investigated the effects of repeated sleep re-
striction and recovery on cortical oscillations, which represent funda-
mental characteristic of brain activity and facilitate the coordination of 
local and long-range brain networks in response to cognitive demands.
Methods: Continuous electroencephalograms (EEG) were first re-
corded during a 24-h baseline period with 8 h of sleep opportunity 
(1:2 sleep-to-wakefulness ratio). This was followed by 4 cycles, each 
including 3 24-h periods of sleep restricted to 4 h (1:5 ratio) and 24-h 
where recovery sleep was permitted. EEGs (channels F3, F4, C3, C4, 
O3, O4) were recorded continuously during the 3rd 24-h period of each 
cycle and the 24-h recovery period at the end of cycle 4. Forty-five 
adult subjects were randomly assigned to the control and sleep re-
stricted groups. A sub-cohort of six subjects from each group (a total 
of 12 subjects) were included in this preliminary analysis of cortical 
oscillations. EEGs were sampled at 200 samples/s and low-pass filtered 
during acquisition with a 60 Hz cutoff. They were decomposed using 
a time-domain method, with a 10-s sliding analysis window, to iden-
tify dominant brain oscillations. Characteristic oscillation frequencies 
were estimated from their auto-correlation function. Mean (over each 
time window) oscillation amplitudes were also estimated.
Results: Non-significant frequency fluctuations were estimated 
throughout the recordings for all identified oscillations. Significant de-
creases in frequency, for oscillations in the range 1–30 Hz, were mea-
sured during transition periods from wakefulness to sleep (p < 0.001) 
but not during sleep restriction, where frequency fluctuations were 
similar to those during other periods of wakefulness (p ≥ 0.1). Mean 
oscillation amplitudes, averaged over all EEG channels, fluctuated 
substantially during baseline and normal sleep-wakefulness periods. 
In the sleep restricted group, the amplitude variability at the end of the 
1st and 2nd cycles was statistically identical to that of the baseline pe-
riod (p ≥ 0.3), but significantly lower at the end of the 3rd and 4th cycles 
(p < 0.01), and during the last recovery period (p < 0.05).
Conclusion: These initial results suggest potentially cumulative ef-
fects of repeated sleep restriction on brain oscillations that may not be 
reversible during recovery, at least in the short run.
Support (If Any): This study was supported by NIH grant 
R01HL106782

0157
THE EFFECTS OF SEASONALITY ON SLEEP AT THE 
POLAR LATITUDES
Wehling RR, Ryan C, Schultz E, Jung CM
University of Alaska Anchorage, Anchorage, AK

Introduction: At the polar latitudes, there are drastic changes in natu-
ral light levels between seasons. Light exposure has an influence on 
the circadian system, which can have a significant influence on sleep. 
Disruptions in the circadian system and sleep have been reported to 
be associated with cardiac disease, obesity and diabetes among others. 
Because of this, our aim was to determine if sleep and sleep times were 
affected when exposed to ~5.5 hours (winter solstice) verses ~12 hours 
of natural light (spring equinox), while participants lived in a real world 
setting at 61° latitude.
Methods: We conducted a within-subjects outpatient study (one week 
during the solstice and one week during the equinox). Eight partici-
pants (30.8 ± 5.6 yrs; 4 women) lived in their homes and had their sleep 

recorded with sleep diaries and portable sleep monitors (measured in-
dividual sleep stages).
Results: During extended periods of natural darkness (winter solstice) 
participants had significantly later waketimes (p < 0.0125), when com-
pared to during the spring equinox. Additionally, participants went to 
bed later on the weekend when compared to the weekdays during the 
solstice and the equinox (p < 0.0125). There was a nonsignificant trend 
for participants awakening earlier during weekdays when compared to 
weekends during both the equinox and solstice. There were no signifi-
cant changes in sleep stages between the days of the week or seasons, 
however participants fell asleep significantly faster during the equinox 
(7-day average; p < 0.0125).
Conclusion: Even in real world situations with artificial light, the 
shifts in natural light throughout the seasons seemed to have an impact 
on sleep timing. Taken together, these results suggest that even with the 
impact of artificial light, the seasonal changes of natural light impact 
sleep, which might have impacts on the underlying physiology, health 
and disease.

0158
APNEA FREQUENCY PEAKS IN ASSOCIATION WITH 
REM-ONSET IN ZUCKER RATS
Konstantinovic M, Nese L, Carley DW
University of Illinois at Chicago, Chicago, IL

Introduction: Pontogeniculooccipital (PGO) waves are phasic brain-
stem events that increase in frequency just prior to and during REM. 
It has also been suggested that PGO waves may disturb respiratory 
rhythm. To test this hypothesis, we examined the probability distribu-
tion of spontaneous apneas during NREM sleep to REM sleep transi-
tions in rodents.
Methods: Adult male Zucker lean rats (N = 8) were instrumented for 
chronic polysomnography with EEG and nuchal EMG electrodes. Res-
piration was recorded by single chamber plethysmography. After adap-
tation to the apparatus, each animal was recorded from 12:00 to 08:00 
the following day. A MATLAB script was developed to extract the 
latencies of apnea events (pauses ≥ 2 s in duration) that occurred within 
300 seconds preceding or following a NREM to REM state transition.
Results: As expected, apnea frequency during NREM sleep 
(9.46 ± 1.49 apneas/h) was significantly (p < 0.05) lower than the fre-
quency during REM sleep (27.3 ± 4.3/h). However, these frequencies 
were not uniform around NREM to REM transitions. In particular, the 
pooled histogram demonstrated increasing apnea frequency beginning 
100 seconds before REM onset; a sharp peak of 86.6 apneas/h 10–20 
seconds before REM onset; an elevated frequency (32.7/h) during the 
first 30 seconds of REM sleep; and diminishing thereafter. However, 
apnea frequency diminished sharply as REM sleep progressed beyond 
this point. The observed distribution of apnea about NREM to REM 
transitions differed significantly from one constant frequency during 
NREM to a higher frequency during REM sleep.
Conclusion: Our observations demonstrate an increase in apnea fre-
quency during NREM sleep just prior to REM onset and a falloff of 
apnea frequency as REM sleep progresses. These patterns are consis-
tent with the previously described pattern of PGO wave activity during 
NREM to REM transitions, further supporting a potential impact of 
PGO waves on breathing pattern during sleep.
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EFFECTS OF INTERMITTENT HYPOXIA (IH) ON 
GLUCOSE METABOLISM AND IN VIVO CALCIUM 
SIGNALING IN HEPATOCYTES
Moon K, Shimoda L, Punjabi N
Johns Hopkins University, Baltimore, MD

Introduction: Sleep-disordered breathing is associated with altered 
glucose metabolism. Studies using animal models have shown that 
IH induces fasting hyperglycemia. Hepatic glucose output primarily 
determines fasting glucose levels and is modulated by calcium-depen-
dent and -independent pathways. Murine hepatic calcium signaling is 
altered by in vivo IH exposure. The current study sought to charac-
terize the calcium pathways that may be involved in alterations of in-
tracellular calcium concentration ([Ca2+]i) and glucose output levels in 
murine hepatocytes.
Methods: Adult male C57BL6/J mice were exposed to IH or intermit-
tent air (IA) for 7 days. Hepatocytes were isolated from both groups of 
animals and [Ca2+]i was assessed using Fura-2 AM and fluorescence 
microscopy imaging in cells perfused with normal and calcium-free 
extracellular solution. To quantify glucose output, the isolated hepato-
cytes were incubated in control media overnight and then maintained 
in glucose-free media with or without calcium for four hours, after 
which the media was sampled to measure basal glucose production.
Results: Fasting blood glucose levels were higher in mice exposed to 
IH compared to IA. [Ca2+]i was higher in hepatocytes isolated from 
mice exposed to IH. Switching to calcium-free solution showed a trend 
toward greater decrease from baseline in mice exposed to IH. Basal 
total glucose output from isolated hepatocytes increased with IH com-
pared to IA (569.50 ± 33.53 vs. 400.25 ± 20.95 µg glucose/mg protein, 
p = 0.02) and decreased in calcium-free media with both IH and IA 
(315.30 ± 51.64 vs. 231.55 ± 13.47 µg glucose/mg protein).
Conclusions: Intermittent hypoxia in vivo increases intracellular cal-
cium signaling in hepatocytes, with extracellular calcium appearing to 
contribute to this alteration. Extracellular calcium also contributes to 
the increased glucose output induced by IH in vivo. These findings pro-
vide a potential mechanism that may explicate fasting hyperglycemia 
observed in murine models of IH and suggest a putative causal pathway 
for alterations in glucose metabolism with sleep-disordered breathing.
Support (If Any): HL075078, ASMF 90060286

0160
SLEEP DISTURBANCE IS ASSOCIATED WITH INCREASED 
RISK FOR HIGH GLUCOSE LEVELS
Liu J, Simmons R, Liu H, Veasey SC
University of Pennsylvania, Philadelphia, PA

Introduction: Sleep disturbance has been linked to metabolic disor-
ders in the adult. Little is known how sleep disorders affects metabolic 
function in school-aged children. This study examined the association 
between sleep disturbances and blood glucose levels in a sample of 
Chinese children.
Method: As part of the China Jintan cohort project, 1101 school aged 
children participated in this study. Both fasting plasma glucose levels 
and sleep patterns were assessed when children were 11–13 years old. 
The Chinese version of the Child Sleep Habits Questionnaire (CSHQ) 
was used to assess parent-reported child’s sleep with high scores indi-
cating more severe sleep problems. A total of 729 children with avail-
able data on fasting plasma glucose and sleep was included for the 
current study. Fasting plasma glucose was dichotomized into two lev-
els (< 5.5 mmol/L as normal, ≥ 5.6 mmol/L as Pre-diabetes/diabetes), 
and one-way ANOVA was used to compare the CSHQ subscale scores 
between the two groups.

Result: Mean age at sleep assessment was 11.05 years old (SD = 0.88), 
53% were males. Mean blood glucose levels were 5.13 mmol/L 
(SD = 0.54). The CSHQ subscale scores of impaired group were higher 
compared with normal blood glucose group. Compared with children 
in normal-glucose group, children in impaired-glucose group had a 
significant increase of 2.14 for total sleep score (p = 0.034), 0.51 for 
sleep anxiety score (p = 0.016), and 0.63 for sleep parasomnia score 
(p = 0.041).
Conclusion: Our findings suggest that sleep disturbance is associated 
with increased fasting glucose levels, which is associated with a higher 
risk for the later development of type 2 diabetes. Further research is 
warranted to examine the long-term impact of childhood sleep problem 
on glucose homeostasis.

0161
INTERACTION BETWEEN REPRODUCTIVE HORMONES 
AND SLEEP IN MIDLIFE WOMEN
de Zambotti M1, Willoughby A1, Claudatos S1, Inkelis S1, Dresser D1, 
Kardos L1, Sugarbaker D1, Colrain I1,2, Baker F1,3

1SRI International, Menlo Park, CA, 2Melbourne School of 
Psychological Sciences, Melbourne, Australia, 3Brain Function 
Research Group, School of Physiology, University of the 
Witwatersrand, Johannesburg, South Africa

Introduction: As women approach menopause, worsening sleep qual-
ity has been hypothesized to be due to the changing hormonal milieu, 
characterized by increasing follicle stimulating hormone (FSH) and 
fluctuating and declining estradiol levels, along with erratic menstrual 
cycle-related hormonal changes. Here, we aimed to assess the interac-
tion between polysomnographic (PSG) sleep measures and concurrent 
reproductive hormone levels in a sample of midlife women.
Methods: Thirty-three perimenopausal women aged 43–52 y had in-
lab PSG recordings during the preovulatory follicular phase (FP) of 
their menstrual cycle. Serum samples were collected and analyzed 
for estradiol, progesterone and FSH. PSG and hormones were also as-
sessed on one night in the postovulatory luteal phase (LP) of the men-
strual cycle in a sub-sample of fourteen women.
Results: In the FP, FSH was positively associated with PSG measures 
of wake after sleep onset, number of awakenings and arousals and 
negatively associated with sleep efficiency (all p’s < 0.05) indepen-
dent of age, body mass index and presence of objective hot flashes. No 
associations were found between FSH and the duration of any sleep 
stage. When progesterone levels were raised (9.0 ± 5.6 ng.ml-1) in the 
LP compared to the FP, women (n = 14) had more awakenings (FP: 
16.3 ± 5.7; LP: 21.6 ± 4.1; p = 0.003) and arousals (FP: 44.9 ± 16.5; LP: 
58.3 ± 17.4; p = 0.020), and more sleep stage shifts (FP: 0.29 ± 0.06; LP: 
0.33 ± 0.05; p = 0.048). There were no differences in the percentage of 
time spent in N1, N2, N3 and rapid-eye-movement sleep between the 
FP and LP.
Conclusion: Conclusion. Higher levels of FSH are strongly associated 
with PSG-derived measures of wakefulness in perimenopausal women 
who still have menstrual cycles. Also, women had poorer sleep in the 
LP compared to the FP of their menstrual cycle. Our results indicate 
an interaction between the hypothalamic-pituitary-ovarian axis and 
sleep-wake regulatory systems in midlife women.
Support (If Any): Grant HL103688 to Fiona C. Baker.
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0162
GENDER EFFECT FOUND IN THE ASSOCIATION 
BETWEEN OVERNIGHT BREATHING RATE VARIATION 
AND REPORTED SLEEP QUALITY SCORES
Goelema MS1,2, Long X1,2, Haakma R 2

1Eindhoven University of Technology, Eindhoven, Netherlands, 
2Philips Group Innovation - Research, Eindhoven, Netherlands

Introduction: The relationship between objective sleep parameters, 
derived from polysomnography (PSG), and subjective sleep quality 
has been researched thoroughly in the past. Yet, correlations between 
other objective measures, such as respiratory parameters, and subjec-
tive sleep quality have not been analyzed. We expect that a stable sleep, 
seen in, for example, a low breathing rate variation overnight, is indica-
tive for a good sleep quality rating.
Methods: Data from the SIESTA project was used, consisting of 165 
healthy participants (age 51.8 ± 19.4 years; 88 females). Participants 
spent two consecutive nights in a sleep laboratory, where a complete 
PSG was assessed. From the PSG two parameters were derived: mean 
breathing rate (BR) and mean standard deviation of breathing rates 
(SDBR). In addition, participants filled out every morning the self-rat-
ing questionnaire for sleep and awakening quality (SSA). Spearman’s 
rho correlation analyses were conducted to analyze the association be-
tween the SSA score and the two respiratory parameters.
Results: Positive correlations were found between SDBR and the total 
SSA score (night 1: r = 0.179, p = 0.024; night 2: r = 0.213, p = 0.007). 
However, the correlation coefficient was not high, implicating that the 
association is weak. A gender effect was observed in both nights, as 
significant correlations were found between SDBR and total score 
on SSA for females (night 1: r = 0.263, p = 0.014; night 2: r = 0.300, 
p = 0.005), but this was not the case for males.
Conclusion: The association between breathing rate variation and the 
SSA score was more profound for females. However, these correlations 
were not as high as we expected. If future research can find a strong 
relationship between other objective sleep parameters and subjective 
sleep quality ratings, this would mean that predictions can be made 
about how someone has slept.

0163
CALCULATING UPPER AIRWAY NEURAL RESPONSE 
FROM AIRFLOW MEASUREMENTS AT ATMOSPHERIC 
PRESSURE
Hawks EM, Guzman MA, Wolfe EM, Pho H, Patil SP, Schneider H, 
Smith PL, Schwartz AR, Kirkness JP
Johns Hopkins University, Baltimore, MD

Introduction: We hypothesized that spontaneous variability of VImax 
at atmospheric pressure would reflect a spectrum of passive and active 
states, which can be probed to estimate passive and active PCRIT and the 
upper airway neuromuscular response (ΔPCRIT).
Methods: In 7 subjects, active and passive standard PCRIT were mea-
sured and compared to calculated PCRIT. The latter was derived from 
breath-by-breath VImax measurements at atmospheric pressure in ~70 
flow limited breaths during a 5–10 min period of sleep. The mean PCRIT 
(-RUS x VImax) was calculated from breaths in the 5th and 95th percentiles 
of VImax to define the calculated passive and active PCRIT, respectively. 
RUS from previously established population mean (22.9 cm H2O/L/s) 
was used for both the passive and active condition. The ΔPCRIT was 
computed to determine the upper airway neural response.
Results: For the group, no differences between standard and calcu-
lated passive, active and ΔPCRIT were observed.
Conclusion: Capitalizing on spontaneous variability of VImax at at-
mospheric pressure, we demonstrated that active PCRIT and ΔPCRIT 

neural responses can be characterized from flow measurements at at-
mospheric pressure during baseline sleep studies.

0164
SLOW WAVE SLEEP IN A DAYTIME NAP DIFFERED IN 
INDIVIDUALS WITH/WITHOUT EXERCISE BEHAVIOURS 
AND SHORT SLEEP DURATION
Cheung G, Wong M, Lau E
The University of Hong Kong, Hong Kong

Introduction: Previous research showed that exercise and sleep re-
striction could lead to an increase in slow wave sleep (SWS) in noctur-
nal sleep. SWS has been found to relate to enhanced cognitive abilities, 
e.g. memory, as well as restoration of bodily functions after exercise. 
While we recently found that exercise habits interacted with short sleep 
duration (SSD) in predicting cognitive functions, we here investigated 
whether exercise experience interacted with habitual sleep duration in 
affecting individuals’ sleep physiology during a daytime nap.
Methods: Participants included 48 university students (aged 17–25, 
39.6% male). Participants reported exercise experience and sleep-wake 
behaviours throughout the 7-day experimental protocol and came to 
a laboratory to have 90-minute polysomnography-monitored nap at 
about 2:30–4 pm on the 6th day. Based on their self-report measure, 
47.9% of participants were classified as Exerciser (> 150 minutes of 
moderate-intensity or > 75 minutes of vigorous-intensity exercise per 
week) and less than an average of 6.5 hours of sleep throughout the pro-
tocol was classified as SSD (52.2% exercisers, 32% sedentary adults).
Results: No significant group differences for gender, age, body 
mass index was found (ps > 0.05). A 2x2 factorial design, with two 
between subject factors (exercise and sleep duration), revealed a sig-
nificant interaction effect between exercise and sleep duration on 
SWS, F(1,47) = 7.21, p = 0.010. Exercisers without SSD were found 
to have significantly fewer SWS than exercisers with SSD (mean dif-
ference = −11.045, p = 0.018) and sedentary adults without SSD (mean 
difference = −12.487, p = 0.004).
Conclusion: This was the first study reporting the sleep physiology 
during a daytime nap among exercisers with/without habitual SSD. 
Exercisers’ SWS during daytime napping was found to depend on 
habitual sleep duration. It might be possible that exercisers without 
SSD had sufficient SWS at night, and therefore had fewer SWS during 
the daytime nap, than both exercisers with SSD and sedentary adults 
without SSD. The lack of significant results in the comparison between 
sedentary adults with SSD with the other three groups may be due to 
small sample size.

0165
STATES OF REDUCED BRAIN AROUSAL AGGRAVATE 
OPIOID-INDUCED RESPIRATORY DEPRESSION IN RATS
Montandon G, Horner RL
University of Toronto, Toronto, ON, Canada

Introduction: Drugs acting on µ-opioid receptors (MOR) are widely 
used in pain management or as drugs of abuse, but present unwanted 
side-effects, such as sedation and life-threatening cardio-respiratory 
depression. Although mortality and morbidity related to MOR drugs 
are major health issues, our understanding of opioid-induced respira-
tory depression is limited because their mechanisms of action on physi-
ological and brain functions are unclear. For instance, major breathing 
disorders can occur during sleep, but it is unknown whether respiratory 
depression by MOR drugs is more severe in states of reduced arousal 
such as sleep, especially considering that these drugs also have potent 
sedative properties. We aim to determine whether respiratory depres-
sion by MOR drugs is aggravated in states of reduced arousal, such 
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as sleep, sedation or anesthesia. We evaluated the impact of systemic 
administration of a clinically-relevant MOR drug on cardio-respiratory 
and brain functions in states of reduced arousal either naturally-occur-
ring during sleep or induced by anesthetics.
Methods: By combining electrocortical, respiratory and cardiac re-
cordings in freely-behaving and anesthetized adult rats, we compared 
the cardio-respiratory and electrocortical responses to systemic injec-
tions of saline or the MOR agonist fentanyl (0.1 µg/kg).
Results: We first found that fentanyl induced a sedative state charac-
terized by reduction of high (β2: 20–30 Hz) electrocortical frequencies 
and increased low (δ1: 2–4 Hz) frequencies (P = 0.02, n = 8). Fentanyl 
also reduced the time spent awake (P = 0.001) and eliminated REM 
sleep. Fentanyl initially increased respiratory variability (P = 0.006, 
n = 8) and then depressed respiratory rate (by 30–42%, P < 0.001). 
Further analysis of electrocortical and respiratory activities showed 
that respiratory depression was more severe when arousal was reduced 
(low β2 power) than when arousal was high (high β2 power) (P = 0.01, 
n = 8). We also exposed adult rats to different levels of isoflurane anes-
thesia and identified that respiratory depression by fentanyl was more 
pronounced in deep anesthesia (isoflurane 2%) than in light anesthesia 
(1%) (P = 0.036, n = 5).
Conclusion: Our data show that respiratory depression by MOR an-
algesics was aggravated in states of reduced arousal such as sedation, 
sleep or anesthesia. A state-dependent effect of MOR analgesics is 
clinically-relevant because a dose deemed effective and safe in wake-
fulness may induce severe respiratory depression when the patient is 
asleep or under anesthesia.
Support (If Any): This research was supported the Parker B. Francis 
Fellowship (GM), the Canadian Thoracic Society (GM), the Canada 
Institutes for Health Research (RLH), and the Canada Research Chair 
in Sleep and Respiratory Neurobiology (RLH).
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SLEEP FACILITATION BY ARTIFICIAL CARBONATED 
BATHING OF 38°C AND 40°C; EEG, CORE, PROXIMAL, 
AND DISTAL TEMPERATURE EVALUATIONS
Ito SU1,2, Wakasa M1, Saito A1, Sasaki M1, Satake M1, Ito W2, 
Shimizu K 2, Enoki N2, Yaegashi K 3, Kanbayashi T 2, Shimizu T 2

1Akita University Graduate School of Health Sciences, Akita, Japan, 
2Akita University Graduate School of Medicine, Akita, Japan, 3Kato 
Hospital, Akita, Japan

Introduction: Bathing, especially with hot spring with various min-
eral compositions, is known to facilitate/improve sleep by warming 
the body. Previous our study examined that Japanese hot spring bath-
ing and artificial carbonated bathing more specifically affected body 
temperature and sleep. In this study, we evaluated the effects of usual 
(plain hot water of 40°C; PH40) and artificial carbonated bathing of 
40°C (ACB40), 38°C (ACB38) on sleep using clinical thermometers 
and EEG.
Methods: Eight healthy men (average age 20.1 years) were included 
in the study. The subjects were divided into 3 groups and each group 
received the PH40 and ACB40, ACB38 (1000 ppm, ph.4.7: Carbonic 
Nano; Crystal Giken CO., LTD) a week interval. Subjects soaked in 
the bath deep enough their chests touched the water at 22:00 for 15 min. 
From the time they finished bathing to the next morning, we measured 
their core body temperature (CT: rectum), distal skin temperature (DT: 
top side of the foot), proximal skin temperature (PT: lower part of the 
clavicle) and EEG using a single channel portable device (Moomin-kei, 
SleepWell). Subjects were told to sleep from 24:00–7:00. This study 
was approved by the Akita University Ethics Committee.
Results: In EEG, the meaningful difference was not seen between 3 
conditions. CT significantly increased in the order of ACB40, PH40 

and ACB38 (p < 0.05) and declined in the same order during initial 40 
minutes after bathing (p < 0.05), respectively. The early-morning mini-
mum CTs were in the same order (p < 0.05). In the ACB38, DT sig-
nificantly decreased and PT increased, therefore DPG remain smaller 
value than other 2 groups.
Conclusion: At ACB38, DPG became the small value, and there was 
little heat radiation of the temperature, therefore there were few night 
temperature drops. It is reported that parasympathetic system becomes 
dominant in the baths less than 39°C and sympathetic system becomes 
dominant in the baths more than 40°C. However, our result brought 
good sleep in ACB of 40 °C. It would be one of the reasons that subjects 
were healthy young men without sleep problems.

0167
ENERGY METABOLISM DURING SLEEP ADJUSTED FOR 
SLEEP STAGE IN YOUNG ADULTS
Kayaba M1, Park I1, Iwayama K1, Ogata H1, Yajima K 2, Hibi M3, 
Oishi S3, Yasunaga K 3, Tokuyama K1, Satoh M1

1University of Tsukuba, Tsukuba, Japan, 2Tokyo Seiei College, Tokyo, 
Japan, 3Kao Corporation, Tokyo, Japan

Introduction: Metabolic rate during sleep is affected by time after 
sleep onset and different sleep stages reflecting different physiologi-
cal process. Some, but not all, previous studies reported differences in 
sleeping metabolic rate (REM, stage 1,2 > SWS). Time course of sleep-
ing metabolism free from the effect of sleep stages, which is unevenly 
distributed during the sleep, has never directly been addressed. The 
purpose of this study is to clarify both effects of sleep stages and sleep-
ing time on sleeping metabolism (energy expenditure, RQ; respiration 
quotient, substrate oxidation).
Methods: Young subjects free from pathological condition partici-
pated in the study, in which polysomnography recording and indi-
rect calorimetry in a metabolic chamber were performed. To get the 
whole picture of sleeping metabolic rate, we studied the time course 
of sleeping metabolic rate using semi-parametric regression approach, 
i.e. effect of sleep stage by parametrical and sleeping time course by 
non-parametrical analysis.
Results: Energy expenditure, RQ and carbohydrate oxidation were 
different among sleep stages. After controlling for sleep stage, energy 
expenditure decreased particularly during the first half but not during 
the second half of the sleep. RQ and carbohydrate oxidation decreased 
during the first half but increased during the second half of the sleep.
Conclusion: Energy expenditure, RQ and carbohydrate oxidation are 
affected by sleep stage and time after sleep onset.

0168
THE EFFECTS OF MACROPHAGE DEPLETION ON SLEEP
Szentirmai É
Washington State University, Spokane, WA

Introduction: The role of specific cellular elements in the interactions 
between the immune system and sleep is not completely understood. 
Macrophages have been implicated in the production of somnogenic 
substances in response to bacterial or viral challenge. In the present ex-
periments we tested the hypothesis that intact macrophage function is 
also required for physiological sleep responses, such as recovery after 
sleep loss and sleep in cold environment. Clodronate-containing lipo-
somes (CCL) were used to kill macrophages. During the first 24–48 h 
after treatment, CCL induces the release of bioactive substances from 
disintegrating macrophages while the number of functional macro-
phages gradually declines. Subsequently, a steady-state state develops 
when macrophage number stabilizes around 30% of the normal. We 
studied sleep during the first, dynamic phase after CCL treatment as 
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well as responses to sleep loss and cold during the macrophage-deplet-
ed, steady-state.
Methods: Male C57BL/6 mice, instrumented for sleep recording, re-
ceived intraperitoneal (ip) injections of isotonic saline or CCL (0.2 ml/
mouse) 10 minutes before dark onset. Sleep-wake activity and body 
temperature was measured to determine the acute effects of macro-
phage depletion. One week after CCL treatments, the effects of sleep 
deprivation by gentle handling and cold exposure (10°C) were mea-
sured.
Results: 1) Intraperitoneal injection of CCL elicited an immediate in-
crease in non-rapid-eye movement sleep (NREMS) and body tempera-
ture as well as decreases in rapid-eye movement sleep (REMS), motor 
activity and EEG slow-wave activity. 2) Rebound sleep increases after 
sleep deprivation were significantly attenuated, by about 40%, in mac-
rophage-depleted mice; there was no significant difference in the EEG 
SWA responses of the two groups. 3) In the cold, macrophage-depleted 
mice had significantly suppressed NREMS and increased wakefulness 
as compared to controls.
Conclusion: Intact macrophage function is required for normal sleep 
in cold environment as well as for recovery sleep responses after sleep 
loss.
Support (If Any): Faculty Seed Grant to ES by WSU.
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BROWN ADIPOSE TISSUE PLAYS A CENTRAL ROLE IN 
PROMOTING SLEEP IN SYSTEMIC INFLAMMATIONS
Kapás L, Szentirmai É
Washington State University, Spokane, WA

Introduction: Our previous work identified brown adipose tissue 
(BAT) as a source of peripheral sleep-inducing signals. The sleep-
inducing property of BAT is conferred by the tissue-specific presence 
of uncoupling protein 1 (UCP-1). Since systemic inflammation greatly 
affects sleep and the function of BAT, we hypothesized that sleep re-
sponses to inflammation may be mediated by BAT-derived signals. To 
test this, we determined the effects of systemic inflammation on sleep 
and body temperature in UCP-1 KO and WT mice. Intraperitoneal (ip) 
injections of lipopolysaccharide (LPS), tumor necrosis factor alpha 
(TNF) and interleukin-1 beta (IL-1) were used as a model for acute, 
systemic inflammation.
Methods: Male WT and UCP-1 KO mice were instrumented for sleep 
and body temperature recordings. The animals were kept at 30 C. At 
dark onset, mice were injected ip with saline on the control day and 
with 0.3 or 1 ug TNF, 0.4 ug IL-1 or 100 ug/kg LPS on the experimental 
day. Sleep, body temperature and motor activity were recorded for 24 
h after each treatment.
Results: In WT mice, NREMS increased by 85% after LPS and 45% 
after IL-1 injection for 12 h. Administration of TNF led to dose-depen-
dent increases in NREMS. All sleep responses were completely abol-
ished in UCP-1 KO animals. LPS, IL-1 and 1 ug TNF elicited biphasic 
changes in body temperature; after an initial hypothermia, temperature 
increased for 12 h in WT mice. In KOs, the hypothermic phases were 
abolished but increases in body temperature were not affected. LPS 
and both cytokines suppressed motor activity. There were no signifi-
cant differences in the activity responses of WT and UCP-1 KO mice.
Conclusion: Present results indicate that BAT plays an essential role 
in generating sleep responses that accompany systemic inflammatory 
conditions. The febrile responses, however, are independent of the 
thermogenic activity of BAT.
Support (If Any): Faculty Seed Grants to LK and ES by Washington 
State University.

0170
THE RELATIONSHIP BETWEEN REM SLEEP AND THE 
CORTISOL AWAKENING RESPONSE (CAR) FOLLOWING 
STRESS EXPOSURE
Cunningham TJ, Payne JD
University of Notre Dame, Notre Dame, IN

Introduction: Research has shown sleep and stress to be inextricably 
linked, with daytime stress affecting the composition of subsequent 
sleep, and sleep affecting next-day stress reactivity. REM sleep may 
play a particularly important role in the processing of stressful expe-
riences. One marker of the relationship between sleep and stress is 
the cortisol awakening response (CAR), a sharp increase in cortisol 
that occurs upon awakening from sleep. The CAR is a reliable bio-
marker of HPA activity and has high intra-individual reliability over 
time. Although previously experienced and perceived upcoming stress 
is known to influence the CAR, the relationship of sleep and specific 
sleep stages to the CAR remains unclear. We tested the hypothesis that 
REM sleep would be positively related to the magnitude of the CAR.
Methods: Participants arrived for the first session at ~4:00 pm and un-
derwent a validated psychosocial stress task or a non-stressful control 
task, followed by an hour of saliva sampling in 15-minute increments. 
Participants returned at 10:00 pm for a night of polysomnograph-re-
corded sleep. The next morning, salivary sampling recommenced upon 
awakening and throughout the first hour of arousal, again in 15-minute 
intervals.
Results: As predicted, percentage of REM sleep positively correlated 
with salivary measures of next-day CAR (area under the curve with 
respect to increase; AUCi), but only when the previous day included 
exposure to the psychosocial stressor (r = 0.49, p = 0.038). Control par-
ticipants did not demonstrate this relationship between REM sleep and 
CAR (r = 0.21, p = 0.41).
Conclusion: These results provide additional support for the findings 
connecting previous stress with subsequent morning CAR. We also 
found that the relationship between the CAR and sleep architecture 
may be moderated by an acute stressor. Specifically, following stress 
exposure, the amount of REM sleep may predict the degree to which a 
previously stressed individual is prepared for the next day, perhaps in 
anticipation of additional stressors.

0171
MECHANISM OF POST-EVENT TACHYCARDIA IN 
PATIENTS WITH OBSTRUCTIVE SLEEP APNEA
Azarbarzin A1, Hanly P2, Younes M3

1YRT Ltd, Winnipeg, MB, Canada, 2Sleep Center, Foothills Medical 
Centre, University of Calgary, Calgary, AB, Canada, 3Sleep Disorders 
Centre, Misericordia Sleep Centre, University of Manitoba, Winnipeg, 
MB, Canada

Introduction: Heart rate (HR) increases following obstructive events 
in patients with obstructive apnea (OSA). We recently demonstrated 
that post-event tachycardia is largely due to sub-cortical reflexes and 
only partially due to cortical arousal. The nature of these reflexes re-
mains unknown. HR is known to increase with increased minute ven-
tilation (VE). We wished to determine the extent to which post-event 
tachycardia is related to post-event increase in VE.
Methods: 31 patients with severe OSA were placed on Continuous-
Positive-Airway-Pressure (CPAP). CPAP was reduced during sleep to 
produce obstructive events. CPAP was increased after three obstructed 
breaths, terminating obstruction before it was terminated spontane-
ously. Breath-by-breath HR and VE were measured for the first two 
breaths after release of the obstruction in observations without arousal 
(B1, B2). To determine HR response to ventilatory stimulation in the 
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absence of obstruction or arousal, some dial-downs were preceded by 
hypercapnic and/or hypoxic breathing for 30 seconds, inducing a range 
of ventilatory stimulation during which breath-by-breath VE and αHR 
were determined. The HR response to ventilatory stimulation (αHR/
VE) was calculated from these observations. In each patient the in-
crease in HR in the first two post-event breaths was compared to the 
increase expected from the αHR/VE at the observed post-event VE 
levels.
Results: αHR/VE ranged 0 to 0.91 beats.L-1.m in different subjects 
(0.43 ± 0.28). The post-event changes in HR, relative to pre-dial-down 
HR, ranged −2.7 to 5.8 beats.min-1 in B1 (1.2 ± 2.2; p < 0.02) and 

−1.7 to 6.9 beats.min-1 in B2 (2.3 ± 2.4; p < 0.001). The difference be-
tween observed and expected αHR was −0.06 ± 2.02 min-1 for B1 and 
0.55 ± 2.00 min-1 for B2. Neither value was significant.
Conclusion: Post-event tachycardia in OSA in the absence of cortical 
arousal can be entirely explained by the post-event increase in ventila-
tion.
Support (If Any): Supported by Canadian Institutes of Health Re-
search
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CARDIAC ACTIVITY IN ADULTS WITH AUTISM BEFORE 
AND AFTER SLEEP
Tessier M1, Pelletier M2, D’Antono B3, Godbout R 2
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Introduction: Poor sleep is a frequent finding in autism and has been 
shown to interfere with daytime functioning in adults with autism 
(Limoges et al., 2013). Literature in typically developing individuals 
(TD) shows that sleep also influences the regulation of the autonomic 
nervous system so that the sympathovagal tone is normally higher in 
the morning compared to evening. Electrocardiographic (ECG) stud-
ies suggest the existence of a sympathetic-parasympathetic disequilib-
rium in autism (Ming et al., 2005). This research tested whether this 
observation is related to sleep or not.
Methods: 12 adults with ASD (20.8 ± 4.2 years) and 12 TD individuals 
(22.1 ± 4.0 years) were evaluated over two consecutive nights in a sleep 
laboratory using polysomnography. ECG samples were taken 5 min-
utes before and after sleep period. Spectral analysis of the heart rate 
variability was done using a commercial software and the following 
variables were extracted: total spectral power (TSP), absolute values 
of low (LFabs: sympathetic tone) and high (HFabs: parasympathetic 
tone) frequency spectral powers and normalized values of low (LFnu) 
and high (HFnu) frequency spectral power. Analyses were performed 
using repeated measures ANOVAs.
Results: Preliminary results show significant differences between eve-
ning and morning values in both groups, with higher morning values 
for TSP (p = 0.012), LFabs (p = 0.001) and LFnu (p = 0.004). No sig-
nificant difference was found for the HFabs but HFnu was significant-
ly lower in the morning (p = 0.007). No significant differences were 
found between the ASD and TD groups.
Conclusion: These results suggest that the effect of nocturnal sleep 
was similar in both groups with higher sympathetic activity in the 
morning. Interesting results show a higher parasympathetic influence 
on heart rate variability in the evening for TD and ASD participants. 
Further analyses will focus on ECG activity during sleep, for each of 
the sleep stages.
Support (If Any): Supported by the Canadian Institutes of Health Re-
search and the “Fonds de la recherche du Québec en santé”.
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WHAT CAUSES THE DIFFERENCES IN CARDIAC 
ACTIVITY WITHIN AND BETWEEN SUBJECTS DURING 
SLEEP?
Long X1,2, Haakma R 2, Fonseca P1,2, Aarts RM1,2, Goelema MS1,2, 
Rolink J3

1Eindhoven University of Technology, Eindhoven, Netherlands, 
2Philips Group Innovation - Research, Eindhoven, Netherlands, 
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Introduction: It is known that cardiac activity varies across sleep 
stages. However, it has not been quantitatively investigated in what 
aspects the cardiac activity is influenced by within-/between-subject 
differences. The differences can be caused by many factors such as 
subject demographics, time and (cardiac) physiology. We hypothesize 
that these factors affect the cardiac activity during sleep. Therefore, 
we try to quantify these effects leading to cardiac variations within 
and between subjects, which can be potentially used to help separate 
sleep stages.
Methods: We considered overnight heartbeats, obtained from electro-
cardiographic signals, from 165 healthy adults (age 51.8 ± 19.4 years). 
Sleep stages were scored on 30-s epochs with polysomnography ac-
cording to R&K rules. To investigate the abovementioned effects on 
cardiac activity, we applied multilevel models that consider structural 
variables at hierarchical levels. Two cardiac parameters were analyzed: 
mean heart rate (HR) and standard deviation of heartbeat intervals 
(SDNN). The models (with two levels: subject and time) included vari-
ables regarding effects from sleep stages (wake, REM, light and deep 
sleep), demographics (age, gender and body mass index), time of night 
and physiological differences within and between subjects.
Results: For both parameters, all the effects mentioned above were 
found to be significant (Wald Z-test, p < 0.05). Further, when exclud-
ing the variance caused by sleep stage, the variances explained by de-
mographics, time, physiology within subjects and physiology between 
subjects respectively accounted for 3.4%, 4.0%, 12.4% and 80.2% 
of the total variance for HR, and 13.7%, 2.4%, 40.9% and 43.0% for 
SDNN.
Conclusion: Demographics, time and within-/between-subject physi-
ological differences have significant effects on cardiac activity during 
sleep. The major effects come from the differences within and between 
subjects in physiology, accounting for > 80% of total variance (except 
sleep stage). Practically, for cardiac-based sleep staging, the main chal-
lenge is to reduce these within-/between-subject differences.

0174
AUTONOMIC CHANGES AFTER SLEEP RESTRICTION - 
EVIDENCE OF AN ALLOSTATIC MECHANISM
Hairston IS, Bergman O, Sachs-Levi A, Pereg Ben-Shitrit L, Ron E, 
Cohen-Zion M
Academic College Tel Aviv Jaffa, Behavioral Sciences, Tel Aviv Jaffa, 
Israel

Introduction: Chronic sleep problems are commonly associated with 
mood difficulties, which are potentially linked to neurophysiological 
hyperarousal. It has been previously shown that total sleep depriva-
tion interferes with autonomic function resulting in reduced vagal tone. 
However, research using partial sleep deprivation (PSD) protocols, 
which more closely approximate a real-world model of insomnia, is 
limited. Here we assessed the effects of repeated PSD on physiological 
and self-reported responses to emotional stimuli.
Methods: After a 2-min baseline, 22 participants (28% men, ages 
25 ± 2.2) viewed validated neutral and sad film clips. Electrocardiogra-
phy data used to derive heart rate (HR; beats/min) and heart rate vari-
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ability (HRV), measured as the ratio of the low (0.04–0.15 Hz) to high 
(0.15–0.4 Hz) frequency (LH/HF) components of the HR spectrum, 
wherein HF reflects vagal tone, and the ratio indicates the balance 
between the sympathetic and parasympathetic arms of the autonomic 
system. Data collection occurred twice, following three nights of PSD 
(5 hrs/night) and 3 well-rested nights (WR; 8 hrs/night), in counterbal-
anced order.
Results: Irrespective of sleep condition, subjects reported feeling sad-
der during the “sad” compared with the “neutral” clips (p < 0.001). 
Baseline HR and HF did not vary with sleep condition, however 
compared to the WR condition, LF/HF was significantly reduced 
(p < 0.001) in PSD, indicative of a greater contribution of vagal tone to 
autonomic balance. A main effect of film clip on LF/HF was found only 
for sad film clips (p = 0.034). Follow-up tests showed that relative to 
baseline, HR and LF/HF significantly declined in the PSD-sad condi-
tion (p = 0.043, p = 0.005, respectively), but not in the other conditions.
Conclusion: Combined, these findings indicate that repeated PSD 
might initially invoke an adaptive autonomic response to the stress of 
reduced sleep by increasing baseline and emotion-induced vagal tone.
Support (If Any): Internal Faculty Fund Academic College Tel Aviv 

- Jaffa

0175
THE INFLUENCES OF FAMILY CONFLICT AND 
HERITABILITY ON DIURNAL SALIVARY CORTISOL 
LEVELS: MATERNAL TRANSMISSION, PUBERTAL 
EFFECT, AND GENE-ENVIRONMENT INTERACTION
Zhang J, Lam S, Wing Y
The Chinese University of Hong Kong, Shatin, Hong Kong

Introduction: It has been shown that diurnal cortisol profile is associ-
ated with various sleep disorders, including insomnia and OSA. The 
heritability and environmental determinants of diurnal cortisol profile 
especially on the modulation by family conflict and puberty needs fur-
ther study. We aimed to investigate the associations between family 
conflict and cortisol levels in adults and adolescents, the heritability of 
the diurnal cortisol levels and potential gene-environment interaction.
Methods: A total of 205 adolescents (14.2 ± 2.8 years old, 51.7% fe-
males, and 57 with insomnia) and 244 adults (46.4 ± 4.1 years old, 
52.8% females, and 69 with insomnia) were recruited from a commu-
nity-based family study. The family conflict subscale of the Family 
Environmental Scale and serial salivary cortisol measurement were 
measured for all subjects.
Results: A lower secretion of cortisol awakening response with refer-
ence to ground (CARg) was found in adults and adolescents at late/
post puberty, but not in pre/early pubertal adolescents, who were ex-
periencing high family conflict. Familial correlation analyses revealed 
significant correlations in nearly all diurnal cortisol levels (correlation 
coefficients range 0.16–0.31, p < 0.05) and CARg among mother-off-
spring pairs while father-offspring pairs did not show any correlations. 
There were mild to moderate heritabilities of salivary cortisol levels at 
each time point and CARg (h2 ranged from 0.18 to 0.42) but not corti-
sol awakening response with reference to increase (CARi) in the over-
all sample. There was a higher heritability of cortisol level at nearly 
each serial time point and a near-significant heritability in CARi in the 
high conflict families.
Conclusion: These findings suggested that diurnal cortisol profiles 
had a significant familial aggregation with predominant maternal in-
fluences and a potential gene-environment interaction. High family 
conflict is associated with lower total cortisol secretion upon awaken-
ing in adults and late/post pubertal adolescents but not in those at pre/
early puberty.

Support (If Any): This study was part of the epidemiological study 
funded by Health and Health Services Research Fund (HHSRF) grant 
(reference number 08090011) from Food and Health Bureau of Hong 
Kong SAR, China.
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SLEEP CHARACTERISTICS AND LIVER ENZYME 
FLUCTUATIONS: THE HEXA STUDY
Yoon H1, Lee K 2, Yang J1, Song M1, Lee H1, Lee Y1, Lee J1, Kang D1
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Introduction: Though sleep disorders may predispose liver to sig-
nificant inflammation or damage that could subsequently progress to 
a decline in liver function, epidemiological evidence is still insuffi-
cient in the general population. We investigated whether inadequate 
sleep duration and/or low sleep quality was associated with liver en-
zyme fluctuations, and whether usual sleep patterns could result in 
the asymptomatic elevated level of liver enzymes, aspartate-amino-
transferase (AST), alanine-aminotransferase (ALT) and gamma-glu-
tamyltranspeptidase (γ-GTP).
Methods: Based on the Health Examinees study, a total of 58,754 
healthy middle-aged and elderly individuals were analyzed after ex-
cluding the participants who had been treated for liver diseases and 
other clinical conditions that could affect liver functions. Self-reported 
sleep duration and quality (i.e., difficulties falling asleep and tiredness 
even after sleeping) were assessed. By using multiple logistic regres-
sion models, odds ratios (ORs) and 95% confidence intervals (95% CIs) 
were estimated to evaluate the association between sleep duration and 
quality with elevated levels of liver enzymes, accounting for potential 
confounders.
Results: Inadequate sleep durations had significantly increased odds 
of elevated level of AST among both men (OR 1.26, 95% CI 1.01–1.58 
for ≥ 10 hours/day) and women (OR 1.09, 95% CI 1.00–1.19 for < 6 
hours/day and OR 1.07, 95% CI 1.02–1.13 for ≥ 10 hours/day) compared 
to normal sleep duration (6–7 hours/day). Women who usually slept < 6 
hours were associated with a significant elevation in ALT level (OR 
1.14, 95% CI 1.07–1.21). In terms of sleep quality, women who had 
always experienced difficulties falling asleep exhibited a significant 
elevation of γ-GTP (OR 1.71, 95% CI 1.45–2.02). Moreover, the odds 
of elevation in γ-GTP were significantly increased with the magnitude 
of tiredness even after sleeping among both men and women (p for 
trend < 0.05).
Conclusion: Our findings suggest that usual sleep problems experi-
enced in daily life can be independently associated with liver enzyme 
elevations.

0177
PERIPHERAL INFLAMMATION CAUSES HYPERSOMNIA 
WITHOUT ALTERING BODY TEMPERATURE IN MICE
Alexandre C1, Latremoliere A 2, Miracca G1, Scammell T1, Woolf C2

1Beth Israel Deaconess Medical Center, Boston, MA, 2Boston 
Childrens Hospital, Boston, MA

Introduction: Patients suffering from chronic inflammatory diseases 
often complain about poor quality sleep, including difficulty falling 
asleep and frequent awakenings during the night. Reciprocally, lack of 
restorative sleep is often associated with increased pain sensitivity and 
enhanced inflammation, potentially leading to a “vicious cycle”. We 
characterized sleep-wake behavior in two standard models of chronic 
inflammation in mice: intraplantar injection of Complete Freund’s Ad-
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juvant (CFA) and carrageenan (CAR). To identify the nociceptive fibers 
responsible for changes in sleep patterns, we also tested the effects on 
sleep of capsaicin (CAP) and mustard oil (MO), two compounds that 
respectively activate TRPV1 and TRPA1 channels expressed by spe-
cific subsets of nociceptors.
Methods: Adult C57Bl6/J male mice were instrumented with EEG/
EMG electrodes for sleep recordings and telemetric transmitters (DSI) 
for body temperature and locomotor activity monitoring. After base-
line recordings, we performed intraplantar injections of CFA, CAR, 
CAP, or MO (20 ul) at 12:30 pm and examined sleep-wake behavior 
and body temperature.
Results: Compared to saline, intraplantar administration of all com-
pounds caused spontaneous pain behaviors (flinches of the injected 
paw) and hypersensitivity to mechanical and thermal stimuli (i.e. 
evoked pain). Unexpectedly, mice injected with CFA exhibited more 
sleep during the 3 subsequent dark periods compared to baseline. This 
hypersomnia dissipated on day 4. CAR, CAP and MO administration 
also increased sleep during the first dark period following the injection. 
Importantly, none of these compounds increased body temperature, in-
dicating that the hypersomnia was not related to a febrile state.
Conclusion: Our results provide evidence of a putative protective sleep 
response after a painful challenge. CFA and CAR intraplantar injec-
tions are both standard models for the study of chronic inflammation. 
However, our data suggest that they might not be ideal for studying 
sleep disturbances associated with chronic inflammation and question 
the limited translational aspects of these models.
Support (If Any): This work was supported by NIH R01 DE022912
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RIGID RED BLOOD CELL MEMBRANES AND LOW IRON 
RESULT FROM CHRONIC SLEEP DEFICIENCY IN RATS
Everson CA, Whitaker N
The Medical College of Wisconsin, Milwaukee, WI

Introduction: The mammalian bone marrow and blood system is 
adapted to carrying out diverse, life-sustaining functions. Experimen-
tal sleep deficiency in otherwise healthy humans results in signs of an 
affected blood system, such as granulocytosis, iron deficiency, and a 
proinflammatory state. Insomnia is associated with anemia, and rest-
less legs syndrome is associated with iron deficiency. The purpose of 
the present study was to investigate the extent to which red blood cells 
(RBCs) become more fragile due to sleep loss and the association of 
fragility with indices of iron.
Methods: Adult male Sprague-Dawley rats were chronically sleep 
restricted (SR, N = 5–7) for 72 days by disrupting their sleep (33% 
reduction) for six10-day periods, separated by 2-day periods of sleep 
ad libitum according to a validated schedule. Ambulation controls (AC, 
N = 4–8) were produced by consolidating the ambulation requirements 
of sleep-restricted rats to allow for longer periods of uninterrupted 
sleep. Peripheral blood was tested for RBC mechanical and osmotic 
fragility. Decalcified bone marrow sections were stained with Prussian 
Blue for iron stores. Haptoglobin, which binds hemoglobin released by 
RBC lysis, was measured in heparinized plasma, as were plasma total 
iron binding capacity (TIBC), transferrin, and plasma osmolality.
Results: RBC hemolysis in response to increased concentrations of 
hypotonic solution was normal in AC rats, while that for SR rats was 
shifted to the right, indicating rigid membranes. Plasma osmolality 
was normal. Marrow iron stores were greatly reduced in SR rats com-
pared with AC rats (0.07 vs 1.0% area). Haptoglobin exceeded to upper 
limit of assay detection (> 1200 µg/ml) in SR rats, compared with AC 
rats (733 ± 367 [SD] µg/ml; P < 0.01). Both TIBC and transferrin were 
increased in SR rats (TIBC, SR vs. AC: 139 vs. 61 µg/dl, P < 0.01; trans-
ferrin: 1931 vs. 1367 µg/ml, P < 0.001, respectively).

Conclusion: These results indicate that chronic sleep restriction de-
creases the deformability of RBCs, which is a sign of iron deficiency 
and decreased RBC lifespan. Iron deficiency is indicated by low iron 
stores and increased TIBC and transferrin. Dramatically increased 
haptoglobin rules out excessive hemolysis and usually reflects low 
numbers of RBCs and inflammatory processes. Changes to blood cell 
production and function are expected to contribute to signs and disease 
risk associated with sleep deficiency because RBCs circulate through-
out the body, potentially affecting cell-cell signaling and functions in 
many organs and systems.
Support (If Any): The National Heart, Lung and Blood Institute
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HEART RATE VARIABILITY MEASURES OF 
WATCHSTANDING IN SIMULATED NAVAL WATCH 
SCHEDULES
Skornyakov E1, Shattuck NL2, Winser MA1, Matsangas P2, 
Sparrow AR1, Layton ME1,3, Van Dongen H1,3

1Sleep and Performance Research Center, Washington State 
University, Spokane, WA, 2Naval Postgraduate School, Monterey, CA, 
3College of Medical Sciences, Washington State University, Spokane, 
WA

Introduction: Watch bills in Naval surface operations assign person-
nel to watches in rotating or fixed schedules to operate the ship around 
the clock. We simulated shipboard watch schedules in a laboratory and 
assigned continuous cognitive tasks during watch periods. Heart rate 
(HR) and HR variability (HRV) were measured as indices of physi-
ologic state during simulated watchstanding.
Methods: N = 15 healthy, male subjects (ages 18–29) spent 5 consecu-
tive days and nights in a laboratory. Subjects were assigned to one of 
four Naval watch schedules, each with 6 h of simulated watchstand-
ing and 6.5 h opportunity to sleep daily on average. During simulated 
watches, subjects continuously performed cognitively challenging 
tasks. EKG was recorded throughout the study with Holter monitors. 
HR and low frequency (LF) and high frequency (HF) components of 
HRV were extracted in 5 min intervals. We compared these measures 
during watchstanding versus 30 min intervals immediately pre-watch 
and post-watch, controlling for time awake and time of day. For refer-
ence, we also compared these measures between scheduled wake and 
sleep periods. Statistical analyses employed mixed-effects ANOVA.
Results: HR was lower during simulated watches than immediately 
pre- and post-watch (F = 346, p < 0.001), and lower during sleep than 
during wakefulness (F = 7323, p < 0.001). HF and LF/HF ratio indi-
cated greater vagal tone during watches than immediately pre- and 
post-watch (F > 34.4, p < 0.001), and even greater vagal tone during 
sleep (F > 1465, p < 0.001). LF, a speculative measure of sympathetic 
tone, was marginally increased during watches compared to 30 min 
pre-watch, and remained high 30 min post-watch (F = 6.2, p = 0.002). 
LF was substantially lower during other scheduled wakefulness and 
further decreased during sleep (F = 523, p < 0.001).
Conclusion: In this pilot study, HR and HRV indices differentiated 
sympathovagal balance during simulated watches from other wakeful-
ness and from sleep. In particular, HR, HF and LF/HF ratio provided 
congruent evidence for increased vagal tone during watches compared 
to other waking periods. Using differences in HR and HRV measures 
between wakefulness and sleep as reference, this finding suggests that 
simulated watchstanding with continuous performance of cognitively 
challenging tasks was associated with physiologic symptoms that may 
indicate increased sleepiness—due to task load, reduced physical ac-
tivity and/or sedentary posture.
Support (If Any): Naval Postgraduate School award N62271-
13-M-1228
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SELECTIVE NON-IMAGE FORMING RESPONSES TO 
MILLISECOND FLASHES OF LIGHT
Najjar RP1,2, Zeitzer JM1,2

1Stanford University, Stanford, CA, 2VA Palo Alto Health Care 
System, Palo Alto, CA

Introduction: Light affects circadian timing, suppresses melatonin 
and modulates arousal. These non-image forming (NIF) responses to 
light are subserved by a network of retinal rods, cones and intrinsi-
cally photosensitive retinal ganglion cells that project to sub-cortical 
brain regions. To date, it remains unclear whether light-induced NIF 
responses use a common retino-sub-cortical pathway. Here, we com-
pare the NIF impact of different patterns of ultra-short light flashes.
Methods: Twenty seven (26 ± 5.2 y.o) adults were empanelled in a 
16-day protocol. Participants were exposed on the night of Day-15 to 
60 minutes of ultra-short 2-msec flashes of different frequency (inter-
stimulus intervals, ISI = 2.5–240 seconds). Circadian phase shift was 
calculated as the difference in salivary dim light melatonin onset be-
tween Day-15 and Day-16. Salivary melatonin concentration, prior to 
and after light exposure, was used to calculate melatonin suppression. 
Alertness and sleepiness were monitored on days 15 and 16 via the 
auditory psychomotor vigilance task and the Stanford Sleepiness Scale.
Results: Light-evoked changes in circadian phase shift followed a 
non-linear exponential decay function as ISI increased. A peak change 
(delay) in circadian timing of 1.5 h was observed after a 7.5-second ISI. 
Percent melatonin suppression, and changes in alertness and sleepiness 
fluctuated under the different conditions but did not vary systemati-
cally based upon ISI.
Conclusion: While the circadian system integrates ultra-short flashes 
of light over time in a non-linear fashion, the absence of a dose-response 
change in melatonin suppression and alertness across ISI supports the 
idea that light-induced circadian phase shifting is not regulated by the 
same neural pathways as either light-induced melatonin suppression or 
light-induced changes in alertness. Such integration of flashes might 
be occurring at the retina and/or suprachiasmatic nucleus level. Our 
results also indicate that using melatonin suppression as an indicator 
of circadian sensitivity to light is, at least in some circumstances, im-
precise.
Support (If Any): Research supported by NHLBI (1R01HL108441-
01A1) and Department of Veterans Affairs Sierra-Pacific Mental Ill-
ness Research, Education, and Clinical Center
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CIRCADIAN TIMING AFTER EXPOSURE TO A NATURAL 
WINTER LIGHT-DARK CYCLE
Stothard ER, McHill AW, Depner CM, Birks BR, Chinoy ED, 
LeBourgeois MK, Wright JrKP
University of Colorado Boulder, Boulder, CO

Introduction: The human circadian timekeeping system is synchro-
nized primarily by light exposure. Electrical light after sunset phase 
delays the circadian clock and changes the phase angle of entrainment 
(i.e., the timing of the circadian clock relative and to the light-dark 
cycle). We have shown that exposure to a natural summer light-dark 
cycle resets the circadian clock such that the biological night, denoted 
by higher melatonin levels, begins near sunset and ends near sunrise. 
To better understand the influence of modern versus natural light ex-
posure on human circadian physiology, we examined the influence of 
a natural winter light-dark cycle on the circadian melatonin rhythm.

Methods: Five physically active participants (1-female) aged 30.4 ± 8.6 y 
(mean ± SD) participated in a 2 week study. Week 1 consisted of am-
bulatory monitoring in the participant’s typical work-school-social en-
vironment. Week 2 consisted of one week of camping in the Rocky 
Mountains near the winter solstice with no electrical lights. Light ex-
posure, sleep and activity levels were measured using Actiwatch Spec-
trums. Salivary melatonin phase assessments were conducted under 
controlled laboratory dim-lighting conditions immediately following 
each week to assess the circadian melatonin rhythm.
Results: In the natural winter light-dark cycle, participants were ex-
posed to light levels that were 15x greater than in the typical work-
school-social environment (p < 0.001). After exposure to the natural 
winter light-dark cycle, average melatonin onset advanced occurring 
closer to sunset and ~2.6 h earlier than in the typical work-school-social 
environment (p < 0.05), whereas melatonin offset did not significantly 
change. Average bedtime also advanced by ~2.4 h and time in bed sig-
nificantly lengthened by ~2.2 h (p < 0.05).
Conclusion: Exposure to electrical lighting and reduced exposure to 
sunlight in the winter contributes to later circadian and sleep timing in 
modern society, as compared to a natural winter light-dark cycle. Our 
findings indicate that these effects of light on the circadian clock are 
not dependent upon season.
Support (If Any): NIH R21 DK092624

0183
LIGHT EXPOSURE IS ASSOCIATED WITH CIRCADIAN 
PHASE WHEN CONTROLLING FOR BEDTIME IN 
TODDLERS
Akacem LD, Harsh J, LeBourgeois MK
University of Colorado Boulder, Boulder, CO

Introduction: A well-established literature demonstrates that light is 
the strongest environmental time cue to the circadian system. In adults, 
evening light exposure is associated with melatonin suppression, de-
layed circadian phase, and decreased sleep propensity. However, very 
little is known about the extent to which evening light influences the 
circadian system of young children. This study examined whether eve-
ning light exposure was associated with circadian phase in a sample 
of toddlers.
Methods: Data were collected on 13 toddlers aged 2–5 years (5 fe-
males). Subjects followed their habitual sleep schedules for 5 days 
before an in-home dim-light melatonin (DLMO) assessment during 
which saliva samples were collected every 30 min for 6 h (< 10 lux). 
Saliva samples were assayed for melatonin, and DLMO was defined 
as the clock time at which salivary melatonin levels surpassed 4 pg/
mL. Throughout the protocol, sleep timing was measured with wrist 
actigraphy and light exposure (lux) was assessed with a pendant light 
recording device (Dimesimeter).
Results: Average bedtime was 20:23 ± 00:40, and DLMO occurred 
at 19:27 ± 00:68. Children were exposed to an average of 32.8 ± 46.1 
lux in the 2 h prior to bedtime on the night preceding the DLMO as-
sessment. Bedtime was positively associated with DLMO (r = 0.70; 
p = 0.004). After controlling for bedtime, the amount of light in the 
2 h before bedtime was positively associated with DLMO (r = 0.69; 
p = 0.007). Bedtime accounted for 47.6% of the variance in the relation-
ship between evening light exposure and DLMO.
Conclusion: These findings are consistent with research in adults 
showing circadian sensitivity to evening light exposure. Future stud-
ies should examine whether young children are more sensitive to light 
than adults and if evening light exposure influences nighttime settling 
difficulties in young children.
Support (If Any): R01-MH086566 to MKL
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CIRCADIAN INFLUENCES ON SMELL AND TASTE 
DETECTION THRESHOLDS: PRELIMINARY RESULTS 
FROM ADOLESCENTS
Carskadon MA1,2,3, Saletin JM1,2, Van Reen E1,2, Bartz A 2, Hart C 4, 
Raynor H5, Herz RS1

1Alpert Medical School of Brown University, Providence, RI, 2Sleep 
for Science Research Laboratory of EP Bradley Hospital, Providence, 
RI, 3University of South Australia, Adelaide, Australia, 4Temple 
University, Philidephia, PA, 5University of Tennessee, Knoxville, TN

Introduction: Reports of links between obesity and timing of food 
intake raise interest in potential contributing factors. Smell and taste 
detection have not been examined in this context. We used a forced 
desynchrony (FD) protocol to assess circadian changes in chemosen-
sory detection.
Methods: Twenty-one adolescents (ages 11–16; 10 girls) took part in a 
28-hr FD with 17.5 h wake and 9.5 h asleep. Smell threshold to phenyle-
thyl alcohol (PEA) was measured using a staircase method with Sniffin’ 
Sticks at 16 concentrations; threshold = mean of 4 staircase reversals. 
Bitter, sweet, salty, and sour taste strips at 4 concentrations were pre-
sented lowest to highest concentration; detection = first of 2 consecu-
tive correct identifications. [N = 18 for taste.] Smell testing preceded 
taste, began 1 h after waking, and was repeated at 3 h intervals for 6 
trials each FD cycle. Circadian phase was determined by dim light mel-
atonin onsets (DLMO), period was estimated by regression through 
DLMOs for each participant, and data were binned by circadian degree 
(60-degree bins).
Results: Smell threshold showed a significant effect of circadian 
phase (F(5,100) = 2.56, p = 0.032), with best detection 60 degrees be-
fore DLMO (late afternoon) and worst at 60–120 degrees after DLMO 
(middle night/early morning). Only bitter taste showed a significant ef-
fect of circadian phase (F(5,85) = 5.33, p = 0.0003), with worst detec-
tion at 120 degrees before DLMO (midday) and best 120 degrees after 
DLMO (early morning). Detection of the other tastes showed no effects 
of phase.
Conclusion: These preliminary data indicate that smell threshold and 
bitter taste detection are influenced differentially by circadian timing. 
Our future research will expand this exploration of smell and taste for 
healthy weight and overweight adolescents and assess whether smell 
and taste threshold changes affect food choices, food consumption pat-
terns, and weight status.
Support (If Any): NIDDK grant DK101046.
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THE ASSOCIATION BETWEEN CIRCADIAN RHYTHM 
PHASE AND INTER-INDIVIDUAL DIFFERENCES IN 
NEUROBEHAVIOURAL IMPAIRMENT FOLLOWING 
SLEEP LOSS
Sletten TL1, Segal AY1, Flynn-Evans EE2, Lockley SW2, 
Rajaratnam SM1

1School of Psychological Sciences, Monash University, Melbourne, 
Australia, 2Brigham & Women’s Hospital, Harvard Medical School, 
Boston, MA

Introduction: Systematic variability between individuals is often ob-
served in the degree of alertness and neurobehavioural impairment 
following sleep loss. The underlying basis of individual vulnerability 
to sleep loss is not well understood. This study examined the effects 
of short-term sleep restriction on neurobehavioural performance and 
sleepiness, and the associations between individual differences in im-
pairments and circadian rhythm phase.

Methods: Healthy adults (n = 43; 22 M) aged 22.5 ± 3.1 (mean ± SD) 
years maintained a regular 8:16 h sleep:wake routine for at least three 
weeks prior to a laboratory visit. Participants were restricted to 5 hours 
time-in-bed at home the night before admission and 3 hours time-in-
bed in the laboratory, aligned by wake time. Dim light melatonin on-
set (DLMO) was assessed as a marker of circadian phase using saliva 
samples collected from 5.5 h before until 5 h after the pre-laboratory 
scheduled bedtime. Two hours after waking participants completed the 
Karolinska Sleepiness Scale (KSS), a 10-min auditory Psychomotor 
Vigilance Task (PVT), and had slow eye movements (SEM) measured 
by electrooculography.
Results: Sleep restriction was associated with substantial inter-indi-
vidual variability in all measures of sleepiness and neurobehavioural 
performance. Later timing of DLMO, consistent with participants 
waking at an earlier circadian phase, was associated with greater sleep-
iness (r = 0.510, p < 0.0001), increased slow eye movements (r = 0.375, 
p = 0.022) and more PVT lapses (r = −0.468, p < 0.01). When the differ-
ence between DLMO and sleep onset was less than 2 hours, individuals 
were significantly more likely to have at least three attentional lapses 
the following morning.
Conclusion: This study demonstrates that the phase of an individual’s 
circadian system is important in predicting the degree of sleepiness 
and performance impairment in the hours after waking following sleep 
restriction. Other factors influencing performance decrements require 
further investigation.
Support (If Any): This research was supported by an NHMRC project 
grant (#436758; PI: Rajaratnam), a US Air Force Office of Scientific 
Research STTR Phase I grant (#83337, PI: Adams, Site PI: Lockley), 
and an investigator-initiated research grant from Apollo Health Inc. 
(PI: Lockley).
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THE INFLUENCE OF CHRONOTYPE ON SLEEP INERTIA
Ritchie HK1, Burke TM1, Dear TB1, Axelsson J2, Wright JrKP1

1Sleep and Chronobiology Laboratory, Department of Integrative 
Physiology, University of Colorado Boulder, Boulder, CO, 
2Department of Clinical Neuroscience, Division for Psychology 
& Osher Center for Integrative Medicine, Karolinska Institute, 
Stockholm, Sweden

Introduction: Sleep inertia (SI), the state of impaired cognition im-
mediately upon awakening from sleep, is affected by circadian phase. 
Specifically, SI is worse upon awakening from sleep during the bio-
logical night, when core body temperature is low, than upon awaken-
ing from sleep during the biological day, when core body temperature 
is high. Later chronotypes would be expected to have worse SI since 
they awaken closer to their core body temperature minimum (having 
a narrower wake time phase angle of entrainment). Later chronotypes 
also self-report that it takes longer to feel fully awake in the morn-
ing. Based on circadian theory, we expected SI to be worse for later 
chronotypes than earlier chronotypes, even when controlling for prior 
sleep duration.
Methods: Visual search performance of fifteen healthy participants 
[5 females (21.47 ± 3.16 yr; mean ± SD)] was assessed ~1, 10, 20, 30, 
40, and 60 min following scheduled awakening at habitual wake time 
from an 8 h laboratory sleep opportunity. Participants maintained ~8 h 
self-selected sleep schedules the week prior to testing. Chronotype was 
determined both quantitatively, according to Dim Light Melatonin On-
set clock hour, and qualitatively by mid-sleep on free days (MSFsc) us-
ing the Munich Chronotype questionnaire. The top and bottom ~33rd 
percentiles of chronotype were compared. Cognitive throughput and 
median reaction time for correct responses (MedRTC) were analyzed 
using mixed-model ANOVA and t-tests for planned comparisons.
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Results: Regardless of chronotype definition, duration of SI for cog-
nitive throughput and MedRTC was longer for later chronotypes 
compared to earlier chronotypes (p < 0.05). Performance for earlier 
chronotypes showed significant improvement within 10–20 min after 
awakening, whereas performance for later chronotypes took 30 min or 
longer to show significant improvement (p < 0.05).
Conclusion: Findings are consistent with circadian theory and suggest 
that sleep inertia contributes to greater difficulties with morning per-
formance in later chronotypes.
Support (If Any): NIH R01 HL081761
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DAILY ACTIVITY PATTERNS OF 2,213 MEN AND WOMEN 
FROM FIVE NATIONS DIFFERING IN SOCIOECONOMIC 
DEVELOPMENT
Sani M1, Refinetti R 1, Jean-Louis G2, Pandi-Perumal SR 2, Durazo-
Arvizu RA3, Dugas LR 3, Kafensztok R 3, Bovet P4,5, Forrester TE6, 
Lambert EV 7, Plange-Rhule J 8, Luke A3

1Circadian Rhythm Laboratory, Department of Psychology, Boise 
State University, Boise, IN, 2Center for Healthful Behavior Change, 
Department of Population Health, New York University Medical 
Center, New York, NY, 3Stritch School of Medicine, Loyola 
University Chicago, Maywood, IL, 4Institute of Social and Preventive 
Medicine, University Hospital of Lausanne, Lausanne, Switzerland, 
5Ministry of Health, Republic of Seychelles, Seychelles, Seychelles, 
6Tropical Medicine Research Institute, University of the West Indies, 
Kingston, Jamaica, 7Research Unit for Exercise Science and Sports 
Medicine, University of Cape Town, Cape Town, South Africa, 
8Kwame Nkrumah University of Science and Technology, Kumasi, 
Ghana

Introduction: Daily rhythmicity in locomotor activity has been stud-
ied in great detail in laboratory animals, but not in humans. We col-
lected actigraphic data from individuals from five countries to explore 
the circadian organization of human physical activity.
Methods: Physical activity was assessed using the Actical accelerom-
eter in five countries differing in socioeconomic development as de-
fined by the United Nations’ Human Development Index (HDI): Ghana 
(HDI = 0.541) as a lower “medium” HDI country, South Africa (0.619) 
as “medium”, Jamaica (0.727) and Seychelles (0.773) as “high”, and 
the U.S.A. (0.910) as “very high”. Participants (n = 2,213; ages 25–45 
years; 50% were female) provided demographic and health data includ-
ing body mass index. Individual activity records, lasting 7 days, were 
subjected to cosinor analysis to derive parameters of circadian activity 
rhythms: mesor (mean level), amplitude (half the range of excursion), 
acrophase (timing), and robustness (rhythm strength).
Results: Activity records exhibited statistically significant 24-hour 
rhythmicity (p < 0.05). Averaged daily physical activity increased no-
ticeably a few hours after sunrise and dropped off around sunset, peak-
ing at 1:42 pm. Women and men did not differ significantly regarding 
the acrophase of the daily rhythm in each country, but the acrophase 
showed considerable between-country variation (~3 hours). In the 
United States, where there was substantial seasonal variation in pho-
toperiod, acrophase followed local time, rather than the times of sun-
rise or sunset. Quantification of the socioeconomic stages of the five 
countries suggested that more developed countries have more obese 
residents (r = −0.83), who were less active (r = 0.69) and exhibited later 
activity timing (r = −0.69) than less developed countries (all p < 0.05).
Conclusion: These results characterize human daily activity rhythm, 
revealing similarities and differences among five countries that dif-
fer in socioeconomic development. The results also document asso-
ciations between individuals’ activity rhythm, body mass index, and 
socioeconomic development of their respective country.

Support (If Any): The “Modeling the Epidemiologic Transition” study 
is funded in part by the National Institutes of Health (1R01DK080763). 
Other NIH funding support included R01MD007716, R01HL78566, 
and R01HL095799.
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DIFFERENT DAILY/CIRCADIAN PROFILE OF HEART 
RATE VARIABILITY IN WOMEN WITH CLOCK 3111 C 
GENETIC VARIANTS
Lo M1,2, Bandin C3, Yang H1,4, Scheer FA5,6, Hu K 5,6, Garaulet M3

1Research Center for Adaptive Data Analysis, National Central 
University, Taoyuan, Taiwan, 2Department of Medicine, Brigham 
and Women’s Hospital, Harvard Medical School, Boston, MA, 
3Department of Physiology, Faculty of Biology, University of Murcia, 
Murcia, Spain, 4Graduate Institute of Communication Engineering, 
National Taiwan University, Taipei, Taiwan, 5Harvard Medical 
School, Boston, MA, 6Division of Sleep and Circadian Disorders, 
Departments of Medicine and Neurology, Brigham and Women’s 
Hospital, Boston, MA

Introduction: Autonomic function plays an important role in me-
tabolism and body weight control. In obese women, parasympathetic 
activity increases with weight loss and decreases with weight regain. 
Our recent studies showed carriers of the genetic variant CLOCK (Cir-
cadian Locomotor Output Cycles Kaput) 3111T/C are more obese and 
exhibit greater difficulties in losing weight than non-carriers. Here, we 
test the hypothesis that C allele carriers have altered autonomic func-
tion with reduced vagal tone.
Methods: We collected continuous ambulatory ECG recordings for up 
to 3.5 days from 20 female CLOCK 3111C allele (CC and TC) car-
riers and 20 female TT carriers (age: 44.3 ± 10.4; BMI: 28.4 ± 3.6). 
Autonomic function was assessed hourly by calculating heart rate vari-
ability (HRV) indices, including mean normal-to-normal (NN) beat 
intervals, standard deviation of NN intervals (SDNN), proportion of 
differences between adjacent NN intervals that are larger than 50 msec 
(pNN50), and low-frequency (LF: 0.04–0.15 Hz) and high-frequency 
(HF: 0.15–0.4 Hz) powers. Mix-model ANOVAs were performed to 
examine the effects of group, time of day, and their interaction. Cosinor 
analysis with up to 2 harmonics was used to determine the amplitude 
of the 24-h rhythm in each variable.
Results: All tested variables showed significant 24-h rhythms (p < 0.05). 
These rhythms showed significant group differences (p < 0.05, group 
X time of day interaction): SDNN, LF and HF power were larger in 
C carriers at 3 pm–7 pm; pNN50 was smaller in C carriers at 2 am–7 
am. Consistently, the cosinor analysis showed reduced daily ampli-
tudes of HF (25.2% reduction, p = 0.012) and pNN50 (32.9% reduction, 
p = 0.079) in C carriers.
Conclusion: The CLOCK allele 3111C carriers had reduced daily 
rhythm amplitudes in cardiac vagal modulation, especially during the 
habitual bedtime. Future studies are required to investigate whether 
these observed changes are due to changes in the endogenous circa-
dian system or behaviors such as sleep, activity patterns, and feeding 
behaviors.
Support (If Any): NIH grants (K99-HL102241, R00-HL102241 and 
P01AG009975); National Science Council of Taiwan grants (NSC 102-
2911-I-008-001, NSC 102-2221-E-008-008); and joint foundation of 
CGH and NCU grants (CNJRF-101CGH-NCU-A4 and VGHUST103-
G1-3-3).
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MATERNAL SLEEP QUALITY AND DIURNAL CORTISOL 
REGULATION OVER PREGNANCY
Bublitz M, Bourjeily G, D’Angelo C, Stroud L
Miriam/Brown Medical School, Providence, RI

Introduction: Poor sleep in pregnancy is a risk factor for numerous 
adverse neonatal outcomes including preterm birth, low birth weight, 
small for gestational age, gestational diabetes, and preeclampsia. Ma-
ternal cortisol has been proposed as a key biomarker linking poor sleep 
to adverse outcomes; however the association between sleep and corti-
sol in pregnancy is not well understood. The goals of the current study 
were to examine 1) associations between maternal sleep and cortisol 
in pregnancy, 2) maternal medical conditions and psychological well-
being as potential intervening variables that may explain associations 
between sleep and cortisol, and 3) associations among maternal sleep 
and neonatal outcomes.
Methods: Participants were 217 pregnant women from a racially/ethni-
cally diverse, low income sample. Participants completed three study 
sessions in second and third trimesters of pregnancy. Participants com-
pleted the Pittsburgh Sleep Quality Index (PSQI) at two time points 
over pregnancy and provided salivary cortisol samples at wake-up, 30 
minutes after wake-up, and bedtime for three days at 3 time points over 
pregnancy.
Results: Fifty-three percent (53%) of women reported poor sleep 
quality in pregnancy. Poor sleep quality was associated with elevated 
evening cortisol at 36 weeks but not at 24 or 30 weeks gestation. The 
association between sleep quality and evening cortisol became non-
significant after adjusting for psychological distress. We did not ob-
serve significant associations among sleep and neonatal outcomes.
Conclusion: Poor sleep in pregnancy is associated with elevated eve-
ning cortisol levels in late third trimester. Possible explanations for this 
association are discussed.
Support (If Any): Preparation of this manuscript was supported by the 
National Institutes of Health grant R01 MH079153 to LRS.
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SEX DIFFERENCES IN IMPACT OF “WRONG-TIME” 
FEEDING IN MICE
Vitaterna MH, Gao VD, Wong T, Patel TJ, Pieri CD, Lamm S, 
Turek FW
Northwestern University, Evanston, IL

Introduction: Previous studies on mice in our laboratory revealed a 
significant impact of feeding time on weight gain from high-fat food 
(Arble et al., 2009). These findings have been replicated in other labo-
ratories and other species. Since previous studies only included male 
mice, we sought to determine the effect of “wrong-time” (light period) 
vs. “right-time” (dark period) feeding on body weight regulation in fe-
male mice.
Methods: C57BL/6J mice were maintained on a 12:12 Light:Dark cy-
cle with regular chow (RC: 6% calories from fat) available ad libitum. 
At 9 weeks of age, female mice were assigned to one of four different 
treatment groups. 1. Ad lib (24 hr/day) High Fat (HF) diet (60% calo-
ries from fat). 2. Ad lib (24 hr/day) RC diet. 3. HF food 12 hr/day dark 
period (Right-time). 4. HF food 12 hr/day light period (Wrong-time). 
Male mice were assigned to treatment groups 3 and 4. Mice were kept 
in these conditions for 6 weeks. Body weight, food consumption, and 
locomotor activity were monitored.
Results: “Wrong-time” fed male mice gained significantly more 
weight than “Right-time” fed males, replicating our previous results. 
Female mice fed ad lib HF diet increased body weight nearly 30% over 
their baseline weights, while ad lib RC fed females gained only 5%. 

In contrast, there were no significant differences between the “Right-
time” and “Wrong-time” fed females. Both groups gained approxi-
mately 15% over their baseline body weights.
Conclusion: Female mice, like male mice, exhibit significant and sub-
stantial weight gain when given high-fat food for six weeks. However, 
unlike male mice, female mice restricted to 12 hr/day access to HF diet 
show no differences in weight gain related to the phase that they have 
food access. This suggests that the role played by circadian timing in 
body weight regulation differs between sexes.
Support (If Any): V.D.G. is supported by NIH T32 HL 007909. F.W.T. 
and M.H.V. are supported by NIH P01 11412. T.W. and C.P. were sup-
ported by Northwestern University undergraduate research grants. T.P. 
was supported by an HHMI undergraduate research fellowship.

0191
CIRCADIAN PERIOD (TAU) FROM ADOLESCENCE TO 
ADULTHOOD: THE INFLUENCE OF AGE, SEX, AND RACE
Crowley SJ1, Farrell JM1, Molina TA1, Fogg LF2, Eastman CI1

1Biological Rhythms Research Laboratory, Department of Behavioral 
Sciences, Rush University Medical Center, Chicago, IL, 2College of 
Nursing, Rush University Medical Center, Chicago, IL

Introduction: Shortening or lengthening of circadian period (tau) has 
been hypothesized as a mechanism to explain changes in sleep timing 
across the lifespan. Results are mixed, however, possibly due to differ-
ences in methodology or demographics (limited age, race or sex distri-
butions). We examine age, race, and sex in predicting circadian period 
length in individuals ranging in age over four decades.
Methods: In three studies, 182 healthy participants (92 male; 66 Black) 
between 14 and 43 years spent 3 days on an ultradian light/dark (LD) 
cycle (LD 2.5:1.5, LD 3:2, or LD 2:2) in the laboratory. Salivary dim 
light melatonin onset (DLMO) was measured before and after the ultra-
dian LD cycles, from which tau was computed. Step-wise multiple lin-
ear regression models examined associations between circadian period 
and age, race (Black = 1; other race = 0), and sex (female = 1; male = 0) 
(entered in this order). A quadratic age term was entered into the first 
model. Season (spring/summer = 1; fall/winter = 0) was entered into a 
final model to account for any seasonal variation in tau.
Results: Tau ranged from 23.5 to 24.9 h (mean = 24.2, SD = 0.3 h). 
There was an age-related quadratic pattern such that tau was longest at 
about 25 to 28 years and shorter at younger and older ages [R = 0.22, 
F(2,181) = 4.538, p = 0.01]. Race explained an additional 13.3% of the 
variance; Black participants had shorter taus than other races [R = 0.43, 
F(3,181) = 13.17, p < 0.01]. Sex and season did not explain additional 
variance in tau beyond age and race. In the final model, the quadratic 
age term (B = −0.001, p = 0.01) and race (B = −0.192, p < 0.01) re-
mained significant independent factors.
Conclusion: A long tau during emerging adulthood may explain previ-
ously reported late sleep timing (late chronotype) during this life stage. 
Taus of Black participants were shorter than other races regardless of 
age, and race accounted for the most variance in tau.
Support (If Any): SRS Foundation 2010 J. Christian Gillin, M.D. Re-
search Award and Rush University Medical Center, Department of Be-
havioral Sciences Incubator Grant awarded to S.J. Crowley; NIH grant 
R01 HL105395 to S.J. Crowley; NIH grants R01 HL086934 and R01 
NR007677 awarded to C.I. Eastman
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AFRICAN-AMERICANS SLEEP LESS THAN EUROPEAN-
AMERICANS AFTER A 9-HOUR ADVANCE OF SLEEP
Crowley SJ, Smith MR, Tomaka VA, Eastman CI
Biological Rhythms Research Laboratory, Department of Behavioral 
Sciences, Rush University Medical Center, Chicago, IL

Introduction: Previous studies indicate racial differences in sleep 
duration. This analysis examined sleep duration differences between 
African-American and European-American participants before and af-
ter a 9-hour advance of sleep (dark).
Methods: Thirty-seven healthy adults (20 African-Americans, 20 
males) between 21 and 43 years participated in this laboratory study. 
An 8-hour baseline sleep (dark) episode similar to pre-study home 
sleep occurred on four consecutive nights. Participants were kept 
awake for 31 hours and then the 8-hour sleep (dark) episodes shifted 
9 hours earlier than baseline for 3 consecutive days (like flying 9 time 
zones east). Participants completed sleep logs and wore actigraphs on 
their non-dominant wrist throughout the study. Actigraphy recordings 
for 7 participants (3 African-Americans) were lost due to device fail-
ure. Total sleep time (TST) derived from sleep logs and actigraphy on 
baseline nights were averaged and compared to TST on shifted days 
1, 2, and 3 in a repeated measures analysis of variance. Statistics for 
actigraphic TST are reported because results are similar between sleep 
logs and actigraphy.
Results: TST decreased after the 9-h sleep advance [F(3,84) = 5.13, 
p = 0.007]. African-Americans slept less than European-Americans 
[F(1,28) = 6.07, p = 0.02]; this difference was driven by less TST for 
African-Americans on shifted days 1 (p = 0.043) and 2 (p = 0.005) 
compared to European-Americans, who showed TSTs similar to base-
line on these 2 days. On shifted day 3, TST of European-Americans 
decreased and was similar to African-Americans.
Conclusion: Sleep duration remained at baseline levels for the first two 
shifted days in European-Americans, either in response to extended 
wake or greater tolerance to sleeping at an adverse circadian phase. Af-
rican-Americans, however, slept less than European-Americans even 
after this extended wake. African-Americans may be more vulnerable 
to sleep loss and jet lag after flying east across many time zones. These 
data may suggest racial differences in homeostatic sleep responses, cir-
cadian phase tolerance, or both.
Support (If Any): R01 NR007677 awarded to C.I. Eastman
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TIME-OF-DAY VARIATIONS IN BRAIN FUNCTION: AN ASL 
PERFUSION IMAGING STUDY
Ma N1, Spaeth A 2, Fang Z1, Goel N3, Basner M3, Dinges D3, Rao H1

1Center for Functional Neuroimaging, Department of Neurology, 
University of Pennsylvania, Philadelphia, PA, 2Center for Sleep and 
Circadian Neurobiology, University of Pennsylvania, Philadelphia, 
PA, 3Department of Psychiatry, Perelman School of Medicine, 
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Introduction: Biological functions express rhythmic fluctuations 
across the 24-h day. However, circadian variations of neural activities 
in the human brain have been rarely examined using neuroimaging 
techniques. Arterial spin labeling (ASL) perfusion fMRI can non-
invasively quantify regional cerebral blood flow (CBF) with excellent 
reproducibility, therefore providing a method to measure variations of 
human brain function at different times of day. We used ASL and ex-
amined time-of-day effects on brain function both at rest and during a 
10-min psychomotor vigilance test (PVT).
Methods: Nineteen healthy adults (8 females, 21–50 y) were scanned 
during two separate in-laboratory sleep protocols. In one protocol the 

scan occurred in the morning following baseline sleep and in the other 
protocol, the scan occurred in the evening following baseline sleep. 
The median time between the two scans was 189 days. During both 
scans, a pseudo-continuous ASL sequence was used to acquire CBF 
data during the PVT as well as during resting states before and after the 
PVT. Data were analyzed using SPM8 and the Grocer toolbox.
Results: There were no differences in sleep duration or timing dur-
ing the week prior to both protocols (assessed by wrist activity). PVT 
performance in the scanner (mean reciprocal reaction time, mean fast-
est 10% of reaction times, and mean number of errors), did not differ 
between morning and evening conditions. However, robust CBF dif-
ferences between morning and evening were found in multiple brain 
regions during the PVT and at rest. During the PVT, evening scans 
showed lower CBF in the PCC, bilateral putamen, middle cingulate 
cortex and left inferior parietal gyrus and higher CBF in the right 
caudate. At rest, evening scans showed lower CBF in the left middle 
frontal and temporal gyrus, and pons, and higher CBF in the left para-
hippocampus and right medial frontal gyrus.
Conclusion: Although performance on the PVT did not differ between 
morning and evening, CBF differed significantly both at rest and dur-
ing the PVT. These results demonstrate robust time-of-day variations 
of brain function without behavioral differences. Time-of-day effects 
must be considered in the interpretation of fMRI studies.
Support (If Any): Supported by NIH grants R01 HL102119, R01 
NR004281, R21-DA032022, the PENN ITMAT-TBIC Pilot Project, 
the Department of the Navy, Office of Naval Research (Award No. 
N00014-11-1-0361), and National Space Biomedical Research Institute 
through NASA NCC 9-58.
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CIRCADIAN MISALIGNMENT INCREASES 
CARDIOVASCULAR DISEASE RISK FACTORS
Morris CJ1,2, Purvis TE1, Hu K1,2, Scheer FA1,2

1Brigham and Women’s Hospital, Boston, MA, 2Harvard Medical 
School, Boston, MA

Introduction: Shift work is a risk factor for hypertension and cardio-
vascular disease, even after controlling for traditional risk factors such 
as age, gender and physical activity. We tested the hypothesis that cir-
cadian misalignment (experienced by shift workers) increases cardio-
vascular disease risk factors.
Methods: Fourteen healthy adults (aged 20–49 years; 8 men) each 
completed two 8-day, in-laboratory protocols, with three baseline days, 
followed by repeated “days” of either circadian alignment or circadian 
misalignment (behavioral cycle inverted by 12 h). Throughout both 
protocols, participants consumed isocaloric meals, remained sedentary 
during the wake episodes and remained supine during the 8-h sleep 
opportunities. Blood pressure (BP), autonomic markers (sympathetic 
activity, urine catecholamine levels; vagal activity, heart rate variabil-
ity data collected during paced breathing) and inflammatory makers 
linked to cardiovascular disease were measured during both protocols.
Results: Circadian misalignment increased 24-h systolic BP (SBP) and 
diastolic BP (DBP) by 3 mmHg (P < 0.0001) and 2 mmHg (P < 0.0001), 
respectively. These results were primarily explained by an increase in 
BP during the sleep opportunities (SBP, +6 mmHg, P < 0.0001; DBP, 
+2 mmHg, P = 0.0003) and to a lesser extent by raised BP during the 
wake periods (SBP, +2 mmHg, P = 0.0004; DBP, +1 mmHg, P = 0.0004). 
Circadian misalignment decreased RMSSD by 11% (root mean square 
differences of consecutive heartbeat intervals) and pNN16-pNN26 
by 7–9% (percentage of consecutive heartbeat intervals differing 
by > 16–26 ms; all P ≤ 0.039), reflecting a decrease in cardiac vagal 
modulation. Circadian misalignment decreased urinary epinephrine 
levels by 26% (P = 0.032), but had no effect on urinary norepinephrine 
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levels (P = 0.65). Circadian misalignment increased IL-6 levels by 17% 
(P = 0.011), resistin levels by 5% (P < 0.001), and TNF-alpha levels by 
2% (P = 0.003).
Conclusion: The increase in BP and inflammatory markers, and the 
decrease in cardiac vagal modulation during circadian misalignment 
may help explain the increased cardiovascular disease risk in shift 
workers.
Support (If Any): R01-HL094806
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INFLUENCE OF THE TRANSITION TO NIGHTSHIFT 
WORK AND SUBSEQUENT NIGHTSHIFTS ON SLEEPINESS 
AND COGNITIVE PERFORMANCE
McHill AW1,2, Wright KP1,3

1Sleep and Chronobiology Laboratory, Department of Integrative 
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of Sleep and Circadian Disorders, Department of Medicine, 
Brigham and Women’s Hospital and Division of Sleep Medicine, 
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Introduction: In the modern 24 h society, the timing of many work 
activities occur when our circadian biology is not prepared for wake-
fulness (i.e., during the internal biological night). Such circadian 
misalignment, which is common in shiftwork, results in increased 
sleepiness and decreased cognitive performance. It is unclear whether 
these impairments are sustained across a series of nightshifts or wheth-
er following the first nightshift, sleepiness and performance improves. 
We therefore simulated a common nightshift work protocol to examine 
cognitive changes across a typical daytime shift, the first nightshift 
composed of an afternoon nap and extended wakefulness, and two sub-
sequent overnight shifts after daytime sleep.
Methods: Fifteen healthy adults (6-male) aged 26.13 ± 4.5 y partici-
pated in a 5-day inpatient protocol. Following one-week of an at home 

~8 h sleep schedule, participants were studied under a constant posture 
protocol (bedrest, head at 35°, dim-light < 5 lux) for days 2–5. Day 2 
consisted of 16 h daytime wakefulness and 8 h nighttime sleep. Day 
3 was a transition day with a 2 h afternoon nap followed by the first 
nightshift. Days 4–5 were 8 h daytime sleep opportunities and sub-
sequent nightshifts. Participants completed the Karolinska Sleepiness 
Scale (KSS), psychomotor vigilance task (PVT), and the Stroop color 
word task (Stroop) every 2 h during wakefulness. Analyses focused on 
performance during the ~10 h work shift.
Results: KSS scores were increased, whereas PVT (increased lapses 
of attention and slower reaction time) and Stroop performance were 
decreased (decreased number of correct responses) during all night-
shifts versus the dayshift (all p < 0.05). KSS scores and Stroop correct 
responses to neutral stimuli significantly improved from nightshift 1 
to nightshift 3 (p < 0.05), but performance did not return to daytime 
levels.
Conclusion: Sleepiness, vigilance and accuracy performance appear 
to show sustained impairments across a common 3-day nightshift pro-
tocol with little evidence of adaptation to the negative effects of circa-
dian misalignment across days of nightshift work.
Support (If Any): NIH R21 DK092624, NIH 1UL1 RR025780, NIH 
T32 HL007901
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EUROPEAN-AMERICANS HAVE A LONGER FREE-
RUNNING CIRCADIAN PERIOD THAN AFRICAN-
AMERICANS AND ARE MORE LIKELY TO PHASE SHIFT 
IN THE WRONG DIRECTION
Eastman CI, Suh C, Tomaka VA, Crowley SJ
Rush University Medical Center, Chicago, IL

Introduction: Our previous retrospective study showed that African-
Americans (Blacks) had a shorter free-running circadian period than 
European-Americans (Whites). This study aimed to replicate those re-
sults and examine phase shifts in response to a large, abrupt advance 
of the zeitgebers.
Methods: 19 Blacks and 17 Whites lived in the lab for 14 days. They 
spent 3 days on an ultradian light/dark (LD) cycle (LD 2.5:1.5 or LD 
3:2) forced desynchrony protocol. The dim light melatonin onset 
(DLMO) was determined before and after the ultradian LD cycles to 
yield circadian period. Then subjects were put on a baseline 24-h LD 
cycle (LD 16:8), with sleep (dark) scheduled similar to their home sleep 
for 4 days. Then the LD, sleep/wake and meal schedules were advanced 
9 h for 3 days. The DLMO was determined after the 4 baseline days 
and after the 3 advanced days to determine the phase shift.
Results: The free-running period of Blacks was shorter than that of 
Whites (24.07 ± 0.15 h vs. 24.36 ± 0.22 h, p < 0.0001). Of those who 
shifted more than 0.5 h, 47% (7/15) of Whites delayed after the 9 h 
advance of zeitgebers, whereas only 13% (2/16) of Blacks phase shifted 
in the wrong direction (p < 0.05). When the absolute phase shift was 
calculated, without regard to direction, Whites had larger phase shifts 
(2.5 ± 1.7 vs 1.4 ± 1.0 h, p < 0.05). Shorter periods were associated with 
larger phase advance shifts, and longer periods were associated with 
larger phase delay shifts (r = −0.56, p < 0.001).
Conclusion: We speculate that a short circadian period was advanta-
geous during our evolution near the equator and lengthened with north-
ern migrations out of Africa. The differences remaining today are 
relevant for understanding and treating circadian misalignment due to 
shift work, jet travel and delayed sleep phase.
Support (If Any): Funded by NIH grant R01NR007677 to CIE.
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UNCOVERING BIOLOGY IN CYCLIC EXPRESSION DATA 
THROUGH PHASE SET ENRICHMENT ANALYSIS
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Introduction: There are several methods to incorporate prior biologi-
cal knowledge into the interpretation of gene expression data. Over-
representation analysis relies on binning data by arbitrary thresholds 
and suffers from relatively poor robustness. Enrichment methods have 
provided a marked improvement, but existing enrichment methods are 
unsuitable for the analyses of periodic data like that describing circa-
dian rhythms.
Methods: We developed and implemented a JAVA package for phase 
set enrichment using the Kuiper test. We benchmarked the algorithm 
against existing methods using synthetic data. We then applied it to 
recently published data describing the circadian transcriptome in 12 
murine tissues. In addition we used this method to analyze the tran-
scriptional shifts that result from a restricted feeding schedule which 
induces physiological changes in mice akin to the metabolic syndrome.
Results: Phase set enrichment demonstrates improved sensitivity and 
increased robustness when compared to traditional overrepresenta-
tion and enrichment methods. Phase set analysis of the mouse circa-
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dian transcriptome reveals pathways that share circadian orchestration 
across many tissues, including lipid metabolism and cell cycle regula-
tion. On a gene-set level, the lung was phase-shifted in comparison to 
other organs. Finally we show that in the liver, restricted feeding alters 
the relative timing between anabolic and catabolic processes.
Conclusion: The phase set enrichment package offers a simplified 
method for the interpretation of circadian transcriptomic data with 
increased sensitivity. Gene set analysis highlights the underlying cellu-
lar biology regulated by the circadian clock and demonstrates how the 
temporal organization of transcription is altered by restricted feeding.
Support (If Any): This work was supported by the Defense Advanced 
Research Projects Agency (DARPA-D12AP00025 to John Harer, Duke 
University) and the National Institute on Aging (2P01AG017628-11)
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TRANSCRANIAL BRIGHT LIGHT ALLEVIATES JET 
LAG SYMPTOMS - A RANDOMIZED, DOUBLE-BLIND, 
PLACEBO-CONTROLLED TRIAL
Jurvelin H1,1,2, Rüger M2, Jokelainen J1,3, Takala T4

1University of Oulu, Oulu, Finland, 2Valkee Ltd, Oulu, Finland, 3Oulu 
University Hospital, Oulu, Finland, 4Oulu Deaconess Institute, Oulu, 
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Introduction: Jet lag is caused by rapid travel over multiple time 
zones which results in transient de-synchronization between environ-
mental time and the individual’s biological clock. Symptoms include 
increased daytime sleepiness, reduced sleep duration and quality, and 
performance impairments. Exposure to ocular bright light is known 
to facilitate adaptation to the new time zone as well as alleviate jet lag 
symptoms. Recently, transcranial bright light (TBL) via the ear canals 
has been shown to have antidepressant, anxiolytic, and psychomotor 
performance-enhancing effects. This study examines whether inter-
mittent TBL exposure can alleviate jet lag symptoms in a randomized, 
double-blind, placebo-controlled study.
Methods: Fifty-five healthy male subjects between 25–50 years (mean 
age ± SD: 39 ± 7 years) completed the 3 week study consisting of a 
baseline period (1 week), travel period (at least 1 week of travel), and 
post-travel period (1 week). The post-travel period started on the day of 
return (post-travel day 0). Intermittent light exposures (4 x 12 minutes; 
day 0: 8 am, 10 am, noon, 14 pm; days 1–6: 10 am, noon, 14 pm, 16 pm) 
were administered during the 7-day post-travel period after eastward 
transatlantic flight. The symptoms of jet lag were measured by the Vi-
sual Analogue Scale (VAS), the Karolinska Sleepiness Scale (KSS), 
and the Profile of Mood States (POMS).
Results: Results showed a significant reduction of overall jet lag symp-
toms (VAS), subjective sleepiness (KSS), and the fatigue, inertia, and 
forgetfulness subscales of the POMS when comparing the active TBL 
treatment group (n = 30) to the placebo group (n = 25). On average, sub-
jects in the TBL group showed a greater rate of overall recovery based 
on their VAS scores than subjects in the placebo group.
Conclusion: Intermittent TBL seems to alleviate symptoms of jet lag. 
The effects emerged on post-travel days 3–4, suggesting a cumulative 
effect of TBL.
Support (If Any): This study was partly supported by Valkee Ltd. and 
the Finnish Funding Agency for Technology and Innovation (TEKES).
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THE EFFECTS OF CIRCADIAN DISRUPTION ON SLEEP
Phillips DJ, Karatsoreos IN
Washington State University, Pullman, WA

Introduction: One of the most perceptible outputs of the circadian 
(daily) clock is the timing of the sleep-wake cycle. However, artificial 

lighting and an “always on” society have led to the breakdown between 
the circadian system and the solar day. Given circadian and sleep dis-
ruption are associated with negative mental and physical health out-
comes, understanding how circadian disruption (CD) alters regulation 
of the sleep-wake cycle is imperative. Using a rodent model, we ex-
plored CD effects on sleep to establish if our model disrupts the normal 
sleep processes.
Methods: Environmental CD was induced by housing adult male mice 
in an altered light-dark (LD) cycle with a period of 20 h (10 h light, 10 
h dark). Prior to CD, adult male mice were instrumented for EEG and 
EMG recording. Recordings were taken for 5 d in LD12:12, followed 
by 6 h sleep deprivation (gentle handling) on day 4, followed by 24 h 
recovery. Mice were then transferred to CD for 4 wks, and this protocol 
was repeated. Sleep parameters were recorded and compared between 
the baseline and CD conditions.
Results: Our model of CD does not result in marked sleep deprivation 
as measured by changes in the overall sleep quantity; however, CD 
does affect sleep/wake timing. Additionally, sleep onset delta power 
was reduced following CD compared to baseline. Following sleep de-
privation there was a marked increase in NREM delta power for both 
baseline and CD recovery sleep period, with no other observed effects 
of CD.
Conclusion: Our results suggest the negative health effects observed 
following CD may not be due to sleep loss, but instead a reduction in 
sleep quality and appropriate timing of sleep. That sleep deprivation 
responses seem unaffected by CD suggests the sleep homeostat may 
be unaffected, though additional work is required to fully explore the 
effects of disrupted circadian clocks on sleep.
Support (If Any): NARSAD Young Investigator Grant to INK. Intra-
mural support from the College of Veterinary Medicine, WSU.
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ANALYSIS REVEALS DIURNAL OSCILLATIONS IN THE 
HUMAN TRANSCRIPTOME
Anafi RC1, Hogenesch JB2, Kim J3
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Philadelphia, PA, 3University of Pennsylvania, Department of Biology, 
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Introduction: Circadian rhythms modulate human physiology. Chro-
notherapy promises to leverage this knowledge to improve treatments. 
However, circadian oscillations in human tissues are poorly charac-
terized. Traditional studies involve repeated sample collections with 
well-synchronized subjects. These studies are practically impossible 
for most human tissues. Nonetheless, non-circadian databases amass 
transcriptomic data from thousands of patients. These databases do 
not provide the time at which samples were collected and conventional 
tools are unable to analyze this data for rhythmicity. Here we develop 
a new approach to uncover biological rhythms in temporally unstruc-
tured big-data.
Methods: When genes share a common periodicity, the pooled expres-
sion data lies on a high-dimensional ellipse. This circular structure 
persists when the temporal ordering between samples is unknown. We 
identify the first circular component of a data matrix as the projection 
of a single circle that best reconstructs the data. The significance of that 
reconstruction is evaluated through permutation. The relative ordering 
of samples is determined by their angular position on the circle. The 
cycling of individual transcripts is assessed assuming this ordering. 
We used circular components to reanalyze transcriptional data from 
the mouse and applied the method to three large, publicly available 
microarray datasets (n > 1300) describing the normal human lung.
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Results: Circular component analysis successfully reconstructs the 
temporal ordering of samples from the mouse. In the human lung, a sta-
tistically significant reconstruction using the first circular component 
is identified in all three datasets. Genes identified as rhythmic through 
independent analysis of the three human datasets showed a high degree 
of overlap. Differences in the relative timing of circadian outputs are 
observed when comparing mouse and human lung data.
Conclusion: Circular component analysis is a powerful tool to mine 
temporally unstructured data and uncover oscillations in human mo-
lecular physiology. Tissue specific rhythms in the human and mouse 
show important differences.
Support (If Any): This work was supported by the Defense Advanced 
Research Projects Agency (DARPA-D12AP00025).
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CK1 INHIBITOR LONGDAYSIN SUPPRESSES SLEEP 
DURING DARK PHASE BUT NOT LIGHT PHASE
Akladious A, Hu Y, Smith PJ, Feng P
Cleveland VA Medical Center, Cleveland, OH

Introduction: Bmal1/Clock heterodimers in the SCN are a well-de-
fined master trigger of the internal circadian clock, which synchroniz-
es biological rhythms including sleep/wake cycles. The Bmal1/Clock 
cycle is negatively controlled by many factors including Per. CK1 is 
a binding site of Per’s phosphorylation. We hypothesized that sleep/
wake would be affected when CK1 and subsequently Per is suppressed.
Methods: To test the hypothesis, we surgically implanted electrodes 
for sleep recording and guide cannula for intracerebroventricular (icv) 
injection in adult mice. After 10 days recovery and adaptation, poly-
somnograph was recorded for two baseline and three treatment days. 
Control animal received 2 µl vehicle (12.5% DMSO) and longdaysin 
group received 2 µg longdaysin dissolved in the vehicle by icv injec-
tion. In one experiment, recording was started from light phase and 
the injection was made daily in 30 minutes before the start of the (light 
phase) third day. In another experiment, recording was started from 
dark phase and the injection was made in 30 min before the start of 
dark phase.
Results: As expected, longdaysin significantly (at several time points) 
suppresses sleep in the dark phase every day after injection. This ef-
fect includes suppression on both NREM sleep and total sleep. The 
effect on REM sleep was different between first day and later days. 
Interestingly, most effect occurred in the dark phase except first day 
REM sleep no matter the injection was given in front of the light phase 
or dark phase. This meant that if injection was made 30 min before 
the start of light on, the effect occurred 12 and half hours later and if 
the injection was made right before the dark phase start, the effect oc-
curred immediately.
Conclusion: Longdaysin suppresses sleep of dark phase and not light 
phase no matter the injection was made in any phase. However, if in-
jection is made in the beginning of the light phase, it may induce an 
increase of REM sleep.
Support (If Any): This project was supported by the Department of 
VA with funding of RR&D Merit review Award 1RX000150A and 
BLR&D Merit Review Award IBX001814A.
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DOES MID-SLEEP TIMING PREDICT CIRCADIAN 
PERIOD?
Wong A, Chang A, Czeisler CA, Duffy JF
Division of Sleep and Circadian Disorders, Brigham and Women’s 
Hospital, Boston, MA

Introduction: Mid-sleep time on free days from the Munich Chrono-
type Questionnaire (MCTQ) has been proposed as an accurate way to 
assess chronotype and an alternative to the Morningness-Eveningness 
Questionnaire (MEQ). While there are many published reports on the 
relationship between MEQ and physiologic measures of circadian 
rhythmicity, there are few published reports relating MCTQ mid-sleep 
time to physiologic measures. We therefore conducted a retrospective 
analysis to examine the relationship between circadian period and 
chronotype as assessed by the MEQ or by mid-sleep time on free days.
Methods: 152 healthy participants (51 women, 101 men; mean+SD age 
33.19+17.32 years) were studied under forced desynchrony conditions. 
Core body temperature and plasma melatonin data were analyzed to 
determine circadian period using non-orthogonal spectral analysis. 
Mid-sleep times on work days (WD) and free days (FD) were calcu-
lated from a screening questionnaire or the MCTQ. Pearson correlation 
was used to examine the relationship between mid-sleep measures and 
circadian period.
Results: MEQ score correlated significantly with melatonin (n = 129; 
r = −0.21; p = 0.02) and temperature period (n = 152; r = −0.22; p = 0.01). 
The mid-sleep times from the screening questionnaire were significant-
ly correlated with melatonin period (WD: n = 126; r = 0.22; p = 0.014; 
FD: n = 125; r = 0.26; p = 0.003) and temperature period (WD: n = 149; 
r = 0.21; p = 0.01; FD: n = 148; r = 0.23; p = 0.0045). In the subset of sub-
jects who took the MCTQ, mid-sleep times from the MCTQ showed 
weaker correlations with melatonin (WD: n = 62; r = 0.12; FD: n = 63; 
r = 0.12) and temperature period (WD: n = 69; r = 0.11; FD: n = 70; 
r = 0.11; p all > 0.3).
Conclusion: We found that a fundamental property of the circadian 
timing system, circadian period, was significantly correlated with 
chronotype assessed using the MEQ or mid-sleep time. While these 
relationships were significant they were not strong, although 20–25% 
of the variability in mid-sleep time or MEQ score was explained by 
variations in circadian period.
Support (If Any): Supported by P01 AG09975, R01 HL080978, R01 
HL52992, R21 AT02571, U01 AG12642, and T32 HL07901; by NASA 
Grants NAS9-19435, NAG 5-3952 and NASA Cooperative Agree-
ment NCC9-58 with the NSBRI; AFOSR Grants F49620-94-1-0398, 
F49620-95-1-0388, and F49620-00-1-0266. The studies were carried 
out in the Brigham and Women’s Hospital Center for Clinical Inves-
tigation (formerly a General Clinical Research Center supported by 
NIH Grant M01 RR02635), currently part of Harvard Catalyst (Har-
vard Clinical and Translational Science Center), supported by NIH 
Award UL1 RR025758 and financial contributions from the Brigham 
and Women’s Hospital and from Harvard University and its affiliated 
academic health care centers.

0203
NEURAL MODULATION OF BEHAVIORAL AGGRESSION 
VIA THE CIRCADIAN TIMING SYSTEM
Todd WD, Wang JL, Saper CB
Harvard Medical School, Boston, MA

Introduction: Circadian rhythm disruption is a prevalent comorbidity 
of numerous neuropsychiatric disorders, many of which are associated 
with behavioral aggression. Yet it is unclear whether the circadian sys-
tem directly modulates aggressive behavior. We have recently shown 
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that GABAergic neurons of the subparaventricular zone (SPZ) send 
dense projections to the ventromedial hypothalamus, a structure that 
has been extensively implicated in the regulation of emotion and ag-
gression. The SPZ receives the majority of the axonal output from the 
suprachiasmatic nucleus, the mammalian master circadian pacemaker, 
and has been shown to exhibit rhythmic multiunit activity. Here we 
tested the hypothesis that GABAergic transmission from the SPZ influ-
ences emotional state and behavioral aggression across the 24-h day.
Methods: Using Cre-lox technology in transgenic mice to delete 
VGAT, the vesicular GABA transporter, we selectively silenced GA-
BAergic transmission from SPZ neurons. We then assessed levels of 
aggressive behavior in these mice, and their intact littermates, using 
the resident intruder paradigm at four different time points: zeitgeber 
time (ZT)1, ZT7, ZT13, and ZT19. We are also analyzing rhythms of 
locomotor activity and serum corticosterone in a subset of these mice.
Results: Our preliminary data reveal a rhythm of aggressive behavior 
similar to that reported in other nocturnal rodents, with a peak during 
the early dark period and lower levels of aggression at all other time 
points. We also find that VGAT-deletion in the SPZ substantially alters 
this pattern, leading to increased duration of biting attacks during the 
light period.
Conclusion: Our preliminary findings suggest that GABAergic trans-
mission from the SPZ inhibits behavioral aggression during the light 
period. This work demonstrates a direct neural contribution to the dai-
ly timing of aggressive behavior that may be dissociable from disrup-
tions of sleep-wake and corticosterone rhythms, based on the axonal 
output of the SPZ.
Support (If Any): F32 NS084582-01A1 (WDT) and R01 NS072337 
(CBS)

0204
SOCIAL JETLAG IS ASSOCIATED WITH ALTERED HPA 
ACTIVITY
Wong PM1, Miller KG1, Kamarck TW1, Marsland AL1, Muldoon MF2, 
Manuck SB1

1University of Pittsburgh, Pittsburgh, PA, 2University of Pittsburgh 
Medical Center, Pittsburgh, PA

Introduction: Many individuals experience social jetlag (SJL), an in-
dicator of habitual circadian misalignment, due to a discrepancy be-
tween their endogenous circadian rhythm and actual sleep schedules 
imposed by social obligations. Greater SJL has been linked to depres-
sive symptomatology and higher body mass index. It is possible that 
SJL-linked mood and metabolic effects are mediated by dysregula-
tion of the hypothalamic-pituitary-adrenocortical (HPA) system, but 
whether SJL disrupts HPA activity remains unclear.
Methods: Here, we examined the relationship between SJL, sleep 
characteristics, and three indices of HPA functioning in 446 employed, 
healthy volunteers (42.7 ± 7.4 yrs old; 52% Women; 82% White). Par-
ticipants wore an actiwatch for at least 7 nights. SJL was calculated as 
the absolute difference between the average midpoints of sleep on free 
days versus workdays. Salivary cortisol was measured five times daily, 
for four days. The cortisol awakening response (CAR) was calculated 
as percent change in cortisol from awakening to 30 min after awak-
ening; regression-derived slope of the diurnal decline in cortisol was 
calculated from measurements taken at awakening and at +4 hr, +9 hr 
and bedtime; and cortisol area-under-the-curve (AUC) was calculated 
from the same four measurements by trapezoidal integration.
Results: Hierarchical regressions controlling for age, sex, and race 
showed greater SJL related to a greater CAR (β = 0.14, p = 0.003) and 
shallower diurnal slope (β = 0.14, p = 0.003), but unrelated to AUC 
(p > 0.05). Although shorter sleep duration was similarly associated 
with these two cortisol metrics (p’s < 0.05), controlling for sleep dura-
tion, as well as for awakening time, sleep debt, sleep efficiency and 
nighttime awakenings, did not mitigate effects of SJL on CAR or the 
diurnal slope.
Conclusion: Day-to-day circadian dysregulation may alter HPA func-
tion; this mechanism may contribute to the relationship between circa-
dian disturbances, mood disorders, and cardiovascular risk.
Support (If Any): PO1 HL040962
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0205
EFFECTS OF SCHEDULED SLEEP AND ENHANCED 
LIGHTING DURING SIMULATED SHIFT WORK ON 
CIRCADIAN PHASE, PERFORMANCE, AND SUBJECTIVE 
SLEEPINESS IN OLDER ADULTS
Chinoy ED1,2, Kim M1,2, Hong JY1,2, Wang W1,2, Duffy JF1,2

1Brigham and Women’s Hospital, Boston, MA, 2Harvard Medical 
School, Boston, MA

Introduction: In studies of young adults, a combination treatment of 
scheduled evening sleep and enhanced lighting resulted in significant 
improvements in on-shift alertness, performance, and circadian adap-
tation to simulated night work. Aging reduces circadian phase shifts 
to light and the ability to sleep in the evening, and thus whether these 
treatments will also be effective in older adults is unclear.
Methods: Eight healthy adults (2 females) aged 50–65 y (56.8 ± 3.3 y; 
mean ± SD) participated. Four day shifts were followed by four night 
shifts in the laboratory, and dim light salivary melatonin onset was as-
sessed following each set of shifts. PVT reaction time and subjective 
sleepiness were examined hourly across each shift. Subjects slept at 
home and maintained 8 h sleep schedules for one week before study 
and while on day shifts. Treatment subjects (n = 4) received a combina-
tion of enhanced lighting (2500 lux) in the latter half of night shifts and 
a scheduled 8 h evening sleep episode, while control subjects were in 
standard lighting (90 lux) during shifts and had ad lib sleep following 
night shifts.
Results: Compared to day shifts, sleepiness was greater and reaction 
time was slower on all night shifts for control subjects (all p < 0.0001). 
For treatment subjects, by night 2 reaction time was not different from 
day shifts (p < 0.05), and by night 3 subjective sleepiness was not 
different from day shifts (p ≤ 0.01). Subjects in the treatment group 
showed significant circadian phase advance shifts (p = 0.014) com-
pared to control subjects.
Conclusion: Our preliminary data indicate that a combination treat-
ment of scheduled evening sleep before night shifts and enhanced 
lighting during night shifts improves on-shift sleepiness and reaction 
time, and that this improvement is likely due to partial circadian adap-
tation. While additional studies to determine the effectiveness of each 
treatment aspect should be carried out, these findings show promise for 
treating shift work disorder in older adults.
Support (If Any): The studies were supported by NIH grant 
R01AG044416, and were carried out in the Brigham and Women’s 
Hospital Center for Clinical Investigation, part of Harvard Cata-
lyst (Harvard Clinical and Translational Science Center), supported 
by NIH Award UL1 TR001102 and financial contributions from the 
Brigham and Women’s Hospital and from Harvard University and its 
affiliated academic health care centers; EDC was supported by a fel-
lowship from NIH T32HL007901.

0206
NOCTURNAL MELATONIN PROFILES IN PATIENTS 
WITH DELAYED SLEEP-WAKE PHASE DISORDER AND 
CONTROL SLEEPERS
Micic G1, Lack L1, Lovato N1, Gradisar M1, Ferguson S2, Burgess H3, 
Kennaway D4

1Flinders University of South Australia, Adelaide, Australia, 
2Appleton Institute, Adelaide, Australia, 3Rush University Medical 
Center, Chicago, IL, 4Robinson Institute, Discipline of Obstetrics and 
Gynaecology, Adelaide, Australia

Introduction: A significant delay in the timing of endogenous circa-
dian rhythms has been associated with Delayed Sleep Phase Disorder 

(DSPD) although more recently other mechanisms have been proposed 
to account for the persistent delay in the timing of patients’ sleep.
Methods: To further explore the aetiology of DSPD, the present study 
compared nocturnal melatonin profiles of 26 DSPD patients (18m, 
8f, age: 21.73 ± 4.98) and 17 normally timed sleepers (10m, 7f, age: 
23.82 ± 5.23) in a time-free, dim-light (< 10 lux), laboratory environ-
ment. A 30-hour modified constant routine with alternating 20-min-
ute sleep opportunities and 40-minutes of enforced wakefulness was 
used to measure the endogenous melatonin circadian rhythm. Salivary 
melatonin was sampled half-hourly between 1820 h–0020 h and then 
hourly from 0120 h until 1620 h.
Results: DSPD patients had significantly later timed melatonin pro-
files that were delayed by approximately 3 hours compared to normal 
sleepers, and there were no notable differences in the relative duration 
of secretion between groups. However, melatonin secretion between 
the DLMO and acrophase was lower in DSPD patients compared to 
good sleepers who showed a more robust initial surge of melatonin 
following the DLMO.
Conclusion: Although the regulatory role of melatonin is unknown, 
abnormal melatonin profiles have been linked to psychiatric and neu-
rological disorders. The present results suggest that in addition to a de-
layed endogenous circadian rhythm, a lack of initial surge of melatonin 
secretion following DLMO may contribute to the aetiology of DSPD.
Support (If Any): This project is funded by the Australian Research 
Council.

0207
NIGHT WORK ALTERS TIMING OF FOOD INTAKE, BODY 
WEIGHT AND CIRCADIAN RHYTHMICITY IN RATS
Marti AR1, Mrdalj J1,2, Pallesen S3,2, Meerlo P4, Skrede S5, 
Pedersen TT6, Murison R1, Henriksen TE7, Grønli J1,2,8

1Department of Biological and Medical Psychology, University 
of Bergen, Bergen, Norway, 2Norwegian Competence Centre for 
Sleep Disorders, Haukeland University Hospital, Bergen, Norway, 
3Department of Psychosocial Science, University of Bergen, Bergen, 
Norway, 4Department of Behavioural Physiology, Center for Behavior 
and Neurosciences, University of Groningen, Groningen, Netherlands, 
5Department of Clinical Science, Haukeland University Hospital, 
Bergen, Norway, 6Department of Biomedicine, University of Bergen, 
Bergen, Norway, 7Centre for Psychiatry, Valen Hospital Helse Fonna, 
Valen, Norway, 8Faculty of Medical Science, Washington State 
University, Spokane, WA

Introduction: In humans, night work can have profound effects on 
performance, well-being and health, and has been linked to metabolic 
disorders. Animal models can aid in exploring the mechanisms under-
lying these consequences. Here we aimed to model night work in rats 
and investigated the effects on circadian rhythmicity and metabolic 
regulation.
Methods: To mimic different work schedules in humans, male rats 
were exposed to forced activity in rotating wheels for 8 hours either 
in their resting phase (RW; n = 25) or active phase (AW; n = 16) in 
constant 12 h L/D conditions. Body weight, food intake and peripheral 
body temperature (BT) were monitored for 4 baseline days, 4 experi-
mental days and 8 recovery days.
Results: Forced activity decreased body weight and food intake in 
both groups (24 h). RW lost more weight than AW on days 1 and 2, 
but showed similar food intake. During  8 h work, RW and AW ini-
tially maintained their food intake at baseline level, but RW increased 
to the level of AW at day3. RW gradually advanced the nadir of the BT 
rhythm (day4; −3.5 h), with subsequent recovery to baseline requiring 
about 3 days. In AW the nadir of the BT rhythm remained stable. In the 
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RW group, mean difference in BT between the light and dark phase 
decreased on day1, then inverted on day2.
Conclusion: Work during rats’ resting phase caused greater decrease 
in body weight compared to work in inactive phase, but the food intake 
was similar under the two work conditions. Rest workers advanced 
their circadian rhythm and shifted food intake toward working hours. 
Moreover, rest work inverted mean BT in active compared to inactive 
phase. Recovery to baseline values took more than 3 days. These re-
sults indicate that night work has consequences for body weight, tim-
ing of food intake, and circadian rhythmicity of body temperature.

0208
FORCED ACTIVITY IN RESTING PHASE CAUSES SLEEP 
DISTURBANCES IN RATS: AN ANIMAL MODEL OF NIGHT 
WORK
Pedersen TT1, Mrdalj J2,3, Meerlo P4, Pallesen S5,3, Skrede S 6, 
Marti AR 2, Murison R 2, Henriksen TE7, Grønli J2,3,8

1Department of Biomedicine, University of Bergen, Bergen, Norway, 
2Department of Biological and Medical Psychology, University 
of Bergen, Bergen, Norway, 3Norwegian Competence Center for 
Sleep Disorders, Haukeland University Hospital, Bergen, Norway, 
4Department of Behavioral Physiology, Center for Behavior and 
Neurosciences, University Groningen, Groningen, Netherlands, 
5Department of Psychosocial Science, University of Bergen, Bergen, 
Norway, 6Department of Clinical Science, University of Bergen, 
Bergen, Norway, 7Center for Psychiatry, Valen Hospital, Helse Fonna, 
Valen, Norway, 8Faculty of Medical Science, Washington State 
University, Spokane, Spokane, WA

Introduction: Working night and being forced to shift sleep to other 
times of day is known to shorten and disturb sleep in humans. However 
objective EEG-findings are sparse. We aimed to model night work in 
rats and examine the degree of sleep disturbances during and in the 
recovery from a night work period.
Methods: Mimicking human night and day work, rats were exposed 
to forced activity in rotating wheels for 8 h on 4 successive days, either 
in their resting (RW) or active (AW) phase under normal 12 h L/12 h 
D cycle. One subgroup of RW was kept in DD during recovery. EEG/
EMG was monitored throughout the experiment. Data are presented as 
24 h values compared to baseline.
Results: On the first experimental day, forced activity reduced total 
sleep time (TST), SWS, REM-sleep and sleep was less fragmented. In 
the RW group TST was further reduced on day3 to 4, mostly due to a 
reduction in SWS. In the AW group a further reduction was only ob-
served in day4. RW showed more fragmented sleep than AW. The AW 
group showed an increase in TST and SWS on the first recovery day. 
RW first showed an increase in recovery day4. If RW were kept in DD 
during their recovery, TST, SWS and REM-sleep were similar to base-
line already on the first recovery day. RW-LD was similar to baseline 
in recovery day4. Independently of LD or DD condition, the sleep in 
RW was more fragmented than AW throughout recovery.
Conclusion: Forced activity in the rats’ resting phase resulted in re-
duced sleep time. Particularly, SWS was reduced and sleep was more 
fragmented. It took longer for ‘night workers’ to recover than ‘day 
workers’. These results indicate that night work induces sleep distur-
bances lasting several days after work termination. The animal model 
can be used to further investigate sleep disturbances after night work.

0209
WAKE-RELATED LINGUAL MUSCLE ACTIVITY IS 
SUPPRESSED IN RATS WITH CIRCADIAN RHYTHM 
DISRUPTED BY CONSTANT LIGHTS-ON CONDITION
Kubin L, Benincasa Herr K, Mann GL
University of Pennsylvania, Philadelphia, PA

Introduction: Obstructive sleep apnea (OSA) patients have elevated 
lingual muscle activity during wakefulness, which helps them to main-
tain open upper airway. However, sleep in OSA can be severely dis-
rupted and misaligned relative to the normal circadian cycle with the 
impact on upper airway muscle tone unknown. In the absence of a 
suitable animal model of OSA, we studied the effect of disruption of 
the circadian rhythm of sleep on lingual EMG in rats whose normal 
lingual EMG is well characterized.
Methods: In 6 chronically instrumented Sprague-Dawley rats, we 
recorded lingual and nuchal EMGs, cortical EEG and motor activity. 
One 24 h-long recording was collected under 12:12 light-dark cycle 
and another after at least 14 days of housing with lights continuously on 
which disrupts the circadian rhythm of sleep-wake and motor activity.
Results: Under the constant lights-on condition, the rats spent about 
3% less time in wakefulness and proportionally more time in slow-wave 
sleep (SWS) and rapid eye movement sleep (REMS) than under the 
normal light-dark cycle. Motor activity over 24 h was nearly constant 
at a mid-level relative to the peak and nadir recorded under the normal 
light-dark cycle. The average magnitudes of nuchal EMG quantified in 
successive 10 s intervals separately during wakefulness and SWS were 
also steady and at mid-level between the peak (at 4–7 am) and nadir (at 
1–4 pm) typical of the normal conditions. The magnitude of twitching 
activity that characterizes lingual EMG during REMS also exhibited 
this trend. In contrast, lingual EMG during wakefulness under the de-
synchronized conditions maintained a steady level at 60% of the peak 
measured during the normal active period which corresponded to the 
nadir during the normal rest period.
Conclusion: In rats, environmental disruption of the normal circa-
dian cycle is associated with a suppression of spontaneous activity of 
the muscles of the tongue. Accordingly, OSA patients who require a 
compensatory elevation of lingual EMG during wakefulness may be 
more vulnerable to hypoventilation when their sleep-wake pattern is 
not properly aligned with the normal circadian cycle.
Support (If Any): NIH grant HL116508.

0210
UBE3A IMPRINTING IMPAIRS CIRCADIAN ROBUSTNESS 
IN ANGELMAN SYNDROME MODELS
Shi S1, Bichell T 2, Ihrie RA3, Johnson CH1

1Department of Biological Sciences, Vanderbilt University, Nashville, 
TN, 2Vanderbilt Brain Institute, Vanderbilt University Medical Center, 
Nashville, TN, 3Cancer Biology, Vanderbilt University Medical 
Center, Nashville, TN

Introduction: Sleep disorders such as short sleep duration and in-
creased sleep onset latency are very common in Angelman Syndrome 
(AS). AS is a disease of imprinting the paternal Ube3a allele in neurons 
when the maternal Ube3a allele is deleted or mutated. There is no avail-
able treatment for this disease so far. Although the timing of sleep is 
regulated by the circadian biological clock, there have been no reports 
of the consequences of reduced Ube3a dosage on circadian behavior 
and related mechanistic links in mouse models.
Methods: Circadian behavior in two mouse models of AS was mea-
sured by locomotor activity assay. The molecular clocks in the central 
pacemaker of the suprachiasmatic nuclei (SCN) and the peripheral tis-
sues were measured by bioluminescence reporter recording. Immunob-
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lotting and co-immunoprecipitation were applied to analyze proteins 
expression and interaction respectively. The transcripts regulation of 
Ube3a was defined by RT-PCR and the promoter luciferase analysis.
Results: In two AS models, we find enfeebled circadian activity be-
haviors and slowed molecular rhythms in ex vivo brain tissues. As a 
consequence of compromised circadian behavior, metabolic homeosta-
sis is also disrupted in AS mice. Unsilencing the paternal Ube3a allele 
pharmacologically restores circadian periodicity in neurons deficient 
in maternal Ube3a, but does not affect periodicity in peripheral tissues 
that are not imprinted for uniparental Ube3a expression. The ubiquitin 
ligase encoded by Ube3a directly interacts with BMAL but not with 
other central clock components (e.g., PER1/2 and CRY1/2). Moreover, 
inactivation of Ube3a expression elevates BMAL levels in the hypo-
thalamus of AS model mice, indicating an important role for Ube3a in 
modulating BMAL turnover. Finally, a reciprocal regulatory network 
between Ube3a and Bmal1 is observed.
Conclusion: Ube3a expression constitutes a direct mechanistic con-
nection between symptoms of a human neurological disorder and the 
central circadian clock mechanism. The lengthened circadian period 
leads to delayed phase, and this characteristic can explain the short 
sleep duration and increased sleep onset latency of AS subjects. More-
over, pharmacological rescue of Angelman Syndrome functional 
symptoms, in this case, circadian period reveal potential treatments 
and biomarkers for sleep disorders in AS patients and some autism pa-
tients, whose ube3a is overexpressed.
Support (If Any): National Institutes of Health (R21HL102492-01A1 
from NHLBI and R01GM088595-01 from NIGMS to CHJ). SQS was 
partially supported by NARSAD Young Investigator Award # 17623.

0211
MEAN LIGHT TIMING IS CORRELATED WITH BODY 
MASS INDEX AND BODY FAT IN ADULTS
Cheung IN, Wilson JA, Reid KJ, Santostasi G, Baron KG, Zee PC
Northwestern University, Chicago, IL

Introduction: Timing and intensity of light exposure has been shown 
to be correlated with self-reported body mass index (BMI) in adults. 
The goal of this analysis was to test the hypothesis that mean light tim-
ing (MLiT) is associated with objectively measured BMI and body fat.
Methods: Twenty three healthy adults (16 females, ages 26.1 ± 7.1 years, 
BMI 29.3 ± 5.6 kg/m2) wore a wrist monitor (Actiwatch Spectrum) for 
7 days to determine light patterns. Light data was binned into 2 minute 
epochs, smoothed using a 10-minute moving average, and then aggre-
gated over 24 hours for each individual. The mean light timing above a 
threshold light level C (MLiTC) was defined as the average clock time 
of all aggregated data points above C lux with thresholds ranging from 
C = 20–2,000 lux at 20 lux intervals. Height and weight were objec-
tively measured to determine BMI. Seventeen participants (11 females, 
ages 25.3 ± 6.4 years, BMI 29.5 ± 5.9 kg/m2) also had total % body 
fat measured using dual axis absorptiometry (DXA). The relationships 
between BMI, total % body fat, and MLiT for all examined thresholds 
were analyzed with Pearson bivariate and partial correlations.
Results: There was a significant positive correlation between BMI and 
MLiT from 460–920 lux, with the strongest correlation at C = 700 lux 
(r = 0.60, p = 0.007). There was also a significant positive correlation 
between total % body fat and MLiT from 700–780 lux, with the stron-
gest correlation at C = 700 lux (r = 0.53, p = 0.04). Controlling for 
sleep midpoint, sleep duration, and season, the relationship between 
MLiT700 and BMI remained (r = 0.72, p = 0.03), however the relation-
ship with total % body fat was no longer significant.
Conclusion: The timing of exposure to moderate levels of light may 
influence body mass index and body fat. These results provide further 
support that changes to environmental light exposure in humans may 
impact body weight regulation.
Support (If Any): This research was supported National Institutes 
of Health grants 5T32HL790915, P01AG11412, 1K23HL109110, and 
8UL1TR000150-05.
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0212
ALTERED PROCESSING OF AFFECTIVE STIMULI 
FOLLOWING SLEEP RESTRICTION IN ADOLESCENTS: 
PUPILLARY RESPONSES TO SOCIAL FEEDBACK AND 
SOUNDS
Kendrick KN, Gratzmiller SM, Silk JS, Jones NP, Buysse DJ, 
Franzen PL
University of Pittsburgh Medical Center, Pittsburgh, PA

Introduction: Sleep loss negatively affects emotion regulation. Ado-
lescents may be particularly responsive to social cues that influence 
emotion regulation. Therefore, we examined how transient sleep depri-
vation affects the neural processing of emotional (affective) stimuli and 
social feedback among healthy adolescents. The outcome measure was 
pupil dilation, a physiological indicator of emotional reactivity.
Methods: Healthy adolescents (11.5–14.5 years) underwent two nights 
in the sleep lab under two conditions: sleep extension (SE; 10 hours in 
bed) and sleep restriction (SR; 4 hours in bed). Two tasks were per-
formed. A sound task (n = 38) consisted of positive, negative, and neu-
tral sounds (14 each) from the International Affective Digitized Sounds 
(IADS), each presented for 6 s in duration. In a chatroom task (n = 27), 
participants believed they were virtually interacting with peers, in-
cluding trials in which peers had to accept or reject each other for the 
discussion of certain topics. Peak pupil dilation responses to stimuli in 
both tasks were averaged and analyzed with mixed effects ANOVA.
Results: The sound task revealed a significant interaction between 
sleep and affective valence, with larger responses to negative sounds 
(F = 7.7, p = 0.01), but not neutral or positive, following SR. The chat-
room task revealed a main effect of sleep condition, with larger pupil 
responses following SR during both acceptance and rejection trials 
(F = 4.22, p = 0.043), but no interaction of sleep and task condition 
(accept/reject).
Conclusion: During transient sleep loss compared to extended sleep, 
adolescents showed greater pupillary reactivity only to negative emo-
tional sound stimuli, whereas they were more responsive to both posi-
tive and negative social feedback. Sleep restriction may have varying 
effects on the processing of affective stimuli depending on both the 
nature of the stimulus and the peer social context. These findings may 
have implications for understanding the development of emotionally-
influenced behaviors within the peer social context.
Support (If Any): NIH grants: UL1RR024153, DA033064

0213
USE OF MOBILE ELECTRONIC DEVICES IN BED 
ASSOCIATED WITH SLEEP DURATION, INSOMNIA, AND 
DAYTIME SLEEPINESS
Gallagher R1, Perlis M1, Chakravorty S1, Hale L2, Barrett M1, 
Schuschu J1, Khader W1, Grandner MA1

1University of Pennsylvania, Philadelphia, PA, 2Stony Brook 
University, Stony Brook, NY

Introduction: In recent years, mobile devices have become ubiquitous 
in bedrooms. The extent to which use of these devices is related to 
habitual sleep factors among adults is not well studied.
Methods: Data from the Sleep and Healthy Activity, Diet, Environ-
ment, and Socialization (SHADES) study were used. Data were col-
lected from surveys of adults age 22–60 in southeastern Pennsylvania 
(N = 1007). Sleep duration was assessed using the NHANES item and 
was categorized as short (≤ 6 h), normal (7–8 h, reference), and long 
(≥ 9 h). Insomnia was assessed using the Insomnia Severity Index (ISI) 
and was categorized as none (reference), mild, moderate, or severe. 
Sleepiness was assessed as scores of ≥ 10 on the Epworth Sleepiness 
Scale (ESS). Subjects were asked to rate the frequency of mobile elec-

tronic device use at night on a scale of 0 (“Never”) to 4 (“Every night”). 
Variables included presence of device, any use, texting, emailing, 
browsing internet, calling, or social networking in bed, being woken 
by a call/text/email, being woken by device alarm, and checking device 
during the night. Since most use was among younger participants, age 
was restricted to 22–29 (N = 473) and analyses were adjusted for age, 
sex, education, and race/ethnicity.
Results: Simply having access to a device near the bed was not associ-
ated with short sleep, insomnia, or sleepiness, nor were most specific 
behaviors (e.g., calling or texting). Short sleep duration was associ-
ated with Emailing “every night” (OR = 2.95; p = 0.003), browsing 
the internet (OR = 5.73; p = 0.003) and checking the device at night 
(OR = 2.78; p = 0.015). Being woken by a call “every night” was as-
sociated with moderate insomnia (OR = 5.03; p = 0.029), and checking 
the device was associated with mild (OR = 4.25; p = 0.001) and moder-
ate (OR = 17.69; p < 0.0001) insomnia, as well as excessive sleepiness 
(OR = 2.31; p = 0.037).
Conclusion: Using the internet in bed was associated with shorter 
sleep duration and frequently checking the device at night was associ-
ated with less sleep, more insomnia, and excessive sleepiness.
Support (If Any): The SHADES study was funded by R21ES022931. 
Dr. Grandner is also supported by K23HL110216.

0214
IRREGULAR SLEEP IN COLLEGE STUDENTS: 
CONSEQUENCES FOR SLEEP CONSOLIDATION, 
CIRCADIAN RHYTHMS, AND PERFORMANCE
Clerx WM, Phillips AJ, Lockley SW, O’Brien CS, Klerman EB, 
Czeisler CA
BWH/Harvard Medical School, Boston, MA

Introduction: The sleep-wake schedules of college undergraduates 
are notoriously irregular. However, this variability and its impact on 
sleep consolidation have not been systematically quantified.
Methods: 61 Harvard undergraduates completed online sleep diaries 
twice daily for a month. Sleep data were analyzed using a new quan-
titative metric for classifying sleep regularity that computed the like-
lihood of arousal state being the same at time points 24 hours apart. 
The most irregular and regular quintiles (N = 12/group) were selected 
for salivary melatonin collection. Tendency to distribute sleep around 
the clock was calculated by summing vectors for each sleep episode 
(length = duration, angle = clock-time) and normalized by total daily 
sleep duration.
Results: Nighttime sleep was significantly shorter and daytime sleep 
was significantly longer in irregular than regular students (5.70 ± 0.88 h 
(s.d.) vs. 7.05 ± 0.54 h, and 1.46 ± 0.82 h vs. 0.19 ± 0.16 h, respectively; 
P < 0.0002 for both); total daily sleep time (7.24 ± 0.66 h vs. 7.25 ± 0.6 h) 
was not significantly different. The average times of sleep onset, mid-
sleep, and wake time were 1.74 h (P = 0.001), 1.41 h (P = 0.005), and 
1.12 h (P = 0.02) later in irregular sleepers, respectively, on class 
days and 1.57 h (P = 0.002), 1.24 h (P = 0.03), and 1.41 h (P = 0.03) 
later, respectively, on weekends. Sleep-propensity peaked 1.5 h later 
(P < 0.002), sleep-propensity amplitude was significantly lower and the 
sleep vector was significantly shorter for irregular than regular sleepers 
(P < 0.001 for both). Dim-light-salivary-melatonin onset occurred 2.5 h 
later in irregular sleepers (p = 0.01)(Clerx et al SRBR, 2013). Sleep 
regularity, but not duration, was significantly positively correlated with 
GPA (r = 0.36, P = 0.006; r = 0.11, P = 0.39, respectively).
Conclusion: Sleep-wake variability in college students is associated 
with less nighttime sleep, increased compensatory daytime sleep, later 
phase and reduced amplitude of the sleep-propensity rhythm, and later 
circadian melatonin phase. The sleep regularity metric can be used to 
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quantify the impact of sleep-wake irregularity on physiological vari-
ables and academic performance.
Support (If Any): NIH R01-GM-105018, NIH R01-HL-114088, NIH 
R01 HL094654, NIH P01 AG09975, NIH K24-HL105664, NIH K99 
HL119618-01, NSBRI HFP0280 and NSBRI HFP02802.

0215
SLEEP, MOOD, AND SOCIAL MEDIA USE IN COLLEGE 
STUDENTS
Carter P, Kercher C, Gettel D
The University of Texas at Austin, Austin, TX

Introduction: College students are notoriously poor sleepers. The 
overwhelming opportunities to be connected with their peers, de-
mands of class schedules, and study hours often leave little time for 
sleep. Add to this the social expectations of being ‘plugged in’ to their 
networks and even rest time can be less than optimal. In order to better 
reach this at risk population we need to understand the relationships 
between college student sleep quality, depressive symptoms, and their 
use of social media.
Methods: We used a descriptive cross-sectional design to explore the 
relationships between college student sleep quality, depressive symp-
toms, and their use of social media. Sleep disturbance and impairment 
(PROMIS scales), sleep habits, depressive symptoms (CESD) and so-
cial media use were assessed using an online survey administered to 
full-time undergraduate and graduate students at The University of 
Texas at Austin.
Results: 141 students have completed the survey to date. Students are 
primarily female (84.5%), Caucasian (62.7%), and in their first two 
years of college (77.5%). Students reported moderate sleep disturbance 
and impairment and moderately high depressive symptoms. Sleep 
habits indicated irregular sleep schedules and an average of 5 hours 
sleep per 24/hour period. A majority of participants (93%) accessed 
social media at least daily using smart phones or computers. Sleep la-
tency was significantly correlated with depressive symptoms (r = 0.256, 
p = 0.002). Social media use was significantly correlated with later 
sleep onset times (r = 0.232, p = 0.006).
Conclusion: College students are at increased risk for sleep depriva-
tion and depressive symptoms. Social media use was correlated with 
later sleep times and may contribute to irregular sleep onset times. Fur-
ther work needs to be conducted to inform students of the impact sleep 
quality can have on their mood and how poor sleep habits may contrib-
ute to lower sleep quality.

0216
DRINKING ALCOHOL IN THE FIRST SEMESTER: DOES 
SLEEP TIMING PLAY A ROLE?
Carskadon MA1,2,3, Barker DH1, Sharkey KM1, Roane BM2,4, 
Van Reen E1

1Warren Alpert Medical School of Brown University, Providence, RI, 
2Sleep for Science Laboratory of EP Bradley Hospital, Providence, 
RI, 3University of South Australia, Adelaide, Australia, 4UNT Health 
Science Center, Fort Worth, TX

Introduction: Insufficient sleep may increase impulsivity and risk tak-
ing; epidemiological studies associate reduced, delayed, and poor sleep 
to substance use. We explored sleep patterns and drinking behavior in 
first-year college students with the hypothesis that sleep would be short 
and/or delayed in students who drink alcohol.
Methods: Students completed a Phase 1 survey in spring before fall 
college enrollment (high school) and submitted online daily sleep and 
drink diaries from day 1 of college. 715 (58% female) students (mean 
age = 18.6 ± 0.5 years) completed at least 50% of diaries. Any indica-

tion of alcohol use from Phase 1 measures was assigned positive for 
pre-collegiate drinking. From daily diary, male binge assignment = 5 
or more alcoholic drinks on one day; female binge = 4 or more. Three 
groups were derived from those negative for high school drinking: 
NONE = no college drinking (n = 207, 65% female); SOME = drinking 
one binge day or less (n = 143, 49% female); HEAVY = more than one 
binge day (n = 118, 52% female). A fourth group (DRINKER) included 
students positive for drinking in high school who reported more than 
one binge event in college (n = 197, 50% female).
Results: Average nocturnal sleep time showed no group differences; 
however, heavier drinkers (HEAVY and DRINKER groups) had later 
bedtimes (F = 7.3, p < 0.001) and rise times (F = 8.2, p < 0.001), and 
more day-to-day variability in sleep length (F = 5.56, p = 0.001), bed-
time (F = 5.59, p = 0.001) and rise time (F = 6.0, p = 0.001).
Conclusion: These data indicate that students who initiate and/or con-
tinue drinking and engage in binge drinking in college have more de-
layed sleep timing and more variable sleep schedules. Sleep schedules 
are related to drinking continuation and drinking initiation in college 
students, although they do not show direct evidence of pathways that 
may be involved. We hope to follow these students and determine 
whether continued drinking or alcohol abuse can be predicted from 
these early collegiate findings.
Support (If Any): NIMH MH079179.

0217
WORK-FAMILY CONFLICT PREDICTS POORER SLEEP 
FOR IT WORKERS: EVIDENCE FROM THE WORK, 
FAMILY AND HEALTH NETWORK
Buxton OM1,2,3,4, Lee S1, Beverly CM1, Berkman LF5, Moen P6, 
Kelly E6, Almeida DM1

1The Pennsylvania State University, University Park, PA, 2Brigham 
and Women’s Hospital, Boston, MA, 3Harvard Medical School, 
Boston, MA, 4Harvard School of Public Health, Boston, MA, 
5Harvard Center for Population and Development Studies, Boston, 
MA, 6The University of Minnesota, Minneapolis, MN

Introduction: Work-family conflict is an important factor for sleep 
behaviors among employees. Work-to-family conflict (WTFC) is the 
psychological carryover of stress from work to family (non-work) do-
mains and family-to-work conflict (FTWC) is the other direction. The 
aim of this study was to test how WTFC and FTWC are associated 
with several dimensions of sleep among midlife information technol-
ogy (IT) workers.
Methods: Participants included 799 employees (mean age 46 y) in 118 
workgroups at a U.S. IT firm. Computer-assisted personal interviews 
captured habitual sleep duration, sleep quality, sleep sufficiency (feel-
ing rested upon waking), and sleep maintenance insomnia symptoms 
(waking up in the middle of the night or early morning) in last month. 
Multilevel models examined associations of validated scales for WTFC 
and FTWC with each sleep outcome, taking into account the nested 
data structure. Analyses adjusted for other work factors including work 
hours, job demands, decision authority, schedule control, and supervi-
sor support, and sociodemographic characteristics (age, sex, marital 
status, race, nativity, income, and presence of children under age 18).
Results: WTFC and FTWC were unrelated to self-reported sleep dura-
tion. Employees who experienced higher WTFC reported poorer sleep 
quality (B = −0.09, SE = 0.04, p < 0.05; FTWC = n.s.), independent of 
associations with race (non-white), longer work hours, and greater job 
demands. Higher WTFC was also linked to more insomnia symptoms 
(B = 0.14, SE = 0.06, p < 0.05; FTWC = n.s), independent of associa-
tions with increasing age and US nativity. Reduced sleep sufficiency 
was associated with both higher WTFC (B = −0.16, SE = 0.05, p < 0.01) 



SLEEP, Volume 38, Abstract Supplement, 2015 A80

A. Basic Sleep Science XI. Behavior

and higher FTWC (B = −0.11, SE = 0.06, p = 0.05), independent of as-
sociations with having children under age 18 and greater job demands.
Conclusion: Sleep measures were more consistently associated with 
WTFC than FTWC. Given that lower WTFC is associated with bet-
ter sleep quality, reduced sleep maintenance insomnia symptoms, and 
greater perceived sleep sufficiency, future research should test inter-
ventions to reduce WTFC.
Support (If Any): This research was conducted as part of the Work, 
Family, and Health Network, which is funded by a cooperative agree-
ment through the National Institutes of Health and the Centers for 
Disease Control and Prevention: Eunice Kennedy Shriver National 
Institute of Child Health and Human Development (U01HD051217, 
U01HD051218, U01HD051256, U01HD051276), National Insti-
tute on Aging (U01AG027669), Office of Behavioral and Social 
Sciences Research, the National Heart, Lung and Blood Institute 
(R01HL107240), and National Institute for Occupational Safety and 
Health (U01OH008788, U01HD059773). Grants from the William T. 
Grant Foundation, Alfred P Sloan Foundation, and the Administration 
for Children and Families provided additional funding.

0218
UNEQUAL BURDEN OF SLEEP-RELATED OBESITY 
AMONG BLACK AND WHITE AMERICANS
Williams NJ1, Youngstedt S2, Grandner MA3, Sarpong D4, Zizi F1, 
Ogedegbe G1, Jean-Louis G1

1Department of Population Health, Center for Healthful Behavior 
Change, NYU School of Medicine, New York, NY, 2College of 
Health Solutions, Arizona State University, Phoenix, AZ, 3University 
of Pennsylvania, Department of Psychiatry, Perelman School of 
Medicine, Center for Sleep and Circadian Neurobiology, Philadelphia, 
PA, 4Center for Minority Health and Health Disparities Research and 
Education, Xavier University, New Orleans, LA

Introduction: This study ascertained whether inadequate sleep places 
unequal burden on blacks, relative to their white counterparts.
Methods: Analysis was based on data obtained from adult Americans 
(age range: 18–85 years) who participated in the National Health Inter-
view Survey, an important surveillance study of the health of the US 
population providing sociodemographic, health risk, and medical data 
from 1977–2009. Sleep duration was coded as either very short sleep 
[VSS] (≤ 5 hours), short sleep [SS] (5–6 hours), or long sleep [LS] (> 
8 hours), referenced to 7–8 hour sleepers. Overweight was defined as 
BMI ≥ 25.0 and ≤ 29.9 kg/m2 and obesity, BMI ≥ 30 kg/m2, referenced 
to normal weight (BMI = 18.5–24.9 kg/m2).
Results: Multivariate-adjusted regression analyses indicated that 
among whites VSS was associated with a 10% increased likelihood of 
being overweight and 51% increased likelihood of being obese, relative 
to 7–8 hour sleepers. SS was associated with a 13% increased likeli-
hood of being overweight and 45% increased likelihood of being obese. 
LS was not a significant predictor of overweight, but it was associated 
with 21% increased likelihood of being obese. Among blacks, VSS was 
associated with a 76% increased likelihood of being overweight and 
81% increased likelihood of being obese. SS was associated with a 16% 
increased likelihood of being overweight and 32% increased likelihood 
of being obese. As for whites, LS was not a significant predictor of 
overweight, but it was associated with a 25% increased likelihood of 
being obese.
Conclusion: Our investigation demonstrates strong linkages between 
inadequate sleep and overweight/obesity among both black and white 
Americans. While it cannot be said that insufficient sleep causes over-
weight or obesity, it is apparent that blacks sleeping 5 hours or less may 
be unequally burdened by sleep-related overweight/obesity.

Support (If Any): This research was supported by funding from the 
NIH (U54NS081765, R01HL095799, and R01MD007716).

0219
MANIPULATING PERCEPTION OF CONTROL TO 
IMPROVE SLEEP
Clegg-Kraynok M
Ohio Northern University, Ada, OH

Introduction: Previous research has suggested that among clinical 
populations receiving CBT-I, having an internal locus of control re-
garding sleep improved long-term outcomes. There is little research 
examining perception of control among non-clinical populations. The 
purpose of this study was to determine if increasing perceived control 
over sleep would subsequently improve objective measures of sleep.
Methods: Sleep was assessed for two weeks with continuous wrist ac-
tigraphy among 12 college students. The sample was 50% female and 
19.25 ± 0.89 years in age. At the conclusion of week 1, perception of 
control was manipulated by having participants write in detail about 5 
times when they felt in control (IC; n = 6)or out of control (OC; n = 6) 
of their sleeping arrangements.
Results: An ANOVA examining change in bedtime (in minutes) from 
Week 1 (W1) to Week 2 (W2) between the two groups was significant 
[F(1,10) = 31.06; p < 0.001; d = 3.22] with the IC group going to bed 
later during W2 than W1 (M = 52.5; SD = 27.46) and the OC group 
going to bed earlier during W2 than W1 (M = −20; SD = 16.17). No dif-
ferences were found in wake time change from W1 to W2.
Conclusion: Though we hypothesized that focusing on instances when 
participants had control over their sleep would lead to exerting more 
control and improving sleep, we found the opposite: Focusing on in-
stances when they lacked control was linked to significantly earlier 
bedtimes. We believe that these counterintuitive results might be the 
result of counterattitudinal advocacy and may be used to improve sleep 
and sleep hygiene of various age groups. The lack of differences in 
wake time change is likely indicative of college students’ lack of con-
trol over wake time due to work/school start time restrictions.
Support (If Any): Ohio Northern University Undergraduate Faculty 
Development Award

0220
WHAT FACTORS PREDICT SLEEP CONTINUITY 
COMPLAINTS?
Corbitt C, Gehrman P, Grandner M, Perlis M, Nesom G, Nesom G
University of Pennsylvania, Philadelphia, PA

Introduction: Little is known about what factors prompt individuals 
to identify themselves as having a problem with insomnia. The present 
analysis evaluated whether complaint status is mediated by insomnia 
severity or frequency, and/or whether other factors are relevant for this 
determination.
Methods: This analysis was performed on a recruitment database 
that corresponds to an on-line screening questionnaire (www.sleep-
lessinphilly.com). The database contains 3111 screening questionnaire 
submissions for studies of individuals with good sleep, insomnia, de-
pression (acute and remitted), sleep apnea, and cancer (acute and re-
mitted). Three-step analyses were performed for each sleep variable 
(SL, WASO, NWAK, TST): participants were divided into two groups 
(Problem vs. No-Problem), demographics and sleep variables were pro-
filed by group, and step-wise logistic regressions were performed to 
predict complaint status.
Results: The Problem group reported higher severity and frequency 
for all four sleep continuity variables. Prospective subjects that en-
dorsed a problem with their sleep tended to be older, less educated, 
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have higher BMIs, more medical/psychiatric comorbidities, and higher 
rates of depression and chronic pain. The regressions showed that the 
most important predictors of complaint status for each sleep variable 
were (in order): SL - frequency, severity, psychiatric comorbidity; 
WASO - frequency, chronic pain, severity; NWAK - frequency, sever-
ity, chronic pain, cumulative psychiatric comorbidity, education, age, 
and ethnicity; and TST - severity, chronic pain, frequency, age, depres-
sion, and cumulative medical comborbidity.
Conclusion: Insomnia severity and frequency appear to be associated 
with self-identified sleep problems. The incidence of chronic pain and 
psychiatric comorbidity appear to further moderate this effect while 
demographic variables appear to be of less relevance. Further analyses 
are on-going regarding e.g., the relevance of chronicity, employment 
and marital status. Additional work is needed taking into account other 
factors like cumulative life stress, coping style, locus of control, etc.

0221
BIDIRECTIONAL, TEMPORAL ASSOCIATIONS OF SLEEP 
WITH POSITIVE EVENTS, EMOTIONS, AND STRESSFUL 
EXPERIENCES IN DAILY LIFE ACROSS A WEEK
Sin NL1, Almeida DM1, Crain TL2, Kossek EE3, Berkman LF4, 
Buxton OM1,5,6,7

1The Pennsylvania State University, University Park, PA, 2Portland 
State University, Portland, OR, 3Michigan State University, East 
Lansing, MI, 4Harvard Center for Population and Development 
Studies, Boston, MA, 5Brigham and Women’s Hospital, Boston, MA, 
6Harvard Medical School, Boston, MA, 7Harvard School of Public 
Health, Boston, MA

Introduction: Sleep is intricately tied to emotional well-being, yet few 
studies have evaluated the reciprocal links between sleep and well-be-
ing in the context of everyday life. We test daily experiences as predic-
tors of same-night sleep quality and duration across a week, as well as 
the reversed associations (i.e., sleep predicting next-day experiences).
Methods: Daily diary data were obtained from two cohorts. Partici-
pants were 131 information technology and 181 extended care (nurs-
ing home) employees. During telephone interviews on 8 consecutive 
evenings, participants reported their previous night’s sleep quality and 
duration, in addition to the current day’s emotions, positive events, and 
stressors. Multilevel models evaluate between- and within-person as-
sociations of daily experiences with sleep quality and duration. Anal-
yses adjust for previous day’s experiences and sleep measures, and 
additional day-level covariates.
Results: On average, employees had positive events on 38% of inter-
view days and stressors on 36–44% of days. At the between-person 
level in both samples, participants with higher negative emotions had 
significantly poorer sleep quality. Those with more frequent stressors 
reported poorer sleep quality and shorter sleep duration. Accounting 
for between-person differences, significant within-person analyses in 
both samples indicated that experiencing a positive event at home was 
linked to better sleep quality that night. Better sleep quality predicted 
subsequently elevated positive emotions, lower negative emotions, and 
fewer work and non-work stressors on the following day. Among in-
formation technology employees, longer sleep duration predicted next-
day higher positive emotions and fewer work stressors.
Conclusion: Daily experiences, both positive and stressful, are associ-
ated with sleep that night; likewise, adequate sleep promotes emotional 
well-being and protects against stress on the following day. Given the 
mutually reinforcing effects of sleep and daily experiences, efforts to 
improve sleep could consider the importance of psychological and con-
textual factors in daily life.
Support (If Any): This research was conducted as part of the Work, 
Family, and Health Network, which is funded by a cooperative agree-

ment through the National Institutes of Health and the Centers for 
Disease Control and Prevention: Eunice Kennedy Shriver National 
Institute of Child Health and Human Development (U01HD051217, 
U01HD051218, U01HD051256, U01HD051276), National Insti-
tute on Aging (U01AG027669), Office of Behavioral and Social 
Sciences Research, the National Heart, Lung and Blood Institute 
(R01HL107240), and National Institute for Occupational Safety and 
Health (U01OH008788, U01HD059773). Grants from the William T. 
Grant Foundation, Alfred P Sloan Foundation, and the Administration 
for Children and Families provided additional funding.

0222
SELF-PERCEIVED INVINCIBILITY IS ASSOCIATED WITH 
SLEEP ONSET LATENCY AND DURATION
Markowski S, Alkozei A, Killgore W
Department of Psychiatry, University of Arizona, Tucson, AZ

Introduction: Insufficient sleep is associated with altered risk-taking 
tendencies, but the magnitude and direction of these effects seem to 
differ according to a number of factors that remain poorly understood. 
One potential modifying influence on risk-taking is their level of per-
ceived “Invincibility”, i.e., the degree to which an individual believes 
that he or she will not be affected by the consequences of high-risk 
behavior. Here, we examined the relationship between subjective sleep 
parameters and perceived invincibility.
Methods: Sixty-one healthy individuals (Males = 31, M age = 30, 
range = 18–45) completed a number of self-report instruments includ-
ing a brief questionnaire about typical sleep habits, and the Invincibil-
ity Beliefs Index (IBI), a validated measure that measures beliefs about 
the probability of various behavioral consequences during risk-taking. 
A bivariate correlational analysis was used to examine the relationships 
between scores on the IBI, sleep onset latency (SOL), and sleep debt.
Results: Shorter SOL on weeknights was related to higher self-per-
ceived total Invincibility scores (r = −0.292, p = 0.023). Furthermore, 
participants who typically slept less than their optimum preferred 
amount (i.e., typical sleep hours - hours of sleep necessary to feel 
best) tended to show lower scores on total Invincibility (r = −0.248, 
p = 0.045). These relationships were found to be driven by the Audacity 
(i.e., boldness) subscale of the IBI for both participants who slept less 
than their optimum preferred amount (r = −0.355, p = 0.005) and those 
with shorter SOL (r = −0.377, p = 0.003).
Conclusion: Individuals who typically obtain more sleep and fall 
asleep faster tend to report greater self-perceptions of Invincibility 
than those who receive less sleep. These findings are consistent with 
evidence that sleep loss reduces motivation and self-confidence. Thus, 
it is doubtful that prior findings of increased risk-taking during sleep 
loss originate from increased self-perceptions of Invincibility and may 
be due more to altered decision-making, impaired inhibition, or limited 
information processing.
Support (If Any): The data for this project was collected under W81X-
WH-09-1-0730.

0223
DO SHORT SLEEPERS MAKE MORE RISKY DECISIONS?
Lee E, Lau E, Lau K, Wong M, Tseng C
The University of Hong Kong, Hong Kong

Introduction: Total sleep deprivation has long been reported to predict 
risky decision-making, but it remained unclear whether similar rela-
tionship could be found in people with short sleep duration in natu-
ralistic setting. We aimed to study whether short sleep duration would 
interplay with risky decision-making behaviors.
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Methods: Sixty-three young adults (aged 17–25) reported their ha-
bitual sleep duration using a 5-day sleep diary. Fourteen (22.2%) of 
them whose average sleep duration was between 4–6.5 hours per night 
formed the “short sleep duration group”, while the rest (77.7%) who 
slept for > 6.5 hours formed the “middle/long sleep duration group”. 
All completed the Risky-Gains-Task, and the number of choices in 
choosing safe- and risky options was taken as indication of their deci-
sion-making behavior.
Results: Group differences on age, gender and body-mass-index were 
non-significant (ps > 0.05). Independent t-test showed that there was 
significant group difference in the number of choices in choosing safe- 
and risky options. Short sleepers chose significantly more risky options 
(t(14) = 2.91, p = 0.006) and fewer safe options (t(14) = −3.00, p = 0.004) 
than the middle/long sleepers, particularly following a rewarded trial. 
Yet, there was no significant group difference in the number of choices 
in choosing the two options following a punished trial (ps > 0.05).
Conclusion: Short sleep duration was associated with more risky de-
cision-making after the participants were rewarded for their preceding 
choice. Our results shed light on the importance of short sleep duration 
in heightening reward sensitivity in risky decision-making under un-
certainty and in haste.

0224
TO NAP, PERCHANCE TO DREAM: A MODEL OF REASONS 
FOR NAPPING
Duggan KA, McDevitt EA, Whitehurst LN, Mednick SC
University of California, Riverside, Riverside, CA

Introduction: Napping has received increasing attention because of its 
associations with health and its use as a tool to understand the function 
of sleep. Understanding the reasons why people nap, as well as the cor-
relates of these behaviors, can provide insights into normal and patho-
logical nap behaviors. Thus, we systematically assessed why people 
nap using factor analysis.
Methods: 434 participants (age = 19.45 ± 2.1; 57% male) completed 
a survey of sleep habits, nap behaviors, and psychosocial well-being. 
Exploratory factor analysis was used to reduce 29 reasons for napping 
into interpretable factors, taking into account eigenvalues, interpret-
ability of factor loadings, previous theory, and reliability. Psychosocial 
profiles for napping were examined using linear regression.
Results: The results suggest there are five reasons for napping, which 
can be summarized using the acronym DREAM: Dysregulative (nap-
ping due to physical or occupational dysfunction), Restorative (napping 
due to short sleep or poor sleep quality), Emotional (napping because of 
poor mood or to avoid a social situation), Appetitive (napping because 
of enjoyment or habit), and Mindful (napping to refocus, increase alert-
ness). Overall, only Emotional reasons for napping were associated 
with poor sleep and psychosocial well-being, including poor sleep qual-
ity (b = 0.33, p = 0.002), high daytime sleepiness (b = 0.39, p = 0.002), 
depression (b = 2.01, p < 0.0001), stress (b = 1.28, p < 0.0001), low 
conscientiousness (b = −0.10, p < 0.0001), high neuroticism (b = 0.12, 
p < 0.0001), and poor general health (b = −3.10, p < 0.0001).
Conclusion: Factor analysis allows examination of the psychological 
motivation underlying health behaviors, including napping, and sheds 
light on relevant psychosocial correlates that can be obscured without 
separating behaviors into theoretically and practically meaningful sub-
types. Our results suggest that poor psychological and physical health 
is primarily associated with Emotional reasons for napping. The use 
of factor analysis raises possibilities for future research, including ex-
amining the stability and structure of reasons for napping throughout 
the lifespan, as well as the psychological, social, and health processes 
associated with napping behaviors.

0225
THE IMPACT OF BRIEF NAPS ON DELAY AND 
PROBABILITY DISCOUNTING
Cooke C, Benedetto R, Byer A, Rugel C, Schultz A, Wigley B, Dyche J, 
Holt D
James Madison University, Harrisonburg, VA

Introduction: Research findings to date suggests that sleep loss is as-
sociated with an increase in risk-taking behavior, and evidence exists 
that points to changes in sleep loss being causally related to changes 
in risk-taking behavior. A mid-afternoon nap has been shown to im-
prove a variety of cognitive performance variables. To our knowledge, 
no studies have examined the effect a daytime nap has on temporal 
and probabilistic choice behavior. The goal of this experiment was to 
determine the effect of daytime napping on choice behavior using well-
established delay discounting (degree of impatience) and probability 
discounting (willing to accept a risky outcome) procedures.
Methods: Participants were James Madison University students be-
tween the ages of 18–24 (N = 20). All reported that they napped at 
least three times a week. Over the course of two weeks, participants 
completed a daily probabilistic and delay discounting choice procedure 
survey online, both before and after a 30-min nap. Participants also 
completed the survey twice at approximately the same times that they 
would have completed the survey had they been experimental napping 
days. Participants also wore actigraphs and kept sleep diaries daily 
across the experimental period.
Results: Preliminary data indicates that the rate of delay discounting 
there were no reliable differences between the pre- and post-nap condi-
tions within participants. When looking at the rate of probability dis-
counting within those same participants a difference emerges wherein 
they were more risk-seeking in the pre-nap condition relative to the 
post-nap condition.
Conclusion: These results suggest that an individual’s degree of impa-
tience (delay discounting) is relatively unaffected by napping where-
as that same individual appears to be more willing to accept a risky 
outcome (probability discounting) before napping than immediately 
following a nap. Further research needs to be conducted to further un-
derstand this relationship.

0226
A PILOT STUDY TO EXAMINE THE EFFECTS OF NAPPING 
ON EMOTION REGULATION
Goldschmied J1, Kemp K1, Cheng P2, Caccamo L1, Roberts J1, 
Deldin P1

1University of Michigan, Ann Arbor, MI, 2Henry Ford Hospital, 
Detroit, MI

Introduction: Research has shown that homeostatic sleep pressure, 
which builds from wakefulness throughout the day, can impair execu-
tive functioning. Indeed, anecdotal evidence suggests that emotion 
regulation, an aspect of executive functioning, may be at particular 
risk following extended wakefulness. However, very little empiri-
cal evidence has shown a direct link between extended wakefulness 
and emotion regulation dysfunction. Because extended wakefulness 
is becoming more common, it is becoming increasingly important to 
identify effective countermeasures to decrease fatigue and resultant 
cognitive deficiencies. The present study aimed to examine the impact 
of a brief, midday nap on emotion regulation.
Methods: 40 subjects between the ages of 18–50 were randomized into 
a 60-minute nap or no-nap condition. Emotion regulation was mea-
sured with a self-report impulsivity scale, the STIMP, and an adapta-
tion of Feather’s (1961) frustration tolerance task, both before and after 
the nap or no-nap period. The STIMP and frustration tolerance task 
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was analyzed using a repeated measures ANOVA with condition (pre 
or post-nap) as the within-subjects factor and group (nap or no-nap) as 
the between subjects factor.
Results: Results revealed that those in the no-nap condition showed 
an increase in self-reported impulsivity, F(1,37) = 6.24, p = 0.02, and 
decreased tolerance for frustration, F(1,36) = 5.04, p = 0.03, while nap-
pers showed a significant decrease in impulsivity, and a significant in-
crease in frustration tolerance.
Conclusion: Our results indicated that extended wakefulness de-
creased emotion regulation with regard to self-reported impulsivity 
and frustration tolerance. Napping, however, prevented these impair-
ments, and may represent an effective countermeasure to executive 
function dysregulation associated with extended wakefulness.
Support (If Any): This work was supported by a predoctoral research 
grant from the Rackham School of Graduate Studies, University of 
Michigan

0227
DYNAMIC RELATIONSHIPS BETWEEN LONG SLEEP 
AND CHRONIC CONDITIONS: THE MEDIATING ROLE OF 
EMOTIONAL DISTRESS, BMI AND PHYSICAL ACTIVITY
Bradley C, Addison D, Auguste E, Camille P, Zizi F, Rogers A, 
Williams NJ, Seixas A, Jean-Louis G
Center for Healthful Behavior Change, Department of Population 
Health, NYU School of Medicine, New York, NY

Introduction: Studies have shown a significant association between 
long sleep (defined as > 8 hours) and various chronic conditions such as 
cardiovascular disease, obesity, cancer, and stroke. Moreover, research 
suggests that long sleep may be more detrimental to one’s health than 
is short sleep. The purpose of this study was to determine the mediat-
ing role of body mass index (BMI), physical activity, and emotional 
distress on the relationship between long sleep and chronic conditions.
Methods: The study utilized data from the National Health Interview 
Survey, an ongoing, nationally representative, cross-sectional study of 
noninstitutionalized U.S. adults (≥ 18 years) between 2003 and 2014 
(n = 911,773). Structural equation modeling was employed to assess 
mediation of observed and latent factors using Path Coefficient Es-
timate (PCE). Physical activity was defined as 10+ minutes of either 
moderate or vigorous activity. We measured emotional distress with 
Kessler’s 6 scale. Chronic diseases included hypertension, coronary 
heart disease, diabetes, stroke, kidney disease, cancer and history of 
heart attack.
Results: Of the sample, 51.6% were female; 76.2%, White; and 15.6%, 
Black/African-American with a mean age of 35.79 ± 22.4 yrs. Physical 
activity significantly mediated relationships between long sleep and 
presence of all chronic diseases (p < 0.001), while emotional distress 
only mediated relationships between long sleep and kidney disease, 
diabetes, stroke, and heart attack. Physical activity showed a negative 
relationship with long sleep (PCE = −0.012, p < 0.001), while emo-
tional distress was positively associated with long sleep (PCE = 0.134, 
p < 0.01). Of interest, BMI did not significantly mediate relationships 
between long sleep and chronic conditions (PCE = −0.008, p = 0.322). 
Covariates included age, sex, income, race, and marital status.
Conclusion: Our analysis revealed that the dynamic relationships be-
tween long sleep and chronic conditions were mediated by physical 
activity and emotional distress. Future research should explore the re-
lationships between long sleep and BMI, which in our analyses did not 
prove significant.
Support (If Any): This research was supported by funding from 
the NIH (R01MD007716, R25HL105444, R01HL78566, and 
R01HL095799).

0228
LONG AND SHORT SLEEP INCREASES THE PROBABILITY 
OF RISKY BEHAVIORS AMONG SUICIDAL ADOLESCENTS
Guerriero L, Clegg-Kraynok M
Ohio Northern University, Ada, OH

Introduction: Sleep and behavioral problems are frequently co-mor-
bid and might be more problematic for at-risk populations. Previous 
research links increased suicidal thoughts and behaviors with insuf-
ficient sleep. The current study examines the relation between sleep 
and risky behaviors among adolescents who have attempted suicide.
Methods: Using the Youth Risk Behavior Surveillance System, ado-
lescents with at least one suicide attempt in the previous year were 
identified. The sample was 66.3% female and 15.95 ± 1.28 years in age. 
Sleep was measured by a self-report question of how many hours par-
ticipants slept on an average school night. Sleeping 8 or 9 hours a night 
was considered sufficient sleep (SUF). Seven or fewer hours was cat-
egorized as short sleep (SHO), and participants getting 10+ hours were 
considered long sleepers (LONG). Univariate analysis of variance with 
Bonferroni post hoc were used to examine sleep category and number 
of suicide attempts in the last twelve months. Multivariate analysis of 
variance with follow-up univariate tests examined sleep and unhealthy 
behaviors, such as drug and alcohol use.
Results: Of the 919 respondents reporting any suicide attempt, LONG 
reported significantly more suicide attempts (M = 3.65; SD = 1.25) 
than SUF (M = 2.62; SD = 0.85) or SHO (M = 2.76; SD = 0.95) 
(F(2,916) = 2464.11; p < 0.001). The omnibus MANOVA was signifi-
cant [F(6,1578) = 5.57; p < 0.001] with LONG engaged in unhealthy 
behaviors such as smoking (M = 3.10; SD = 0.37), alcohol use (M = 4.5; 
SD = 0.45), and binge drinking (M = 3.4; SD = 0.37) significantly more 
frequently than SHO, respectively (M = 2.09; SD = 0.07) (M = 3.91; 
SD = 0.08) (M = 2.07; SD = 0.07), who engaged in unhealthy behav-
iors significantly more frequently than SUF, respectively (M = 1.65; 
SD = 0.14) (M = 3.33; SD = 0.17) (M = 1.46; SD = 1.4).
Conclusion: This study links sleep duration with risk for suicide at-
tempt among adolescents. Long and short sleepers with previous sui-
cide attempts are at particularly high risk for subsequent cigarette and 
alcohol abuse. Results suggest that monitoring the sleep of adolescents 
with a history of suicide attempts is particularly important to under-
stand the overarching patterns of risky behaviors within this popula-
tion and possibly reduce the incidence of these behaviors.
Support (If Any): Youth Risk Behavior Survey is conducted by the 
Adolescent and School Health Centers for Disease Control and Preven-
tion (CDC).

0229
RISK FOR SLEEP DISORDER MEASURED DURING 
STUDENTS’ FIRST COLLEGE SEMESTER MAY PREDICT 
INSTITUTIONAL RETENTION AND GRADE POINT 
AVERAGE OVER A THREE-YEAR PERIOD, WITH 
INDIRECT EFFECTS THROUGH SELF-EFFICACY
Gaultney JF
University of North Carolina at Charlotte, Charlotte, NC

Introduction: Research has shown the impact of poor sleep patterns 
among college students, but less evidence has emerged regarding the 
prevalence and consequences of untreated sleep disorders among col-
lege-aged adults.
Methods: The present study screened entering freshmen for risk for 
sleep disorders using a validated survey, and examined whether those 
at risk were more likely to leave the institution, or, among those who 
remained, have a lower GPA across a three-year period. In addition, 
we considered indirect associations between risk for sleep disorders 
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and GPA via depression and/or motivation (in this case, operation-
alized as self-efficacy). We expected that (H1) freshman students at 
risk for sleep disorders would be more likely to leave the institution 
during a three-year period, and (H2) those who remained would have 
lower grades. We also hypothesized (H3) indirect effects through both 
self-efficacy and co-varied depression. The final two models tested 
indirect associations of sleep with GPA via depression followed by 
self-efficacy (H4: sleep- > depression- > self-efficacy- > GPA), or, al-
ternatively, from sleep to self-efficacy to depression (H5: sleep- > self-
efficacy- > depression- > GPA).
Results: Analyses controlled for demographic and disability status, 
general health, sleep practices and chronicity. Students at risk for a 
sleep disorder were more likely to leave the institution over the three-
year period, although this association was weakened when covariates 
were included. Risk for sleep disorder predicted GPA at the end of the 
first and second years. When entered simultaneously, indirect effects 
emerged through self-efficacy but not depression. Sequential entry 
of depression and self-efficacy indicated a significant indirect effect 
through depression followed by self-efficacy in year one.
Conclusion: Risk for sleep disorders among freshmen may be a pre-
dictor of retention and academic success, and indirect effects through 
self-efficacy might explain some of its association with GPA.

0230
PERCEIVED BEHAVIORAL CONTROL AS A PREDICTOR 
OF SLEEP PROBLEMS IN COLLEGE STUDENTS
Steele CS, Prichard R
University of St Thomas, St Paul, MN

Introduction: College students constitute a chronically sleep-deprived 
population. Ajzen’s Theory of Planned Behavior, which stipulates that 
attitudes, subjective norms, and perceived behavioral control influence 
intentions and behavior, is useful for predicting a variety of health be-
haviors. It has been employed only once to predict sleep; perceived 
behavioral control was found to be the most predictive variable in sleep 
behavior. This study aimed to determine whether perceived behavioral 
control is predictive of self-reported sleep behavior in college students 
and investigates potential variables through which it affects these be-
haviors.
Methods: University students (n > 47) ages 19–22 filled out a ques-
tionnaire regarding current sleep behaviors and a measure of perceived 
behavioral control regarding sleep. Participants were also asked to list 
factors they perceived helped or hindered in getting sufficient quality 
sleep. Correlational analyses were conducted analyzing relationships 
between perceived behavioral control and sleep behavior, sleep prob-
lems (such as not being able to fall asleep at bedtime), the number of 
days in the past week the participant slept at least 7–8 hours, the quality 
of sleep, and sleepiness.
Results: Perceived behavioral control was found to be highly predic-
tive of student sleep behaviors (r = −0.676, p < 0.01), including sleep 
duration (r = 0.694, p < 0.01), quality (r = −0.440, p < 0.01), and sleep 
problems (r = −0.559, p < 0.01). It also predicted sleepiness (r = −0.484, 
p < 0.01), likely resulting from sleep behaviors. Participants also fre-
quently cited environments not conducive to sleep (light, noise, and 
phone use) and anxiety as reasons for poor sleep, and medications, ex-
haustion, and low stress as helpful for sleep.
Conclusion: This study suggests that perceived behavioral control is 
an influential factor in student sleep and should be targeted along with 
some of the factors participants identified as conducive or harmful to 
sleep in follow-up interventions that aim to improve healthy sleep be-
havior in this chronically sleep-deprived population.

0231
ELECTRONIC TECHNOLOGY USE TWO HOURS BEFORE 
BED AND DURING THE NIGHT ARE ASSOCIATED WITH 
SLEEPINESS AND DISRUPTED SLEEP IN COLLEGE 
STUDENTS
Peszka J1, Gillett K1, DeLashmet K1, Brumbelow T1, Burr P1, 
Holloway Z 2, Mastin DF2

1Hendrix College, Conway, AR, 2University of Arkansas at Little 
Rock, Little Rock, AR

Introduction: Electronic technology use immediately before bed and 
after lights out may result in next day sleepiness by disrupting sleep 
and circadian rhythms through promotion of arousal before and/or 
during sleep (e.g. alerts or monitoring for alerts). This three day diary 
study examined the relationship between technology use, sleep, and 
next day sleepiness in a home setting.
Methods: Forty-six college students (M = 19.5 years old, SD = 1.2, 
women = 36) with no psychological or medical disorders related to 
sleep were recruited through advertisement. Participants completed 
questionnaires (caffeine use, PSQI, and the Sleep Hygiene Index), at-
tended diary training, kept three days of sleep and technology diaries 
(assessing amount and type of technology used two hours before bed), 
and were given $20 for participation.
Results: Sleep onset: More technology use in the two hours be-
fore bed was strongly associated with greater sleepiness at bedtime 
(r(43) = 0.720, p < 0.05), but not shorter sleep latencies (r(43) = 0.065, 
p > 0.05). Sleep quality: During diary nights, high technology users re-
ported more arousals than low technology users (t(41) = 2.21, p < 0.05). 
These high technology users also reported greater daily caffeine intake, 
poorer subjective sleep quality on the PSQI, and poorer sleep hygiene 
than low technology users (all p < 0.05). Participants who reported us-
ing technology during arousals (15%) had poorer subjective sleep qual-
ity (t(20) = 3.09, p < 0.05) and more arousals (t(42) = 2.60, p < 0.05) 
than participants who did not. Sleepiness: More active technology use 
(video gaming, online correspondence, social networking, and texting) 
was associated with greater next day sleepiness (r(43) = 0.306, p < 0.05) 
for night 1 but not night 2.
Conclusion: These findings suggest technology may interfere with 
sleep onset (preventing sleepier high technology users from being able 
to fall asleep more easily than less sleepy low technology users), sleep 
quality, and next day alertness and support advice to limit technology 
use in the hours before bed and during sleep time to help protect sleep.

0232
SLEEP ELECTROENCEPHALOGRAM DELTA POWER 
SPECTRA IN HEAVY AND LIGHT DRINKING COLLEGE 
AGE STUDENTS
Gourlay CG, Trinder J, Chan JK, Ayton HC, Colrain IM, Nicholas CL
The University of Melbourne, Melbourne, Australia

Introduction: In long-term alcohol dependency, spectral analysis of 
the electroencephalogram (EEG) in non-rapid eye movement (NREM) 
sleep show diminished Delta frequency EEG power during slow wave 
sleep (SWS) over and above that associated with natural aging. These 
deficits are believed to reflect alcohol related neural disruption. It is 
currently unknown at what stage sleep EEG differences might emerge 
in heavy drinking individuals who are yet to undergo age related de-
creases in delta EEG power (e.g. young adults). The current study as-
sessed the effects of alcohol drinking history, as well as acute alcohol 
ingestion, on SWS Delta EEG power in 18–21 year old college students.
Methods: PSG was conducted in 6 heavy drinking (HD: 19.83 ± 0.98 
yrs; 142.88 ± 110.08 drinks in the previous month) and 6 light drinking 
(LD: 19.50 ± 1.38 yrs; 13.06 ± 9.34 drinks) young adults. Participants 
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underwent two conditions: pre-sleep alcohol (dosed to 0.1% peak BAC; 
BAC at lights out 0.085 ± 0.02%), and placebo (0.0% BAC). Data were 
evaluated from frontal scalp sites during SWS in the first sleep cycle, 
where delta EEG power is known to be most prominent.
Results: By design, groups differed on drinking history in the previ-
ous month (p = 0.016), but did not differ in age, BMI or age drink-
ing was initiated (p > 0.05). Cycle one frontal SWS Delta power was 
higher after alcohol consumption (2612.42 ± 1174.1 uV2) compared to 
placebo (2106.84 ± 1060.2 uV2) [p = 0.027], however HD had lower 
Frontal EEG Delta power during the first sleep Cycle compared to LD 
(1735.06 ± 730.8 uV2 Vs 2984.21 ± 1121.0 uV2, p = 0.035). No interac-
tion was observed (p > 0.05).
Conclusion: Despite their relatively short drinking histories, HD 
young adults show a similar pattern of NREM SWS Delta power defi-
cits to those seen in long-term alcohol dependency. It is unclear if these 
delta power differences precede heavy alcohol use in this age group, 
or if they are the result of neurophysiological changes associated with 
their heavy alcohol use.
Support (If Any): Australasian Sleep Association (Rob Pierce Grant) 
& NH&MRC (Fellowship #1012195) - CLN. National Institute on Al-
cohol Abuse and Alcoholism (AA021696) - IMC.

0233
THE RELATIONSHIP OF SMOKING WITH SLEEP, PAIN, 
MOOD AND FUNCTION
Pender JJ, Jungquist CR, Mund J, Klingman K, Aghaie C
University at Buffalo School of Nursing, Buffalo, NY

Introduction: Smoking tobacco is known to cause cancer, lung dis-
eases, heart attacks, strokes and years of life lost. Costs to society were 
more than 289 billion dollars between 2009–2012. The incidence of 
smoking adults over the age of 18 in the U.S. is estimated at 41.1 mil-
lion. Sleep disorders are also prevalent in our society and may be as-
sociated with smoking. This study assesses the incidence of smoking in 
a community sample and the associations of smoking and its relation-
ships with sleep, pain, mood and function.
Methods: The design for this study was cross-sectional and included a 
sample (n = 299) of participants recruited from the community at large 
using posters, research match, and the university recruiting website. 
Data was collected for a larger study; this is a secondary analysis of 
study variables. Variables included current smoking, demographics, 
component standardized scores from the PROMIS-57 profile, Insom-
nia Severity Index (ISI) total score, Epworth Sleepiness Scale (ESS) 
total score, actigraphy measures of total sleep time in hours, and mea-
sures of obstructive sleep apnea via the Apnealink device. Analysis 
procedures were descriptive and independent t-tests.
Results: Of the 299 subjects, 30 subjects reported smoking tobacco. 
Smokers were 50% females, 73.3% white, mean age 43.6 (30), mean 
education was 2 years college, and household income 13.3% less than 
30K/yr and 30% between 50–100K/yr. Smokers with OSA, 33.3% as 
compared to non-smokers with OSA 27%. Significant increases in ISI 
total score (t = −2.6, df = 285, p = 0.13), Daytime Sleepiness (t = −2.0, 
df = 245, p = 0.05), Depression (t = −2.04, df = 282, p = 0.05), Pain 
Interference (t = −2.10, df = 282, p = 0.04), lower oxygen saturation 
nadir (t = 2.13, df = 245, p = 0.04), and lower satisfaction with social 
role (t = 213, df = 245, p = 0.04).
Conclusion: The associations of smoking and its relationship with 
sleep, pain, mood and function are significant and contribute to de-
creased quality of life.
Support (If Any): Acknowledgment: This abstract is a product of 
the Rochester Prevention Research Center: National Center for Deaf 
Health Research and was supported by Cooperative Agreement Num-
ber U48DP001910 from the CDC. The findings and conclusions in this 

abstract are those of the author(s) and do not necessarily represent the 
official position of the CDC.

0234
SOCIAL TECHNOLOGY USE AND SLEEP HYGIENE 
ASSESSMENT
Mastin D1, Adamson C1, Clower B1, Redus R1, Yoder J1, Orr L1, 
Moore B1, Peszka J2

1University of Arkansas at Little Rock, Little Rock, AR, 2Hendrix 
College, Conway, AR

Introduction: Sleep hygiene is a set of behaviors and environmental 
variables which impact sleep quality and quantity. The use of social 
media/technology (e.g. cell phones, Facebook) is relatively new, yet 
virtually ubiquitous among some populations. Social technology use 
has been demonstrated to be related to daytime sleepiness and is there-
fore an important aspect of sleep hygiene. We examined the useful-
ness of adding a social technology question to the Sleep Hygiene Index 
(SHI) in predicting sleep quality and sleepiness in college students.
Methods: 256 university students (M = 20.18 years old, SD = 4.05) 
were recruited from introductory psychology courses and given extra 
credit for participation. Each participant completed the SHI, an addi-
tional question addressing use of social technology: “I wake up early or 
during the night to check or respond to social technology (for example: 
Facebook, Twitter, Email, text, phone),” the Epworth Sleepiness Scale 
(ESS), the Pittsburg Sleep Quality Index (PSQI), additional questions 
regarding associated features of inadequate sleep hygiene, and demo-
graphic information.
Results: There was a significant positive correlation between the 
added social technology question of the SHI and global PSQI score 
(r(227) = 0.209, p < 0.05) and the associated features of inadequate 
sleep hygiene (e.g. daytime sleepiness (r(236) = 0.197, p < 0.05), pre-
occupation with sleep (r(235) = 0.159, p < 0.05), mood disturbance 
(r(236) = 0.200, p < 0.05), motivation (r(235) = 0.173, p < 0.05), and 
cognition (r(236) = 0.215, p = 0.05).
Conclusion: The social technology question added to the Sleep Hy-
giene Index was related to sleep quality and other features associated 
with inadequate sleep hygiene. These findings support the addition of a 
social technology question to the SHI. A rewording of the new question 
to distinguish between individuals waking to check social media and 
those who check social media upon awakening may resolve the unex-
pected lack of correlation between this question and the ESS.
Support (If Any): Marie Wilson Howells Endowment

0235
SUBJECTIVE SLEEP PROFILES IN ELITE ATHLETES 
USING THE ATHLETE SLEEP SCREENING 
QUESTIONNAIRE
Bender AM1, Lawson D2,3, James L1, Samuels CH3,4

1Washington State University, Spokane, WA, 2D’Youville College, 
Buffalo, NY, 3Centre for Sleep and Human Performance, Calgary, AB, 
Canada, 4University of Calgary, Calgary, AB, Canada

Introduction: Research on elite athletes’ sleep is limited. Some stud-
ies have found a high proportion of elite athletes with poor subjective 
sleep quality. However, the questionnaires used were not designed 
specifically for athletes, and may overestimate the prevalence of sleep 
disturbance in this population. Therefore, we assessed the subjective 
sleep of elite athletes using the Athlete Sleep Screening Questionnaire 
(ASSQ), which is still in the validation process.
Methods: 264 Canadian National and Olympic team athletes (ages 
27.1 ± 7.9; 45% females; 5.2 ± 4.2 years at current level) from various 
sports completed the ASSQ. Descriptive statistics were analyzed for 
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the following subset of questions with a time frame of “During the 
recent past…”: “How satisfied/dissatisfied are you with the quality of 
your sleep?”; “How many hours of actual sleep did you get at night?”; 

“How long has it usually taken you to fall asleep each night?”; “How 
often have you taken medicine to help you sleep (prescribed or over-
the-counter)?”; and “Have you been told that you choke, gasp, or stop 
breathing for periods of time during sleep?”. In addition, the ASSQ 
sleep difficulty scores were analyzed, with a score above 12 indicated 
the need for further screening from a sleep physician.
Results: Overall, 25% of athletes reported to be dissatisfied with the 
quality of their sleep. For self-reported total sleep time, 35% of this 
sample reported to get less than 7 hours of sleep per night. Taking more 
than 30 minutes to fall asleep was reported in 20% of the athletes and 
21% of athletes used medications at least once per week. For the stop 
breathing question, 8% of athletes answered yes to this question. Sleep 
difficulty scores indicated 10% of athletes scored > 12 and were recom-
mended for further screening with a sleep physician.
Conclusion: In this sample of elite athletes, the majority of athletes had 
good sleep quality which is contrary to previous findings using non-
specific psychometric sleep screening tools. While further validation 
of the ASSQ is needed to determine if the sleep difficulty score of 12 is 
sensitive and specific for correctly identifying athletes with clinically 
significant sleep problems, it is clear that psychometric tools designed 
for athlete populations are needed to accurately assess the prevalence 
of sleep disturbance in this population.
Support (If Any): Research supported by Own the Podium.

0236
SLEEP MEDIATES THE RELATIONSHIP BETWEEN 
ETHNIC DIFFERENCES AND SELF-REPORTED PAIN AND 
PHYSICAL FUNCTION
Burton EF1, Walker JL2, Hand MM1, 
Pejsa MC1, Robinson ML1, Cornelius MC3, Buenaver LF1, Polley M1, 
Campbell CM1, Edwards RR 3, Smith MT1

1Johns Hopkins School of Medicine, Baltimore, MD, 2Johns Hopkins 
School of Nursing, Baltimore, MD, 3Harvard Medical School, Boston, 
MA

Introduction: Ethnic differences in sleep duration, efficiency and 
quality are well-documented, with African American participants 
being more likely to experience disturbed sleep when compared to 
non-Hispanic whites. Substantial evidence also demonstrates ethnic 
differences in pain, with African Americans reporting greater preva-
lence, severity and pain-related outcomes. Osteoarthritis (OA), a lead-
ing cause of disability among older adults, has higher prevalence rates 
and poorer pain-related outcomes in African American patients when 
compared to non-Hispanic whites. The current study sought to exam-
ine the relationship between sleep and pain in a sample of otherwise 
healthy older adults diagnosed with osteoarthritis (N = 144, mean 
age = 60.8, SD = 9.88, 74.3% female, AA = 56, NHW = 88).
Methods: The Western Ontario and McMaster Universities Osteoar-
thritis Index (WOMAC) was used to measure pain and physical func-
tion. The Pittsburgh Sleep Quality Index (PSQI) was used to measure 
the participant’s self-reported sleep quality. To examine the potential 
mediating effect of sleep quality on pain and functioning, a statisti-
cal bootstrapping technique recommended for tests of indirect effects 
(Hayes’ Process model #4) was conducted.
Results: Results indicate a significant difference in sleep quality, 
pain and physical functioning between African Americans and non-
Hispanic whites (p’s < 0.05), with African Americans endorsing lower 
sleep quality, more pain and poorer physical functioning. Sleep quality 
mediated the relationship between ethnicity and pain (t = 4.9; p < 0.001) 
and ethnicity and physical function (t = 4.8; p < 0.001), controlling for 

sex. When sleep quality was included in each model, the effect of eth-
nicity on pain and functioning was no longer significant (p’s > 0.05).
Conclusion: These findings suggest that the greater pain and poorer 
physical function observed in African American patients may be ex-
plained, at least partially, by differences in sleep quality. These results 
also indicate that poorer sleep quality in African Americans may 
strongly affect pain and functioning; consequently, sleep quality may 
be an important clinical factor to consider and address in chronic pain 
treatment.
Support (If Any): The present work was supported by NIH grants R01 
AR054871 (Smith, MT) and R01 AR059410 (Smith, MT).

0237
HIGHER DAY-TO-DAY TIME IN BED VARIABILITY 
PREDICTS LOWER LIFE SATISFACTION IN RECENTLY 
SEPARATED ADULTS
Rojo-Wissar DM, Bourassa KJ, Carey AL, Dawson SC, Mehl MR, 
Sbarra DA, Bootzin RR
Psychology Department, University of Arizona, Tucson, AZ

Introduction: Recently divorced adults report considerable sleep 
problems, but little research has explored this area. Night-to-night vari-
ability of sleep is both common in insomnia and associated with poor 
subjective well-being. Whether there is an association between night-
to-night variability in sleep and well-being in recently separated adults 
is currently unknown. The goal of the present study was to examine 
the relationship between night-to-night variability in sleep and both 
subjective sleep quality and psychological well-being.
Methods: Ninety-seven (N = 97) adults (all of whom had been in a 
marriage or marriage-like relationship for at least 3 years) who had 
physically separated from their ex-partner within the past five months 
completed the study measures, including the Satisfaction with Life 
Scale (SWLS) and sleep diaries. Regression analyses were used to pre-
dict SWLS from night-to-night variability in total sleep time (TST) and 
time in bed (TIB), derived by combining night to night differences in 
minutes and averaging across a week.
Results: Variability in TST and TIB were highly correlated. As a re-
sult, we tested them in two separate regressions predicting SWLS. Both 
TIB variability (β = −0.31, p < 0.05) and TST variability (β = −0.23, 
p < 0.05) significantly predicted SWLS. In a second set of regressions, 
we included relevant covariates to determine if these effects were still 
significant after accounting for depression, time since separation, age, 
sex, parental status, and absolute levels of TST and TIB. TIB variabil-
ity still significantly predicted SWL (β = −0.25, p < 0.05), while TST 
did not (β = −0.16, p = 0.08).
Conclusion: Adults experiencing recent marital separation may bene-
fit from having more uniform sleep schedules where their time in bed is 
less variable. Future research should explore night-to-night sleep vari-
ability using objective measures of sleep and the relationship between 
objective sleep variability and well-being.
Support (If Any): The data for this project was collected under 
HD#069498 (RB).
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0238
SLEEP DURATION IN TWO DIFFERENT NAVY 
WATCHSTANDING SCHEDULES
Gabehart RJ1, Skornyakov E1, Shattuck NL2, Sparrow AR1, 
Matsangas P2, Riedy S1, Layton ME1,3, Van Dongen H1,3

1Sleep and Performance Research Center, Washington State 
University, Spokane, WA, 2Naval Postgraduate School, Monterey, CA, 
3College of Medical Sciences, Washington State University, Spokane, 
WA

Introduction: Many Naval surface operations involve rotating watch-
standing schedules with limited sleep opportunities. One schedule, the 

“5/15,” rotates backward through periods with 5 h on, 15 h off duty. The 
timing of sleep varies over days, and sleep is split once every 4 days. 
Another schedule, the “3/9,” cycles through periods with 3 h on, 9 h 
off duty. This allows for consistent sleep timing over days, but sleep 
may need to be split to accommodate nighttime watchstanding. In both 
the 5/15 and 3/9 schedules, four watch sections alternate so that there 
is a watchstanding crew at all hours. In this pilot study, we compared 
sleep durations in simulated sections of the 5/15 and 3/9, keeping total 
watchstanding duration and sleep opportunity equal across schedules.
Methods: N = 15 healthy, male subjects (ages 18–29) spent 5 consecu-
tive days and nights in a laboratory. Subjects were assigned to one of 
four watch sections, each with 6.5 h sleep opportunities daily: (A) 5/15 
with sleep at 00:30 (day 1), 22:30 (day 2), 18:30 (day 3), and split sleep 
at 19:00 (2 h) and 03:00 (4.5 h) (day 4); (B) 5/15 equivalent to (A), but 
shifted to begin on day 3; (C) 3/9 with sleep at 22:30 daily; and (D) 3/9 
with split sleep at 21:00 (2 h) and 04:00 (4.5 h) daily. Each group had 
4 subjects, except (D), which had 3. Sleep was measured with wrist 
actigraphy and analyzed with mixed-effects ANOVA.
Results: Grand mean sleep duration was 5.56 h (SE: 0.08 h) and did not 
differ significantly between watch sections (F = 0.19; p = 0.90). How-
ever, there was an interaction of section by day (F = 3.82; p < 0.001), 
with both 5/15 sections sleeping less when sleep was scheduled to 
begin at 18:30, in the wake maintenance zone. Sleep duration did not 
decrease when sleep was split, and even tended to increase when split 
sleep followed a prior sleep period starting in the wake maintenance 
zone (F = 3.02; p = 0.08).
Conclusion: Although sleep duration did not differ significantly be-
tween simulated 5/15 and 3/9 watch sections overall, sleep duration 
was more steady in the 3/9, which maintained circadian alignment 
across days. Furthermore, splitting sleep in one of the 3/9 sections did 
not adversely affect sleep duration. Larger samples are needed to in-
vestigate whether the increased sleep stability of the 3/9 schedule also 
yields a performance advantage.
Support (If Any): Naval Postgraduate School award N62271-
13-M-1228

0239
GREATER SUBJECTIVE WORKLOAD IS ASSOCIATED 
WITH HIGHER CABIN CREW FATIGUE ON ULR FLIGHTS
van den Berg MJ, Signal T, Gander PH
Massey University, Wellington, New Zealand

Introduction: The present study investigated whether workload was a 
factor associated with cabin crew fatigue on an ultra-long range (ULR) 
trip.
Methods: Cabin crew were monitored during a ULR trip between 
Johannesburg and New York (median outbound flight = 16.0 hrs, in-
bound = 14.7 hrs; 14-person crews). Sleep was measured with wrist 
actigraphy and sleep/duty diaries. Sleepiness was rated on the Karo-
linska Sleepiness scale (KSS), fatigue on the Samn-Perelli Crew status 
check (SP), and performance was measured with a 5-min psychomotor 

vigilance task (PalmPVT) near top of descent (TOD). Workload was 
rated after landing on the raw NASA Task Load Index and mean over-
all workload scores were calculated. Total in-flight sleep and duration 
of time awake at TOD were calculated from actigraphy. Linear mixed 
models assessed the association of workload and KSS, SP, and PVT 
metrics while controlling for in-flight sleep/wake history, flight and 
individual differences.
Results: Data from 55 crewmembers (25 males; median age = 36 yrs; 
range = 23–60 yrs) were included in the analyses. Workload scores 
ranged widely between crewmembers (outbound: median = 53, range 
9–95; inbound: median 56, range 8–94) but did not differ between 
flights. Workload was a predictor of KSS (p = 0.0003), SP (p = 0.0002), 
and PVT lapses (p = 0.0247). Higher workload scores were associated 
with a higher KSS, SP and more lapses. Workload scores were not in-
fluenced by the amount of in-flight sleep or duration of time awake at 
TOD. Workload was categorized as low, medium and high, and sepa-
rate models calculated. Model estimates indicated that there was a posi-
tive linear relationship with KSS, SP, PVT response speed and lapses 
across categories.
Conclusion: For cabin crew flying this ULR trip, higher subjective 
workload increased sleepiness, fatigue and PVT lapses in a linear fash-
ion.
Support (If Any): This study was made possible by Wynand Serfon-
tein and was funded by South African Airways.
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INTENTION AND WILLINGNESS TO DRIVE WHILE 
DROWSY AMONG UNIVERSITY STUDENTS
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Introduction: Few studies have examined sleepiness-related risk be-
haviors using health behavior theories. This study assessed the utility 
of constructs from the Theory of Planned Behavior (TPB) and the Pro-
totype Willingness Model (PWM) to predict intention and willingness 
to engage in drowsy driving in a population of university students.
Methods: An online questionnaire was used to collect data from 497 
university students (Mean Age = 23.24 ± 5.58 years) on their attitudes, 
subjective norms, and perceived behavioral control concerning drowsy 
driving behavior in various situations, as well as on their intention and 
willingness to engage in such drowsy driving behaviors in the future. 
Hierarchical multiple regression was used to assess: (1) the utility of 
attitudes, subjective norms, and perceived behavioral control (“the 
TPB constructs”) in predicting intention and willingness to engage in 
drowsy driving behavior; and (2) the utility of augmenting the TPB 
constructs with the PWM construct of willingness to better predict 
drowsy driving intention.
Results: After adjusting for personal characteristics and past driving 
behavior, the TPB constructs significantly (p < 0.001) explained an ad-
ditional 39–46 percent of the variance in drowsy driving intention and 
an additional 24–37 percent of the variance in drowsy driving willing-
ness. Perceived behavioral control was consistently the strongest pre-
dictor for both drowsy driving intention and willingness. Augmenting 
the TPB constructs with willingness significantly (p < 0.001) explained 
an additional 4 to 7 percent of the variance in drowsy driving inten-
tion. Perceived behavioral control and willingness were consistently 
the strongest predictors for drowsy driving intention in the augmented 
model, which together with the control variables explained 64–70 per-
cent of the variance in intention.
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Conclusion: The TPB and PWM are promising theoretical frameworks 
for understanding motivational influences on drowsy driving behavior 
and for developing effective drowsy driving prevention interventions 
in young people.
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THE RELATIONSHIP BETWEEN SLEEP QUALITY 
AND RESILIENCE IN VETERANS AND ACTIVE DUTY 
PERSONNEL OF THE IRAQ AND AFGHANISTAN 
CONFLICTS
Hughes JM1, Swinkels C2, Beckham J2,3, Workgroup M2, Ulmer C3,4

1UNC at Chapel Hill, Chapel Hill, NC, 2Veterans Affairs VISN6 
Mental Illness Research, Education and Clinical Center, Durham, 
NC, 3Duke University Department of Psychiatry and Brain Sciences, 
Durham, NC, 4Durham VA Health Services Research & Development, 
Durham, NC

Introduction: Two-thirds of returning US troops complain of post-
deployment sleep disturbance. Despite the growing link between 
poor sleep and negative psychological health outcomes, the impact of 
chronic poor sleep quality on resilience has not been studied. Resil-
ience, defined as positive adaptation to trauma or adversity, is a focal 
point in military health initiatives, particularly within post-deployment 
reintegration settings. This study aims to provide a first look into the 
relationship between sleep quality and resilience.
Methods: This analysis included 2,597 Iraq and Afghanistan military 
Veterans (average age = 37.2 years, 80.4% male, average tours = 1.48, 
combat: 27.9%, combat support: 40.5%) drawn from the Mid-Atlantic 
Mental Illness Research, Education, and Clinical Center (MIRECC) 
Study of Post-Deployment Mental Health. An in-person assessment 
captured resilience (Connor-Davidson Resilience Scale), Post-Trau-
matic Stress Disorder (Davidson Trauma Scale), sleep quality (Pitts-
burgh Sleep Quality Index), and combat exposure (Combat Exposure 
Scale). Pearson correlations were used to examine the relationship be-
tween resilience and components of sleep quality. A regression model 
was used to examine predictors of resilience, including sleep quality 
and combat exposure.
Results: Sixty-three percent of participants endorsed poor sleep qual-
ity (PSQI > 5; M = 9.15, SD = 4.9), which was negatively associated 
with resilience (r = −0.46, p < 0.001). Longer sleep onset, lower sleep 
efficiency, shorter sleep duration, worse sleep quality, and greater 
daytime disturbance were each associated with lower resilience (all 
p’s < 0.001). After adjusting for age, gender, and combat exposure, 
sleep quality explained an additional 18% of the variance in resilience 
scores, with poorer sleep quality being associated with reduced resil-
ience (F = 16.22, p < 0.001).
Conclusion: Our results suggest that poor sleep quality is associated 
with reduced resilience among Veterans and returning military person-
nel, underscoring the need to better understand how untreated sleep 
disturbance impacts adaptation and functional health upon reintegra-
tion. Further research regarding the directionality between sleep, re-
silience, and physical and psychological health outcomes is warranted.
Support (If Any): Mid-Atlantic Mental Illness Research, Educa-
tion and Clinical Center, Department of Veterans Affairs (VISN 6 
MIRECC) of the Department of Veterans Affairs Office of Mental 
Health Services & the VA Mid-Atlantic Healthcare Network (VISN 6)

0242
ACTIGRAPHY AND SELF-REPORTED BASELINE SLEEP 
DURATION IN COMMERCIAL AIRLINE PILOTS
Wu LJ, van den Berg MJ, Gander PH
Sleep/Wake Research Centre, Wellington, New Zealand

Introduction: Most published studies have focused on measuring air-
line pilots’ sleep while in flight and during layovers. Less is known 
about how much pilots sleep at home while off duty. Here we compare 
average total sleep duration from 332 pilots measured by actigraphy 
and self-report.
Methods: Commercial pilots from 4 airlines volunteered to be part of 
7 separate studies monitoring fatigue during long range and ultra-long 
range flights. Sleep was usually monitored (wrist actigraphy and sleep 
diaries) for 3 days prior to a trip, through the trip, and for at least 3 days 
after their return home.
Baseline sleep was defined as sleep taken during the 24 hour period 
12:00 to 12:00 local time in the trip departure city, excluding the 24 
hours immediately prior to the first flight (to exclude preparatory sleep 
changes) and approximately 72 hours after returning from the previous 
trip (to exclude recovery sleep changes). Participants were also asked 
to estimate the total amount of sleep they obtain while off duty and 
sleeping at home.
Results: Pilots (median age = 51 years; range 23–64) self-reported 
sleeping a mean of 7.64 h (SD = 1.11 h) while off duty at home. Number 
of actigraphy baseline sleep days ranged from 1 to 19, with 90% of 
participants having ≤ 4 days baseline sleep (median = 2 days). Each 
individual’s baseline total sleep was averaged. Overall mean total sleep 
per 24 h = 6.75 h (SD = 0.98 h). When measured with actigraphy, pilots 
obtained a mean of 52 fewer minutes than self-reported off duty sleep 
duration at home. One-way ANOVA showed no significant differences 
in mean total sleep duration between studies or airlines for both self-
report and actigraphically measured sleep (all p > 0.05).
Conclusion: These analyses provide objective baseline sleep duration 
data for a large population of airline pilots, who are a highly medically 
screened, healthy workforce. While off duty, their mean total sleep 
duration per 24 h is about 50 min less than their self-reported nightly 
sleep duration.
Support (If Any): Delta Air Lines
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WHERE ARE THE SLEEP DURATION DISPARITIES? THE 
RELATIONSHIP BETWEEN SLEEP DURATION AND RACE/
ETHNICITY DEPENDS ON STATE OF RESIDENCE: DATA 
FROM 50 STATES AND THE DISTRICT OF COLUMBIA, 
BRFSS 2013
Schuschu J1, Pigeon W2, Jean-Louis G3, Grandner MA1

1University of Pennsylvania, Philadelphia, PA, 2University of 
Rochester, Rochester, NY, 3New York University, New York, NY

Introduction: Several studies have shown that sleep duration is as-
sociated with race/ethnicity, and these associations may play a role in 
health disparities. It is plausible that different social/environmental 
contexts may reflect different relationships to sleep.
Methods: Data from the 2013 BRFSS was used (N = 484,401 with 
sleep duration data). The BRFSS is a state-based telephone survey con-
ducted by the CDC. Data from 50 states and the District of Columbia 
were included. Sleep duration was assessed as habitual sleep in a typical 
24 hours and was coded as short (6 h or less), normal (7–8 h, reference), 
or long (9 h or more). Race/ethnicity was categorized as Non-Hispanic 
White (reference), Black/African-American, Hispanic/Latino, Asian/
Pacific-Islander, Native-American, and Other/Multiracial. Covariates 
included age, sex, education, access to insurance, smoking, and BMI. 
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Population-weighted multinomial logistic regression analyses exam-
ined the relationship between race/ethnicity and sleep duration in the 
complete sample, and stratified by state.
Results: Overall, short sleep was more prevalent among Black/Af-
rican-American (OR = 1.74; 95% CI [1.66–1.82]; p < 0.0001), Asian/
Pacific-Islander (OR = 1.40; 95% CI [1.28–1.54]; p < 0.0001), Native-
American (OR = 1.38; 95% CI [1.23–1.54]; p < 0.0001), and Other/Mul-
tiracial (OR = 1.58; 95% CI [1.44–1.74]; p < 0.0001) groups, and long 
sleep was more prevalent among Black/African-American (OR = 1.65; 
95% CI [1.53–1.77]; p < 0.0001), Native-American (OR = 1.45; 95% 
CI [1.21–1.74]; p < 0.0001), and Other/Multiracial (OR = 1.42; 95% 
CI [1.17–1.72]; p = 0.0003) groups. Blacks/African-Americans exhibit 
greater prevalence of short sleep in 40 states and long sleep in 19 states. 
Hispanics/Latinos demonstrated increased short sleep in 9 states and 
increased long sleep in 3 states. Asians/Pacific-Islanders demonstrated 
increased likelihood of short sleep in 9 states, more long sleep in 1 state, 
and less long sleep in 7 states. Native-Americans demonstrated more 
short sleep in 14 states, more long sleep in 7 states and less long sleep in 
1 state. Others/multiracial demonstrated more short sleep in 25 states, 
and more long sleep in 7 states.
Conclusion: The relationship between sleep duration and race/ethnic-
ity varies by state of residence. It is possible that factors unique to dif-
ferent regions may exert differential influence over sleep as it relates to 
other factors such as race/ethnicity.
Support (If Any): K23HL110216, R21ES022931

0244
IS A SAILOR’S LIFE FOR YOU? ACHES AND PAINS OF U.S. 
NAVY SAILORS
Brown SA, Matsangas P, Shattuck NL
Naval Postgraduate School, Monterey, CA

Introduction: Musculoskeletal (MSK) symptoms are associated with 
physical and psychosocial aspects of work. Previous epidemiological 
investigations assessed MSK injuries at-sea, finding they accounted 
for majority of medical visits and lost man-hours compared to other 
injuries. Additionally, personnel at-sea often experience chronic sleep 
restriction countered by excessive caffeine consumption. This epide-
miological, questionnaire-based study explores prevalence of and asso-
ciations among MSK symptoms, sleep, alertness, and fatigue in active 
duty USN personnel at shore-based and at-sea commands.
Methods: Surveys were collected from two populations: at-sea group 
(USN aircraft carrier; n = 767, 14% response) and shore-based group 
(USN educational facility; n = 69, 11% response). Surveys included de-
mographics, work-out frequency, sleep duration, caffeine consumption, 
Epworth Sleepiness Scale (ESS), Fatigue Severity Scale (FSS), and a 
standardized MSK symptoms survey.
Results: MSK symptoms were most prevalent in the upper-body (45%) 
in both populations. At-sea group reported lower-back (39.5%) and 
knees (33.6%) as highest reported anatomical sites of MSK symp-
toms, whereas shore-based group reported lower-back (55.3%), neck 
(40.3%), and shoulders (38.8%). MSK symptoms were associated with 
elevated fatigue levels and excessive daytime sleepiness in both popu-
lations. Compared to personnel without MSK symptoms, personnel 
with symptoms received less sleep (p < 0.0001), felt sleep duration 
was inadequate (p < 0.001), experienced elevated daytime sleepiness 
(p = 0.0014), increased fatigue levels (p < 0.0001), were more likely 
to use sleep-promoting medications (p = 0.0039), and consumed more 
caffeine (p = 0.0055). Compared to the at-sea group, the shore-based 
group reported receiving 20-minutes more sleep per night on average 
(p = 0.0091) and had reduced daytime sleepiness (p = 0.0172). However, 
the shore-based group had higher BMI (p = 0.0089) and more MSK 
symptoms (p = 0.0073), particularly upper-body (p = 0.0062).

Conclusion: We hypothesized that shore-based duty would be less de-
manding on sailors than at-sea. However, this initial look shows evi-
dence that shore-based duty in office-like sedentary environments has 
greater negative impacts on physical health as measured by BMI and 
MSK symptoms.

0245
BEYOND THE MEAN: A SYSTEMATIC REVIEW ON THE 
CORRELATES OF DAILY SLEEP VARIABILITY
Bei B1, Wiley JF2, Trinder J3, Manber R4

1Monash University, Melbourne, Australia, 2University of California, 
Los Angeles, CA, 3University of Melbourne, Melbourne, Australia, 
4Stanford University, Stanford, CA

Introduction: Correlates of mean sleep duration and quality have been 
extensively researched, but correlates of daily sleep variability have 
rarely been examined and are poorly understood. This systematic re-
view identifies factors that are associated with daily sleep variability, 
and discusses opportunities and challenges in examining variability as 
a dimension of sleep parameters.
Methods: A systematic search and review following the PRISMA 
guidelines were conducted in five major databases from inception to 
November 2014. Unique records (N = 3411) that imply the presence of 
daily sleep measures and the examination of its variability were identi-
fied and screened, with 70 records meeting the following criteria for 
review: (a) human adults; (b) peer-reviewed empirical publications; 
(c) daily assessment of sleep for ≥ 3 consecutive days; (d) variability 
of daily sleep parameters were quantified and examined in relation to 
other variables.
Results: Included studies spanned 1974 to 2014, with 45.7% published 
in the last 5 years. Most studies quantified variability using individu-
al standard deviations (ISD; 58.6%) or ISD/individual mean (14.3%). 
Overall, this literature appeared ad hoc, with under-developed theo-
retical frameworks and inconsistent methodologies. Nevertheless, the 
following themes emerged. (a) Insomnia (21.4% of studies): higher 
variability in sleep duration and quality were associated with greater 
insomnia complaints; cognitive behaviour therapy for insomnia re-
duced such variability. (b) Psychopathology (20%): variable sleep pat-
terns were associated with bipolar disorder, depression, posttraumatic 
stress disorder, and schizophrenia. (c) Health: variable sleep duration 
was associated with obesity, inflammation, and mortality. (d) Daytime 
functioning and cognitive performance: the roles of daily sleep vari-
ability were inconsistent. Across themes, older age consistently pre-
dicted less variable sleep timing.
Conclusion: Variability in daily sleep patterns was associated with im-
portant mental and physical health outcomes, and should be considered 
as an additional dimension when sleep is examined across multiple 
days. The existing literature highlights the need to adopt consistent 
methodology and to systematically investigate both the correlates and 
underlying mechanisms of daily sleep variability.

0246
PHYSICAL ACTIVITY AND HABITUAL SLEEP DURATION: 
DOES THE SPECIFIC TYPE OF ACTIVITY MATTER?
Chheda J, Barilla H, Gallagher R, Grandner MA
University of Pennsylvania, Philadelphia, PA

Introduction: Physical activity is associated with healthy sleep. It is 
unknown, though whether the source of physical activity is relevant.
Methods: Data from the 2013 Behaviroal Risk Factor Surveillance 
System was used. N = 429,110 adults provided information about sleep 
and physical activity. Sleep duration was assessed as total habitual 
sleep within 24 hrs and was categorized as very short (≤ 4 hrs), short 
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(5–6 hrs), normal (7–8 hrs, reference), and long (≥ 9 hrs). Participants 
were also asked whether they engaged in non-occupational physical 
activity in the past 30 days and, if so, what specific activity, resulting 
in N = 75 separate activities coded. In addition to those who reported 
no activity (N = 125,314), the most commonly-reported activity was 
walking (N = 179,996). The 10 next most common activities were gar-
dening/yard work (N = 26,637), running (N = 23,153), aerobics/calis-
thenics (N = 19,008), biking (N = 15,780), weight-lifting (N = 10,222), 
golfing (N = 6,511), swimming (5,001), yoga/pilates (N = 3,370), jog-
ging (3,270), and household/childcare (N = 2,691). Population-weight-
ed regressions, adjusted for age, sex, education, and BMI, assessed 
whether each activity (adjusted for all 74 others) was associated with 
sleep duration relative to both no activity and to walking.
Results: Compared to no activity, walking was associated with 
decreased likelihood of very short (OR = 0.59; p < 0.0001), short 
(OR = 0.83; p < 0.0001), and long (OR = 0.76; p < 0.0001) sleep. Similar-
ly, aerobics/calisthenics, biking, gardening, golfing, running, weight-
lifting, and yoga/pilates were associated with decreased likelihood of 
very short, short, and long sleep. Swimming and jogging were nega-
tively associated with very short sleep and jogging was negatively as-
sociated with long sleep. Compared to walking, aerobics/calisthenics, 
biking, and running were associated with a greater decreased likeli-
hood of very short, short, and long sleep. Weight-lifting and yoga were 
also negatively associated with very short and short sleep, golf was 
negatively associated with very short sleep, gardening was negatively 
associated with long sleep, and household/childcare was positively as-
sociated with both very short and long sleep.
Conclusion: Most types of physical activity were associated with 
greater likelihood of 7–8 hrs sleep. Some activities, especially running, 
biking, and aerobics/calisthenics, had effects over and above simply 
walking.
Support (If Any): K23HL110216, R21ES022931

0247
COLLEGE STUDENT PREFERENCES FOR SLEEP 
PROMOTION INFORMATION DELIVERY PLATFORMS
Kercher C, Gettel D, Carter P
The University of Texas at Austin School of Nursing, Austin, TX

Introduction: Information about the impact sleep deprivation can 
have on students success in college is critical; however, traditional 
methods of disseminating health information (e.g. posters) are not as 
effective for this population. College students are continuously search-
ing for electronic ways to stay connected and up to date about informa-
tion that they find important. This study describes student use of social 
media platforms to obtain health information.
Methods: This descriptive-cross-sectional study investigated college 
student use of and preferences for social media platforms for health in-
formation delivery. Full-time graduate and undergraduate students at 
the University of Texas at Austin were invited to participate. An online 
survey was used to measure student sleep (PROMIS scales), academic 
performance (Sleep in School), and use of and preference for social 
media platforms.
Results: Data collection is ongoing. 141 students have completed the 
survey to date. Students are primarily female (84.5%), Caucasian 
(62.7%), and in their first two years of college (77.5%). Students re-
ported moderate sleep disturbance and impairment. Additionally, stu-
dents reported moderate negative impact of sleep on their academic 
performance (e.g. falling asleep in class). Finally, 93% of participants 
used their smart phone to access the internet at least daily. Participants 
accessed health information on Facebook (46%), Pinterest (35%), Ins-
tagram (30%), and Twitter (19%). Gender and ethnic differences were 
noted regarding usage of these platforms.

Conclusion: College students are at increased risk for sleep deprivation. 
Although, many are unaware of the negative impact sleep deprivation 
can have on their everyday lives and success in college. Disseminating 
this information to an increasingly ‘plugged in’ population may be best 
done through social media platforms. This study found college stu-
dents frequently use social media platforms to obtain health informa-
tion; it is a natural transition to offer sleep information this way as well.

0248
STUDENT PERCEPTIONS OF IMPORTANCE LEVEL OF 
SLEEP PROMOTION MESSAGE CONTENT
Gettel D, Kercher C, Carter P
The University of Texas at Austin School of Nursing, Austin, TX

Introduction: Sleep is an essential aspect of life that affects academics, 
social functioning, and physical and emotional health. Because college 
students often do not realize how at risk they are for negative effects of 
sleep deprivation, constructing messages that will reach this group is 
a challenge. Therefore, it is critical to design messages that will focus 
on the areas college student’s find most important. This study seeks to 
discover which sleep information is of most interest and importance for 
college students. This data can be used to design future health promo-
tion messages for this at risk population.
Methods: A cross-sectional descriptive correlational study design was 
used to determine students’ sleeping patterns, mood and sleep topic 
interest rankings. The sample includes the University of Texas full-
time students. An on-line survey is sent out containing two PROMIS 
sleep scales (Sleep Disturbance Scale & the Sleep Related Impairment 
Scale), the Center for Epidemiological Studies Depression (CESD) 
scale, and sleep health promotion topic rankings.
Results: Data collection is ongoing. 141 students have completed the 
survey. Students are primarily female (84.5%), Caucasian (62.7%) and 
in their first two years of college (77.5%). Students reported moderate 
sleep disturbance and impairment and depressive symptoms. Partici-
pants ranked the interest and importance of sleep topics in the follow-
ing order: #1 academic impact (e.g. study time, test performance); #2 
social impact (e.g. relationships); #3 physical health (e.g. sick days, ath-
letic performance); and #4 emotional health (e.g. mood).
Conclusion: College students are at increased risk for sleep depriva-
tion; however, they do not often recognize this risk. Based on the find-
ings here, in order to change this perception in college students, future 
public health messages should target the impact sleep deprivation has 
on academics, social functioning, and health.
Support (If Any): This project was supported in part by an Under-
graduate Research Fellowship from The University of Texas at Austin 
Office of Research.
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0249
PARTIAL OCCLUSION OF CORTICAL LTP-LIKE 
PLASTICITY AFTER SLEEP DEPRIVATION IN HEALTHY 
VOLUNTEERS
Nissen C, Kuhn M, Wolf E, Mainberger F, Feige B, Spiegelhalder K, 
Riemann D
University Medical Center Freiburg, Freiburg, Germany

Introduction: The synaptic homeostasis hypothesis posits that there is 
i.) an increase in synaptic strength (cortical excitability) and ii.) a de-
crease in the inducibility of associative synaptic plasticity (long-term 
potentiation, LTP) due to saturation after sleep deprivation. This study 
used paired associative stimulation and trancranial magnetic stimula-
tion (PAS-TMS) as non-invasive indices of cortical excitability and 
LTP-like plasticity in healthy volunteers to further test this prediction 
that has been largely derived from animal studies.
Methods: Nineteen healthy volunteers (10 males, 9 females, aged 18–
30 years) completed a repeated-measures study with PAS-TMS assess-
ments after one night of sleep and after one night of sleep deprivation. 
The order of the conditions was counterbalanced (one week interval). 
The motor threshold (MT) at baseline (cortical excitability) and pre-
post PAS changes of the MEP (LTP-like associative plasticity) were 
assessed as the primary outcome parameters. Wake EEG theta activity, 
performance on the psychomotor vigilance task (PVT) and word-pair 
learning were investigated as secondary outcome parameters.
Results: Repeated-measures ANOVAs demonstrated a significantly 
reduced motor-threshold at baseline (enhanced cortical excitability) 
and a significantly reduced increase in the MEP after PAS (reduced 
inducibility of LTP-like cortical plasticity) after the sleep deprivation 
compared to the sleep condition (both p < 0.05). Particularly, no in-
crease in the MEP could be induced by PAS after sleep deprivation. 
EEG theta activity of the wake EEG was increased, PVT and word-pair 
learning performance were decreased after the sleep deprivation com-
pared to the sleep condition.
Conclusion: The results of the study are consistent with the predica-
tions of the synaptic homeostasis hypothesis that cortical excitability is 
increased whereas the inducibility of LTP-like plasticity is decreased 
after sleep deprivation. Further characterization of the interplay of ho-
meostatic and associative plasticity and the impact of sleep on these 
processes appears to be relevant for the understanding of basic mecha-
nisms of plasticity, memory and adaptive behavior and pathophysio-
logical models of major neuropsychiatric disorders, such as depression.

0250
PARVALBUMIN POSITIVE INTERNEURONS IN CA1 
PLAY A ROLE IN COORDINATING THETA FREQUENCY 
OSCILLATIONS AND SLEEP-DEPENDENT MEMORY 
CONSOLIDATION
Ognjanovski N
University of Michigan, Ann Arbor, MI

Introduction: Human neuropathologies like epilepsy, Alzheimer’s 
disease, and schizophrenia have both cognitive (e.g. long-term mem-
ory) defects as well as disrupted sleep patterns. Consolidation of con-
textual fear memory (CFM) in mice is dependent on sleep, although 
the network-level mechanisms are unknown. In C57Bl/6 mice, during 
CFM consolidation there are increases in CA1 neuronal firing and in 
hippocampal theta (4–12 Hz) oscillations during post-training rapid 
eye movement (REM) sleep. We tested the role parvalbumin-express-
ing (PV+) interneurons play in state-specific patterns of hippocampal 
activity (e.g. REM theta), and whether this coordination facilitates 
memory consolidation.

Methods: Pharmacogenetic tools in combination with chronic in vivo 
recording were used to characterize neuronal and network activity 
changes during CFM consolidation. Adeno-associated virus (AAV) 
was used to express the inhibitory designer receptor hM4Di in a CRE-
dependent manner in hippocampal CA1 in Pvalb-CRE mice. Follow-
ing single-trial contextual fear conditioning (CFC), PV+ cells were 
silenced via systemic administration of an hM4Di-selective agonist, 
CNO; control mice were treated with vehicle. CFM consolidation was 
measured 24 hours later. CA1 recordings were carried out during a 
24 h baseline period, and for 24 h following CFC. Functional connec-
tivity was assessed over time in CA1 based on spike timing relation-
ships among recorded neurons. Stability of connectivity was assessed 
by comparing connectivity maps across successive 1-min recording 
intervals throughout baseline and post-CFC periods.
Results: Silencing of PV+ FS-interneurons led to impaired CFM con-
solidation (assessed by quantification of context-specific freezing be-
havior) in hM4Di-expressing mice. While CNO treatment caused no 
significant changes in sleep architecture, inhibiting PV+ interneurons 
in CA1 attenuates post-CFC theta activity increases associated with 
learning in control mice. Functional connectivity within CA1 also be-
comes unstable following PV+ interneuron silencing.
Conclusion: Taken together, these data suggest that activity among 
CA1 PV+ interneurons is required for establishing network dynamics 
that underlie sleep-dependent CFM consolidation.
Support (If Any): University of Michigan Department of Molecular, 
Cellular, and Developmental Biology, DP2 OD017661 from NIH Di-
rector’s Office, Young Investigator Award from the Brain and Behav-
ioral Research Foundation, and Research Fellowship from the Alfred 
P. Sloan Foundation.

0251
COMPLEX ASSOCIATIVE MEMORY PROCESSING AND 
SLEEP: A SYSTEMATIC REVIEW AND META-ANALYSIS 
OF BEHAVIOURAL EVIDENCE AND UNDERLYING EEG 
MECHANISMS
Chatburn A, Lushington K, Kohler MJ
University of South Australia, Adelaide, Australia

Introduction: The beneficial influence of sleep on memory consoli-
dation is well established; however, the mechanisms by which sleep 
can dynamically consolidate new memories into existing networks for 
the continued environmental adaptation of the individual are unclear. 
The role of sleep in complex associative memory is an emerging field 
and the literature has not yet been systematically reviewed. Here, we 
systematically review the published literature on the role of sleep in 
complex associative memory processing to determine (i) if there is rea-
sonable published evidence to support an active role for sleep facilitat-
ing complex associative processes such as rule and gist extraction and 
false memory; (ii) to determine which sleep physiological events and 
states impact these processes, and to quantify the strength of these re-
lationships through meta-analysis.
Methods: Search criteria were optimised to focus on memory in 
healthy human adults. We included studies which contrasted a normal 
night sleep or a nap with day wake, and excluded those which used 
physiological (e.g., TMS) or pharmacological (e.g., SSRIs) interven-
tions. An initial sample of 2551 was reduced to a final sample of twen-
ty-seven studies for inclusion in the meta-analysis.
Results: Population estimates of effect size indicate a moderate effect 
(r = 0.37) of sleep in facilitating associative memory as tested behav-
iourally. Studies which have measured sleep physiology have reported 
mixed findings, with every sleep stage having been found across the 
sample to relate to complex associative processing. Effect sizes (r) of 
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sleep physiology in terms of behavioural outcomes ranged between 
0.31 and 0.65.
Conclusion: Sleep influences complex associative processing. Signifi-
cant associations between sleep electrophysiology and outcome appear 
to be based largely on mode of acquisition. We interpret these findings 
as supporting reactivation based models of associative processing, and 
perhaps suggesting that memory association and consolidation may 
represent a single underlying construct.

0252
HIPPOCAMPAL ACTIVITY MEDIATES THE 
RELATIONSHIP BETWEEN CIRCADIAN ACTIVITY 
RHYTHMS AND MEMORY IN AGING
Sherman SM, Schnyer DM
University of Texas at Austin, Austin, TX

Introduction: Older adults experience parallel declines in sleep, cir-
cadian rhythm robustness, and episodic memory. These age-related 
changes appear to be linked such that disruptions in sleep contribute to 
deficits in memory. Although declines in circadian rhythm robustness 
are a common feature of aging and predict pathology, little is known 
about whether changes in circadian rhythms contribute to new episod-
ic learning in healthy older adults. The purpose of this study was to in-
vestigate whether associative memory was related to circadian rhythm 
robustness and whether this relationship was mediated by hippocampal 
functioning.
Methods: Healthy older adults underwent structural and functional 
magnetic resonance imaging (fMRI) while performing an associative 
memory task, following 10 days of recording sleep-wake patterns us-
ing actigraphy. The memory task involved learning a list of unrelated 
word pairs and then being tested on whether newly presented pairs 
were previously seen together.
Results: Better associative recognition accuracy was related to greater 
circadian rhythm robustness. These relationships were independent of 
sleep and level of physical activity. Left anterior hippocampal activity 
during successful memory retrieval was positively correlated with as-
sociative recognition accuracy and circadian rhythm robustness. A me-
diation analysis demonstrated that the link between circadian rhythm 
robustness and associative recognition accuracy was mediated by hip-
pocampal activity.
Conclusion: These findings indicate that greater circadian rhythm ro-
bustness is directly related to hippocampal functioning and that in turn 
contributes to successful memory performance in older adults. Most 
importantly, activity rhythms may provide early indications of sys-
temic changes that may mark early stages of neurocognitive disorders.
Support (If Any): Grant to West Point’s Network Science Center and 
Office of the Vice President for Research, University of Texas at Austin 

- Research Grant Award

0253
THE ASSOCIATION OF DAYTIME SLEEPINESS AND 
WORKING MEMORY
Cui N, Liu J
University of Pennsylvania, Philadelphia, PA

Introduction: Working memory is important for children’s learning 
behavior and optimal school performance. However, little is known 
about the effect of daytime sleepiness on working memory.
Methods: 483 community-based Chinese children completed a self-
report questionnaire of daytime sleepiness and four working memory 
tests. Daytime sleepiness questionnaire contained seven items (e.g. 
feeling very sleepy during the day, falling asleep very easily, taking 
a long time to become alert) and was measured on a 1–4 Likert scale. 

Higher score represented severer daytime sleepiness problems. Four 
working memory tests included dot trajectory test, dot memory, digi-
tal span and block transform and the total score was used for analysis. 
Higher score represented better working memory.
Results: There were 239 (50.96) boys and 230 girls (49.04%) with a 
mean age of 10.88 (SD = 0.87) years. The mean of average item score 
on daytime sleepiness was 1.53 (SD = 0.60, range 1–4). The mean 
of working memory total score was 25.34 (SD = 4.43, range 10–44). 
Children who reported daytime sleepiness almost every day had more 
than 2 points lower on working memory performance than those with 
minimal daytime sleepiness problems [i.e. once per week (b = −2.59, 
se = 1.12, p = 0.031), or once or twice a week (b = −2.18, se = 1.17, 
p = 0.064) after adjusting children’s sex and age.
Conclusion: The finding suggests that daytime sleepiness is associated 
with poorer performance on working memory in school-age Chinese 
children. Future research on the mechanism of this relationship is war-
ranted.

0254
SLEEP, INDEPENDENT OF CIRCADIAN PHASE, BENEFITS 
TRAINING PERFORMANCE AND CONSOLIDATION OF A 
MOTOR MEMORY TASK
Tucker MA1,2, Morris CJ3,4, Morgan A5, Yang JN3, Myers S3, 
Gracia JI3, Stickgold R6,5, Scheer FA3,4

1Center for Sleep and Cognition, Beth Israel Deaconess Medical 
Center, Greenville, SC, 2Currently at Department of Biomedical 
Sciences Department, University of South Carolina School of 
Medicine, Boston, MA, 3Medical Chronobiology Program, Division 
of Sleep and Circadian Disorders, Brigham & Women’s Hospital, 
Boston, MA, 4Division of Sleep Medicine, Harvard Medical School, 
Boston, MA, 5Center for Sleep and Cognition, Beth Israel Deaconess 
Medical Center, Boston, MA, 6Department of Psychiatry, Harvard 
Medical School, Boston, MA

Introduction: We tested the effect of sleep, circadian phase, and their 
interaction on motor skill performance and consolidation using a simu-
lated night work protocol.
Methods: Sixteen healthy adults were studied over two 8-day in-labo-
ratory visits. The last four days of each visit sleep was timed normally 
(at night) or was shifted 12 hrs (during the day). Twice on each of these 
four days (8 am and 8 pm), subjects trained on the Motor Sequence 
Task (MST), typing a predetermined 5-digit sequence (e.g., 4-1-3-2-4) 
as fast and accurately as possible across twelve 30-second trials. 
Twelve hours later they were retested, followed again by training on a 
new MST sequence. Performance was measured as the number of cor-
rectly typed sequences per trial. MST training performance was mea-
sured as the average score on the last 3 training trials, and improvement 
was measured as retest performance (first 3 retest trials) minus train-
ing performance, reflecting memory consolidation. Number of correct 
sequences on random sequence typing tests was used to correct for 
general motor performance at each session.
Results: At the end of training, subjects performed better follow-
ing sleep v. wake (p = 0.02), but not after the circadian night v. day 
(p = 0.20). Twelve hours following training, subjects showed greater 
improvement in performance if they had slept than if they stayed 
awake (p = 0.003), but showed similar improvements over the circa-
dian day and night (p = 0.22). As expected, performance was impaired 
if subjects stayed awake during normal sleep hours but, surprisingly, 
subjects showed the most improvement after sleeping during the day.
Conclusion: Sleep, regardless of whether it occurs during the day or 
night, enhances performance during learning of a new motor skill, and 
supports sleep-dependent improvement on a previously learned MST 
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sequence. These results clarify the interrelationship between sleep, cir-
cadian factors, and sleep-dependent processing of motor skill memory.
Support (If Any): NHLBI grant R01 HL094806 to F.A.J.L. Scheer, 
and NIMH grant R01 MH48832 to R. Stickgold

0255
REM SLEEP WITHOUT ATONIA SEVERITY PREDICTS 
COGNITIVE IMPAIRMENT IN REM SLEEP BEHAVIOR 
DISORDER
Sandness DJ1, McCarter SJ1, Boeve BF1, Silber MH1, Somers VK 2, 
St Louis EK1

1Mayo Clinic and Foundation, Rochester, MN, 2Mayo Clinic, MN

Introduction: REM Sleep Behavior Disorder (RBD) is a potentially 
injurious parasomnia that is strongly associated with synucleinopathy. 
Patients with RBD exhibit REM sleep without atonia (RSWA), the 
loss of normal muscle atonia during REM sleep, on polysomnography 
(PSG). We aimed to determine whether RSWA severity was associated 
with cognitive functioning in RBD.
Methods: Both idiopathic (iRBD) and symptomatic RBD (sRBD) pa-
tients completed two cognitive batteries: CNS Vitals Signs (CNS-VS) 
and Useful Field of View (UFOV). All subjects underwent PSG and 
muscle (SM: submentalis; AT: anterior tibialis) tone during REM sleep 
was visually and automatically scored. Group differences between 
sRBD and iRBD were then compared, and regression models fit to de-
termine the relationship of RSWA and dependent cognitive measures.
Results: Twenty iRBD and 10 sRBD participated. Demographics were 
similar between groups. Greater deficits on cognitive testing were ob-
served on CNS-VS for sRBD patients in processing (p = 0.014) and 
psychomotor (p = 0.019) speed, and on Total UFOV and subtests 2 
and 3 (all p < 0.002). sRBD patients had greater combined phasic and 
tonic RSWA in SM (p = 0.026) and longer mean phasic burst dura-
tion (p = 0.03). Regression analyses demonstrated that SM RSWA in-
dependently predicted overall CNS-VS Neurocognitive Index (NCI) 
(F = 4.5, p = 0.006), adjusting for age, gender, depressive symptoms 
(Zung Score), and sleep disturbances (PSQI), and this relationship 
also remained significant for the iRBD group after excluding sRBD 
patients from analysis to account for the effect of co-morbid neurologic 
or cognitive disorders (F = 3.5, p = 0.03). SM RSWA was not predictive 
of total UFOV performance.
Conclusion: RSWA severity is predictive of lower overall cognitive 
performance in patients with RBD. Future prospective analysis of a 
larger cohort is planned to determine whether RSWA severity may also 
predict other neurological signs of phenoconversion to overt synucle-
inopathy in iRBD patients.
Support (If Any): This project was supported by the National Center 
for Research Resources and the National Center for Advancing Trans-
lational Sciences, National Institutes of Health, through Grant Number 
1 UL1 RR024120-01. The content is solely the responsibility of the au-
thors and does not necessarily represent the official views of the NIH.

0256
THE EFFECT OF SLEEP APNEA ON EMOTIONAL 
MEMORY
Kishore D1, Guo M2, Igue M2, Malhotra A3, Stickgold R1, 
Djonlagic I1

1Beth Israel Deaconess Medical Center, Boston, MA, 2Brigham and 
Women’s Hospital, Boston, MA, 3University of California, San Diego, 
La Jolla, CA

Introduction: Patients with obstructive sleep apnea show impairment 
in sleep-dependent off-line processes for declarative and procedural 
memories. Sleep has also been shown to play an active role in the con-

solidation of emotional memories. Given the high prevalence of psy-
chopathology in patients with sleep apnea, this study investigated the 
effect of sleep-disordered breathing on the ability to recall emotional 
elements of scenes.
Methods: A total of 40 participants were included, 20 of whom were 
newly diagnosed with obstructive sleep apnea (OSA) and 20 of whom 
were healthy controls (matched for age, education level and depression 
scores). Subjects underwent an overnight testing session, which includ-
ed the Psychomotor Vigilance Task (PVT) and the emotional trade-off 
task in which they are asked to study scenes with negative or neutral 
objects placed on neutral backgrounds followed by a full night PSG. In 
the morning, all subjects repeated the PVT and underwent a recall test 
for objects and backgrounds separately.
Results: Both groups showed similar recall for the neutral background 
pictures (p = 0.15). However, the healthy control group showed signifi-
cantly better recall for the emotional (p = 0.04) as well as the neutral 
(p = 0.01) objects compared to patients with OSA. The apnea hypopnea 
index correlated with recall of both emotional (p = 0.005) and neutral 
(p = 0.02) objects. In addition, participants with OSA showed higher 
rates (p = 0.03) for false alarms during recall (identified novel stimuli 
as “similar” to previously seen objects rather than “new”), which also 
correlated with their apnea hypopnea index (p = 0.001).
Conclusion: Our study confirms that there are two separate memory 
processes for backgrounds and objects and that disrupted sleep as seen 
in patients with sleep apnea will block sleep-dependent consolidation 
processes for both neutral and emotional scenes. Moreover, the higher 
rates of false positive responses may offer some insight into the coping 
mechanisms of memory impairment in this patient population.
Support (If Any): K23 HL103850-01, American Board of Sleep Medi-
cine Junior Faculty Research Award

0257
THE ROLE OF REM AND NREM SLEEP IN THE ENCODING 
AND CONSOLIDATION OF EMOTIONAL MEMORIES
Cellini N, Stegagno L, Sarlo M
University of Padova, Padova, Italy

Introduction: Recent evidence suggests a critical role of sleep in con-
solidating emotional memories. Most studies have focused on REM 
sleep and targeted negative vs. neutral memories, reporting inconsis-
tent results. Here, we further explore the role of REM, NREM and 
sleep spindles in the encoding and consolidation of pleasant, unpleas-
ant and neutral memories.
Methods: Forty-seven (33F) healthy university students were exposed 
to a first set of 40 pleasant, 40 unpleasant and 40 neutral pictures at 
1:00 pm and to a second equivalent set at 5:00 pm. During a later rec-
ognition test (5.15 pm), participants saw the previous 240 pictures in-
termixed with 120 novel stimuli. They had to decide whether they had 
seen the picture before. In the Nap group (N = 31), participants took a 
120-min nap after the first set presentation, while in the No-Nap group 
(N = 16), participants remained awake. Based on polysomnographic re-
cording, participants were segregated into REM (N = 14) and NoREM 
groups (N = 17).
Results: Memory discrimination (d’), arousal and valence ratings 
did not differ between the REM and NoREM groups, therefore their 
data were collapsed into a Nap group. d’ was greater for sleep relative 
to wake. Although the Nap and No-Nap groups better discriminated 
recent (15 m pre-retrieval) versus delayed (4 h pre-retrieval) pictures, 
only the Nap group showed a significantly higher d’ for recent com-
pared to delayed emotional pictures. Overall, neutral pictures showed a 
greater d’ than pleasant items, but no difference relative to unpleasant 
stimuli. An association between N2 sleep spindles and d’ for delayed 
negative stimuli was also observed.
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Conclusion: Taken together, our results indicate that daytime nap, re-
gardless of the presence of REM sleep, facilitates the consolidation of 
declarative memories independent of their valence. We suggest that 
sleep promotes the formation of new emotional memories and that 
sleep spindles may critically affect their subsequent consolidation.

0258
PARTIAL SLEEP DEPRIVATION PROMOTES FALSE 
MEMORY FORMATION: THE NEED FOR SLEEP STUDY
Lo JC, Ganesan S, Chong PL, Leong RL, Gooley JJ, Chee MW
Center for Cognitive Neuroscience, Duke-NUS Graduate Medical 
School, Singapore, Singapore

Introduction: False memory formation is elevated after one night of 
partial or total sleep deprivation in young adults. Here, we investigated 
the effects of 7 nights of sleep restriction on false memory in adoles-
cents.
Methods: ‘Need for Sleep’ was a 2-week, dormitory-based, parallel-
group study that compared neurobehavioral performance under sleep 
restriction (SR) and sleep extension (SE) conditions. The sample con-
sisted of 56 middle or high school students (15–19 y; 25 males) who slept 
less than the recommended 9 h on weekdays. After 7 nights of either 
5 h (SR group) or 9 h sleep opportunity (SE group), participants were 
administered a misinformation task. They viewed 100 photographs 
portraying two crimes. After 40 minutes, 100 sentences were present-
ed, each corresponding to a previously shown photograph. Of these, 
24 contained misinformation (critical items). After another 20 minutes, 
memory of the photographs was tested with a three-alternative forced-
choice test that probed all 24 critical items and 12 non-critical items 
(consistent content in photographs and sentences). A subsequent source 
memory test assessed whether participants’ responses were based on 
the photographs and/or the sentences.
Results: For non-critical items, the proportion of correct responses 
was similar for the SR and the SE groups (mean ± SEM: 55.5 ± 2.8% 
vs. 53.0 ± 2.6%, t = 0.64, p = 0.53). For critical items, the proportion of 
misinformation-consistent responses, i.e. the tendency to incorporate 
inaccurate content from the sentences into their responses, was higher 
in the SR than the SE group (34.5 ± 2.9% vs. 25.8 ± 3.2%, t = 2.01, 
p < 0.05). The SR group demonstrated errors in source memory and 
attributed misinformation-consistent responses to the photographs as 
often as the SE group (14.2 ± 1.8% vs. 12.0 ± 2.0%, t = 0.82, p = 0.42).
Conclusion: In adolescents, sleep curtailment promotes the formation 
of false memory but appears not to affect veridical memory.
Support (If Any): National Medical Research Council (NMRC/
STaR/0004/2008)

0259
SLEEP RESTRICTION IMPAIRS VOCABULARY LEARNING 
IN ADOLESCENTS: THE NEED FOR SLEEP STUDY
Huang S, Deshpande A, Yeo S, Lo J, Chee M, Gooley JJ
Duke-NUS Graduate Medical School, Singapore, Singapore

Introduction: Sleep is important for learning and consolidation of 
memory, but few studies have examined the impact of sleep restriction 
on declarative memory. Here, we examined the role of sleep and study 
spacing on vocabulary learning in adolescents.
Methods: In the Need for Sleep Study, a dormitory-based, parallel 
group protocol, adolescents aged 15–19 years were exposed to 7 nights 
of sleep restriction (SR; n = 30; 5 h time in bed) or sleep extension 
(n = 26 after exclusions; 9 h time in bed) under constant supervision, as 
part of a 2-week protocol. Participants completed a vocabulary learn-
ing task in which they studied 40 GRE-level English words using digi-
tal flashcards. All flashcards were shown 8 times, but study spacing 

was manipulated such that half of the word pairs were shown twice 
over 4 consecutive days (spaced studying), whereas the others were 
shown 8 times on a single day (massed studying; 5 different word pairs 
per day over 4 days). Cued recall performance was assessed 24 h and 
120 h after the final study session.
Results: Cued recall accuracy of the SR group was about 5 percent-
age points lower (~90% versus 95%; P < 0.001) at both retention in-
tervals. For both groups, spaced studying resulted in better learning 
than massed studying (~97% versus 89%; P < 0.001). There was an 
interaction between group and study spacing, such that the ability to 
remember massed words was impaired by a greater amount in the SR 
group (P < 0.05).
Conclusion: The effects of study spacing on vocabulary learning were 
modulated by sleep duration. Students who underwent sleep restriction 
showed a reduced ability to learn massed items, but not spaced items. 
These results highlight the importance of combining good study habits 
and good sleep habits to optimize learning outcomes.
Support: National Medical Research Council (NMRC/
STaR/0004/2008)

0260
EFFECTS OF AGING ON SLOW WAVE SLEEP DISRUPTION 
AND REDUCED OVERNIGHT CONSOLIDATION OF 
SPATIAL NAVIGATIONAL MEMORY
Varga AW1, Ducca EL1, Leibert DP1, Lim J1, Kishi A 2, Koushyk V1, 
Gumb T1, Parekh A3, Osorio RS1, Burschtin OE1, Rapoport DM1, 
Ayappa I1

1NYU Langone School of Medicine, New York, NY, 2Graduate 
School of Education, The University of Tokyo, Tokyo, Japan, 3NYU 
Polytechnic School of Engineering, Brooklyn, NY

Introduction: Sleep consolidates spatial navigational memory, includ-
ing improvement in maze task performance. Evidence supports a role 
for slow wave sleep (SWS) in this process. Given the decline in SWS 
with aging, we investigated how aging and changes in SWS affect con-
solidation of spatial memories.
Methods: We recruited 9 cognitively normal elderly subjects 
(age = 70 ± 10 years) and 13 younger subjects (age = 21 ± 1 years), who 
underwent one night of standard polysomnography with sleep staging 
and power spectral analysis. Subjects performed training and 3 timed 
trials before and after sleep on the same computer-generated 3D spatial 
maze. Improvement in average completion time after sleep was calcu-
lated. A 20-minute psychomotor vigilance test was performed in the 
morning prior to the maze trials.
Results: Total sleep time, sleep efficiency, and percent of N1 and 
N2 sleep were not different between young and elderly subjects. The 
elderly group displayed significantly reduced relative slow wave ac-
tivity (SWA) in the prefrontal leads (79.1 ± 2% in younger subjects, 
68.5 ± 1% in elderly subjects, p < 0.001, t-test) that was accompanied by 
increased SWS fragmentation (average SWS run duration 1.8 minutes 
vs 5.1 minutes, p = 0.002, rank sum test). Younger subjects showed 
the predicted improvement (38.8%) in maze completion time (median 
pre- to post-sleep completion time = 135.7 seconds versus 83 seconds, 
p = 0.001, signed rank test). Elderly subjects showed a non-significant 
12.7% improvement in maze completion time overnight. There was no 
significant change in morning psychomotor vigilance between groups. 
Across all subjects, overnight completion time improvement was sig-
nificantly correlated with relative SWA in the prefrontal leads (r = 0.54, 
p = 0.009).
Conclusion: Sleep of elderly subjects does not impart the same ben-
efit toward consolidation of spatial navigational memory as sleep of 
younger subjects. This correlates with and may be a consequence of 
reduced slow wave activity across ontogeny.
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0261
ACCESS TO RETROSPECTIVE EPISODIC MEMORY 
AND PROSPECTIVE MEMORY ACROSS STATES OF 
CONSCIOUSNESS
Speth J, Speth C, Harley T
School of Psychology, Dundee, United Kingdom

Introduction: We present a quantitative study of retrospective epi-
sodic memory and prospective memory across states of consciousness. 
Strong evidence at the level of brain function suggests that while sleep 
may play a crucial role in memory consolidation, access to retrospec-
tive memory must be limited especially in REM sleep.
Methods: A total of 569 mentation reports from REM, non-REM, hyp-
nagogia and waking were analysed. Physiology was monitored with 
the Nightcap system. Linguistic references to retrospective episodic 
and prospective memory were measured via objective and reliable 
third person analysis. Four independent, blind native speaker judges 
used a grammatical tool basing on a modification of our linguistic tools 
for the analysis of simulated motor movement and auditory verbal hal-
lucinations (Speth, Frenzel & Voss, 2013; Speth, Frenzel & Harley, sub-
mitted).
Results: Reports from REM sleep exhibited the lowest degree of 
linguistic references to past or future mental scenarios, followed by 
NREM sleep. Sleep onset hallucinations showed a higher degree of 
memory access, although still significantly lower than waking menta-
tion.
Conclusion: Our preliminary data support the prevailing physiological 
hypothesis that retrospective memory is a function of the physiologi-
cally distinct states of consciousness. Our results further suggest that 
prospective memory is similarly strongly limited in REM sleep.
Support (If Any): We gratefully acknowledge the support of Prof. 
Robert Stickgold, Harvard Medical School, who generously provided 
the Nightcap mentation report database.

0262
RELATIONSHIP BETWEEN AMOUNT OF SLEEP AND 
THEORY OF MIND
Erwin J, Martin J
Butler University, Indianapolis, IN

Introduction: Previous research has determined a relationship be-
tween amount of sleep and cognitive dysfunction. Cognitive abilities 
that have commonly been affected by amount of sleep are attention, 
concentration, memory, mood regulation, and response time. However, 
metacognitive abilities and amount of sleep have not been as closely 
examined.
Methods: 150 participants were recruited from a college population 
ranging in age from 18 to 22 with a mean of 19.5. The sample was 
predominantly (76.5%) female. Participants completed the Hinting 
Task to measure the social-cognitive domain of Theory of Mind. The 
Hinting task consists of 10 vignettes describing interactions between 
two characters where one character drops a hint to the other character. 
Participants hear each vignette and are asked by the experimenter what 
the main character “really means.” Higher scores suggest better meta-
cognitive functioning. Mind-in-the-Eyes Test measures the social-
perceptual domain of ToM. Participants were provided with 36 photos 

that were cropped to an indivudials eyes and asked to choose from four 
adjectives surrounding each photo the one that best describes the men-
tal state of the individual in the photo. Participants’ answers are coded 
either correct (1) or incorrect (0), yielding a possible range of 0-36. Fi-
nally, participants were asked to indicate how many hours they slept 
the night prior to the study and how many hours they usually sleep.
Results: A number of correlation analyses were conducted between 
sleep variables and Theory of Mind. Correcting for multiple compari-
sons, none of the correlations came out to be significantly different 
from zero.
Conclusion: This preliminary data suggests that there is no relation-
ship between amount slept and Theory of Mind. Future research should 
consider more sensitive sleep measures, as well as more sensitive mea-
sures of metacognitive ability.

0263
TRAIT-LIKE INDIVIDUAL DIFFERENCES IN SLEEP 
AFFECT COGNITIVE AND EMOTIONAL PROCESSING
Lerner I1, Peters S1, Lupkin S1, Cannella L2, Gluck M1

1Rutgers University, Newark, NJ, 2Temple University, Philadelphia, 
PA

Introduction: Past research suggests that sleep, particularly Slow-
Wave-Sleep (SWS) and Rapid-Eye-Movement (REM) sleep, contrib-
utes to various aspects of cognition, from memory consolidation to 
emotional regulation. However, these findings are mostly based on sin-
gle-night studies, limiting the ability to differentiate between effects 
arising from trait-dependent individual differences and those resulting 
from state-dependent alterations that vary over time.
Methods: We investigated the long-term relationship between sleep 
and two behavioral tasks that were previously shown to be sensitive 
to sleep in single-night studies: Valence judgments of emotional facial 
expressions and the learning of probabilistic categorization. Natural 
sleep patterns of 20 participants were measured for two weeks using 
mobile sleep monitoring devices. The first week was used as ‘baseline’. 
In each day of the second week, at both morning and evening, par-
ticipants: (a) rated the valence (negative to positive) of several types 
of facial expressions portraying positive, negative, or ambiguous emo-
tions; and (b) trained on learning, by trial and error, the probabilistic 
relationships between four cues and two outcomes.
Results: Averaging the sleep and behavioral measures over the testing 
week for each participant, we found that: (1) the more REM sleep par-
ticipants experienced, the more positively they rated ambiguous facial 
expressions; (2) the more SWS participants experienced, the more posi-
tively they rated negative facial expressions; (3) the more SWS partici-
pants experienced, the faster and better they learned the probabilistic 
categorization. The same correlations were found using the average 
baseline sleep measures in place of the concurrent sleep measures. In 
contrast, daily sleep fluctuations did not correlate with daily behavioral 
performance in either task.
Conclusion: Our results suggest that correlations between sleep stages 
and cognitive processing might be mainly a trait-dependent effect, sig-
nifying individual differences, rather than a state-dependent effect by 
which the sleep patterns in one night directly influence behavioral per-
formance the following day.
Support (If Any): This work was supported by NSF Grant #1231515 to 
MAG from the Smart & Connected Health program.
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0264
OLDER LONG SLEEPERS TAKE LONGER ON A VISUAL 
ATTENTION AND INHIBITION TASK (THE STROOP TASK) 
THAN AVERAGE SLEEPERS
Wager E1, Youngstedt SD2, Jean-Louis G3, Irwin MR4, Bootzin RR1

1University of Arizona, Department of Psychology, Tucson, AZ, 
2Arizona State University, College of Nursing and Health Innovation, 
Phoenix, AZ, 3New York University, SUNY Downstate Medical 
Center, New York, NY, 4University of California, Los Angeles, 
Cousins Center for Psychoneuroimmunology, Los Angeles, CA

Introduction: Previous research suggests that too little or too much 
sleep time in adults can have negative consequences on mortality, 
health, mood and cognitive outcomes. Most of these studies have mea-
sured sleep subjectively. In the present study we explored how average 
or long sleep measured objectively with actigraphy in older adults is 
associated with cognitive function. We hypothesized that long sleepers 
would have worse cognitive performance than average sleepers.
Methods: As part of a larger longitudinal study, we measured total sleep 
time among 72 healthy older adults (mean age = 65.01, range = 60–77 
years old, 63.9% were female) using actigraphy and sleep diaries. They 
were classified as average (6–7.25 h in bed) or long sleepers (8–9.25 
h in bed). At baseline, we measured set shifting, visual attention and 
inhibition among 69 participants using the Stroop Task and the Trail 
Making Test.
Results: Stroop Task: N = 69 participants completed this task at 
baseline. Completion time significantly differed (p < 0.05) between 
average (N = 39, 103.40 ± 25.90 seconds) and long sleepers (N = 30, 
117.61 ± 30.74 seconds) with a moderate corresponding effect size (Co-
hen’s d = 0.50). We found no significant difference (p > 0.5) between 
accuracy of average (4.74 ± 6.63 errors) and long sleepers (3.73 ± 5.52 
errors). Trail Making Test: N = 64 participants completed this task 
at baseline. We found no significant difference (p > 0.9) in comple-
tion time between average (N = 35, 80.25 ± 39.88 seconds) and long 
sleepers (N = 29, 79.87 ± 30.77 seconds) and no significant difference 
(p > 0.65) between accuracy of average (0.74 ± 0.98 errors) and long 
sleepers (0.86 ± 1.19 errors).
Conclusion: We found that longer sleep among older adults was asso-
ciated with slower completion time on a task that requires inhibition of 
an automatic response, the Stroop Task, but that there were no signifi-
cant differences on a task that requires set shifting and visual attention, 
the Trail Making Test.
Support (If Any): NIH/NHLBI HL095799

0265
SLEEP-DEPENDENT MEMORY CONSOLIDATION IN 
INDIVIDUALS WITH SCHIZOPHRENIA
Baran B1,2,3, Demanuele C1,2,3, Correll D2,3, Vuper TC2,3, Seicol B4, 
Fowler RA 2,3, Callahan C 4, Parr E4, Stickgold R1,4, Manoach DS1,2,3

1Harvard Medical School, Boston, MA, 2Department of Psychiatry, 
Massachusetts General Hospital, Charlestown, MA, 3Athinoula 
A Martinos Center for Biomedical Imaging, Charlestown, MA, 
4Department of Psychiatry, Beth Israel Deaconess Medical Center, 
Boston, MA

Introduction: Learning and memory impairments are a core feature 
of schizophrenia (SZ). SZ is associated with significantly reduced sleep 
spindle activity that correlates with impaired sleep-dependent consoli-
dation of motor procedural learning as measured by the finger tapping 
motor sequence task (MST). The purpose of the present study is to 
investigate whether deficits in sleep-dependent consolidation general-
izes to declarative memory.

Methods: SZ patients (n = 10) and demographically-matched healthy 
controls (HC, n = 8) learned a series of word-pairs (WP) and were 
tested 24 hrs later after a night of sleep, monitored by actigraphy. In 
a separate session, participants were trained on the MST at bedtime 
and tested in the morning in the Clinical Research Center. Sleep was 
monitored for two consecutive nights using a 64-channel high-density 
PSG system.
Results: Overnight improvement of the MST was significantly re-
duced in SZ relative to HC (t(16) = 2.73, p < 0.05). In addition, SZ pa-
tients showed a non-significantly greater decrement in WP recall (8.9%, 
SD = 15.4) than HC (2.3%, SD = 14.3); t(16) = 0.95, p = 0.33). Impor-
tantly, baseline performance was similar between groups (HC: 70.6%, 
SZ: 68.2%; t(16) = 0.38, p = 0.71) In HC participants only, change in 
WP recall correlated with the average duration (r = 0.92, p = 0.03) and 
average delta power (r = 0.81, p = 0.09) of NREM3 sleep suggesting a 
role for slow waves in verbal declarative memory.
Conclusion: The current study replicates previous findings of im-
paired sleep-dependent consolidation of motor procedural memory in 
SZ. Increasing the sample size will determine whether SZ is also asso-
ciated with a deficit in the sleep-dependent consolidation of declarative 
memory.
Support (If Any): This research was supported by R01MH092638 to 
DSM and RS, and MGH Fund for Medical Discovery Award to BB.

0266
PARTIAL SLEEP DEPRIVATION ATTENUATES 
TAGGING BENEFITS ON DECLARATIVE MEMORY 
CONSOLIDATION: THE NEED FOR SLEEP STUDY
Lo JC, Leong RL, Teo LM, Gooley JJ, Chee MW
Center for Cognitive Neuroscience, Duke-NUS Graduate Medical 
School, Singapore, Singapore

Introduction: Sleep is thought to preferentially facilitate the consoli-
dation of declarative memory tagged during or soon after encoding. 
We tested whether this tagging benefit was affected by sleep restriction 
in adolescents.
Methods: ‘Need for Sleep’ was a 2-week, dormitory-based, parallel-
group study. The sample consisted of 56 middle or high school stu-
dents (15–19 y; 25 males) who slept less than the recommended 9 h 
on weekdays. Right before 7 nights of either 5 h (sleep restriction [SR] 
group) or 9 h sleep opportunity (sleep extension [SE] group), partici-
pants studied two prose passages, each containing 25 idea units. Tag-
ging was achieved by informing participants at encoding that bonus 
points would be awarded for subsequent retrieval of the highlighted 
content (13 idea units/passage). Free recall of passage 1 immediately 
and 1 week after encoding enabled an estimate of forgetting. Memory 
of passage 2 was tested only after 1 week, i.e. without prior retrieval.
Results: Immediate recall of passage 1 was better for the highlighted 
content (mean ± SEM: 91.2 ± 1.7% vs. 81.9 ± 2.1%, p < 0.001) but did 
not differ between the two groups (highlighted: p = 0.24; non-high-
lighted: p = 0.16). Forgetting of passage 1 was statistically significant 
(p < 0.001) and interestingly, was attenuated for the highlighted con-
tent for the SE group (highlighted: −5.9 ± 2.0% vs. non-highlight-
ed: −13.8 ± 2.7%, p = 0.02) but not for the SR group (−7.4 ± 1.9% vs. 

−11.4 ± 2.4%, p = 0.16). For passage 2, recall performance did not dif-
fer between groups (SR: 73.9 ± 3.4% vs. SE: 80.0 ± 3.7%, p = 0.24) 
or between highlighted and non-highlighted content (77.2 ± 2.5% vs. 
76.7 ± 3.2%, p = 0.87).
Conclusion: In adolescents, reducing post-learning sleep opportuni-
ties significantly alters the effect of tagging on memory for materials 
that have been previously retrieved.
Support (If Any): National Medical Research Council (NMRC/
STaR/0004/2008)
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0267
EXPOSURE TO DIM LIGHT OF 10 LUX FOR ONE NIGHT 
DURING SLEEP COULD DECLINE ONE’S BRAIN 
ACTIVATION DURING WORKING MEMORY TASK
Kang S1, Yoon H2, Cho C2, Lee E2, Kim L2, Lee H2

1Gil Medical Center, Gachon University, School of Medicine, Incheon, 
Korea, Republic of, 2Korea University College of Medicine, Seoul, 
Korea, Republic of

Introduction: This study was conducted to investigate the effect of the 
exposure to dim light during sleep on the brain activation during the 
task requiring working memory.
Methods: 23 young healthy subjects of 19 to 29 years olds participated 
in this study. The subjects were instructed to sleep in the polysomnog-
raphy room with no light exposure on the first night and to sleep under 
a dim light condition of 5 lux or 10 lux on the second night. After the 
first and the second night, the participants underwent functional mag-
netic resonance imaging (fMRI) while they performed n-back test. 20 
subjects were included in the analysis of fMRI imaging.
Results: Statistical parametric maps of brain regions showed more ac-
tivation in the right inferior frontal gyrus (p FWE-corrected = 0.014) 
before exposure compared to the post exposure to 10 lux light dur-
ing the n-back task. The decreases of fMRI activity in right inferior 
frontal gyrus (p FWE-corr = 0.033) and left frontal gyrus (p FWE-
corr = 0.010) area were more significant during 2 back task rather than 1 
or 0 back task in the group exposed to the light of 10 lux. The decreases 
of fMRI activity in right inferior frontal gyrus were more significant in 
10 lux rather than 5 lux exposure group (p uncorr = 0.012).
Conclusion: To our knowledge, this is the first report on the decline of 
brain activation using fMRI during N back task after an exposure to 
dim light during sleep. This study is meaningful because the effect of 
dim light at night on the brain function and cognition was scientifically 
identified through this study.
Support (If Any): The authors have indicated no financial conflicts 
of interest.

0268
WITHDRAWN

0269
EXPLORING THE INFLUENCE OF SLEEP INERTIA 
SEVERITY ON UTILITY OF A CAFFEINE GUM 
COUNTERMEASURE
Bessman SC1, Drummond SP2, Harrison EM1, Reini LA1, 
Markwald RR1

1Naval Health Research Center, Warfighter Performance Department, 
San Diego, CA, 2School of Psychological Sciences, Monash 
University, Victoria, Australia

Introduction: Findings from our laboratory indicate that 5 minutes of 
chewing caffeine gum (CG) immediately upon awakening from sleep 
improves performance on the psychomotor vigilance task (PVT). We 
sought to examine the effectiveness of CG among individuals with 
varying cognitive performance impairment during sleep inertia.
Methods: Eighteen healthy adults (15 active-duty service members) 
aged 28 ± 6.8 years completed three days of consistent sleep schedules 
prior to admittance to the laboratory for two overnight visits. After 
a pre-sleep 10 minutes PVT baseline, subjects were awoken from a 
scheduled 2 hour nocturnal sleep episode, and 200 mg CG or placebo 
gum was immediately given double-blind in a counterbalanced design. 
The PVT was administered after 5 minutes of chewing CG. A median 
split (n = 9 per group) classified subjects into groups of “high” or “low” 
sleep inertia, defined by median PVT reaction time (MRT) after pla-

cebo, relative to baseline: ([baseline MRT – placebo MRT] / [baseline 
MRT]). Effect of CG on sleep inertia was then quantified as percent im-
provement relative to placebo: ([placebo MRT – CG MRT] / [placebo 
MRT]). Un-paired t-tests compared group means.
Results: MRT for baseline, placebo, and caffeine gum are as follows 
for low (294.2 ± 31.4, 327.2 ± 43.0, 329.2 ± 44.8) and high (297.3 ± 12.0, 
386.8 ± 20.8, 348.9 ± 20.8; all means ± SD) groups. For the placebo 
group this equated to −11.0% and −28.3% change from baseline for low 
and high respectively. CG significantly improved MRT relative to pla-
cebo in the high group only (high = 9.6% improvement vs. low = −0.7% 
improvement; p < 0.01).
Conclusion: Findings from this preliminary analysis suggest individu-
als who experience more sleep inertia may receive greater benefit from 
CG as a countermeasure to impairments in sustained attention than 
individuals whose sleep inertia is less severe. These results may be 
extended to military operations where managing sleep inertia is impor-
tant during sustained operations.
Support (If Any): Research was supported by the Defense Medical 
Research and Development Program (Project # PE 0603115/3730), 
and by the Navy BUMED under Work Unit No. N1225. The views 
expressed in this article are those of the authors and do not necessarily 
reflect the official policy or position of the Department of the Navy, 
Department of Defense, or the U.S. Government. Approved for pub-
lic release; distribution is unlimited. Human subjects participated in 
this study after giving their free and informed consent. This research 
has been conducted in compliance with all applicable federal regula-
tions governing the protection of human subjects in research (Protocol 
NHRC.2013.0010).

0270
CAFFEINE GUM IMPROVES PSYCHOMOTOR VIGILANCE 
AND SIMULATED DRIVING PERFORMANCE DURING 
SLEEP INERTIA
Markwald RR1, Drummond SP2, Bessman SC1, Sessoms PH1, 
Reini SA1

1Naval Health Research Center, Warfighter Performance Department, 
San Diego, CA, 2School of Psychological Sciences, Monash 
University, Victoria, Australia

Introduction: As part of a preliminary analysis, we previously found 
caffeine gum (CG) showed potential as a countermeasure for impair-
ments during sleep inertia assessed by the psychomotor vigilance task 
(PVT) and a simulated drive. We now examine the full data set to de-
termine the effectiveness of caffeine gum during sleep inertia.
Methods: Twenty-two healthy adults (19 active-duty service members) 
aged 29 ± 7.1 years completed three days of consistent sleep schedules 
prior to admittance to the laboratory for two overnight visits. 200 mg 
CG or placebo gum was administered double-blind immediately upon 
awakening from a scheduled 2 h sleep episode in a counterbalanced 
design. After 5 minutes (min) of chewing, the gum was discarded and a 
10 min PVT occurred followed by a 10 min simulated drive that includ-
ed a divided attention task. Repeated measures ANOVA and paired 
t-tests examined differences in PVT outcomes [median reaction time 
(RT), mean RT, slowest 10%, fastest 10%, # of omissions and lapses], 
and simulated driving outcomes [speed variability, lateral lane position, 
# of crashes, and divided attention mean reaction time (DivAttRT)].
Results: CG significantly improved median RT, mean RT, slowest 10% 
and # of lapses relative to placebo (all P < 0.05). For all PVT outcomes 
except median RT this improvement occurred during the first half of 
the PVT. CG significantly decreased DivAttRT and speed variability 
during the 10 min simulated drive (both P < 0. 05).
Conclusions: These results indicate that 5 min of chewing CG im-
mediately upon awakening maybe a useful countermeasure to sleep 
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inertia, especially for RT. Results were mixed on driving measures, 
suggesting CG may not be as useful for improving road safety. This 
may have implications for populations such as emergency responders 
and with military operational readiness. More research will be needed 
to determine if effects generalize to other tasks.
Support: This research was supported by Defense Medical Research 
and Development Program (Project # PE 0603115/3730 FAD #00012), 
and by BUMED under Work Unit No. N1225. The views expressed in 
this article are those of the authors and do not necessarily reflect the of-
ficial policy or position of the Department of the Navy, Department of 
Defense, or the U.S. Government. Approved for public release; distri-
bution is unlimited. Human subjects participated in this study after giv-
ing their free and informed consent. This research has been conducted 
in compliance with all applicable federal regulations governing the 
protection of human subjects in research (Protocol NHRC.2013.0010).

0271
A PHASE-LOCKED LOOP FOR ACOUSTIC STIMULATION 
DURING SLOW-WAVE SLEEP
Santostasi G, Malkani R, Zee PC, Paller KA
Northwestern University, Chicago, IL

Introduction: We developed a Brain-Computer Interface that mea-
sures the sleep electroencephalogram (EEG) in real time and delivers 
acoustic stimuli to enhance the slow oscillations (SO) that comprise 
slow-wave sleep (SWS). This system uses a Phase-Locked Loop (PLL) 
to predict SO phase so as to stimulate during the up-state of the slow 
wave. Because the PLL uses real-time measurements, it can rapidly ad-
just to changes in EEG rhythms. Given the relationship between SWS 
and cognition, our aim was to examine the efficacy of this PLL-based 
method for enhancing SWS and producing corresponding benefits for 
memory.
Methods: The sample consisted of four healthy young adults (age 
20.3 ± 1.2 yrs, 2 male). Sleep was monitored using one channel to re-
cord EEG at the Fpz scalp location referenced to an adjacent forehead 
location, such that it was also be sensitive to the electro-oculographic 
activity. Participants were randomized in a cross-over design to receive 
acoustic or sham stimulation during a nap (which contained ≥ 20 min 
of SWS) with a 1-week wash-out. Participants were blinded to condi-
tion. When NREM sleep was detected, the PLL synchronized acoustic 
pulses (50-ms bursts of pink noise) with the SO up-state. Stimulation 
occurred in blocks of 5 followed by a 5-s refractory time. Participants 
learned a set of 88 word-pairs, were tested 20 min prior to sleep, and 
retested 15 min after wake. We calculated the change in number of 
word-pairs recalled across the nap.
Results: Comparison between stimulation and sham naps showed an 
increase of 23.5% ± 6.3% increase in power in the SO delta frequency 
band (0.8 Hz-2.1 Hz). Recall change scores increased after both condi-
tions and were 249% greater after stimulation compared to sham.
Conclusion: Delivery of acoustic stimulation using the PLL system 
can increase delta power and potentially enhance memory consolida-
tion during sleep.
Support (If Any): Dixon Translational Research Grant, NIH T32 
NS047987.

0272
FOOD AND DIET AS PERCEIVED INSTIGATORS OF 
ALTERED SLEEP AND DREAMS
Nielsen T1, Powell RA 2

1Department of Psychiatry, Universite de Montreal, Montreal, QC, 
Canada, 2Department of Psychology, Grant MacEwan University, 
Edmonton, AB, Canada

Introduction: Beliefs that food influences sleeping and dreaming per-
sist with little empirical justification. This exploratory study examined: 
1) the prevalence of such beliefs in students and the foods most com-
monly identified; 2) associations between sleep and dreams and dietary 
habits/motivations.
Methods: 382 students (126M: 21.65.33 yrs; 255F: 21.45.15 yrs; 1 un-
specified) completed the Sleep Quality Scale, Intuitive Eating Scale, 
Three-factor Eating Questionnaire, other measures of dietary habits/
motivations, and students’ perception that foods influenced their sleep-
ing and dreaming.
Results: 49.7% of subjects reported food effects on sleeping (43.4%) 
and dreaming (17.2%). Foods identified as leading to better sleep were 
beverages (38.3%; mainly milk [20.2%]), fruit (25.5%), meat (23.4%), 
and vegetables (20.2%). Foods identified as leading to worse sleep 
were caffeinated (31.4%), sugary (26.7%), dairy (17.4%), greasy/fried 
(16.3%), ‘junk’/fast-foods (14.0%), spicy (8.1%), meat (8.1%), and veg-
etables (4.7%). Dairy products were most frequently blamed for dis-
turbing or bizarre dreams (43.7% vs. 38.5% respectively), followed by 
sugary (12.5% vs. 26.9%), spicy (18.8% vs. 7.7%), and junk/fast-foods 
(6.3% vs. 11.5%). Subjects who perceived food effects on sleep had 
fewer hours of sleep (t381 = −1.87, p = 0.063) than others, more diffi-
culty falling asleep (t379 = 2.35, p = 0.019), more nightmares (t377 = 2.16, 
p = 0.032), higher BMI (t302 = 2.46, p = 0.014), and more snacking when 
not hungry (t379 = 1.96, p = 0.054). Correlations also revealed a patho-
logical constellation of variables involving disturbing dreams, poor 
sleep, binge-eating, emotional eating, and low reliance on hunger/sa-
tiety cues (all p < 0.01), and a healthy constellation of variables involv-
ing vivid dreams, good sleep, healthy diet, and longer times between 
meals/snacks (all p < 0.05).
Conclusion: Although the extent to which these perceived effects of 
food stem from accurate observations, misattributions, or folklore in-
fluences has yet to be determined, the results suggest that foods and 
dietary habits may significantly impact sleeping and dreaming. Results 
also suggest possible dietary strategies for improving sleep and reduc-
ing the incidence of disturbing dreams.
Support (If Any): Natural Sciences and Engineering Research Coun-
cil of Canada; Canadian Institutes for Health Research

0273
NOVELTY EXPOSURE, SLEEP, AND MEMORY 
CONSOLIDATION
Stare C, Nadel L, Bootzin RR, Gomez R
University of Arizona, Tucson, AZ

Introduction: The encoding, storage, modification, and retrieval of 
memories depend on several factors. One such factor is exposure to 
novelty, and its effect is not limited to the novel nature of the test mate-
rial itself. Memories for words are enhanced if they are studied after 
exposure to unrelated novel scenes, and this effect is preserved over 
24 hours. Furthermore, mice studies have shown that this benefit can 
be nullified retroactively via dopamine antagonists, indicating that this 
effect is partially dependent on selective consolidation and not just 
encoding. Sleep has been shown to be necessary or beneficial to the 
preferential consolidation of certain memories such as those involving 
emotions, reward, and directed forgetting. The relationship between 
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sleep and novelty in this regard has gone unstudied, and this experi-
ment aims to elucidate potential interactions between sleep, novelty, 
and memory.
Methods: College students were tested in two sessions over 48 hours. 
The first session involved familiarization with all tested words as well 
as a selection of scenes. The second session entailed studying words af-
ter having viewed novel or familiar scenes, a 90-minute sleep or wake 
delay, and immediate and post-delay tests of word memory.
Results: Current post-delay corrected scores for the familiar wake 
(n = 7, mean = 0.25), familiar sleep (n = 8, mean = 0.21), novel wake 
(n = 8, mean = 0.14), and novel sleep (n = 7, mean = 0.13) groups show 
no interactions between sleep, novelty exposure, and memory perfor-
mance. Surprisingly, there is also no main effect of sleep on post-delay 
memory scores, nor is there a main effect of novelty exposure on either 
immediate or delayed tests.
Conclusion: Though preliminary, these data contradict typical find-
ings on sleep and memory and challenge existing research on memory 
and novelty exposure. One potential explanation for the disparate sleep 
results may be the relatively short delay period for consolidation. Fur-
ther data collection will include longer delays to control for this dif-
ference.

0274
NON-REM SLEEP PLAYS A SUBSTANTIAL ROLE IN 
MEMORY ENCODING INDEPENDENT OF EMOTIONALITY
Kaida K1, Niki K1, Born J2

1AIST, Tsukuba, Japan, 2University of Tübingen, Tübingen, Germany

Introduction: While it is known that sleep is critically related to mem-
ory, the role of sleep in emotional memory encoding has not been well 
documented. In the present study, we investigated the effects of total 
sleep deprivation (TSD) and of selective rapid eye movement (REM) 
sleep deprivation (REMD) on the encoding of emotional and neutral 
pictures (taken from the IAPS).
Methods: Fourteen (21.4 ± 1.65 years old) and eighteen male subjects 
(22.0 ± 2.09 years old) participated in the TSD study and the REMD 
study, respectively. In the TSD study, subjects stayed awake for 38 
hours. In the REMD study, REM sleep was selectively prevented by 
tones (80 dB) presented contingently upon the first signs of REM sleep. 
In the control conditions of both studies, subjects slept in undisturbed 
conditions. In both studies, subjects were presented with aversive, 
pleasant, and neutral pictures on the day after the experimental night 
(between 18:00–19:00) and recognition was tested 10 min after learn-
ing.
Results: Analyses confirmed that the time in REM sleep, but also time 
in sleep stage 2 decreased during REMD compared with the control 
condition (from 78.83 to 18.50 min; from 224.31 to 183.78 min, respec-
tively). Wake-time and sleep stage 1 increased during REMD (from 
26.19 to 76.47 min; from 62.17 to 112.42 min, respectively). Recog-
nition of the pictures was significantly impaired after TSD [negative 
(0.64 to 0.56), positive (0.72 to 0.58), neutral (0.76 to 0.58)], whereas no 
significant change was observed after REMD [negative (0.56 to 0.64), 
positive (0.59 to 0.57), neutral (0.57 to 0.62), p > 0.13, for all compari-
sons]. Effects of TSD did not depend on the emotional tone of the pic-
tures (p > 0.42, for respective ANOVA interactions).
Conclusion: The results point towards an enhancing role of non-REM 
sleep for stimulus encoding that does not depend on the emotionality 
of the stimulus material.
Support (If Any): This work was supported by JSPS KAKENHI 
Grant Number 25705022.

0275
DOES AFFECTIVE STATE INFLUENCE THE ENCODING OF 
EMOTIONAL PICTURES DURING SLEEP DEPRIVATION?
Lee V1,2, Nicholas C1, Jordan A1,2, Trinder J1, Jackson ML1,2

1Melbourne School of Psychological Sciences, Melbourne, Australia, 
2Institute for Breathing and Sleep, Austin Health, Melbourne, 
Australia

Introduction: The mood-congruent memory hypothesis states that af-
fective states can influence memory processes. Studies have reported 
better recall at retrieval when individuals are presented with mood-
congruent information during encoding. Although sleep deprivation 
increases negative mood and decreased positive mood, studies are yet 
to examine the effects of sleep deprivation on mood-congruent mem-
ory. This study examined whether the affective state after a night of 
sleep deprivation would influence the encoding of emotional informa-
tion.
Methods: To date, 17 healthy participants (ages 25.2 ± 5.0 y, 5 females) 
completed a baseline polysomnography (PSG) night and were random-
ized into sleep control (SC; n = 8) and sleep deprivation (SD; n = 9) 
conditions on the second night. At 18:00 h on the third evening, par-
ticipants completed the encoding phase of the Emotional Memory Test 
(EMT), during which they viewed 100 pictures (40 negative, 40 posi-
tive, 20 neutral), and a Positive Affective Negative Affective Schedule. 
After two nights of recovery sleep, participants completed the EMT 
recognition phase during which they were shown 100 new and 100 old 
randomly-presented pictures, and asked to indicate if they had seen 
the picture previously. Recognition performance was measured by d-
prime scores (ZHit - ZFA).
Results: Preliminary findings revealed a significant positive correla-
tion between positive affect at encoding and positive d-prime in the SC 
group (ρ = 0.905, p = 0.002). In SD individuals, higher negative affect 
at encoding was significantly associated with lower positive d-prime 
scores (ρ = 0.669, p = 0.049). There were no significant differences in d-
prime scores between the SC and SD groups for any valence category.
Conclusion: Results from the SC group supports the mood-congruent 
memory hypothesis, however this effect was not observed in sleep de-
prived individuals. While more data is needed to confirm these results, 
the current findings suggest that sleep loss may blunt the emotional 
salience of mood-congruent stimuli and impede the encoding of emo-
tional information.
Support (If Any): Institute for Breathing and Sleep Research grant; 
Australian National Health and Medical Research Council Early Ca-
reer Fellowship (MLJ)

0276
THE ROLE OF SLEEP IN THE SELECTIVE 
RECONSOLIDATION OF DECLARATIVE MEMORIES
MacDonald KJ, Cote KA
Brock University, St Catharines, ON, Canada

Introduction: While sleep has been shown to be involved in memory 
consolidation and the selective enhancement of newly acquired memo-
ries of future relevance, limited research has investigated the role of 
sleep or future relevance in the reconsolidation of memories. The 
current research investigated this subject by manipulating the future 
relevance of both stable memories and labile memories in need of re-
consoldiation.
Methods: Two groups of young-adult participants (mean age = 20.2 
years) learned two lists of syllable pairs on Night 1 and were told they 
would be tested on one of these lists. On Night 2, participants were spe-
cifically told which of the two lists should be remembered and which 
of the two they did not need to remember. Also on Night 2, one group 
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(Labile, n = 15, 8 women) received a memory reactivation treatment 
consisting of reminders designed to return memories of the learned 
lists to a labile state while a second group (Stable, n = 16, 11 women) 
received similar reminders designed to leave memories of the learned 
lists in their stable state.
Results: No differences in memory performance were found across 
the lists or groups the following morning. However, greater frontal del-
ta (1–4 Hz) electroencephalographic (EEG) power during Early Stage 
2 non-REM sleep was found to be associated with greater retention of 
relevant material exclusively in the Labile group (r = 0.61, p < 0.05). 
Further, central theta (4–8 Hz) EEG power during REM sleep was 
found to correlate with the extent to which the Labile group retained 
relevant material relative to material they thought would not be on test 
(r = 0.81, p < 0.001).
Conclusion: These observed relationships support the notion that sleep 
processes are involved in the reconsolidation of labile memories, and 
that this reconsolidation may be selective for memories of future rel-
evance.

0277
THE EFFECT OF SLEEP ON RECONSOLIDATION OF 
HUMAN VISUOSPATIAL MEMORIES
Jones BJ, Chen ME, Spencer RM
Department of Psychological and Brain Sciences, University of 
Massachusetts, Amherst, Amherst, MA

Introduction: Following reactivation, consolidated memories can be 
strengthened, impaired, or updated via the process of reconsolidation. 
Encoding new information at the time of reactivation may facilitate 
this process. It has been proposed that, like initial consolidation, recon-
solidation may depend on sleep. However, little research has directly 
investigated this possibility. The current study seeks to determine the 
effect of sleep on reconsolidation.
Methods: Young adults learn 30 picture-location pairs (Set-1). After 
a night of sleep, they are tested on Set-1 to assess initial consolidation 
(Session-2). The following day (Session-3), all participants learn a new 
set of 30 picture-location pairs (Set-2) either in the morning (Wake con-
dition) or the evening (Sleep condition). Immediately prior to learning 
Set-2, half of participants (Reactivation groups) are tested on Set-1 to 
reactivate their memory. Twelve hours later (Session-4), participants 
are tested first on Set-1, then on Set-2. Sleep participants in the Reac-
tivation group undergo polysomnography between Sessions 3 and 4.
Results: In the sleep condition, there is no significant difference be-
tween groups on Set-1 learning (% correct - Reactivation: M = 88.33, 
SD = 5.40; Control: M = 86.84, SD = 8.78), Set-1 consolidation (change 
in % correct between learning and Session-2 - Reactivation: M = −1.55, 
SD = 5.23; Control: M = 0.00, SD = 5.67), or Set 2 learning (% cor-
rect - Reactivation: M = 88.62, SD = 3.91; Control: M = 90.37, SD = 4.31). 
However, between Sessions 2 and 4, memory for Set-1 declines sig-
nificantly more in the Control group (M = −11.75, SD = 11.02) than the 
Reactivation group (M = −3.54, SD = 5.09; t = 2.902, p = 0.007), signi-
fying reconsolidation. If reconsolidation depends on sleep, then, in the 
Wake condition, we expect no significant difference between groups 
in Set-1 memory change between Sessions 2 and 4. Furthermore, we 
expect memory change in the sleep condition to be related to slow-
wave-sleep characteristics.
Conclusion: Results indicate that triggering reconsolidation before a 
night of sleep strengthens human visuospatial memories. Future work 
in a Wake condition will test sleep-dependence of such effects.
Support (If Any): This work was funded by NIH R01 AG040133 (PI: 
Spencer).

0278
THE EFFECT OF SLEEP CONSOLIDATION ON DETAILED 
FALSE MEMORY
Fogler K, Williamson C, Sullivan C, Feldman A
James Madison University, Harrisonburg, VA

Introduction: Sleep has been shown to strengthen and protect new 
memory representations, especially those that are hippocampal-depen-
dent. The role of sleep consolidation in the formation of false memory 
has been mixed, with some studies showing reduced (e.g., Fenn, Gallo, 
Margoliash, Roediger, & Nusbaum, 2014) and others increased (e.g., 
Diekelmann, Born, & Wagner, 2009) false memory. The goal of the 
current study was to investigate the effect of sleep consolidation on a 
particular type of false memory, those that are rich in episodic detail, 
to determine whether this type of false memory is an encoding or re-
trieval error.
Methods: Deese-Roediger-McDermott (DRM) word lists were pre-
sented to participants before a 12-hour period that either did not include 
sleep (studied lists at 8 am, tested at 8 pm; n = 15) or included a night’s 
sleep (studied lists at 8 pm, tested at 8 am; n = 16). A no delay control 
group (n = 50) was also tested at either 8 am or 8 pm Participants were 
then given a recognition test including studied items, critical lures (i.e., 
non-presented words related to studied items), and filler items, with 
response times recorded.
Results: Results indicate that there were no differences in proportions 
of false memories for the sleep and no sleep groups. However, sleep 
did restore reaction times to those of participants who had no delay 
between study and test, suggesting that associations made during en-
coding were consolidated for the sleep group, p < 0.05.
Conclusion: Results are consistent with the theory that detailed false 
memories incorporate episodic detail that is encoded during study and 
strengthened during sleep. Reaction times were similar for studied 
items and critical lures, with sleep consolidation resulting in signifi-
cantly faster response times for those items as compared to the no sleep 
group.

0279
SLEEP-DEPENDENT CONSOLIDATION OF FUTURE-
ORIENTED EVENT MEMORIES
Mantua J, Brossoit R, Alla R, Spencer RM
University of Massachusetts, Amherst, Amherst, MA

Introduction: Sleep plays a key role in the consolidation of episod-
ic event memory details. Typically, sleep is examined in relation to 
memories for events that have previously occurred, but it is unknown 
whether sleep benefits the retention of planned future events in a simi-
lar manner. It is also unknown whether sleep’s preferential consolida-
tion for negatively valenced scenarios and details affects consolidation 
of future-oriented memories. We predicted future-relevant event mem-
ories would be ‘tagged’ for enhanced sleep-dependent consolidation 
compared to past-oriented memories.
Methods: In 23 young adults (21.1 ± 2.9 yrs) we utilized a paradigm 
in which participants created 104 egocentric past- or future-oriented 
scenarios with either a negative or neutral emotional valence. Partici-
pants then underwent an immediate recall phase for 52 of the scenarios 
before a 12-hour period either spent awake or that included sleep. At 
subsequent retest, the remaining 52 scenarios were recalled.
Results: Consistent with previous reports on prospective memory, par-
ticipants recalled significantly more future than past scenarios at im-
mediate recall [t(21) = 2.4, p = 0.025]. Sleep enhanced the retention of 
all scenarios [t(17) = −4.28, p = 0.001], but preferentially protected fu-
ture scenarios when comparing recall between sleep and wake groups 
[t(18) = −1.93, p = 0.06]. The past scenarios, however, were not con-
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solidated differentially between sleep and wake groups. Unexpectedly, 
significantly more neutral than negative scenarios were remembered at 
immediate [t(19) = −2.46, p = 0.023] and delayed recall [t(18) = −2.21, 
p = 0.04]. Further, the sleep group remembered significantly more neu-
tral scenarios than the wake group [t(17) = −2.66, p = 0.02], but no dif-
ferences were seen for negative scenarios.
Conclusion: Given that sleep enhanced memory for future scenarios, 
it may be that future-oriented memories rely on similar or equiva-
lent consolidation mechanisms as past-oriented event memories. Our 
findings suggest that neutral event memories are preferentially con-
solidated over sleep, possibly because they have greater plausibility. 
Polysomnography may provide insight into sleep-stage correlates of 
past- and future- episodic memory consolidation.
Support (If Any): This work was funded in part by NIH R01 AG040133

0280
SOCIAL JET-LAG: IMPLICATIONS FOR FEAR 
EXTINCTION MEMORY
Bottary R1, Rubin ZS2, Spencer RM3, Pace-Schott EF1

1Departments of Psychiatry Harvard Medical School, Massachusetts 
General Hospital, Boston, MA, 2Université de Montréal, Montréal, 
QC, Canada, 3University of Massachusetts, Amherst, MA

Introduction: Social jet-lag (SJ) is misalignment of sleep/wake sched-
ule with social norms due to evening chronotype or circadian disorder 
causing curtailed sleep across weekdays and compensatory oversleep 
on weekends. Both SJ and poor extinction memory are linked with 
psychopathology. We examined their associations.
Methods: Seventy-three healthy males (aged 18–29) produced 7–9 
nights of actigraphy. Event-markers delineated rest periods within 
which sleep/wake epochs were algorithmically scored. Naps, drugs 
and alcohol were proscribed, and 2 am bedtime curfew and 7-hr 
minimum sleep opportunity prescribed. Sleep midpoint was midway 
between algorithmically determined sleep onset and waking event 
mark, averaged for weekday (MWD) and weekend (MWE) nights 
(SJ = MWE-MWD). During Fear-Conditioning, a shock established 
skin-conductance responses (SCR) to 2 differently colored lamps 
(CS+) but not a third (CS-). One CS+ (CS+E) was then extinguished. 
After a 3-, 12- or 24-hr delay, all 3 CS were presented (Extinction-Re-
call). SCRs were square-root transformed. Differential SCR was SCR 
to a CS+ minus SCR to its corresponding CS-. Four extinction reten-
tion indices (ERI) were computed using mean SCR to the first 2 (ERI1, 
ERI2) and first 4 (ERI3, ERI4) CS+E at Extinction-Recall, normalized 
to maximum Fear-Conditioning-phase SCR to the future CS+E (ERI1, 
ERI3) or either CS+ (ERI2, ERI4). Each ERI-type was correlated with 
SJ controlling for time-of-day and delay.
Results: Negative correlations between SJ and extinction recall 
were found using ERI1 (r = −0.242, p = 0.036) with trends for ERI2 
(r = −0.212, p = 0.067) and ERI3 (r = −0.195, p = 0.094). Using differen-
tial ERI (ERId), negative correlations were found for ERId1 (r = −0.246, 
p = 0.034), ERId2 (r = −0.243, p = 0.037), ERId3 (r = −0.243, p = 0.037), 
ERId4 (r = −0.288, p = 0.013). No time-of-day or delay main effects or 
interactions were found.
Conclusion: Greater SJ predicts poorer extinction memory, especially 
computed using differential SCR which corrects for nonspecific re-
sponses to the CS-. SJ may contribute to poor extinction increasing 
risk of psychopathology.
Support (If Any): NIH/NIMH R21MH101567, R21MH090357, NIA 
R00AG029710

0281
THE IMPACT OF INDIVIDUAL NAPPING DIFFERENCES 
ON RELATIONSHIP BETWEEN NAP AND WORKING 
MEMORY
Lee W, Wong M, Lau E
The University of Hong Kong, Hong Kong

Introduction: Prior work in our lab suggested that sleep gain during 
a daytime nap significantly improved working memory ability of col-
lege students. Further to the findings, this study examines if individual 
differences in napping and sleep characteristics would moderate the 
change of working memory following nap or wakefulness.
Methods: 81 healthy college students (aged 17–23, 36 males) were 
recruited to complete the Nap Habit Survey for measuring habitual 
nap duration and frequency; a 5-day sleep diary and Pittsburgh Sleep 
Quality Index for measuring habitual sleep duration and sleep quality, 
days prior to the experimental day. On lab day, participants were tested 
on the 2-back visual-spatial working memory task for two times, and 
randomized to either have a 90-minute polysomnography-monitored 
daytime nap (Nap group, n = 40) or stay awake (Wake group, n = 41) 
between the tasks. Change score of overall accuracy in pre and post 
condition was indicated as improvement or deterioration of working 
memory ability.
Results: Correlation analysis was done to study the relationship be-
tween variables, while factors of individual napping and sleep dif-
ference were taken in form of continuous variable. For the nap group, 
there was no significant correlation found between change score of 
2-back accuracy and habitual nap duration, nap frequency, sleep dura-
tion or sleep quality (p > 0.05). For the wake group, only significant 
negative correlation between habitual nap duration and change score 
was found, r(41) = −0.877, p < 0.01.
Conclusion: Our findings give implication of interrelationship be-
tween individual differences in napping, cognitive functioning and nap. 
College students with habitually longer duration of nap might be more 
prone to have deteriorating working memory when they were not given 
a daytime sleep opportunity, suggesting the need for a daytime nap to 
preserve working memory ability. Further research may need to take 
individual difference in napping behaviour into account when examin-
ing the role of daytime nap in cognitive functioning.

0282
HABITUAL NAPS ARE ASSOCIATED WITH BETTER 
PERFORMANCE ON A WORD-LEARNING TASK IN 
4-YEAR-OLD CHILDREN DESPITE A CHANGE IN 
CONTEXT
Esterline K, Pesqueira L, Gómez R
Department of Psychology, The University of Arizona, Tucson, AZ

Introduction: Encoding elements of a memory into a flexible repre-
sentation is an ability reliant on the hippocampus in adults. Importantly, 
the hippocampus develops protractedly and previous research suggests 
young children may instead be fusing objects to their background dur-
ing word learning (Werchan & Gómez 2013) and object recognition 
(Edgin et al., 2014). Here, we test this possibility by either changing or 
keeping task context consistent at test. As sleep is known to impact hip-
pocampal memories, we asked whether habitually napping 4-year-olds 
would out-perform their non-napping peers on a word-learning task.
Methods: Seventeen 4-year-old children received a single exposure 
to two novel object-label pairs. Children immediately received four 
trials of a two-choice forced alternative test between the two newly 
learned objects. Children were tested on the same or a different colored 
background from training with the different background serving as a 
change in context. Nap data was collected by parental report.
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Results: On average, children who habitually nap performed better at 
immediate test (M = 0.96, SE = 0.03), than children who no longer ha-
bitually nap (M = 0.68, SE = 0.13). This difference is trending toward 
significance t(10.33) = −2.16, p = 0.06, r = 0.60. There appears to be no 
difference between children tested on the same background (M = 0.75 
SE = 0.13) and children tested on a different background (M = 0.83, 
SE = 0.11).
Conclusion: Research is mixed regarding the benefit of naps once chil-
dren are no longer napping habitually (Kurdziel et al., 2013; Willams & 
Horst, 2014). Our results suggest that children may still receive a cogni-
tive benefit from habitual naps at 4 years of age, when many children 
are no longer napping (Weissbluth, 1995). Our future research will di-
rectly address this question by testing the fidelity of novel object-label 
pairings across a delay including either wake or a nap.

0283
TO NAP OR NOT TO NAP: IS NAPPING A TRAINABLE 
SKILL THAT CAN BE OPTIMIZED FOR MEMORY 
CONSOLIDATION?
McDevitt EA, Whitehurst LN, Duggan KA, Mednick SC
University of California Riverside, Riverside, CA

Introduction: Some people nap regularly, whereas others avoid nap-
ping at all costs. Compared with nappers, non-nappers have more SWS 
during a nap (McDevitt et al., 2012), complain of post-nap sleep iner-
tia, and have different memory outcomes following a nap (McDevitt et 
al., APSS 2014). We investigated if four weeks of “nap practice” could 
train non-nappers to be more like nappers as measured by sleep and 
memory performance.
Methods: Thirty-six young, healthy subjects, categorized as nappers 
and non-nappers via self-report and actigraphy measures, were ran-
domly assigned to four weeks of Nap Practice (at least 3 non-lab naps/
week) or Nap Restriction (no non-lab naps). Perceptual learning (PL) 
was tested pre- and post-intervention using a texture-discrimination-
task. During each in-lab visit, subjects took a 90-minute, polysom-
nographically-recorded nap. Performance change was measured as a 
pre- to post-nap difference score.
Results: Pre-intervention, nappers showed typical performance im-
provements (p = 0.03), whereas non-nappers did not show learning 
benefits following a nap (p = 0.80). Post-intervention, only nappers 
in the Practice group still showed nap-dependent learning (p = 0.06). 
Non-nappers’ performance never improved, regardless of Practice or 
Restriction group assignment. Additionally, nappers had higher sleep 
spindle density than non-nappers (p = 0.009), and nap habits moder-
ated the relationship between spindles and performance (p = 0.02), 
such that spindle densities were strongly correlated with PL in nappers 
(r = 0.44), but negatively correlated in non-nappers (r = −0.40).
Conclusion: Naps have been shown to benefit memory consolidation. 
However, our results indicate that napping may only benefit people 
who are regular nappers, and if deprived, these individuals may lose 
their nap-related learning benefits. On the other hand, for non-nappers, 
napping may not be an appropriate tool to enhance cognitive perfor-
mance, even after four weeks of nap practice. These individual differ-
ences may be related to a functional difference in sleep spindles during 
a daytime nap.
Support (If Any): NSF GRFP 2014163543 (EM)

0284
POST-NAP COGNITIVE IMPAIRMENT AND RECOVERY IN 
NAPPERS AND NON-NAPPERS
Sattari Barabadi N, McDevitt EA, Mednick SC
University of California Riverside, Riverside, CA

Introduction: Napping is associated with impaired functioning im-
mediately after waking (Rogers et al. 2003), and sleep inertia is a 
commonly stated reason why non-nappers avoid daytime sleep. The 
intensity and duration of this impairment may be related to nap archi-
tecture. We examined the relationship between nap architecture and 
Descending Subtraction Task (DST) performance before and after a 
nap in regular nappers and non-nappers.
Methods: Twenty-eight healthy, young adults were categorized as 
nappers and non-nappers from sleep diaries and actigraphy. Subjects 
completed a baseline DST, and then took a 90-minute polysomno-
graphically-recorded nap. They completed the DST 5 min (T1) and 
20 min (T2) post-waking. We calculated percent change in accuracy 
between pre-nap and post-nap tests, and compared performance for T1 
and T2 in nappers and non-nappers using repeated-measures ANOVA 
and one-sample t-tests. Bivariate correlations examined associations 
between performance and sleep variables.
Results: Repeated-measures ANOVA showed a main effect of time 
(p = 0.02) and a main effect of group (p = 0.04). DST performance im-
proved from T1 to T2, and nappers were better than non-nappers. At T1, 
nappers performed no different than their pre-nap baseline, whereas 
non-nappers were significantly worse (p = 0.04). At T2, non-nappers 
had returned to their baseline level of performance, whereas nappers’ 
performance was enhanced (p = 0.02). Additionally, performance was 
more highly correlated with total minutes of REM sleep in nappers (T1: 
r = 0.51 and T2: r = 0.56) than in non-nappers (T1: r = 0.22, T2: r = 0.04).
Conclusion: Compared with nappers, non-nappers had greater cog-
nitive impairment upon awakening from a nap, and this decrease in 
functioning lasted for at least 20-min post-wake. These data provide 
behavioral evidence to support the hypothesis that non-nappers avoid 
daytime sleep because they experience negative post-nap cognitive ef-
fects, whereas regular nappers quickly regain cognitive functioning 
after waking. These results should be considered when recommending 
naps in operational settings.

0285
NAPS ENHANCE MEMORY FOR FUTURE-RELEVANT 
STIMULI: ELIMINATING AN INTERFERENCE 
INTERPRETATION
Bennion KA1, Payne JD2, Kensinger EA1

1Boston College, Chestnut Hill, MA, 2The University of Notre Dame, 
Notre Dame, IN

Introduction: Prior work has shown that sleep enhances memory for 
information that is emotional and/or of future relevance. As the major-
ity of this research focuses on the effects of overnight sleep, the current 
study investigates whether a nap preferentially acts on information that 
is emotional and instructed to be remembered. Additionally, inclusion 
of a control group consisting of both a nap and equivalent wake delay 
enables us to eliminate the interpretation that the beneficial effects of a 
nap on memory are due to a lack of interference.
Methods: 68 young adults viewed 180 scenes consisting of a positive, 
negative, or neutral object on a neutral background. The first half of 
the scenes was encoded incidentally and the second half intentionally. 
Participants then had a 2-hour nap delay (N = 24), 2-hour wake de-
lay (N = 24), or a delay consisting of a 2-hour nap period then 2-hour 
wake period (Nap+Wake group; N = 20). At retrieval, objects and back-
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grounds were presented separately (half studied, half new), and partici-
pants indicated if each had been studied.
Results: Across participants, there was a main effect of valence on 
memory (negative > positive > neutral objects). Nap and Nap+Wake 
participants outperformed the Wake group, and critically, did not dif-
fer in any dimension of memory even though the delay period for the 
Nap+Wake participants was twice as long. There was also a main effect 
of intentionality within the Nap (p = 0.002) and Nap+Wake (p = 0.04) 
groups, but not Wake group (p = 0.26), with a nap preferentially en-
hancing memory for to-be-remembered information.
Conclusion: Overall, this study suggests that a nap immediately after 
encoding stabilizes memory, preventing it from decay that otherwise 
would occur during wake. Further, a nap preferentially enhances mem-
ory for information of future relevance, which has important implica-
tions for educational and vocational domains.
Support (If Any): NSF Grant BCS-0963581 to EAK and JDP; Na-
tional Defense Science and Engineering Graduate (NDSEG) fellow-
ship from the US Department of Defense to KAB.

0286
THE DIFFERENTIAL EFFECTS OF EMOTIONAL 
SALIENCE ON DIRECT ASSOCIATIVE AND RELATIONAL 
MEMORY DURING A NAP
Alger SE, Payne JD
University of Notre Dame, Notre Dame, IN

Introduction: Relational memories are formed from shared compo-
nents between directly learned memory associations, flexibly linking 
the learned information to better inform future judgments. Sleep has 
been found to facilitate both direct associative and relational memories. 
However, the impact of incorporating emotionally salient information 
into the learned material and the interaction of emotional salience and 
sleep in facilitating both types of memory is unknown.
Methods: Forty participants initially encoded two sets of picture pairs, 
with either emotionally negative or neutral objects paired with neu-
tral faces. The same objects were present in both picture sets, paired 
with two different faces. Baseline memory for these directly paired 
associates was tested immediately after encoding, followed by either a 
90-min nap opportunity or an equivalent period of wakefulness. Five 
hours after learning, a surprise test was given to assess relational mem-
ory (i.e. the indirect association between the two faces paired with the 
same object during encoding), followed by a retest of direct associative 
memory.
Results: The nap facilitated both the preservation of direct associative 
memories from baseline to retest and the formation of relational memo-
ries, compared to wakefulness (F1,37 = 6.00, p = 0.02; F1,36 = 5.18, 
p = 0.03, respectively). Interestingly, this sleep benefit was strictly ob-
served for neutral pairs, not the negative information, for both direct as-
sociative (t37 = 3.25, p = 0.002) and relational memories (F1,36 = 4.71, 
p = 0.04). Further, a role for REM sleep was revealed for both neutral 
direct associative and relational memories.
Conclusion: Taken together, the current study provides strong evi-
dence that sleep, and perhaps REM sleep in particular, plays a role in 
processing both direct and indirect neutral associative memories.

0287
NAPPING AND EMOTIONAL MEMORY TRADE-OFFS FOR 
POSITIVE AND NEGATIVE STIMULI
Chambers AM, Payne JD
University of Notre Dame, Notre Dame, IN

Introduction: Sleep as opposed to wakefulness enhances the selec-
tive preservation of emotional components of memories at the cost 

of neutral ones, an effect known as the emotional memory trade-off 
effect. While previous studies have focused on memory for negative 
information, there is some limited evidence that similar effects occur 
for positive information as well. Because such studies largely require 
negative and positive information to be learned separately, the current 
study further investigated the effect of sleep on memory trade-offs 
when positive, negative, and neutral information was learned together.
Methods: Forty participants encoded 60 images depicting a balanced 
assortment of positive, negative, and neutral objects placed on neutral 
backgrounds. Participants then either took a 90-minute PSG-recorded 
nap (n = 20) at 1 pm or remained awake (n = 20) during the afternoon. 
At 5 pm, all participants took a surprise Remember/Know recognition 
test of the objects and backgrounds previously viewed, which were 
separated and intermixed with image components they had not seen 
previously.
Results: A 2 (Group: Nap, Wake) x 3 (Valence: Positive, Negative, 
Neutral) mixed ANOVA on trade-off scores (object - background) re-
vealed an interaction for Remember responses, F(2,37) = 4.41, p < 0.02. 
The nap group (M = 0.40 ± 0.20) had a larger trade-off for negative 
images than the wake group (M = 0.21 ± 0.20), t(38) = 3.01, p = 0.005. 
There were no differences between the groups for positive or neutral 
Remember responses, nor for Know responses.
Conclusion: While the emotional memory trade-off does occur for 
positive information, and is influenced by sleep to some extent, sleep 
selectively impacts the trade-off for negative information when posi-
tive, negative, and neutral information are learned together. This may 
suggest that consolidation of negative information trumps positive in-
formation during sleep. Alternatively, differences in relative arousal 
between negative and positive information may be responsible for 
these effects.

0288
“A HEART TO CREATE”: SLEEP-DEPENDENT HEART 
RATE VARIABILITY AND CREATIVITY
Whitehurst LN, McDevitt EA, Duggan KA, Edwards J, Mednick SC
University of California, Riverside, Riverside, CA

Introduction: Dynamic changes in vagally-mediated heart-rate vari-
ability (HRV) during nocturnal sleep have been associated with auto-
nomic health benefits (Trinder et al., 2012), and daytime naps have a 
HRV profile similar to nocturnal sleep (Whitehurst et al., APSS 2014). 
While sleep, including naps, facilitates memory improvement, no 
studies have examined the role of HRV for sleep-dependent cognitive 
performance. Here, we investigated if sleep-specific HRV changes are 
associated with improvement on a creativity task.
Methods: At 9 am, twenty-one (13F) healthy participants completed 
10 Remote Associates Task (RAT) problems, followed by 30 analogies. 
Ten analogy answers served as primes for afternoon RAT items. At 
1:30 pm, waking, supine electrocardiogram (ECG) was recorded fol-
lowed by a 90-minute nap with polysomnography. At 5 pm, subjects 
completed 30 RAT problems in three conditions: 10 novel problems, 
10 problems repeated from the morning, and 10 novel problems with 
the answer primed by the analogies. We indexed the high frequency 
normalized unit (HFnu, 0.15–0.40 Hz) as our measure of vagal HRV 
during stages wake, N2, N3 and REM. Linear regression models as-
sessed the unique contribution of sleep and HFnu during each stage on 
performance.
Results: Sleep stage and HFnu predicted repeated and primed perfor-
mance (Repeated: N2 R2 = 0.40, p = 0.004, N3 R2 = 0.36, p = 0.02, 
REM R2 = 0.31, p = 0.04; Primed: N2 R2 = 0.28, p = 0.02, N3 R2 = 0.45, 
p = 0.006, REM R2 = 0.51, p = 0.004), but not novel RAT item perfor-
mance. In N2, HFnu predicted Repeated (b = 0.44, p = 0.02), but not 
Primed (b = 0.37, p = 0.07) performance. Within SWS and REM, HFnu 
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was the only significant predictor of performance (SWS Repeated: 
b = 0.62, p = 0.008; SWS Primed: b = 0.67, p = 0.003; REM Repeated: 
b = 0.58, p = 0.018; REM Primed: b = 0.74, p = 0.001).
Conclusion: This is the first empirical study showing HRV during 
sleep as a better predictor of creativity than sleep alone. Prior studies 
support a relationship between the prefrontal cortex (PFC) and both 
vagal HRV (Thayer et al., 2009) and creativity (Razumnikova, 2007). 
We hypothesize that HRV may be a signal of sleep-dependent prefron-
tal processing, a notion that requires further research.

0289
REM-SLEEP AND IMPROVEMENT OF PLANNING ABILITY
Wong M, Lau EY
The University of Hong Kong, Hong Kong

Introduction: Basic cognitive functions, including memory and atten-
tion, were found to improve after sleep when compared to wakefulness. 
Our recent data showed that working memory ability improved follow-
ing a daytime nap, and the improvement was associated with rapid-
eye-movement-sleep (REM-sleep). We here investigated whether sleep, 
particularly REM-sleep, also facilitated planning ability, as another 
higher-order cognitive function, subserved by the prefrontal cortex.
Methods: Fifty healthy adults (aged 18–23, 62.1% female) completed 
two different sets of the Tower of London task (ToL) separated ran-
domly by either a 90-minute nap (Nap, n = 30) or wakefulness (Wake, 
n = 20). The number of steps and RTs in ToL were used as outcome 
measures of planning ability. Other measures were used to assess their 
demographic information, mood (Depression Anxiety Stress Scale) 
and sleep characteristics (Pittsburgh Sleep Quality Index and 5-day 
actigraph-watch before the experimental session).
Results: The groups were matched on age, sex, BMI, mood, sleep qual-
ity and average 5-day actigraphy-measured sleep duration (ps > 0.05). 
A 2x2 mixed factorial model with a within-subject factor (time, as the 
pre-/post-condition ToL performance) and a between-subject factor 
(group, Nap-/Wake-group) revealed significant 1)main effect of time on 
RT, F(1,49) = 62.058, p < 0.001; and 2)interaction effect of time*group 
on steps, F(2,49) = 5.840, p = 0.019; In the post-condition assessment, 
both groups had decreased RT, while Nap-group had decreased steps 
and Wake-group increased steps, indicating improvement and dete-
rioration, respectively. Reduction in steps was associated with longer 
REM-sleep, r(29) = −0.378, p = 0.043, and shorter REM-sleep latency, 
r(22) = 0.547, p = 0.008. No other significant effect was noted.
Conclusion: Consistent with the findings on REM-sleep and working 
memory improvement, this study demonstrated the benefit of daytime 
sleep opportunity, particularly REM-sleep, on planning ability. While 
development of prefrontal cortex continues through young adulthood, 
our data shed light on the important role of REM-sleep, even just from 
a daytime sleep opportunity, in facilitating planning ability, as a be-
havioral measure of prefrontal cortex functioning.

0290
SLEEP DURATION PREDICTS SPEECH SOUND LEARNING 
IN TYPICAL ADULTS, BUT NOT IN ADULTS WITH 
LANGUAGE IMPAIRMENT
Earle S, Myers EB
University of Connecticut, Storrs, CT

Introduction: Recent work suggests sleep plays a role in the acquisi-
tion of non-native speech sounds. For instance, a period of sleep, but 
not a comparable interval of wake state, facilitates improved discrimi-
nation of learned sounds and facilitates generalization across talkers. 
Of interest, individuals with language impairment have been observed 
to have atypical sleep, which leads to the hypothesis that differences 

in speech perception in this population are attributable to sleep differ-
ences.
Methods: We trained typical adults and adults with a history of lan-
guage-based disorders on the perceptual identification of a non-native 
(Hindi dental and retroflex) contrast at 8 pm on day 1, tested their 
performance on perceptual tasks immediately after training, and re-
assessed their performance on those tasks at 8 am on day 2. Total sleep 
duration between day 1 and day 2 was measured using a commercially 
available EEG device. We ran a regression analysis to determine the 
association between sleep duration and magnitude of change in per-
formance overnight.
Results: Behavioral results indicate that while typical adults show 
overnight improvement on both identification and discrimination of 
non-native contrasts, adults with a history of language-based disorders 
do not. Moreover, sleep duration was significantly associated with the 
magnitude of overnight improvement in perception for typical adults, 
but not for adults with atypical language.
Conclusion: Sleep appears to facilitate encoding of perceptual training 
in typical adults, but not in individuals with language-based disorders. 
This finding is consistent with a general view that sleep disturbances in 
the language impaired population may contribute to negative language 
learning outcomes. Future work will need to determine whether quali-
tative differences in sleep among the language-disordered population 
specifically predict speech sound learning.
Support (If Any): This work was supported by NIH NIDCD grants 
R03 DC009495 and R01 DC013064 to EBM, and NIH NICHD grant 
P01 HD001994 (Rueckl, PI). The content is the responsibility of the 
authors and does not represent official views of the NIH, NIDCD, or 
NICHD.

0291
COHERENCE BETWEEN THALAMUS AND CORTEX 
DURING SLEEP IS REQUIRED FOR CONSOLIDATION OF 
CORTICAL PLASTICITY IN THE VISUAL SYSTEM
Durkin J1, Suresh A 2, Colbath J1, Aton SJ1

1University of Michigan, Ann Arbor, MI, 2University of Chicago, 
Chicago, IL

Introduction: Orientation Specific Response Potentiation (OSRP) is a 
form of cortical plasticity in primary visual cortex (V1), which is initi-
ated by waking visual experience and dependent on subsequent sleep. 
OSRP is accompanied by an increase in V1 neuron firing following vi-
sual stimulus presentation. We have previously found that optogenetic 
silencing of cortical feedback to the thalamus, which is hypothesized to 
be crucial for thalamocortical synchrony, during Non Rapid Eye Move-
ment (NREM) sleep disrupts consolidation of experience-dependent 
cortical plasticity.
Methods: To understand what mechanisms underlie this disruption, 
we performed dual site chronic recordings of individual visual thala-
mus (LGN) and V1 neurons under normal conditions and optogenetic 
silencing of cortical feedback following initiation of cortical plasticity.
Results: Preliminary data suggests that following initiation of cortical 
plasticity, LGN experiences increases in neuronal firing and optoge-
netically silencing cortical feedback during NREM sleep eliminates 
this increase in LGN firing.
Conclusion: These preliminary findings suggest that synchrony be-
tween cortex and thalamus may be critical for maintaining the increase 
in LGN firing, which in turn may drive plasticity in visual cortex dur-
ing NREM sleep.
Support (If Any): NIH R00 EY021503, NIH T32 NS076401
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0292
THE ROLE OF SLEEP SPINDLES IN MEMORY: 
OPTOGENETIC MANIPULATION OF THE THALAMIC 
RETICULAR NUCLEUS IN MICE
Katsuki F, McNally JM, Thankachan S, Brown RE, McKenna JT, 
Strecker RE, McCarley RW
Harvard Medical School and VA Boston Healthcare System, 
Brockton, MA

Introduction: A significant link between sleep spindles and memory 
consolidation has been proposed based on several studies reporting an 
increase in spindle activity following learning. The thalamic reticular 
nucleus (TRN) has been suggested to play a central role in the genera-
tion of sleep spindles. Specifically, activity of parvalbumin (PV) con-
taining GABAergic TRN neurons may underlie the control of spindle 
generation. Here we applied an optogenetic approach in mice to test 
whether spindles generated by TRN neurons during sleep following 
learning are associated with performance in the novel object recogni-
tion (NOR) task.
Methods: AAV-ArchT-GFP was bilaterally injected into the TRN 
of PV-Cre mice. In order to manipulate spindles, inhibition of TRN 
PV neurons was performed via laser illumination (532 nm, 1-min on, 
4-min off) during the 4-hr inter-trial-interval (ITI); the time period 
between the familiarization (sample) and recall (test) phases of NOR 
task, which is widely-accepted as a memory consolidation period. 
EEG/EMG recording was performed during the ITI to monitor sleep-
wake states/spindle activity. Behavioral performance was compared 
between inhibition (laser on) and control (no laser) conditions.
Results: The NOR task measures recognition memory based on the 
mice’s natural preference to explore the novel object. Our data show 
that recognition memory, measured as percent of time spent exploring 
a novel object during recall phase, was greater than chance for control 
condition (no laser), indicating that animals successfully recalled an 
object presented during familiarization. In contrast, recognition mem-
ory was significantly impaired following ArchT inhibition of TRN PV 
neurons during the ITI. Additionally, spindle density, calculated as a 
number of spindles over the length of ITI, was positively correlated 
with NOR performance (p < 0.05).
Conclusion: These findings demonstrate that manipulation of spindles 
by optical inhibition of TRN PV neurons following learning affects 
memory performance, supporting the role of sleep spindles generated 
by TRN PV neurons in memory consolidation.
Support (If Any): Dept. of Veterans Affairs (VA merit, RWM), 
T32HL007901, MH039683 (RWM), HL095491.

0293
SLEEP SPINDLES COUPLED WITH SLOW OSCILLATIONS 
BENEFIT VERBAL MEMORY
Niknazar M1,2, Prashanth G1, Bazhenov M1, Mednick SC2

1Department of Cell Biology & Neuroscience, UC Riverside, 
Riverside, CA, 2Department of Psychology, UC Riverside, Riverside, 
CA

Introduction: A growing body of research shows sleep facilitates the 
consolidation of memories. For example, pharmacologically increasing 
the number of sleep spindles in a post-encoding sleep period produced 
greater memory retention of declarative verbal memories compared 
with placebo (Mednick). Additionally, enhancing endogenous slow 
oscillations (SO) with transcranial stimulation benefits the sleep-asso-
ciated consolidation of verbal memories (Marshall). Here we examined 
whether spindles that are temporally-coupled with strong or weak SO 
benefit consolidation of verbal memories.

Methods: Data analyzed from Mednick et al. (2013). 30 subjects were 
tested in two drug conditions (zolpidem and placebo) on a verbal 
memory task. Recorded EEG was first filtered (0.5–1 Hz). Then, if the 
maximum amplitude of the Hilbert transform (MAHT) of this signal 
crossed a threshold in the window of 2-sec before a spindle, a spindle 
with strong SO (SSO+) was identified, otherwise it was considered as 
a spindle with weak SO (SSO-). The average delay between MAHTs 
of SO and spindles was calculated for each subject. The correlation 
between this delay and memory performance was measured.
Results: A strong, positive correlation was observed between the 
number of SSO+ complexes and the total number of spindles in both 
the zolpidem (r = 0.99) and placebo (r = 0.99) conditions. Moreover, 
memory retention was correlated with the average delay between SO 
and spindle MAHTs, calculated within the window of 2-sec before and 
1-sec after spindle markers, for SSO+ complexes in zolpidem condi-
tion (r = 0.40), but not for SSO- complexes (r = 0.29). Neither SSO+ 
(r = −0.05) nor SSO- (r = 0.34) was significant for the same measure-
ment in placebo condition.
Conclusion: Previous research has shown that spindles are related to 
increased verbal memory performance. Our study suggests, however, 
that although the number of SSO+ complexes is highly correlated with 
the total number of spindles, only SSO+ complexes in zolpidem condi-
tion may impact on verbal memory performance improvement.

0294
SPECTRAL EEG CORRELATES OF REM SLEEP DREAM 
POSITIVE AND NEGATIVE MOOD: A PROMISING NOVEL 
APPROACH
Hebert M, Dale A, Brunst-Taiana C, Campbell K, De Koninck J
School of Psychology, University of Ottawa, Ottawa, ON, Canada

Introduction: Electrophysiological correlates of REM sleep collected 
dreams have been studied for many years and have focused mainly 
on phasic events, particularly eye movements. Of main interest are 
the potential correlates of dream emotional valence. Few studies have 
used advanced EEG spectral analysis and correlated it with dream 
emotional valence taking into account its chronology within the dream 
experience. The aim of this study is to test a new approach study EEG 
correlates of dream valence.
Methods: Five participants spent two consecutive nights of sleep lab 
polysomnography recordings including C3, C4, O1, O2 and EOG 
measures. Before sleep, participants were asked to report upon being 
awakened their dream following the chronology of its scenario Partici-
pants were awakened during REM sleep periods. In the morning, each 
dream was divided into different segments that were rated by the par-
ticipants for their positive and negative valence on 4-point positive and 
negative scales. EEG spectral analyses were conducted on each REM 
segment that chronologically was likely to match dream segments and 
the shared variance between emotion levels and spectral measures was 
calculated.
Results: Overall, emotional intensity from dream segments was as-
sociated with higher levels of theta activity (p < 0.05). Interestingly, 
negative valence was highly significantly associated with theta activ-
ity registered at the right supraorbital site, close to the anterior frontal 
lobe area (p < 0.01). Thus, increases in the negativity of the emotion 
in the dream were associated with increases in theta power, especially 
around the 6.5 Hz frequency.
Conclusion: These preliminary observations revive the question of the 
relationship between theta activity, the hippocampus, the amygdala, 
and fear extinction in dreams. This proposed methodology seems to 
be promising for studying the chronology of dreams and its EEG cor-
relates. Obviously more sites should be recorded, particularly in the 
frontal region with a larger sample.
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Support (If Any): Natural Sciences and Engineering Research Coun-
cil of Canada

0295
AN INCREASE IN STAGE R AND A DECREASE IN STAGE 
N3 IS ASSOCIATED WITH MOTOR SKILL LEARNING IN 
INDIVIDUALS WITH CHRONIC STROKE
Siengsukon C1, Al-Sharman A 2, Stevens S1

1University of Kansas Medical Center, Kansas City, KS, 2Jordan 
University of Science and Technology, Irbid, Jordan

Introduction: Studies indicate individuals with chronic stroke ben-
efit from sleep to enhance learning of new motor skills. However, the 
mechanisms underlying over-night (or off-line) motor skill enhance-
ment remains unknown. Therefore, the purpose of this study was to 
determine which stage or stages of over-night sleep are associated with 
off-line motor skill learning in people with chronic (> 6 months) stroke.
Methods: Twenty individuals with chronic stroke and ten age- and 
sex-matched controls practiced a continuous tracking (CT) task and 
underwent polysomnographic recording. The following morning, par-
ticipants were retested on the CT task to assess off-line learning. Paired 
t-tests assessed for change in tracking performance from practice to 
retest. Pearson correlations assessed for relationships between off-line 
motor skill learning and time spent in different stages of sleep.
Results: Participants with chronic stroke demonstrated a significant 
reduction in tracking error from the last practice block to retention 
(t(19) = 2.474, p = 0.023) whereas the control participants did not 
(t(9) = 0.688, p = 0.509). A higher magnitude of off-line motor skill 
learning was weakly correlated with an increase amount of time spent 
in stage R sleep (r = 0.247) and a decrease amount of time spent in stage 
N3 sleep (r = −0.237).
Conclusion: This study confirms that sleep enhances learning in in-
dividuals with chronic stroke and is the first to suggest that off-line 
motor skill learning is associated with time spent in stage R and stage 
N3 sleep. In conclusion, sleep should be considered when treating indi-
viduals following stroke. Furthermore, future studies should consider 
if altering sleep stages may improve motor skill learning and impact 
recovery in individuals with stroke.
Support: This work is supported by the American Heart Association 
Scientist Development Grant (09SDG2060618) awarded to CS.

0296
ANATOMICAL CORRELATES OF OCULAR DOMINANCE 
PLASTICITY CONSOLIDATION DURING REM SLEEP
Renouard L1,2, Dumoulin M2, Coleman T 2, Frank MG1,2

1College of Medical Science, Washington State University, Spokane, 
WA, 2Department of Neuroscience, School of Medicine, University of 
Pennsylvania, Philadelphia, PA

Introduction: Ocular dominance plasticity (ODP) in the cat primary 
visual cortex (V1) is a canonical form of plasticity in vivo that is in-
duced by monocular deprivation (MD) during wake and consolidated 
during subsequent sleep. Preliminary results indicate that Offline 
processes that occur during REM sleep play an important role in con-
solidating the resulting plastic changes. Very little is known about the 
latter process. The aim of this study is to determine which circuits are 
active during REM sleep and where plasticity related proteins are ex-
pressed during REM sleep.
Methods: Cats were implanted with electrodes for polysomnogra-
phy recording, then underwent 6 hours of MD while awake to induce 
cortical remodeling. MD was followed by immediate perfusion of the 
animal, one hour of undisturbed sleep, REM sleep deprived (RSD), or 
NREM-fragmented (NF) sleep used as a control group. Immediately 
following these manipulations, animals were perfused for immunohis-
tochemistry and in situ hybridization labeling of FOS and other pro-
teins or genes (PSD95, ARC, pERK and pCamkII) implicated in long 
term synaptic potentiation (LTP).
Results: The number of FOS immunoreactive neurons was significant-
ly attenuated in all visual cortical layers after MD in the awake animal. 
This appeared to reflect a decrease in activation in cortical columns 
receiving input from the deprived eye. In animals allowed undisturbed 
sleep after MD, there was an increase in FOS+ neurons. Interestingly, 
this pattern of expression was diffuse and not restricted to columns. 
This diffuse increase did not occur in the RSD animals, but was pre-
served in the NF controls. The number of FOS+ immunoreactive neu-
rons was also positively correlated with REM sleep amounts in layers 
2/3 and 6, indicating that REM sleep activates specifically these layers 
during ODP consolidation.
Conclusion: Following MD, cortical activation during REM sleep is 
more widespread than during MD and restricted to extragranular lay-
ers where the overlap of visual projections from both eyes is maximal. 
This suggests that REM sleep specifically activates circuits engaged in 
competitive interactions, which is known to govern this form of plas-
ticity.
Support (If Any): This work was supported by departmental funds 
from the University of Pennsylvania, Washington State University and 
National Institutes of Health (grant HL114161 to M.G.F)
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0297
REPETITIVE SLEEP RESTRICTION LEADS TO REBOUND 
SYMPATHETIC DEACTIVATION DURING RECOVERY 
SLEEP
Yang H, Haack M, Dang R, Govan K, Mullington JM
Beth Israel Deaconess Medical Center/Harvard Medical School, 
Boston, MA

Introduction: The normalized low frequency (LF) component of heart 
rate variability (HRV) spectra is a well-established non-invasive mark-
er of cardiovascular autonomic function, and is considered a quantita-
tive index of sympathetic activation. Short sleep has been linked with 
increased risk for hypertension, and sympathetic over-activity is an 
important feature of hypertension. Thus, we investigated autonomic 
modulation via HRV from continuous 24 h recordings in response to a 
novel repetitive sleep challenge.
Methods: In a 22-day in-hospital protocol, 45 healthy participants (age 
32 ± 2 yrs; BMI 24 ± 1 kg/m2; 23 women) were randomly assigned to 4 
cycles of repeated sleep restriction (SR); (permitted 4 h of sleep/night 
from 0300–0700 for 3 nights followed by a recovery sleep, repeated 4 
times), or a sleep control (SC) group (8 h/night from 2300–0700). Two-
lead electrocardiography was recorded during six 24 h periods: base-
line (BL), experimental (3rd day of each of 4 SR cycles), and recovery. 
Lomb-scargle periodogram algorithm was performed to generate the 
power spectrum analysis of R-R interval (RRI). Spectral power of LF 
(0.04–0.15 Hz) was analyzed in normalized units (nu; LF/[total power- 
very LF component]) as indicator of sympathetic modulation.
Results: Within the first hour of every sleep period, LF dropped pre-
cipitously, reaching its daily nadir, and this pattern was consistent in 
BL sleep, SR condition, and across all nights in SC. During recovery 
sleep, following the 4 cycles of SR, there was a steep rebound drop in 
LF such that LF level dropped below the BL nadir levels by −6.4 ± 2.6 
(nu; p < 0.05).
Conclusion: Sympathetic nadir was not altered during repetitive sleep 
challenge; however, there was a rebound deactivation of sympathetic 
activity during the recovery sleep night.
Support (If Any): NIH (HL-106782)

0298
TOWARD A BIOMARKER PANEL FOR VULNERABILITY 
TO SLEEP LOSS
Satterfield BC1, Wisor JP1,2, Karatsoreos IN1,3, Schmidt MA1,2, 
Savenkova M3, Van Dongen H1,2

1Sleep and Performance Research Center, Washington State 
University, Spokane, WA, 2College of Medical Sciences, Washington 
State University, Spokane, WA, 3Department of Integrative 
Physiology and Neuroscience, Washington State University, Pullman, 
WA

Introduction: Sizeable, trait inter-individual differences in human 
vulnerability to performance impairment due to sleep loss may be 
predictable by genetic biomarkers. We investigated the potential of a 
panel of genetic polymorphisms to predict psychomotor vigilance test 
(PVT) impairment during total sleep deprivation (TSD). The panel in-
cluded 7 polymorphisms: ADORA2A (T1976C), BDNF (Val66Met), 
DQB1*0602 (pos/neg), HCRT (T909C), PER3 (4/5 tandem repeat), 
TLR4 (Asp299Gly) and TNFα (G308A).
Methods: 88 healthy, young adults (28.0 ± 5.4 y; 47 females) partici-
pated in one of five laboratory studies. Following an adaptation period, 
each subject underwent at least 38 h of TSD, during which the PVT 
was administered every 2–3 h. To quantify subject-specific vulnerabil-
ity to sleep loss, PVT lapses of attention (RTs > 500 ms) were aver-
aged across TSD hours 14–38 (one circadian cycle). Genotype assays 

completed successfully across all genotypes for N = 78 subjects. There 
was no significant cosegregation of genotypes in the sample, except 
for BDNF with PER3 and TLR4. Genotype frequencies were in accor-
dance with the published literature.
Results: One-way ANOVA (controlling for study) showed that the 
genotypes in the biomarker panel, not accounting for possible gene in-
teractions, explained 14.9% of the variance in PVT performance dur-
ing TSD over subjects (i.e., r = 0.39). The inter-individual variability in 
performance impairment captured by the panel ranged from 0.0 ± 4.5 
to 13.5 ± 3.9 PVT lapses (mean ± SE). This was similar to the range 
between grand mean performance of the more resilient and more vul-
nerable tertiles in the sample, but much smaller than the full range of 
inter-individual variability in the sample (i.e., leaving 85.1% of the vari-
ance unexplained).
Conclusion: To our knowledge, these data represent the first quantita-
tive assessment of a composite genetic biomarker panel for predicting 
vulnerability to performance impairment due to sleep loss. Analyses 
of additional genotypes and gene interactions in larger samples are 
needed to further elucidate these findings. Because inter-individual 
differences in vulnerability to sleep loss are task-dependent, caution 
is needed when translating predicted vulnerability to real-world opera-
tions.
Support (If Any): NIH grants R01HL070154, R01HL105768, 
R21CA167691; ONR grants N00014-13-C-0063, N00014-13-1-
0302; FAA grant DTFAAC-11-A-00003; CDMRP grant W81X-
WH-05-1-0099; and Elliot D. Weitzman, M.D. Research Grant from 
the Sleep Research Society Foundation.

0299
VIGILANCE AND CORTICAL EXCITABILITY AFTER 
ACUTE SLEEP DEPRIVATION AND CHRONIC SLEEP 
RESTRICTION
Maric A1, Lustenberger C1,2, Leemann J1, Werth E1, Tarnutzer A1, 
Pangalu A3, Huber R 2,4, Baumann CR1, Poryazova R1

1University Hospital Zurich, Department of Neurology, Zurich, 
Switzerland, 2University Children’s Hospital Zurich, Child 
Development Center and Pediatric Sleep Disorders Center, 
Zurich, Switzerland, 3University Hospital Zurich, Department 
of Neuroradiology, Zurich, Switzerland, 4University of Zurich, 
University Clinics for Child and Adolescent Psychiatry, Zurich, 
Switzerland

Introduction: Acute sleep deprivation (aSD) impairs vigilance and 
increases cortical excitability. Chronic sleep restriction (cSR) results 
in similar vigilance impairments as observed after aSD, but the effect 
on cortical excitability in cSR is unknown. We therefore aimed at in-
vestigating the changes in vigilance and cortical excitability after aSD 
and cSR.
Methods: 8 subjects underwent 1 night of aSD and 7 nights of cSR (5 h 
instead of 8 h sleep/night). We assessed vigilance using the psychomo-
tor vigilance task (PVT), i.e. reaction speed and number of lapses (reac-
tion times > 500 ms; transformed: √x+√(x+1)). As a measure of cortical 
excitability we used early evoked cortical activation (ECA) in response 
to single-pulse transcranial magnetic stimulation (TMS), i.e. the inte-
grated area under the rectified curve (30–80 ms after TMS-pulses). We 
analyzed data obtained in the afternoon, when circadian modulations 
are expected to be smaller than during the wake-maintenance zone in 
the early evening. We performed a two way repeated measures ANO-
VA for all parameters above with the factors time point (baseline vs. 
after sleep loss) and intervention (cSR vs. aSD). Post-hoc comparisons 
were performed where effects were significant (p < 0.05).
Results: Post-hoc analysis revealed that speed decreased after aSD  
(−0.5 ± 0.1s-1, Mean ± SD; p < 0.01) and cSR (−0.4 ± 0.1s-1; p < 0.01), 
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while lapses and ECA were increased after aSD (lapses: +4.2 ± 1.0; 
p < 0.01; ECA: +35.2 ± 36.7%; p < 0.05) and cSR (lapses: +2.1 ± 1.0; 
p = 0.05; ECA: +28.5 ± 23.3%; p < 0.05), when compared to corre-
sponding baseline levels. There were more lapses after aSD compared 
to cSR (+3.0 ± 0.8; p < 0.05).
Conclusion: Impaired vigilance is accompanied by increased cortical 
excitability after aSD, as well as after cSR. This electrophysiological 
measure may provide the means to investigate the underlying mecha-
nisms of vigilance and other cognitive impairments due to sleep loss 
which is common in our 24/7 society. Moreover, using this perturba-
tional approach may allow to directly examining neuronal functioning 
in patients with altered vigilance and/or sleep pressure.
Support (If Any): This work is funded by the University of Zurich - 
Clinical Research Priority Program (CRPP) Sleep and Health.

0300
EFFICACY AND EEG EFFECTS OF VOLUNTARY SLEEP 
LOSS IN RATS
Oonk M, Krueger JM, Davis CJ
Washington State University-Spokane, Washington State University-
Spokane, WA

Introduction: Animal sleep deprivation (SD), unlike most human SD, 
involves enforced exposure to aversive stimuli. We investigated intra-
cranial self-stimulation (ICSS), a voluntary and rewarding behavior, 
as a method for self-imposed, minimally aversive SD. In addition, we 
explored non-contingent stimulation (NCS) as a less aversive, but in-
voluntary SD model that excites the same neurocircuitry as ICSS.
Methods: Male Sprague-Dawley rats were implanted with EEG/EMG 
electrodes and a contralateral stimulating electrode into the lateral 
hypothalamus. Rats were then trained to lever press for stimulation 
(200 Hz, 0.25 ms pulse duration, 60–215 µA). Throughout all experi-
ments sleep-wake EEG was recorded, including a 24 h baseline period 
and 24 h recovery period. During the SD experiment, rats (n = 7) were 
allowed to self-stimulate for 6 h (ICSS-1) or underwent 6 h gentle han-
dling (GHSD; ZT0-6). A week later, the experiment was repeated with 
conditions reversed. In a separate SD experiment, rats (n = 5) under-
went 6 h ICSS (ICSS-2; ZT0-6) and, a week later, 6 h NCS (ZT0-6), 
during which the individual stimulation patterns recorded during ICSS 
were replayed in the absence of the lever.
Results: All SD methods resulted in 98–99% wakefulness. ICSS-1 and 
GHSD resulted in similar NREMS (p = 0.95) and REMS (p = 0.70) 
rebounds during the 24 h recovery period. However, SWA rebound 
differed between the two methods (p < 0.01); SWA following ICSS-1 
was suppressed compared to GHSD during the initial 2 h of the recov-
ery period (p < 0.05). NCS showed similar NREMS (p = 0.98), REMS 
(p = 0.99) and SWA (p = 0.60) rebounds compared to ICSS-2 during 
the 24 h recovery period.
Conclusion: ICSS can be used to model voluntary SD. Furthermore, 
the suppressed SWA rebound may indicate that ICSS is less stressful 
compared to GHSD and perhaps NCS.
Support (If Any): We thank Drs. Rector, Panksepp, Van Dongen and 
Szentirmai for their contributions to this work and Mr. Clegern for 
technical help. Funded by NIH-NINDS grants NS05378, NS085605 
and ONR grant N00014-13-1-0302.

0301
EFFECTS OF PARTIAL SLEEP DEPRIVATION ON SLOW 
WAVES DURING NON-RAPID EYE MOVEMENT SLEEP: A 
HIGH DENSITY EEG INVESTIGATION
Plante DT1, Goldstein MR 2, Cook JD1, Smith R1, Riedner BA1, 
Rumble ME1, Jelenchick L3, Roth A4, Tononi G1, Benca RM1, 
Peterson MJ1

1University of Wisconsin School of Medicine and Public Health, 
Department of Psychiatry, Madison, WI, 2Department of Psychology, 
University of Arizona, Tucson, AZ, 3University of Minnesota Medical 
Scientist Training Program, Minneapolis, MN, 4Ferkauf Graduate 
School of Psychology, Yeshiva University, New York, NY

Introduction: Changes in slow waves reflect homeostatic sleep reg-
ulation in response to total sleep deprivation. However, evidence of 
homeostatic changes to slow waves during partial sleep deprivation 
protocols has been less consistent. Prior investigations have utilized 
limited EEG derivations to evaluate the effects of sleep restriction on 
slow waves, and have not typically examined changes in slow wave 
count/morphology. Thus, this study utilized high-density (hd) EEG to 
evaluate the topographic effects of partial sleep deprivation on slow 
waves using spectral and period-amplitude analyses.
Methods: Twenty-four healthy adult individuals were drawn from the 
placebo arm of a larger sleep pharmacotherapy study. After a baseline 
night (BSL), participants were restricted to a five-hour opportunity for 
sleep for 4 consecutive nights, followed by a recovery night (RCV). 
256-channel hdEEG was recorded on the second and fourth night of 
sleep restriction (SR2/4), BSL and RCV. Spectral analysis and slow 
wave detection were performed for each participant night. Data were 
compared using repeated measures ANOVA and paired t-tests with 
statistical non-parametric mapping with suprathreshold cluster testing.
Results: Compared to BSL, slow wave energy (integrated power 
1–4.5 Hz totaled over NREM epochs) increased during RCV, as well 
SR2/4 when comparisons were restricted to the first 3.7 hours of sleep 
(minimum sleep duration among all recordings). Period amplitude 
analyses demonstrated frontal increases in slow wave amplitude dur-
ing sleep restriction and recovery. Occurrence of high and low ampli-
tude slow waves also diverged in frontal regions, with increases in the 
former and decreases in the latter during sleep restriction. Additionally, 
mean amplitude and slopes of low amplitude slow waves increased in 
frontal channels across sleep restriction and recovery.
Conclusion: Topographic changes in slow waves suggest sleep homeo-
stasis is maintained during partial sleep deprivation in humans. Further 
research is warranted to determine how local experience-dependent 
changes during wakefulness modulate sleep homeostasis during sleep 
restriction.
Support (If Any): This research was funded by a grant from Sanofi-
Aventis. Dr. Plante is supported by grants from the American Sleep 
Medicine Foundation, the Brain and Behavior Research Foundation, 
and NIMH (K23MH099234).
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0302
NAPS NOT AS EFFECTIVE AS A NIGHT OF SLEEP AT 
DISSIPATING SLEEP PRESSURE
Tarokh L1, Carskadon MA 2, Van Reen E3, Achermann P4

1University Hospital of Child and Adolescent Psychiatry and 
Psychotherapy, University of Bern, Bern, Switzerland, 2Department 
of Psychiatry and Human Behavior, Alpert Medical School at Brown 
University, Providence, RI, 3Department of Psychiatry and Human 
Behavior Warren Alpert Medical School at Brown University, 
Providence, RI, 4Institute of Pharmacology and Toxicology, 
University of Zurich, Zurich, Switzerland

Introduction: The two-process model of sleep posits that two process-
es interact to regulate sleep and wake: a homeostatic (Process S) and 
a circadian process (Process C). Process S compensates for sleep loss 
by increasing sleep duration and intensity. Process C gates the timing 
of sleep/wake favoring sleep during the circadian night. In this study 
we examined whether taking six naps 1.5-h throughout a 24-h period 
would result in the same amount of dissipation of homeostatic pres-
sure at the end of the day as a night of sleep, when time in bed (TIB) 
is equivalent.
Methods: Data from 46 participants ages 10 to 23 years were analyzed 
(mean age = 14.5 (± 2.9); 25 females). Slow wave energy (SWE), nor-
malized to account for individual differences in slow-wave activity 
(SWA; delta = 0.4 to 4.6 Hz), was used as a measure of sleep homeosta-
sis. SWE was defined as accumulated SWA during NREM sleep. In the 
nap condition SWE of six naps each of 1.5 hours in duration distributed 
equally during a 24-hour period (TIB = 9 h) was calculated. In the 
baseline condition, overnight SWE was measured after 9 hours TIB. A 
paired t-test was used to compare nap and baseline conditions. A linear 
regression was used to examine whether SWE in nap and baseline con-
ditions varied as a function of age.
Results: SWE was greater during baseline overnight than the nap con-
dition (t(45) = 4.28; p < 0.0001). No association between age and SWE 
was found for either the baseline (r = 0.05; p = 0.78) or nap (r = −0.07; 
p = 0.66) conditions
Conclusion: Our findings indicate that multiple naps throughout the 
day are not as effective at dissipating sleep pressure as a night of sleep. 
This is likely due to the influence of the circadian system, which staves 
off sleep during certain times of day.
Support (If Any): NIH grant (MH076969 to M.A.C) and Swiss Na-
tional Science Foundation Grant (32003B_146643 to P.A.).

0303
C-REACTIVE PROTEIN AND NAPPING IN A YOUNG 
ADULT POPULATION
Mantua J, Spencer RM
University of Massachusetts, Amherst, Amherst, MA

Introduction: C-Reactive Protein (CRP) is a marker of systemic in-
flammation that is elevated after sleep deprivation. In those with dis-
turbed sleep, elevated CRP is predictive of cognitive deficits. These 
reports suggest that sleep is protective against inflammation and its 
associated detrimental cognitive effects. Contrary to these reports, a 
large cohort study found that regularly-napping older adults have high-
er CRP levels than non-napping older adults, suggesting that napping 
habitually may be detrimental to health.
Methods: We aimed to replicate this finding in a younger population 
by examining whether napping predicted high-sensitivity CRP levels 
in the public Add Health Dataset from 720 young adults (29.0 ± 1.72 
yrs). Those who reported not habitually napping were compared to 
those who reported napping a minimum of 1 or more days/week.

Results: Contrary to the older adult findings, young adults who report-
ed napping had significantly lower CRP levels than those who did not 
nap when controlling for socioeconomic status, age, body mass index, 
ethnicity, depression, cigarette smoking, alcohol use, diastolic blood 
pressure, and self-reported snoring (β = −1.18, p = 0.018). CRP was 
again predictive of cognitive abilities (working memory: β = −0.008, 
p = 0.024), but napping was not found to be a mediating factor.
Conclusion: Although habitual naps in older adults predict higher CRP 
levels, our findings suggest that napping is related to decreased inflam-
mation in a young adult population. We propose the existence of two 
distinct nap types. Recovery naps, which occur frequently in young 
adults in response to insufficient sleep, seem to be beneficial for physi-
ological health. On the other hand, essential naps, which are seen in 
older adults, may occur in response to a sedentary lifestyle and body/
brain degradation. Essential naps may be a marker of degraded health, 
as frequent napping has been tied to cognitive decline and mortality 
in older adults. Future work will explore the dissociation of these nap 
types.
Support (If Any): This work was funded by NIH R01 AG040133

0304
CAN ONE MODEL PREDICT AN INDIVIDUAL’S 
PERFORMANCE DURING BOTH TOTAL AND PARTIAL 
SLEEP LOSS?
Ramakrishnan S1, Laxminarayan S1, Wesensten NJ2, Rupp TL2, 
Balkin TJ2, Reifman J1

1Department of Defense Biotechnology High Performance 
Computing Software Applications Institute, Telemedicine and 
Advanced Technology Research Center, United States Army Medical 
Research and Materiel Command, Fort Detrick, MD, 2Department of 
Behavioral Biology, Walter Reed Army Institute of Research, Silver 
Spring, MD

Introduction: Current performance models can effectively predict 
neurobehavioral performance impairment during total sleep depriva-
tion. However, because these models do not accurately represent the 
physiological processes inducing the slow changes in brain physiology 
during partial sleep loss [i.e., chronic sleep restriction (CSR)], their per-
formance predictions for CSR are not very accurate. Given that most 
operational environments are predominantly characterized by CSR, 
there is a need for models that can accurately predict the effects of the 
continuum of sleep loss.
Methods: We developed a unified mathematical model that, given an 
individual’s sleep/wake history, predicts performance impairment due 
to any sleep-loss condition. In the model, we hypothesized that an in-
dividual’s capacity to recover during sleep is dependent on the individ-
ual’s sleep debt, with the most recent sleep/wake history exerting the 
greatest influence on sleep recovery. We represented this mathemati-
cally by modulating the benefit of sleep as a function of sleep debt, with 
a larger sleep debt resulting in a smaller recovery during sleep.
Results: We used psychomotor vigilance task data from a two-arm 
laboratory study involving 15 subjects to develop and validate our 
model. In the first arm of the study, subjects were exposed to 64 hours 
of total sleep deprivation, and in the second, the same subjects were 
restricted to 3 hours of sleep per night for 7 consecutive nights. Our 
results showed that, on average, individual-specific unified models 
provided 29–35% improved prediction accuracy compared to group-
average models. More importantly, we showed that once the model had 
been customized to an individual for either of the two conditions, it 
could be directly applied to predict the same individual’s performance 
under the other sleep-loss condition.
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Conclusion: The unified model is the first mathematical formulation 
that predicts individual performance under both total and partial sleep-
loss conditions, bridging the continuum of sleep loss.
Support (If Any): Disclaimer: The opinions and assertions contained 
herein are the private views of the authors and are not to be construed 
as official or as reflecting the views of the U.S. Army or of the U.S. 
Department of Defense. This abstract has been approved for public re-
lease with unlimited distribution.

0305
DIFFERENCES IN PLASMA LIPIDS DURING RESTED 
WAKEFULNESS AND SLEEP DEPRIVATION
Huang S1, Chua E2, Shui G3, Fang Y4, Yeo S1, Wenk MR 5, Gooley JJ1

1Duke-NUS Graduate Medical School, Singapore, Singapore, 
2Singapore Institute of Technology, Singapore, Singapore, 3State Key 
Laboratory of Molecular Developmental Biology, Beijing, China, 
4Data Analytics Department, Institute for Inforcomm Research, 
Singapore, Singapore, 5Department of Biochemistry, Yong Loo Lin 
School of Medicine, National University of Singapore, Singapore, 
Singapore

Introduction: Recent studies suggest that metabolite levels in plasma 
are regulated by the circadian clock and modulated by sleep depriva-
tion. Here, we explored the feasibility of using metabolite profiling to 
identify biomarkers for circadian phase or sleep insufficiency.
Methods: Twenty ethnic-Chinese males (aged 21–28 years) were kept 
awake for 40 consecutive hours in a laboratory setting using constant 
routine procedures. Blood samples were collected every 4 hours and 
mass spectrometry techniques were used to analyze more than 250 
lipid species in plasma. Using intraclass correlation analysis, differ-
ences in concentration levels were examined over time and across 
subjects for each lipid time series. Lipids that showed the most reli-
able time-since-wake variation were used to develop a model based on 
maximum likelihood estimation (MLE), with the aim of identifying 
blood samples that were collected during rested wakefulness versus 
sleep deprivation.
Results: Between-subject differences in concentrations for most lipid 
species were greater than variation that occurred with increasing time 
spent awake (ICC > 0.6 for 74% of lipids). Nonetheless, hierarchical 
agglomerative clustering revealed several different patterns of lipid 
profiles including those that increased over time (phosphatidylcholine), 
decreased over time (plasmalogen), or increased with a strong underly-
ing circadian rhythm (triglycerides). Based on the 16 lipids that showed 
the most reliable time-since-wake variation across subjects, our MLE 
model identified blood samples that were collected during sleep depri-
vation (≥ 16 hours of wakefulness) with sensitivity of 74% and specific-
ity of 70%.
Conclusion: Despite large between-subject differences in the concen-
trations of plasma lipids, a subset of metabolites showed reliable time-
dependent variation during the sleep deprivation procedure. Lipid 
profiles differed substantially during rested wakefulness and sleep de-
privation, raising the possibility that metabolomics based approaches 
can be used to establish a biomolecular signature of sleep loss.
Support (If Any): SingHealth Foundation (FG410P) and the Singa-
pore National Research Foundation (CRP2007-04).

0306
THE NLRP3 INFLAMMASOME REGULATES SLEEP 
INDUCED BY BOTH WAKING ACTIVITY AND PATHOGENS
Zielinski MR1, Gerashchenko D1, Karpova SA1, Konanki V1, 
McCarley RW2, Basheer R1

1Harvard Medical School and Boston VA Healthcare System, West 
Roxbury, MA, 2Harvard Medical School and Boston VA Healthcare 
System, Brockton, MA

Introduction: Inflammasomes are protein complexes that regulate in-
flammation. The inflammasome assembly activates caspase-1, which 
cleaves pro-interleukin-1 beta (IL1β) into its pro-inflammatory som-
nogenic mature active form. Extracellular adenosine tri-phosphate and 
pathogen associated molecular patterns, such as lipopolysaccharide, 
activate the inflammasome proteins nucleotide-binding domain leucine 
rich family pyrin containing 3 (NLRP3) and the apoptosis-associated 
speck-like protein containing a carboxyl-terminal caspase-recruitment 
domain (ASC) that is required for inflammasome activation. We aimed 
to determine the role of the NLRP3 inflammasome in sleep regulation.
Methods: Male mice lacking NLRP3 [NLRP3-knockout (KO)] and 
C57BL/6 wild-type controls (WT) were implanted with EEG and EMG 
electrodes and a cannula into the left ventricle. Sleep architecture was 
assessed during spontaneous sleep and after 6 h of sleep deprivation 
(SD) and intracerebralventricular injections of 0.9% NaCl vehicle, IL-
1β, or lipopolysaccharide. Somatosensory cortex NLRP3, ASC, and 
IL1β mRNA expression and caspase-1 activity were determined after 
SD and spontaneous sleep.
Results: NLRP3-KO and WT mice exhibited diurnal rhythms in non-
rapid eye movement sleep (NREMS) and rapid eye movement sleep 
(REMS) with greater values occurring during light vs dark periods. 
However, NLRP3-KO mice had reduced NREMS amounts in the first 6 
h of the light period compared to WTs. NLRP3-KO mice demonstrated 
reduced enhancements in NREMS and slow-wave activity (SWA) after 
either SD or lipopolysaccharide compared to WTs. While SD led to 
increased expression of NLRP3, ASC, and IL1β mRNA and enhanced 
caspase-1 activity in WT mice, there was no increase in IL1β mRNA 
and caspase-1 activity in NLRP3-KO mice. Similar enhancements in 
NREMS and SWA were found in NLRP3-KO and WT mice after intra-
cerebralventricular injections of IL1β, a molecule located downstream 
of inflammasome activation.
Conclusion: These data suggest that the NLRP3 inflammasome is a 
significant mechanism induced by both enhanced waking activity and 
pathogens regulating sleep.
Support (If Any): VA Medical Research Award, 5T32MH016259-35

0307
RECOVERY SLEEP FOLLOWING PERIODS OF 
PROLONGED WAKEFULNESS UPREGULATES NUCLEAR 
MITOCHONDRIAL GENE EXPRESSION IN THE BASAL 
FOREBRAIN OF RAT
Al-Itejawi Z, Konanki V, McCarley RW, Basheer R
Harvard Medical School-VA Boston Healthcare System, West 
Roxbury, MA

Introduction: Mitochondrial oxidative phosphorylation (OXPHOS) is 
the primary source of cellular ATP. Only 13 OXPHOS proteins are en-
coded by mitochondrial and > 90% proteins by nuclear genome. Previ-
ously we reported that in wakefulness-associated areas of rat brain, the 
cellular ATP level exhibits a surge at 10 am, when the rats mostly sleep. 
Preventing sleep (sleep deprivation, SD) from 7–10 am prevented the 
surge. To further understand the diurnal and SD-induced regulation, 
we examined the nuclear-coded OXPHOS -expression for diurnal, SD 
and recovery sleep (RS)-induced changes using a 84 gene-array.
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Methods: Basal forebrain (BF) of rats (male Sprague Dawley, housed 
at 21°C, 12:12 h L:D cycle) were dissected at 7 am, 10 am, 1 pm, 4 pm, 
7 pm and 10 pm, after 3 h (7 am–10 am), 6 h 7 am–1 pm) of SD, and 3 h 
SD+3 h RS (7 am–1 pm). The changes in 84 of the nuclear OXPHOS 
genes were examined by quantitative polymerase chain reaction using 
actin as normalizer. Three hourly diurnal pattern of mRNA (N = 3/
group) was determined. The effect of SD and RS was determined by 
comparing them with time matched controls.
Results: The mRNA levels of 64/84 genes showed > 2-fold increase at 
10 am when compared to 7 am and other time points. 3 h SD (but not 
after 6 h SD) resulted in the upregulation of 6 Complex I, and down-
regulation of 2 Complex II, 2 Complex III, 2 Complex V, and carni-
tine/acylcarnitine- translocase genes. Following RS mRNA levels of 
34/84 genes showed statistically significant increases when compared 
to time-of-day control.
Conclusion: The highest expression of the nuclear-coded mitochondri-
al genes parallels our previous observation on the ATP surge at 10 am 
(Dworak et al., 2010). The upregulation of complex I with concomitant 
downregulation of Complex II subunits after 3 h SD suggest a prefer-
ence for Complex I mediated electron transport. The upregulation of 
OXPHOS genes following RS suggests restoration of ATP expended 
during SD, thus supports restorative function of sleep.
Support (If Any): VA Merit Grant, NINDS R21 NS079866, NIMH 
R01 MH039683

0308
INVOLVEMENT OF ARC GENE IN SLEEP-WAKE 
REGULATION
Suzuki A1, Bjorness T1, Greene RW1,2

1UT Southwestern Medical Center, Dallas, TX, 2University of 
Tsukuba, Tsukuba, Japan

Introduction: Homeostatic sleep regulation associates synaptic ho-
meostatic plasticity. During waking period, synaptic strength is rein-
forced through synaptic plasticity and released in sleep durations. Arc 
is one of genes involved in synaptic plasticity that decrease synaptic 
spines when overexpression in neurons. Although basic Arc expres-
sion level is low in neurons, Arc expression is rapidly increased during 
sleep deprivation. However, Arc’s involvement in sleep homeostasis 
is unclear. Using wild type (WT) and Arc knockout (KO) mice, we 
observed the sleep-wake phenotype of Arc KO mice.
Methods: EEG/EMG electrodes were implanted on WT and KO mice 
aged older than 8-week. Data acquisition was performed over 4 days as 
follows 2 days baseline, 1 day sleep deprivation (SD), and 1 day recov-
ery. SD was employed from ZT0-4.
Results: KO mice showed significant reduction of slow wave activ-
ity (SWA, 0.5–4.5 Hz) compared with WT (WT: 20.5 ± 2.0/h, KO: 
12.14 ± 0.9/h). Also, KO mice indicated high amount of REM sleep du-
ration compared with WT (WT: 89.4 ± 4.1 min/24 h, KO: 220.46 ± 51.8 
min/24 h). However, SWA rebound following SD was similar in KO 
compared to WT. Baseline NREM sleep time was similar in both geno-
types, but KO mice showed a trend toward NREM sleep fragmentation. 
Theta power density (6–12 Hz) in KO mice was slightly higher than in 
WT but notably REM sleep duration was significantly longer in KO 
mice compared with WT. This long REM sleep duration was associ-
ated rather a shorter waking duration in KO mice. Additionally, KO 
mice demonstrated high frequency of transitions between NREM and 
REM sleep.
Conclusion: Arc is required for normal REM duration, transition be-
tween NREM and REM sleep, and for SWA consolidation.
Support (If Any): NoA 1R01NS075545

0309
SLEEP MANIPULATIONS PRIOR TO FORMALIN 
INJECTION ALTER POST-INJECTION NOCICEPTIVE 
LEVELS AND RECOVERY IN SPRAGUE-DAWLEY RAT
Vanini G
University of Michigan, Ann Arbor, MI

Introduction: Chronic pain is a prevalent health problem that costs 
the US more than $600 billion annually. Clinical studies indicate that 
disrupted sleep after trauma or surgery is a risk factor for chronic pain. 
However, whether previous sleep loss contributes to post-injury pain 
levels remains poorly understood. This study is testing whether acute 
sleep deprivation and recovery sleep prior to formalin injection alter 
post-injection pain levels and duration.
Methods: Adult male rats (n = 38) were randomized into four groups 
in a between-subject study design. Rats underwent sleep deprivation 
(SD) or were allowed to sleep ad libitum (AL) for 9 hours. Thereafter, 
rats were injected (50 µL) with 5% formalin or saline into the right hind 
paw. A fifth group (n = 10) underwent SD for 9 hours and was allowed 
a 24-h recovery period (SD+R) before receiving a formalin injection. 
Mechanical allodynia and thermal hyperalgesia were assessed using 
the von Frey test and Hargreaves’ method, respectively. Measures of 
mechanical sensitivity and thermal hyperalgesia started at 60 minutes 
and continued at 1, 3, 7, 10, 14, 17, and 21 days post-injection.
Results: In the AL group, formalin caused bilateral mechanical hy-
persensitivity (allodynia) that persisted for up to 21 days post-injection. 
Compared to AL, SD significantly enhanced bilateral allodynia (ip-
silateral, p = 0.003; contralateral, p < 0.0001) post-formalin injection. 
SD+R rats developed ipsilateral allodynia (injected paw only) from 
days 1 to 10 (p < 0.01) post-formalin injection. Relative to SD, SD+R 
had significantly (p < 0.01) higher mechanical thresholds (reduced allo-
dynia) and a shorter (day 14) recovery period. There were no persistent 
significant differences in thermal hyperalgesia.
Conclusion: These data suggest that acute sleep loss preceding a nox-
ious insult enhances nociceptive levels. The evidence that recovery 
sleep prior to formalin injection reduced post-injection nociceptive 
levels and the time to recovery encourages future studies investigating 
whether pharmacologically enhancing sleep can significantly improve 
pain outcomes.
Support (If Any): Supported by the Department of Anesthesiology.

0310
EVOKED PAIN RESPONSES OVER REPEATED EXPOSURE 
TO INSUFFICIENT SLEEP
Haack M1, Scott-Sutherland J1, Grillo A 2, Jakobsze A 2, Gautam S1, 
Mullington J1

1Beth Israel Deaconess Medical Center & Harvard Medical School, 
Boston, MA, 2Beth Israel Deaconess Medical Center, Boston, MA

Introduction: Restricting sleep on week days and catching up on sleep 
on weekend days are extremely common sleep-wake patterns in both 
work and school populations. Whether repeated exposure to such sleep 
restriction-recovery patterns affects pain processing is currently un-
known.
Methods: 17 healthy participants (8 women, age 24. ± 4 years were 
assigned to 2 in-hospital conditions separated by at least 2 months : 
(a) Repeated sleep restriction/recovery condition: 3 consecutive weeks 
each consisting of 5 days of sleeping 4 h/night followed by 2 nights of 
sleeping 8 h/night. (b) Sleep control condition: 3 consecutive weeks 
of sleeping 8 h every night. Participants were given the cold pressor 
test (CPT) twice per week (5th day of sleep restriction and 2nd day of 
recovery), in order to assess the temporal summation of pain while the 
participant’s hand is immersed in cold water as well as tolerance to 
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pain, i.e. time until the cold sensation gets unbearable. Interleukin-6 
(IL-6) expression, a potent sensitizer of the nociceptive system, was 
measured in monocytes before each CPT.
Results: As expected, participants in the sleep control condition ha-
bituated to the painful challenge over time, as indicated by tolerating 
the cold pain for increasingly longer time periods. However, subjects 
exposed to repeated sleep restriction were not able to habituate to the 
pain, not even during intermittent recovery sleep periods (p < 0.05 for 
interaction effect). Pain intensity ratings analyzed over the first 30 sec-
onds of the CPT indicate a faster summation of pain in repeatedly sleep 
restricted participants. In parallel, interleukin-6 expression steadily in-
creased across repeated sleep restriction, and did not return to baseline 
upon intermittent recovery sleep (P < 0.05).
Conclusion: Common pattern of repeatedly restricting and catching 
up on sleep may increase chronic pain vulnerability in the long term 
through a progressive failure to habituate to pain and a quicker summa-
tion of pain, which is likely inflammatory-related.
Support: NIH/NHLBI HL 105544, UL1 RR02758 and M01-RR-01032 
from the National Center for Research Resources to the Harvard Clini-
cal and Translational Science Center

0311
ACUTE SLEEP DISRUPTION ALTERS NEURAL RESPONSES 
TO THREATENING AND AMBIGUOUS CUES
Germain A1, McNamee R 2, Conrad T 2, Mammen O1, Pace-Schott E3, 
Franzen P1

1University of Pittsburgh, Pittsburgh, PA, 2University of Pittsburgh 
Medical Center, Pittsburgh, PA, 3Harvard Medical School, Charleston, 
MA

Introduction: Accurate threat detection is essential in military opera-
tional environments where sleep is often significantly disrupted. We 
examined the acute effects of 50% sleep restriction (SR) and total sleep 
deprivation (SD) relative to normal sleep (NS) on neural responses to 
threatening and potentially ambiguous cues.
Methods: 86 healthy sleepers (18–30 years old; 50% women) were 
randomized to NS (n = 30), SR (n = 29), or SD (n = 27). The evening 
following the randomization night, participants completed a gender 
identification task while implicitly viewing emotional faces during a 
3T fMRI scan. BOLD activation in response to angry vs. neutral faces, 
and neutral faces vs. control stimuli (pictorial cues only), were com-
pared across groups. Regions of interest (ROIs) were identified based 
on the entire group’s activation map during the same task prior to any 
sleep manipulation. These included the right and left inferior frontal 
gyrus (IFG) and amygdala. Analyses were conducted using SPM8.
Results: The SR and SD groups did not differ from each other, but both 
showed increased BOLD activation bilaterally in IFG in response to 
angry vs. neutral faces compared to the NS group (all p < 0.005). The 
NS group showed greater BOLD activation of the right IFG (p < 0.02) 
compared to the SR and SD groups in response to neutral faces vs. 
control stimuli. The NS group also showed greater amygdala response 
to the neutral faces vs. control condition than the SD group (p < 0.01).
Conclusion: Sleep disruption increases neural responses to threaten-
ing cues, but reduces neural responses to potentially ambiguous cues. 
These findings have important implications for high-risk occupations 
where sleep is often curtailed, including military service members and 
emergency responders.
Support (If Any): This work was supported by DoD Award #11293006 
(W81XWH-12-2-0024; PI: Germain)

0312
IMPACT OF STRESS REACTIVITY ON AFFECT DURING 
TOTAL SLEEP DEPRIVATION
Grant DA, Satterfield BC, Van Dongen H
Sleep and Performance Research Center, Washington State University, 
Spokane, WA

Introduction: Exposure to stressful stimuli increases physiological 
arousal through the hypothalamic-pituitary-adrenal (HPA) axis. An 
outstanding question is how acute sleep loss affects reactivity to stress-
ful stimuli. We measured responses to psychosocial and physical stress 
in a laboratory-based total sleep deprivation (TSD) study and exam-
ined individual differences in affective reactivity.
Methods: Eleven healthy adults (ages 22–39; 6 females) completed 
a 5-day (4-night) in-laboratory study. After an adaptation day and a 
baseline day (each 10 h TIB; 22:00–08:00), subjects underwent 38 h 
TSD, which was followed by a recovery night. After 35 h TSD, subjects 
underwent the 10 min Maastricht Acute Stress Test (MAST). This task 
involved 5 cold pressor trials, requiring subjects to submerge their non-
dominant hand in cold water (0°C) for 60–90 s. Between cold pressor 
trials, subjects performed a difficult mental arithmetic task, during 
which they received negative feedback for incorrect responses. Upon 
completion of the MAST, the Positive and Negative Affect Schedule 
(PANAS) was administered to measure subjective mood. Salivary cor-
tisol, used as an index of HPA activation, was measured just before 
the MAST at 19:00 and after the MAST every 15 min from 19:15 until 
20:15 and at 21:15. Saliva was obtained using cotton swabs (Sarstedt); 
samples were analyzed using high-sensitivity enzyme immunoassay 
(Salimetrics).
Results: Mixed-effects analysis of variance (ANOVA) indicated a sig-
nificant change in cortisol level over time (F[6,59] = 9.11, P < 0.001), 
with significant increases from baseline beginning 15 min after MAST 
administration until returning to baseline by 2 h post-MAST. Sub-
jects’ positive affect (M = 21.8, SD = 7.0) and negative affect (M = 17.2, 
SD = 6.3) on the PANAS after MAST administration were correlated 
with mean post-MAST salivary cortisol concentration, controlling for 
gender, age and pre-MAST salivary cortisol concentration. There was 
a significant correlation of mean post-MAST cortisol concentration 
with subjective negative affect (r = 0.78, p = 0.021) but not with positive 
affect (r = 0.04, p = 0.92).
Conclusion: Subjects varied in their reactivity to stressful stimuli dur-
ing TSD. Greater HPA activation as measured by salivary cortisol was 
associated with greater negative mood after exposure to combined psy-
chosocial and physical stress.
Support (If Any): ONR grant N00014-13-C-0063.

0313
INSUFFICIENT SLEEP INDUCED POSITIVE ENERGY 
BALANCE OCCURS RAPIDLY AND IS SUSTAINED WITH 
CHRONIC INSUFFICIENT SLEEP
Depner CM1, Melanson EL2,3, Eckel RH2, Higgins J4, Snell-
Bergeon J2, Wright KP1,2

1University of Colorado, Boulder, CO, 2Division of Endocrinology, 
Metabolism, and Diabetes, University of Colorado Anschutz Medical 
Campus, Denver, CO, 3Division of Geriatric Medicine, University 
of Colorado Anschutz Medical Campus, Denver, CO, 4Department 
of Pediatrics, University of Colorado Anschutz Medical Campus, 
Denver, CO

Introduction: Findings from epidemiological studies show an asso-
ciation between insufficient sleep and obesity. We previously reported 
that either extended wakefulness during total sleep deprivation or 
insufficient sleep (5 h) increases total daily energy expenditure (EE). 
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However, when food is provided ad-libitum during insufficient sleep, 
food intake (FI) exceeds the energetic cost of extended wakefulness re-
sulting in positive energy balance (EB) and weight gain. To investigate 
if positive EB is sustained with chronic insufficient sleep, we assessed 
EE and FI after 2 (acute) and 8 (chronic) days of insufficient sleep.
Methods: We conducted a 14–17 day in-laboratory study where 10 
healthy adults (5M/F) aged 26.6 ± 5.0 y and BMI 23.0 ± 1.7 kg/m2 

[mean ± SD], completed 3 baseline days (9 h sleep opportunity/night) 
followed by 10 days of insufficient sleep (5 h sleep opportunity/night). 
Baseline FI was designed to meet caloric needs, whereas insufficient 
sleep FI was provided ad-libitum. Total daily (24 h) and minute by min-
ute EE were measured by whole room indirect calorimetry on study 
days 3 (baseline), 5 (2nd day insufficient sleep), and 11 (8th day insuf-
ficient sleep).
Results: Total daily EE was similarly elevated (P < 0.05) during acute 
and chronic insufficient sleep relative to baseline. During both acute 
and chronic insufficient sleep, increased total daily EE was accounted 
for by elevated (P < 0.01) EE during the 4 h of extended wakefulness. 
Relative to baseline, FI was increased (P < 0.05) and exceeded EE lead-
ing to similar positive EB (P < 0.05) during acute and chronic insuf-
ficient sleep. Body weight increased (P ≤ 0.01) after acute insufficient 
sleep and was further increased (P < 0.05) on day 10 of insufficient 
sleep.
Conclusion: Positive EB occurs as a result of acute insufficient sleep 
and EB remains elevated during chronic insufficient sleep suggesting 
that sustained positive EB contributes to risk of weight gain and obe-
sity associated with insufficient sleep.
Support (If Any): Supported by NIH R01HL109706 and UL1 
TR000154

0314
SLEEP DEPRIVATION REDUCES THE EFFECTIVENESS 
OF OREXIN-A TO STIMULATE PHYSICAL ACTIVITY AND 
ENERGY EXPENDITURE
DePorter D1, Coborn J1, Parthasarathy S1, Teske J1,2,3

1University of Arizona, Tucson, AZ, 2Minneapolis VA Health Care 
System, Minneapolis, MN, 3University of Minnesota-Department of 
Food Science and Nutrition, Saint Paul, MN

Introduction: Sufficient sleep is required for weight maintenance and 
metabolism. We have shown that sleep deprivation by environmental 
noise stimulates weight gain by increasing food intake and reducing 
energy expenditure (Obesity 2013; 21:1396–405), but the mechanistic 
basis for the behavioral and physiological response to sleep deprivation 
leading to weight gain are unclear. Orexin-A, an endogenous neuro-
peptide, regulates sleep/wake and metabolism. Exogenous orexin-A 
stimulates physical activity and energy expenditure (EE). Orexin ter-
minals project to the ventrolateral preoptic area (VLPO) involved in 
sleep-to-wake transitions. Sleep deprivation may reduce orexin func-
tion leading to weight gain. We hypothesized that acute and chronic 
sleep deprivation would decrease orexin-A stimulated physical activity, 
total EE (TEE), and physical activity-related EE.
Methods: Two sets of male Sprague-Dawley rats (N = 7–8) were im-
planted with radiotelemetric EEG/EMG transmitters and a cannula tar-
geting the VLPO. Orexin-A (0, 62.5 or 125 pmol/0.5 μL) was injected 
into the VLPO in a repeated measures design. EEG/EMG, physical 
activity (m/s), TEE (kcal/h), and physical activity-related EE (kcal/h) 
were measured 2 h post-injection. Rats were acute (12-h/day, 1-d) or 
chronically (8-h/day, 9-d) sleep deprived by environmental noise. The 
response to orexin-A was tested after sleep deprivation.
Results: Before acute and chronic sleep deprivation, orexin-A in 
VLPO significantly increased physical activity (5.8 ± 1.1 vs. 20.1 ± 2.4, 
P = 0.0004 and 7.9 ± 1.8 vs. 27.1 ± 3.0, P = 0.001), TEE (2.3 ± 0.1 vs. 

2.8 ± 0.1, P = 0.0017 and 2.4 ± 0.09 vs. 3.0 ± 0.1, P = 0.0032) and physi-
cal activity-related EE (0.5 ± 0.1 vs. 1.8 ± 0.1, P = 0.003 and 0.7 ± 0.1 
vs. 1.8 ± 0.2, P = 0.0062). After acute and chronic sleep deprivation, 
orexin-A failed to significantly increase physical activity (7.6 ± 1.8 vs. 
16.6 ± 3.6, P = 0.14 and 4.7 ± 2.0 vs. 13.6 ± 4.4, P = 0.10), TEE (2.3 ± 0.1 
vs. 2.6 ± 0.1, P = 0.23 and 2.6 ± 0.09 vs. 2.8 ± 0.1, P = 0.19) and physical 
activity-related EE (0.8 ± 0.2 vs. 1.2 ± 0.2, P = 0.38 and 0.6 ± 0.2 vs. 
1.0 ± 0.2, P = 0.21).
Conclusion: Sleep deprivation may reduce the effectiveness of orexin-
A to increase EE due to physical activity thus, leading to weight gain.

0315
SLEEP DEFICIENCY, OBSTRUCTIVE SLEEP APNEA AND 
OVERNIGHT SHIFT WORK ARE ASSOCIATED WITH 
AN INCREASED RISK OF ADVERSE CARDIOVASCULAR 
EVENTS: A PROSPECTIVE, MULTINATIONAL STUDY IN 
THE SOLID-TIMI 52 TRIAL
Barger LK1, Rajaratnam SW2, Cannon CP3, Lukas M4, Im K 3, 
Zhou J3, Czeisler CA1, O’Donoghue ML3

1Division of Sleep and Circadian Disorders, Brigham and Women’s 
Hospital, Boston, MA, 2School of Psychology and Psychiatry, 
Monash University, Clayton, Australia, 3Thrombolysis in Myocardial 
Infarction (TIMI) Study Group, Cardiovascular Division, Brigham 
and Women’s Hospital, Boston, MA, 4Metabolic Pathways and 
Cardiovascular Therapeutic Area, GlaxoSmithKline, Philadelphia, PA

Introduction: Patients hospitalized with an acute coronary syndrome 
(ACS) are at increased risk of recurrent cardiovascular events. It is 
unknown whether sleep deficiency and circadian disruption are as-
sociated with the risk of cardiovascular events in post-ACS patients. 
We therefore prospectively hypothesized that there would be an asso-
ciation between sleep deficiency, obstructive sleep apnea (OSA), over-
night shift work and cardiovascular events in a large population of ACS 
patients.
Methods: SOLID-TIMI 52 was a multinational, double-blind, place-
bo-controlled trial that enrolled 13,026 patients within 30 days of hos-
pitalization with ACS. At baseline, all patients were to complete the 
Berlin questionnaire to assess risk of OSA, and complete a sleep and 
shift work survey. Median follow-up was 2.5 years. Endpoints included 
major coronary events (MCE; CHD death, MI or urgent revasculariza-
tion) and major adverse cardiovascular events (MACE; CV death, MI 
or stroke), all adjudicated by a blinded committee. Analyses were ad-
justed for baseline demographics, past medical history, traditional risk 
predictors and baseline lipids
Results: After multivariable adjustment, elevated OSA risk status by 
Berlin questionnaire was associated with an increased risk of MCE and 
MACE (HR: 1.12, 95% CI: 1.00–1.24, P = 0.04; HR: 1.13, 1.01–1.27, 
P = 0.03, respectively). Individuals who reported < 6 hours sleep per 
night had a 29% higher risk of MCE (1.29, 1.12–1.49, P < 0.001). Long-
term overnight shift work (≥ 3 night shifts/week for ≥ 1 year) was as-
sociated with a 15% higher risk of MCE (1.15, 1.03–1.29, P = 0.01) and 
21% higher risk of MI (1.21, 104–1.39, P = 0.01).
Conclusion: Sleep deficiency and circadian disruption may be under-
recognized as important predictors of adverse outcomes after ACS. In-
creased efforts should be made to identify, treat and educate patients 
about the importance of sleep for the potential prevention of cardiovas-
cular events.
Support (If Any): The SOLID-TIMI 52 trial was funded by GlaxoS-
mithKline. The current analysis received no additional funding; statis-
tical analysis was carried out by the TIMI Study Group.
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0316
THE EFFECTS OF REPETITIVE SLEEP RESTRICTION ON 
NEUROBEHAVIORAL OUTPUT OF HEALTHY ADULTS
Dang R, Mayer M, Haack M, Mullington JM
Beth Israel Deaconess Medical Center/Harvard Medical School, 
Boston, MA

Introduction: This study examines the effect of repetitive cycles of 
sleep restriction (SR; 4 h sleep) and 8 h sleep on neurobehavioral output 
of healthy adults.
Methods: In a 22-day in-hospital protocol, forty-five healthy partici-
pants with normal sleep (age 31.9 ± 9.69 years) were randomly assigned 
to SR (permitted 4 h sleep/night for 3 nights followed by 1 night of 8 h 
sleep, repeated 4 times) or control (8 h sleep every night). At baseline 
and after every second night of SR, four 10-minute visual psychomo-
tor vigilance tests (PVT) were administered 2 hours after wakeup and 
spaced 4 hours apart throughout the day to measure participants’ neu-
robehavioral output. Night time SR PVT were omitted from analysis 
because there was no control group test equivalent. The reciprocal re-
action time (RT) and median RT (ms) data were collected from n = 38 
participants (20 control; 18 SR). A mixed linear statistical model was 
used to compare these metrics between SR and control conditions.
Results: Reciprocal RT decreased significantly in SR compared to 
control (SR rate −0.28 ms-1 ± 0.08; control rate −0.06 ms-1 ± 0.06; 
p < 0.05) following a step-wise pattern; decreasing in the first SR cycle, 
stabilizing in the second, decreasing in the third, and stabilizing in the 
fourth SR cycle. Median RT increased significantly in SR compared to 
the control condition (+25.6 ms ± 7.30 in SR; +5.22 ms ± 5.46 in con-
trol; p < 0.05) following the same step-wise pattern across cycles. Re-
ciprocal RT and median RT showed impaired performance, compared 
to baseline, for each of the 4 SR cycles.
Conclusion: Repetitive sleep restriction produces a step-wise dose-
dependent deficit on neurobehavioral output. Future studies are needed 
to determine the effect of varying SR bout length on cumulative neu-
robehavioral deficits.
Support (If Any): NIH (HL-106782)

0317
EFFECT OF SHORT-TERM FASTING ON LATE-NIGHT 
NEUROBEHAVIORAL PERFORMANCE DURING SLEEP 
RESTRICTION
Spaeth AM1, Goel N2, Dinges DF2

1Center for Sleep and Circadian Neurobiology, Perelman School of 
Medicine, University of Pennsylvania, Philadelphia, PA, 2Division of 
Sleep and Chronobiology, Department of Psychiatry, Perelman School 
of Medicine, University of Pennsylvania, Philadelphia, PA

Introduction: Evidence suggests that caloric intake leads to decreased 
alertness and increased sleepiness. Healthy adults consume approxi-
mately 500 additional calories during late-night hours when sleep 
restricted. Late-night/early-morning hours are also when most sleep-
restricted adults display pronounced decreases in alertness and neu-
robehavioral performance deficits. The objective of the current study 
was to assess if refraining from consuming late-night calories affects 
neurobehavioral performance during sleep restriction.
Methods: Forty-four subjects (21–50 y) had ad libitum access to food/
drink during the first three days following sleep restriction (SR1-3, 4 h 
time-in-bed/night, 0400–0800). Beginning at 2200 on the fourth day 
following sleep restriction (SR4), subjects assigned to the fed condition 
(n = 20) continued to have ad libitum access to food/drink whereas 
subjects assigned to the fasted condition (n = 24) were only allowed 
to consume water until bedtime. Each day, all subjects completed ob-
jective assessments of vigilant attention (Psychomotor Vigilance Test; 

PVT), working memory (Digit Span) and cognitive throughput (Digit 
Symbol Substitution Task) as well as subjective measures of sleepi-
ness (Karolinska Sleepiness Scale), stress (Visual Analogue Scale) and 
mood (Profile of Mood States) at 0200 h.
Results: On SR1-3, when all subjects were fed ad libitum, performance 
on the PVT (reaction time and lapses) did not differ between subjects 
in fed and fasted conditions (ps > 0.46). However, on SR4, fasted sub-
jects performed better than fed subjects on the PVT (faster reaction 
times and fewer lapses, ps < 0.05). Furthermore, fed subjects exhibited 
significantly slower reaction times and more lapses on SR4 compared 
to SR3 (ps < 0.05) whereas fasted subjects did not show this decline in 
performance (ps > 0.18). There were no differences between subjects 
in fed and fasted conditions when examining working memory, cogni-
tive throughput or subjective ratings of sleepiness, stress, and mood on 
SR1-4 (all p > 0.15).
Conclusion: These results indicate that refraining from consuming 
calories during late-night hours may be a useful strategy for alleviating 
(but not eliminating) decreased vigilance during sleep restriction.
Support: NIH R01 NR004281, F31 AG044102; CTRC UL1RR024134; 
Department of the Navy, Office of Naval Research (Award No. N00014-
11-1-0361)

0318
IMPACT OF RECOVERY SLEEP OPPORTUNITY ON 
NEUROBEHAVIORAL MEASURES FOLLOWING CHRONIC 
SLEEP RESTRICTION
Tkachenko O1, Jones CW2, Allen J2, Banks S3,4, Basner M2, 
Dinges DF2

1Department of Psychology, School of Arts and Sciences, 
Philadelphia, PA, 2Division of Sleep and Chronobiology, Department 
of Psychiatry, Perelman School of Medicine, University of 
Pennsylvania, Philadelphia, PA, 3Centre for Sleep Research, 
University of South Australia, Adelaide, Australia, 4Department of 
Psychiatry, Perelman School of Medicine, University of Pennsylvania, 
Philadelphia, PA

Introduction: Using a large cohort of experimentally sleep-restricted 
healthy adults, we examined whether recovery from sleep restriction 
(SR) differed among neurobehavioral measures given varying doses of 
recovery sleep opportunity.
Methods: N = 289 adults (21–50 y, 47% female) had 2 baseline labora-
tory sleeps (BL1-2; 10 h TIB), then randomization to either a control 
condition (10 h TIB on all nights; n = 23) or to 5 SR nights (SR1-5; 4 h 
TIB) followed by randomization to 1 of 7 single-night recovery sleep 
opportunity (R1; 0, 2, 4, 6, 8, 10, or 12 h TIB) conditions (n = 266). Per-
formance outcomes (10 h–20 h daily) included the Psychomotor Vigi-
lance Test (PVT), the Digit Symbol Substitution Task (DSST), and the 
Digit Span Test (DST). Subjective outcomes included the Karolinska 
Sleepiness Scale (KSS) and the fatigue subscale of the Profile of Mood 
States (POMS-F). Sleep physiology was recorded. Mann-Whitney U 
tests were used to compare changes in outcomes from baseline to post-
recovery sleep dose (R1-BL2) between the sleep-restricted and control 
cohorts.
Results: After recovery sleep up to 6 h, SR subjects differed statis-
tically from controls on all outcomes, as measured by change from 
baseline to post-recovery sleep. After 8 h TIB, SR subjects no longer 
differed from controls on KSS and POMS-F, as well as working mem-
ory (DST). SR subjects continued to exhibit significant impairments of 
vigilant attention (PVT) and cognitive speed (DSST) (p < 0.01). PVT 
performance recovered only after 12 h TIB, while DSST performance 
remained below that of the control group after 12 h TIB. Data on sleep 
physiology were evaluated relative to recovery responses.
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Conclusion: There appears to be a premature perception of full recov-
ery from sleep restriction evident in subjective ratings and working 
memory measures, despite continued deficits of attention and cogni-
tive processing.
Support (If Any): NIH R01 NR004281; NIH Clinical and Transla-
tional Research Center (CTRC) grant UL1TR000003; National Space 
Biomedical Research Institute, NASA award NCC 9-58.
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THE EFFECT OF 36 HOURS OF TOTAL SLEEP 
DEPRIVATION ON EXTINCTION LEARNING AND RECALL
Straus LD1,2, Acheson D1,3, Risbrough VB1,3, Drummond SP4

1VA San Diego Healthcare System, San Diego, CA, 2San Diego State 
University/University of California San Diego Joint Doctoral Program 
in Clinical Psychology, San Diego, CA, 3Department of Psychiatry, 
University of California San Diego, San Diego, CA, 4School of 
Psychological Sciences, Monash University, Clayton, Australia

Introduction: Fear conditioning is critical in the development and 
maintenance of posttraumatic stress disorder (PTSD), and extinction 
learning/retention is necessary for treatment response. Animal stud-
ies have shown sleep disruption interferes with consolidation of ex-
tinguished fear. In humans, research suggests disrupted sleep impairs 
extinction recall, though no studies have examined this experimentally 
using total sleep deprivation (TSD). Here, we examined the effect of 36 
hours TSD on extinction learning and recall.
Methods: Sixty-one healthy control participants (age = 23.9 ± 4.6, 
24F) underwent a laboratory paradigm to acquire conditioned fear to 
a visual cue (CS), which was paired with an unconditioned stimulus 
(US) 75% of the time. Twenty-four hours after fear conditioning, par-
ticipants underwent an extinction learning session. Twenty-four hours 
after extinction learning, participants underwent an extinction recall 
session. Participants were randomized to three groups: 1) well-rested 
throughout testing (Group 1; n = 18); 2) 36 h TSD before extinction 
learning (Group 2; n = 22); or 3) 36 h TSD before extinction recall 
(Group 3; n = 21). One-way ANOVAs were used to compare the groups 
on Blink EMG reactivity to the CS during extinction learning and re-
call. Follow-up t-tests compared Group 1 to Group 2 and Group 1 to 
Group 3.
Results: There were no differences among the three groups during 
extinction learning (Fs < 1, ns). During the extinction recall session, 
Group 2 demonstrated more reactivity to the CS than the Group 1 
(t = −2.2, p < 0.04). There was no difference between Groups 1 and 3 
during extinction recall (t = −1.26, ns).
Conclusion: This was the first study to examine the effect of TSD on 
extinction learning and recall in human subjects. Results indicated 
that sleep deprivation prior to extinction acquisition did not interfere 
with extinction learning, but instead interfered with retention of that 
learning. As extinction retention is necessary for recovery from PTSD, 
future research should examine the relationship between sleep distur-
bance and extinction recall in clinical populations.
Support (If Any): Defense Medical Research and Development Pro-
gram (DMRDP)

0320
PREFRONTAL BRAIN RESPONSE TO 
NEUROBEHAVIORAL TESTING IS CORRELATED WITH 
COGNITIVE PERFORMANCE
Lee ML1,2, Strangman GE1,3, Hull JT1,2, Kamath TV4, Wang W1,2, 
Ivkovic V1,3, Zhang Q1,3, Czeisler CA1,2, Klerman EB1,2

1Harvard Medical School, Boston, MA, 2Brigham and Women’s 
Hospital, Boston, MA, 3Massachusetts General Hospital, Charlestown, 
MA, 4Massachusetts Institute of Technology, Cambridge, MA

Introduction: Shift workers are at elevated risk of sleepiness-related 
accidents due to sleep loss and circadian misalignment from extended 
work hours and shifting work schedules. Near-Infrared Spectroscopy 
(NIRS) quantifies hemodynamic changes in oxygenated (HbO2) and 
deoxygenated blood within the brain that reflect alterations in regional 
brain activity. We tested whether NIRS monitoring would effectively 
detect and eventually predict decreased objective performance due to 
sleep loss.
Methods: We used NIRS monitoring in 6 volunteers who participated 
in a 32-day study of the effects of chronic sleep restriction (CSR). The 
study protocol included 3 baseline days, 20 days of forced desynchrony 
(FD), and 4 recovery days. On FD days, participants received either: 
(i) 8.0 hrs sleep per 24 hrs (control condition), or (ii) 5.6 hrs sleep per 
24 hrs (CSR condition). A 10-min psychomotor vigilance task (PVT) 
was administered every 2 hours. NIRS hemodynamic responses dur-
ing each PVT session were analyzed using deconvolution to estimate 
the peak amplitude of the hemodynamic response function to the PVT 
stimulus.
Results: On FD and recovery days, PVT sessions with HbO2 peak 
amplitude less than that measured on baseline days were significantly 
more likely to contain PVT lapses, independent of condition (Fishers 
exact test p < 0.0001). When peak amplitude was below baseline (ver-
sus above baseline), the relative risk of PVT lapse was 2.0 (p < 0.0001).
Conclusion: Our findings suggest attentional failures associated with 
sleep deficiency are more likely when PFC brain activation is lower. 
Results demonstrate the effectiveness of NIRS-monitoring of regional 
brain activity associated with cognitive performance deficits induced 
by sleep deficiency. NIRS monitoring may be useful in identifying in-
dividuals who might be at increased risk of sleep-related errors and oc-
cupational injuries. The cost-effective and minimally intrusive NIRS 
assessment of regional brain activity may be applicable in personnel 
in safety-sensitive occupations, including pilots, health care providers, 
truck drivers and military personnel.
Support (If Any): Lee: NSBRI PF03002*. Strangman: NSBRI SMST 
02801*. Klerman: NSBRI HFP02802*, NIH K24-HL105664, NIH 
R01-HL-114088. Harvard Catalyst: NIH UL1-TR001102.* Supported 
by the National Space Biomedical Research Institute through NASA 
NCC 9-58

0321
MULTIMODAL NEUROIMAGING TO PREDICT 
RESISTANCE TO SLEEP DEPRIVATION
Killgore WD1, Tkachenko O2, Rosso IM3, Rauch SL3, Nickerson LA3

1McLean Hospital, Harvard Medical School, Belmont, MA, 
2University of Pennsylvania, Philadelphia, PA, 3McLean Hospital, 
Belmont, MA

Introduction: Some individuals show greater resistance to the adverse 
cognitive effects of sleep deprivation (SD) than others. If we can under-
stand the brain systems that confer the ability to sustain cognitive per-
formance for exceptionally long periods, it may be possible to develop 
methods to enhance these capacities. Here, we used multimodal brain 
imaging with a novel data fusion technique to predict Resistance to SD.
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Methods: Forty-six healthy adults (23 male, 23 female; age: 20 to 43 
years), underwent several neuroimaging scans at 3T, including task-
based functional magnetic resonance imaging (fMRI), resting state 
functional connectivity (rsFC), structural MRI, diffusion tensor imag-
ing (DTI), and proton magnetic resonance spectroscopy (MRS). That 
same week, participants returned for a 28-hour SD session, with hourly 
performance monitoring (psychomotor vigilance test; PVT) across the 
SD session as a metric of Resistance. Data fusion of structural, func-
tional, and spectroscopic neuroimaging modalities was conducted 
using linked independent components analysis (LICA), and then re-
gressed against Resistance scores.
Results: The LICA revealed two components that were highly pre-
dictive of Resistance to sleep deprivation, including: 1) a component 
comprising indices of white matter integrity within the precuneus and 
fornix, and 2) a component involving the ability to functionally sup-
press Default Mode Network (DMN) activation in conjunction with 
reduced gray matter volume in the raphe nucleus, increased gray mat-
ter volume of the periaqueductal gray, greater surface thickness in bi-
lateral temporal regions and insula, and increased cortical surface area 
in right ventrolateral prefrontal cortex.
Conclusion: We have now identified a core set of brain networks as-
sociated with the capacity to resist SD. These findings suggest that the 
ability to resist SD is associated with a discrete pattern of baseline 
brain activation, including suppression of DMN regions in conjunction 
with a pattern of morphological brain structure that would favor rapid 
defensive responses and enhanced inhibitory behavioral control.
Support (If Any): DARPA-12-12-11-YFA11-FP-029
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THE EFFECT OF ACUTE SLEEP DEPRIVATION ON SKIN 
CONDUCTANCE RESPONSE AND ITS CORRELATION TO 
FMRI DATA DURING FEAR CONDITIONING
McNamee R1, Conrad T1, Pace-Schott E2, Milad M2, Germain A3

1University of Pittsburgh Medical Center, Pittsburgh, PA, 2Harvard 
Medical School, Charleston, MA, 3University of Pittsburgh, 
Pittsburgh, PA

Introduction: Acute sleep deprivation is known to elicit changes in the 
autonomic nervous system (ANS). Skin conductance response (SCR) 
reflects ANS activity in response to fear arousal. We examined SCR 
during an fMRI fear-conditioning task following a night of normal 
sleep (NS), sleep restriction (half-night; SR), or total sleep deprivation 
(SD) to examine how sleep alterations affect SCR and its correlation to 
neural activity during fear learning.
Methods: Seventy-one (mean age = 23.4 ± 3.2; 49% female) right-
handed participants were randomized to NS (n = 23), SR (n = 25), or 
SD (n = 23). The following morning, SCR, recorded from the left hand, 
and fMRI data were collected simultaneously. Conditioned stimuli 
consisting of 2 colored lamps (CS+1 and CS+2) were paired at a 63% 
reinforcement rate with a right-handed finger shock (unconditioned 
stimulus, UCS). A third lamp color (CS-) was never associated with 
the UCS. Three-way ANOVAs compared mean SCRs across groups 
during CS+1, CS+2, CS-, UCS, and corresponding no-shock-expected 
periods following CS-. Brain activation during the shock, averaged 
over fear-associated regions, was correlated with mean SCR during 
CS+1 trials to examine how sleep loss affects coupling between brain 
activity and SCR.
Results: ANOVAs revealed differences between SCRs during CS+1 
(p = 0.01), CS+2 (p = 0.05), and the UCS (p = 0.002), with the SD group 
demonstrating lower SCRs than the NS or SR groups. No group differ-
ences were found during CS- (p = 0.13) and no-shock periods (p = 0.10). 
Significant positive correlations were found between SCR and fMRI 
data for the NS group in the middle frontal gyrus (MFG) (p = 0.017) 

and thalamus (p = 0.018), and for the SR group in the right amygda-
la (p < 0.0001), dorsal ACC (p = 0.001), MFG (p = 0.001), thalamus 
(p = 0.005), subgenual ACC (p = 0.006), and anterior insula (p = 0.001). 
No significant correlations were found for the SD group.
Conclusion: These results suggest that acute sleep disruption affects 
SCR arousal and its coupling to activity in fear-related brain regions.
Support (If Any): The work was supported by DOD Award# 11293006 
(W81XWH-12-2-0024, PI: Germain)
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TOPOGRAPHICAL EEG DIFFERENCES AND BROAD BAND 
EEG POWER SPECTRA DURING INSUFFICIENT SLEEP
Moehlman TM1, Markwald RR1, Chinoy ED1, Melanson EL2, 
Wright Jr KP1
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Introduction: Delta EEG activity increases during sleep after total 
sleep deprivation with largest changes observed in frontal brain sites. 
However, there is not agreement about changes in EEG activity during 
chronic insufficient sleep. Here we examined broad EEG band activity 
and topographical differences using a sensitive within-subjects design 
of 5 days insufficient sleep (5 h) and 5 days adequate sleep (9 h).
Methods: 16 (8 female) healthy (aged 22 ± 5 y; mean ± SD) partici-
pants completed a 14–15 day in-laboratory protocol. A three day in-lab 
baseline segment was preceded by one week of consistent 9 h sleep 
schedules prior to exposure to two experimental conditions, each with 
5 days of either 5 h or 9 h sleep opportunities. Condition order was 
counterbalanced such that half started with the 5 h condition first. EEG 
power spectra on the last two nights of each condition were averaged 
and calculated with Fast Fourier Transform for NREM sleep epochs 
at frontal (F3-A2), central (C3-A2) and occipital (O1-A2) sites for 
the delta (0.75–4.25 Hz), theta (4.25–8.25 Hz), alpha (8.25–12.25 Hz), 
sigma (12.25–15.25 Hz) and beta (15.25–25.25 Hz) broad bands. EEG 
data were compiled into time bins representing 1/10th of correspond-
ing NREM cycles and data were log transformed.
Results: Delta increased during 5 h versus 9 h sleep opportunities in 
NREM cycle1 and cycle2 at F3 and C3 (p < 0.05) (most robustly in 
NREM cycle2). Theta increased during 5 h for all three brain sites in 
NREM cycle1 and F3 and C3 in NREM cycle2 (p < 0.05). Alpha sur-
prisingly increased during 5 h for all three brain sites in NREM cycle1 
and NREM cycle3 (p < 0.05). Sigma decreased during 5 h for C3 and 
beta decreased during 5 h for F3 and C3 in NREM cycle2 (p < 0.05).
Conclusion: Insufficient sleep changes EEG activities across the entire 
0.75–25.25 Hz range, especially in the frontal and central sites; chang-
es observed may represent EEG signatures of increased homeostatic 
sleep drive.
Support (If Any): NIHR01HL085705; 1UL1RR025780; P30DK048520
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AGE-RELATED CHANGES IN INTRA AND 
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ACTIVITY AFTER A NIGHT OF TOTAL SLEEP 
DEPRIVATION
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Introduction: Waking EEG studies have shown enhanced intrahemi-
spheric but decreased interhemispheric coherence after sleep depri-
vation. Compared to young adults, older individuals show smaller or 
similar effects of acute sleep loss on vigilance. However, no study has 
evaluated changes in cerebral connectivity after sleep loss in aging. 
The present study compared intrahemispheric (INTRA) and inter-
hemispheric (INTER) waking EEG coherence before and after sleep 
deprivation in young and middle-aged participants.
Methods: Thirteen young (6W; mean = 29.9 years, SD = 5.0) and 14 
middle-aged (11W; mean = 51.3 years, SD = 5.0) healthy subjects par-
ticipated in a 25-hour constant routine protocol. Two waking EEGs 
were recorded after habitual wake time; the first after one hour of 
wakefulness (BSL) and the second after 25-hours of wakefulness 
(PRIV). Magnitude squared coherence was computed in INTRA (F3-
C3, F3-P3, F3-O1, C3-P3, C3-O1, P3-O1) and INTER (F3-F4, C3-C4, 
P3-P4, O1-O2) pairs of electrodes for delta, theta, alpha, and beta fre-
quency bands. ANOVAs 2groups*2conditions were computed for each 
pairs and frequency bands.
Results: Compared to BSL, young subjects showed higher INTRA al-
pha coherence for F3-O1 and C3-P3 in PRIV whereas no condition ef-
fect was found for the older participants. Furthermore, both age groups 
showed higher INTRA coherence in alpha for C3-O1 and in delta for 
F3-O1 in PRIV compared to BSL. In PRIV, both age groups showed 
higher INTER coherence in alpha for F3-F4 but lower INTER coher-
ence in beta for C3-C4 and in delta/theta for P3-P4 and O1-O2.
Conclusion: Compared to the young, older subjects showed less prom-
inent effects of the sleep deprivation on INTRA coherence support-
ing the hypothesis of lower effects of homeostatic sleep pressure on 
waking EEG connectivity in older participants. Sleep loss decreased 
INTER coherence in delta/theta in more posterior derivations but en-
hanced alpha coherence in frontal derivations similarly in both groups. 
Future studies should evaluate how cerebral waking EEG connectivity 
during sleep loss is linked with vigilance and performance deteriora-
tion during aging.
Support (If Any): Supported by the Natural Sciences and Engineering 
Research Council of Canada, the Fonds de recherche du Québec - Na-
ture et technologies, the Canadian Institutes of Health Research and 
the Fonds de recherche du Québec - Santé

0325
SLOW WAVE ACTIVITY AND VIGILANCE CHANGES 
AFTER ACUTE SLEEP DEPRIVATION AND CHRONIC 
SLEEP RESTRICTION
Maric A1, Lustenberger C1,2, Leemann J1, Werth E1, Huber R 2,3, 
Baumann CR1, Poryazova R1

1University Hospital Zurich, Department of Neurology, Zurich, 
Switzerland, 2University Children’s Hospital Zurich, Child 
Development Center and Pediatric Sleep Disorders Center, Zurich, 
Switzerland, 3University of Zurich, University Clinics for Child and 
Adolescent Psychiatry, Zurich, Switzerland

Introduction: Acute sleep deprivation (aSD) and chronic sleep restric-
tion (cSR) impair vigilance. Increased slow wave activity (SWA) dur-
ing sleep is a well-established marker of sleep pressure resulting from 
prolonged wakefulness. We aimed at directly comparing the effects of 
aSD and cSR on vigilance, subjective sleepiness and SWA.
Methods: 6 male subjects underwent 40 hours of aSD and 7 nights of 
cSR (5 h instead of 8 h sleep/night). We compared the maximal change 
in first hour SWA (power density in the 1.25–4.5 Hz range, 128 EEG 
electrodes), during the recovery nights after aSD and cSR relative to 
a baseline night. We assessed vigilance in the afternoons before the 
respective nights, using the psychomotor vigilance task (PVT), i.e. 
speed and number of lapses (reaction times > 500 ms; transformed: 
√x+√(x+1)), and subjective sleepiness by the Stanford Sleepiness Scale.
Results: The maximal SWA increase after aSD (+102.0 ± 30.2%, 
mean ± SD) was significantly higher (p < 0.01) than after cSR 
(+37.0 ± 9.8%). Subjective sleepiness increased after aSD (+1.7 ± 1.2; 
p < 0.05) and cSR (+2.0 ± 1.3; p < 0.05), reaching equal levels (p = 0.58). 
In the PVT, speed was reduced to comparable values (p = 0.95) after 
aSD (−0.6 ± 0.4s-1; p < 0.05) and cSR (−0.4 ± 0.3s-1; p < 0.05). The 
increase in lapses was significant after aSD (+2.2 ± 1.6; p < 0.05), but 
not after cSR (+0.8 ± 1.6; p = 0.29), with a trend for more lapses after 
aSD (p = 0.08).
Conclusion: The higher impact of aSD on SWA and lapses in vigilance 
are contrasted by comparable effects of aSD and cSR on psychomotor 
speed and subjective sleepiness. Further data analysis in this ongoing 
study, i.e. topographical distribution of SWA changes, inter-individual 
differences, or the course of cSR might lead to novel insights in the 
underlying mechanisms of these seemingly discrepant findings.
Support (If Any): This work is funded by the University of Zurich-
Clinical Research Priority Program (CRPP) Sleep and Health.

0326
EFFECTS OF SLEEP DEPRIVATION ON ALCOHOL 
CONSUMPTION: EVIDENCE FOR A BI-DIRECTIONAL 
RELATIONSHIP
Sequeira S, Ponder K, Williams D, Bates E, Cowan C, Mack N, 
Holt D, Dyche J
James Madison University, Harrisonburg, VA

Introduction: The effects of alcohol on sleep have been heavily re-
searched. However, little research has assessed the effects of sleep 
deprivation on subsequent alcohol consumption. Many people with 
alcohol use disorders report sleep disorders; if sleep deprivation does 
impact alcohol consumption then current research addresses half the 
issue. The present study seeks to test the effects of sleep deprivation on 
voluntary alcohol consumption in rodents.
Methods: The subjects, 14 adult male Sprague-Dawley rats, were first 
given free access to ethanol and a water (7% solution) for three weeks 
to achieve steady drinking behavior. Rats were then sleep deprived 
(SD) by a slowly rotating wheel for a small (18 hr), medium (20 hr), 
and large (22 hr) amount every day for one week. Individual rats were 
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counterbalanced across conditions and had at least a week in between 
conditions (no SD). Additionally, a wheel control (WC) condition was 
used where the rat spent 18–22 hours a day in a non-rotating wheel.
Results: A Friedman test demonstrated a statistically significant 
difference in voluntary alcohol consumption on SD vs non-SD con-
ditions, χ2 (4) = 11.754, p = 0.019. Post hoc analysis on SD amount 
were conducted by running separate Wilcoxon signed-rank tests with 
a Bonferroni correction. No significant differences were found, but all 
conditions had moderate to large effect sizes when compared to no-SD 
weeks: 18 hr and No SD (d = 0.579), 20 hr and No SD (d = 0.545), 22 hr 
and No SD (d = 0.495), and WC and No SD (d = 0.397).
Conclusion: Voluntary alcohol consumption increased during all SD 
conditions supporting the idea that there is a bi-directional relationship 
between sleep and alcohol consumption. However, the WC condition 
was also significantly different from no SD, suggesting that this effect 
could be an artifact of home cage removal.

0327
INTERACTIVE EFFECTS OF TOBACCO WITHDRAWAL 
AND SLEEP DEPRIVATION ON MOOD AND DRUG 
CRAVING
Munro DG, Hester R, Trinder J, Nicholas CL
The University of Melbourne, Melbourne, Australia

Introduction: Sleep disturbance experienced during tobacco with-
drawal has been linked with an increased risk of relapse. We inves-
tigated the effect of a night of sleep deprivation and acute tobacco 
abstinence on measures of mood and tobacco craving previously as-
sociated with increased risk of relapse.
Methods: Regular tobacco smokers and non-smokers (n = 25, age 
22.4 ± 3.8 years). Regular smokers were randomly assigned to an 
abstaining or active (ad libitum) smoking group. Participants spent 
one night sleeping in the laboratory and a second night completely 
deprived, each separated by 1 week. Abstaining smokers abstained 
for ≥ 14 hours on each study night. Participants completed the Profile 
of Mood States (POMS) and Brief Questionnaire of Smoking Urges 
(BQSU) both pre-and post-sleep, and across sleep deprivation (every 
3 hrs). Mixed models ANOVA assessed these data for effects of sleep 
condition, time, and smoking group.
Results: Abstaining smokers reported greater overall mood dis-
turbance on the POMS (mean ± SD; 47.33 ± 27.97) versus active- 
(23.53 ± 27.64) and non-smokers (24.47 ± 27.97) over sleep deprivation. 
All groups reported lower POMS mood disturbance over normal sleep 
(Abstaining: 3.64 ± 8.88; active smoking: 14.57 ± 25.76; non-smoking: 
8.15 ± 21.88). A main effect of night as well as a night by time interac-
tion effect on POMS mood were found to be significant (both p < 0.01) 
while a night x smoking group interaction effect on POMS mood ap-
proached significance (p = 0.06). All other POMS interactions were 
non-significant. Abstaining smokers reported greater craving on the 
QSUB versus active smokers over both sleep deprivation (41.77 ± 18.2 
and 21.46 ± 6.4) and normal sleep (36.1 ± 16.9 and 24.5 ± 15.5). A main 
effect of time on QSUB craving was significant as was a time by group 
interaction, (Both: p < 0.01).
Conclusion: These preliminary results suggest that sleep disturbance 
may further worsen nicotine withdrawal related changes in mood, or 
that sleep may be protective particularly given the negative indepen-
dent effect of sleep deprivation on mood. Tobacco craving is known 
to escalate over the course of acute withdrawal, however it remains 
unclear whether sleep loss during times of withdrawal increases drug 
craving.
Support (If Any): NH&MRC (Fellowship #1012195) - CLN.

0328
THE ALCOHOL CLAMP METHOD: A NOVEL APPROACH 
FOR STUDYING THE COMBINED EFFECTS OF ALCOHOL 
AND SLEEP DEPRIVATION ON SIMULATED DRIVING 
PERFORMANCE
Lee I1, Wee L2, Chua E1, Li T1, Ramchandani V3, O’Connor S 4, 
Gooley J1

1Duke-NUS Graduate Medical School, Singapore, Singapore, 
2National University of Singapore, Singapore, Singapore, 3National 
Institutes of Health (NIAAA), Bethesda, MD, 4Indiana University 
School of Medicine, Indianapolis, IN

Introduction: Many alcohol-related vehicular accidents occur at night 
when individuals are partially sleep deprived, but few studies have 
examined the effects of combining alcohol and sleep loss on driving 
performance. We implemented the alcohol clamp method to examine 
the effects of a small dose of alcohol on simulated driving performance 
2 hours after usual bedtime.
Methods: In a within-subjects study, healthy ethnic-Chinese males 
(n = 12, aged 22–29 years) were kept awake for 24 consecutive hours in 
a laboratory setting on 2 occasions. Subjects were administered alco-
hol or placebo during each visit, with the order randomized and coun-
terbalanced. Starting at midnight, an alcohol solution (6% in saline) 
was delivered intravenously for 2 hours using a Computer-assisted 
Alcohol Infusion System. Blood alcohol content was clamped at 0.04 
g/dL (half the legal limit for operating a vehicle in the USA), which 
was verified by taking frequent breathalyzer measurements. Partici-
pants completed 35-minute driving tasks 10 hours and 18 hours after 
their usual wake time using a PC-based simulator (DriveSim5; York 
Computer Technologies), as well as shorter 13-minute drives every 2–4 
hours. Performance was assessed using the standard deviation of lane 
position (SDLP).
Results: The SDLP increased during sleep deprivation, and variability 
in lane position was nearly 3 times greater in the alcohol condition rela-
tive to placebo. Two hours after usual bedtime, the effects of alcohol on 
SDLP were equivalent to performance in the placebo condition after 22 
h of sustained wakefulness.
Conclusion: A moderate amount of alcohol can substantially impair 
driving performance during the early part of the night. In future stud-
ies, it will be important to evaluate the interaction of blood alcohol and 
time spent awake on driving performance. Such information could be 
used to inform policies on safe driving practices.
Support (If Any): Duke-NUS Signature Research Program funded by 
A*STAR and the Ministry of Health, Singapore

0329
THE MODIFICATION EFFECT OF SLEEP IN THE 
ASSOCIATION BETWEEN FTO RS99396099 AND DIETARY 
PATTERN: AN FMRI STUDY
Jiang Y1, Wang Z 2, Jiang F1

1Shanghai Jiao Tong University School of Medicine Shanghai 
Children’s Medical Center, Shanghai, China, 2East China Normal 
University, Shanghai, China

Introduction: FTO is highly expressed in brain regions controlling 
feeding and energy expenditure, such as the hypothalamus. However, 
little is known how FTO affect the brain to influence appetitive traits, 
and furthermore if sleep, which was proved to be close related to en-
ergy intake, can interact with FTO on food responsiveness. This study 
was design to investigate whether sleep modified the association FTO 
rs99396099 and food preference.
Methods: The study used a 3 (picture types: high-calories food HF, low-
calories food LF, dining utensil) ×2 (sleep status: total sleep deprivation 
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TSD, Normal sleep, NS) ×2 (FTO genotypes: AT, TT) within-subjects 
design. 26 normal-weight healthy female subjects were recruited and 
scheduled for two functional magnetic resonance imaging scanning 
visits: after a normal night sleep and after one night total sleep depriva-
tion. The two scanning sessions were conducted 4 weeks apart and the 
order of scanning was counterbalanced across subject. On the morning 
after either total sleep deprivation or regular sleep, subjects rated their 
hunger on a scale from 0 (empty ⁄starving) to 10 (full/want to throw-
up) and evaluated sleepiness by Stanford Sleepiness Scale before fMRI 
scanning. fMRI during visual food presentation was performed. All 
participants were genotyped for FTO SNP rs9939609.
Results: The final sample consisted of 24 subjects (21.39 ± 1.92 years 
old), 5 subjects of those carried FTO rs9939609 AT risk allele carriers. 
Subjects reported significantly great hunger (6.09 ± 2.60 vs. 3.18 ± 2.11, 
Z = −3.38, p = 0.001) and sleepiness (2.91 ± 1.31 vs. 1.95 ± 0.95, 
Z = −2.73, p = 0.006) after TSD than after NS. Compared to TT sub-
jects, TA subjects was associated with a significantly greater activation 
in the bilateral Middle Occipital Gyrus, the left Superior Frontal Gyrus, 
Middle Frontal Gyrus, Medial Frontal Gyrus and Sub-Gyral, the right 
Cuneus in response to HF versus LF during NS condition. Besides, 
greater activation in the left Inferior Parietal Lobule (Supramarginal 
Gyrus, Angular Gyrus, Precunusanterior) were found in response to 
HF and LF images in the TA subjects after TSD compared with after 
NS.
Conclusion: Activation of brain regions known to regulate appetite, re-
ward, and incentive motivation in FTO risk allele carriers may contrib-
ute to high calorie food preference and sleep might be able to modify 
the genetic determinant of obesity from FTO variation.
Support (If Any): Chinese National Natural Science Foundation 
(81422040, 81172685); MOE New Century Excellent Talents (NCET-
13-0362).

0330
INDIVIDUAL DIFFERENCES IN RESTED ACTIVATION 
OF THE VENTRAL STRIATUM PREDICTS OVEREATING 
DURING SLEEP DEPRIVATION
Killgore WD, Tkachenko O, Gogel H, Kipman M, Sonis LA, Weber M, 
Divatia SC, Demers L, Olson EA, Buchholz JL, Rosso IM, Rauch SL
McLean Hospital Belmont, MA

Introduction: Sleep loss has been shown to contribute to weight gain 
through several mechanisms, including alterations in appetite-regulat-
ing hormones, increased hunger, and increased fat and carbohydrate 
intake. In addition to altered physiological responses, sleep depriva-
tion (SD) may also affect food intake by altering the functioning of 
the reward and behavioral control regions of the brain. Consistent with 
recent theories positing trait-like individual differences in vulnerabil-
ity to sleep loss, we hypothesized that some people might show greater 
vulnerability to sleep loss-induced overeating that would be related to 
baseline differences in the functional responses of reward anticipation 
regions of the brain (e.g., ventral striatum).
Methods: At rested baseline, thirty healthy participants (15 males) 
aged 20–43 years completed a series of functional magnetic resonance 
imaging (fMRI) scans, including the multi-source interference test 
(MSIT) and n-back tasks, which measure executive functioning and 
working memory, respectively. Later that same week, each participant 
completed a 28-hour period of SD, during which they were given ad 
libitum access to 10,500 kcal of food to consume throughout the over-
night SD session. fMRI brain responses were used to predict subse-
quent food consumption, appetite, and hunger ratings during each third 
of the session using SPM8 (p < 0.001).
Results: Baseline functional activation within the ventral striatum, 
particularly the nucleus accumbens, was positively correlated with 

kcals consumed during the period of sleep deprivation, but only for the 
final third of the session (i.e., 6 am to noon). This was observed for the 
MSIT (R2 = 0.45) as well as the n-back task (R2 = 0.57).
Conclusion: Prior research suggests that SD is associated with down-
regulation of dopamine D2 receptors in the ventral striatum. Our find-
ings suggest that individual differences in the responsiveness of the 
ventral striatum at baseline may confer some resistance to this down-
regulation during SD, leading to a greater propensity to overeat among 
such individuals.
Support (If Any): DARPA-12-12-11-YFA11-FP-029

0331
EATING ON NIGHT SHIFT: A LARGE VS SMALL SNACK 
IMPAIRS GLUCOSE RESPONSE TO BREAKFAST
Banks S, Centofanti S, Hilditch C, Grant C, Coates A, Dorrian J
University of South Australia Adelaide, Australia

Introduction: Shift work is a risk factor for chronic diseases such as 
type 2 diabetes. Food choice may play a role, however, simply eating 
at night when the body is primed for sleep may have implications for 
health. This study examined the impact of consuming a large vs small 
snack at night on glucose metabolism.
Methods: N = 29 healthy subjects (21–35 y; 18F) participated in a 
simulated night shift laboratory study that included one baseline night 
of sleep (BL; 2200 h–0700 h) and one night awake with allocation to 
either a large snack (500 Kcal) or small snack (200 kcal) group. The 
snack was consumed between 0000–0030 h and consisted of low fat 
milk, a sandwich, chips and fruit (large snack) or half sandwich and 
fruit (small snack). Subjects ate an identical mixed meal breakfast (500 
kcal) after BL sleep and simulated night shift at 0830 h. Interstitial 
glucose was measured continuously during the entire study using 
Medtronic Continual Glucose Monitors. Only subjects with identical 
breakfast consumption and complete data sets were analysed (N = 20). 
Glucose data were averaged into 5-minute bins to examine area under 
the curve (AUC) for 90-minutes post breakfast.
Results: Pre-breakfast, glucose levels were not significantly different 
between BL and night shift, nor were they different between snack 
groups (p > 0.05). A snack group by day interaction effect was found 
(F(1,17) 5.36, p = 0.03) and post-hocs revealed that in the large snack 
group, AUC response to breakfast was significantly higher following 
night shift compared to baseline (p = 0.003). This translated to a 17.8% 
(SEM 6.7) increase. AUC was not significantly different between days 
in the small snack group.
Conclusion: Consuming a large snack at 0000 h impairs the glucose 
response to breakfast, compared to a smaller snack. Further research 
in this area will inform dietary advice for shift workers, which could 
include recommendations on how much to eat as well as content.
Support (If Any): University of South Australia DRPF Seeding Grant

0332
RESTING METABOLIC RATE VARIES BY RACE AND BY 
SLEEP DURATION
Spaeth AM1, Dinges DF2, Goel N2

1Center for Sleep and Circadian Neurobiology, Perelman School of 
Medicine, University of Pennsylvania, Philadelphia, PA, 2Division of 
Sleep and Chronobiology, Department of Psychiatry, Perelman School 
of Medicine, University of Pennsylvania, Philadelphia, PA

Introduction: Short sleep duration is a significant risk factor for 
weight gain and obesity, particularly in African Americans and men. 
Increased caloric intake underlies this relationship but it remains un-
clear whether decreased energy expenditure is a contributory factor. 
The current study assessed the impact of sleep restriction and recovery 
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sleep on energy expenditure in African American and Caucasian men 
and women.
Methods: Healthy adults (21–50 y) participated in a controlled labora-
tory study. After two baseline sleep nights, subjects were randomized 
to an experimental (n = 36; 4 h time-in-bed (TIB)/night for 5 nights 
followed by 1 night 12 h TIB recovery sleep) or a control condition 
(n = 11; 10 h TIB/night). Resting metabolic rate and respiratory quo-
tient were measured using indirect calorimetry in the morning after 
overnight fasting.
Results: Resting metabolic rate—the largest component of energy 
expenditure—decreased after five nights of sleep restriction (−2.6%, 
p = 0.032) and returned to baseline levels after recovery sleep. No 
changes in resting metabolic rate were observed in control subjects. 
Relative to Caucasians (n = 14), African Americans (n = 22) exhib-
ited comparable daily caloric intake but a lower resting metabolic rate 
(p = 0.043) and a higher respiratory quotient (p = 0.013) regardless of 
sleep duration.
Discussion: Adults who are chronically sleep restricted due to having 
habitual short sleep durations may need to compensate for decreased 
morning resting metabolic rate by reducing caloric intake or increasing 
physical activity to prevent weight gain.
Support: NIH R01 NR004281, F31 AG044102; CTRC UL1RR024134; 
Department of the Navy, Office of Naval Research (Award No. N00014-
11-1-0361).

0333
NEW LIKELIHOOD RATIO METRIC FOR THE 
PSYCHOMOTOR VIGILANCE TEST AND IMPLICATIONS 
FOR THE CHOICE OF A PRIMARY PVT OUTCOME 
METRIC
Basner M, McGuire S, Goel N, Rao H, Dinges DF
University of Pennsylvania Philadelphia, PA

Introduction: The Psychomotor Vigilance Test (PVT) is a widely used 
assay of behavioral alertness sensitive to the effects of sleep loss and 
circadian misalignment. However, there is currently no accepted PVT 
outcome metric that captures response slowing, attentional lapses, as 
well as compensatory premature responses which are all typically ob-
served concurrently in sleep-deprived subjects.
Methods: We developed a novel Likelihood Ratio Metric (LRM) 
based on relative frequency distributions in 50 categories of response 
times in alert and sleep-deprived subjects.
Results: LRM scored the second highest effect size (1.91; 95% con-
fidence interval CI 1.53–2.63) in a 33-hour total sleep deprivation 
protocol (outranked only by response speed, effects size 1.93; 95% CI 
1.55-2.65) and the highest effect size (1.22; 95% CI 0.98–1.57) in a 5 
consecutive night, 4 hour time in bed sleep opportunity partial sleep re-
striction protocol (followed by response speed, effect size 1.21; 95% CI 
0.94–1.59). Standardized LRM scores agreed well with standardized 
response speed scores (Pearson’s r = 0.999 for total and partial sleep 
restriction), and less well with 5 other common PVT outcome metrics 
(Pearson’s r = 0.824–0.990 for total sleep deprivation and r = 0.900–
0.999 for partial sleep restriction) including mean and median response 
times, fastest 10% response times, false starts and lapses.
Conclusion: The new LRM is a sensitive PVT outcome metric with 
high statistical power that takes subtle sleep loss related changes in 
the distribution of response times (including false starts) into account, 
uses most of the available information, is not prone to outliers, and can 
easily be calculated and interpreted. Congruence between, and simi-
lar performance of, LRM and PVT response speed support the use of 
response speed as the primary, most sensitive, and most parsimonious 
PVT outcome metric.

Support (If Any): Sponsored by the Human Factors Program of the 
Transportation Security Laboratory, Science and Technology Director-
ate, U.S. Department of Homeland Security (FAA #04-G-010), by NIH 
grants R01 NR004281, R01 HL102119, and UL1 RR024134, and in part 
by the National Space Biomedical Research Institute through NASA 
NCC 9-58.

0334
SLEEP DEPRIVATION AND THE TEMPORAL DYNAMICS 
OF ACTION CONTROL
Tucker A1, Ridderinkhof K 2

1SleepRate, Palo Alto, CA, 2University of Amsterdam, Amsterdam, 
Netherlands

Introduction: We are often faced with automatic response tendencies 
which conflict with higher-level goals. This study aims to clarify how 
total sleep deprivation (TSD) impacts various aspects of response se-
lection under conditions of response conflict.
Methods: 22 healthy young adults (12 females) completed the Simon 
task at a sleep-rested and a sleep-deprived session; with one week in 
between, and order counterbalanced. The Simon task involved a red 
versus a green square mapped to two response alternatives (left versus 
right hand). Participants indicate stimulus color, which requires over-
riding an automatic tendency to respond based on stimulus location. 
Delta plots were used to reveal the temporal dynamics of automatic 
response capture and selective response suppression. Next, delta plots 
were analyzed as a function of whether the previous trial was congru-
ent or incongruent to explore conflict adaptation. Mixed-effects mod-
els were used to probe the effects of sleep deprivation on relevant delta 
slopes.
Results: The negativity of the slowest slope of the delta plot is taken 
to reflect the efficiency of selective response suppression; there was a 
significant effect of session (F(1,20) = 6.1, p = 0.02). The fastest slope 
of the conditional accuracy function is taken to reflect the strength of 
automatic response capture; this was not impacted by fatigue. Further, 
sleep deprivation did not impact sequential congruency effects, i.e. 
delta plots as a function of the congruency of the previous trial.
Conclusion: Sleep deprivation impaired selective response suppres-
sion but not automatic response capture. That is, fatigue impaired the 
ability to use cognitive control in order to suppress an automatic yet 
unwanted response. The flexibility of cognitive control in adapting 
to changing trial-by-trial demands (i.e., conflict adaptation), however, 
appears to be intact with fatigue as indicated by preserved sequential 
congruency effects.

0335
MODELING SLEEP DEPRIVATION AND THE ROLE OF 
PERSONAL AGENCY IN RISKY DECISION-MAKING
Tucker A1, van de Vijver I 2, Neville D3, Ridderinkhof K 2

1SleepRate, Palo Alto, CA, 2University of Amsterdam, Amsterdam, 
Netherlands, 3Radboud University, Nijmegen, Netherlands

Introduction: The current study examined the role of personal agency 
in risky decision-making during sleep deprivation. Personal agency 
involves the feeling of being personally responsible for a choice made 
and was operationally manipulated by whether or not participants had 
to make a motor response to register each decision.
Methods: Twenty-two healthy young participants (12 females) per-
formed tasks at a sleep-rested (3:00 pm) and at a sleep-deprived session 
(at 4:00 am following 20 h of wake); with order counterbalanced and 
7 d between sessions. Participants completed two variants of the Bal-
loon Analogue Risk Task (BARTs). In the first version (classic-BART), 
participants manually pressed a button to progressively inflate a bal-
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loon, while in a second version the computer auto-inflated the balloon 
(auto-BART). Each inflation is associated with more points, at the risk 
of a random explosion wiping out all gains for that balloon. Mixed-
effects models examined the effects of fatigue and task version on each 
risky decision-making component estimated from a sequential deci-
sion-making model.
Results: Estimates of explosion probability (q), were > 90% accurate 
for both versions, with no effect of fatigue. In the sleep-rested session 
there was greater reward sensitivity (γ+) for the auto-BART than for 
the classic-BART (1.61 vs. 1.30; F(1,60) = 15.2, p < 0.001) while in the 
sleep-deprived condition a significant modulation of reward sensitiv-
ity by task version was not observed (1.33 vs. 1.25; p = 0.43). There 
was further a main effect: reward sensitivity was lower for the sleep-
deprived versus the sleep-rested session (F(1,140) = 7.2, p < 0.01).
Conclusion: Modeling behavioral choices on two variants of the Bal-
loon Analogue Risk Task (BART) suggested that sleep deprivation 
produces distinct changes in underlying aspects of risky decision-
making. Probability estimates were highly accurate both during rest 
and fatigue. During sleep deprivation, however, there was less reward 
sensitivity, and also less modulation of reward sensitivity as a function 
of personal agency.

0336
CAFFEINE MITIGATES PERFORMANCE IMPAIRMENTS 
ASSOCIATED WITH 50H SLEEP DEPRIVATION BUT NOT 
SUBJECTIVE SLEEPINESS
Paech GM1,2, Della Vedova C3, Pajcin M3, Grant C1, Kamimori GH4, 
Banks S1

1Centre for Sleep Research, University of South Australia, Adelaide, 
Australia, 2Sleep and Performance Research Center, Washington State 
University, Spokane, WA, 3School of Pharmacy and Medical Sciences, 
University of South Australia, Adelaide, Australia, 4Department of 
Behavioral Biology, Walter Reed Army Institute for Research, Silver 
Spring, MD

Introduction: Caffeine is an effective fatigue countermeasure in sus-
tained operations. However, there is limited evidence demonstrating 
the benefits of repeated caffeine consumption in maintaining per-
formance and subjective sleepiness over extended wakefulness. The 
current study investigated the impact of multiple caffeine doses on per-
formance and subjective sleepiness during 50 h extended wakefulness.
Methods: Twenty-four healthy participants were assigned to a caffeine 
(n = 12 [4F], ages 22.5 ± 3.3 y) or placebo condition (n = 12 [5F], ages 
22.5 ± 2.5 y). Following a 10 h baseline sleep, participants remained 
awake for 50 h (two nights). Each night at 01:00 h, 03:00 h, 05:00 h and 
07:00 h participants were given 200 mg of caffeine or placebo gum. 
Neurobehavioral test batteries were administered every 3–4 h and in-
cluded the psychomotor vigilance task (PVT), the digit symbol substi-
tution task (DSST), and the Karolinska sleepiness scale (KSS). Mixed 
model ANOVA assessed the main and interaction effects of condition 
and hours of wakefulness on performance and subjective sleepiness.
Results: Compared to placebo, caffeine reduced the number of PVT 
lapses (F[1,22] = 15.9, p < 0.001) but did not affect DSST correct re-
sponses (F[1,22] = 2.1, p = 0.2) or KSS scores (F[1,22] = 0.7, p = 0.4). 
All measures worsened with increasing hours of wakefulness (PVT, 
F[8,176] = 20.8, p < 0.001; DSST, F[8,176] = 7.1, p < 0.001; KSS 
F[8,176] = 40.2, p < 0.001). Caffeine slowed the increase in PVT lapses 
(F[8,176] = 10.5, p < 0.001) and the decrease in DSST correct responses 
(F[8,176] = 3.7, p < 0.001) such that after 50 h of wakefulness perfor-
mance was better following caffeine administration compared to pla-
cebo. Caffeine also slowed the increase in KSS scores (F[8,176] = 4.2, 
p < 0.001), but only during the first night.

Conclusion: Findings demonstrate that strategic caffeine use effec-
tively mitigates performance impairments during 50 h wakefulness. 
While caffeine reduced subjective sleepiness during the first night, ad-
ditional doses of caffeine did not improve subjective sleepiness. Re-
sults highlight the lack of congruence between subjective and objective 
measures. Individuals using caffeine as a fatigue countermeasure in 
sustained operations may miscalculate their ability to perform.
Support (If Any): This work was supported by the Defence Science 
and Technology Organisation, Australian Government, Department of 
Defence and by the US Army Medical Research and Material Com-
mand. This material has been reviewed by the Walter Reed Army In-
stitute of Research, and there is no objection to its presentation and/or 
publication. The opinions or assertions contained herein are the private 
views of the authors and are not to be construed as official or as reflect-
ing the position of the Department of the Army of the Department of 
Defence.

0337
SLEEP LOSS AND RESPONSE INHIBITION ON AN 
EMOTIONAL GO/NO-GO TASK
Jackson ML1,2, Lee V1,2, Trinder J1

1Melbourne School of Psychological Sciences, Melbourne, Australia, 
2Institute for Breathing and Sleep, Austin Health, Melbourne, 
Australia

Introduction: Sleep deprivation is known to increase emotional re-
activity to negative stimuli, however the underlying mechanisms are 
unclear. This study examined whether one night of total sleep depriva-
tion impairs inhibitory control for emotional stimuli.
Methods: To date, N = 17 healthy participants (ages 25.2 ± 5.0 y, 5 
female) completed an in-laboratory study. N = 8 subjects were random-
ized to a sleep control group (SC) and N = 9 subjects were randomized 
to a sleep deprivation group (SD). Participants completed an emotional 
Go/No-Go task, and the Positive Affect Negative Affect Schedule at 
11:00 h at baseline and after a night of either sleep or sleep deprivation. 
The Go/No-go task involved responding to pictures of happy, fearful 
and neutral facial expressions. At different time points throughout the 
task, instructions were displayed stating which expressions were “go” 
items (requiring a response) and which were “no-go” items (requiring 
withholding of a response). False alarm rates (FA; incorrect no-go tri-
als) and reaction time (RT) were recorded separately for each valence 
category. A 2 (group) x 2 (session) ANOVA was performed to examine 
the effect of sleep deprivation on Go/No-go performance, and t-tests 
were conducted to examine group differences in subjective affect.
Results: The SD group reported significantly lower levels of positive 
affect after sleep deprivation (t(15) = 2.93, p = 0.01). Preliminary analy-
ses revealed a significant session x group interaction for overall FAs 
(F(1, 14) = 5.21; p = 0.039) and RT (F(1, 14) = 16.06; p = 0.001), such 
that the SD group had a higher FA rate and slower RTs after sleep de-
privation. Post hoc analysis did not reveal any significant differences in 
performance between groups for any valence category.
Conclusion: Sleep deprivation led to a decrease in positive affect and 
impairment in response inhibition which was not specific to any va-
lence category. These results suggest that sleep loss impedes inhibitory 
control mechanisms. Further research is needed to clarify the influence 
of sleep on emotion-related impulsivity.
Support (If Any): Institute for Breathing and Sleep Research grant; 
Australian NHMRC Early Career Fellowship (MLJ).
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0338
PERFORMANCE DECLINE DURING CHRONIC SLEEP 
DEPRIVATION IS ASSOCIATED WITH DECREASING 
CEREBRAL OXYGEN LEVEL IN ADOLESCENTS UNDER 
REAL-LIFE SCHOOL CONDITIONS
Zhang Z1, Lienhard C2, Schindler Y2, Qi M1, Hügli G1, Khatami R1

1Center for Sleep Medicine and Sleep Research, Clinic Barmelweid, 
Barmelweid, Switzerland, 2Aargau Cantonal School, Aarau, 
Switzerland

Introduction: Sufficient sleep is important for adolescent mental de-
velopment. Chronic sleep deprivation (CSD) during school time can 
lead to low school performance. Psychomotor vigilance task (PVT) has 
proven to be a sensitive measure of sleep loss. Functional neuroim-
aging of adolescent brain activities during PVT under real-life school 
conditions will provide insights into the neuronal basis of how CSD 
influences cognitive function in adolescents.
Methods: 17 health high school students (m: 8, f: 9, age: 18–19) par-
ticipated in a 4 nights CSD protocols at home. They were restricted to 
sleep 4 to 5 hours per night from Monday to Thursday controlled by 
actigraphies and phone calls from experimenters. Daily PVT sessions 
were performed each day between 4–5 pm from Monday (baseline 
measurement) to Friday (the last day of CSD) during school time. The 
HbO2, HHb, oxygen index (i.e., HbO2-HHb), blood volume (BV) and 
oxygen saturation (StO2) changes in left forehead were monitored us-
ing near-infrared spectroscopy (NIRS) in 8 volunteers during the first 
and last PVTs. The PVT reaction time (RT) was assessed (one-way 
repeated ANOVA, p < 0.05). The mean values and changing slopes of 
hemodynamic parameters during PVT sessions between Monday and 
Friday were compared (paired t-test, p < 0.05).
Results: The PVT performances (lapses, mean RT, median RT, mean 
10% fastest and 10% slowest RT) decrease during sleep deprivation (all 
p < 0.05). Compared to baseline measurement on Monday, a significant 
decrease in mean cerebral HbO2 (p = 0.012), OI (p = 0.006) and StO2 
(p = 0.006) while an increase in HHb (p = 0.005) are observed during 
PVT sessions on Friday. The changing slopes of hemodynamics during 
PVT sessions also decline after CSD (all p < 0.05).
Conclusion: Declining PVT performances after CSD are associated 
by a decreasing cerebral oxygen level and slower oxygenation response 
during PVT sessions in adolescents. Sleep loss may affect adolescents’ 
brain function by reducing cerebral oxygen supply.
Support (If Any): This work was supported by Scientific Foundation 
of Clinic Barmelweid.

0339
ITEM AND SOURCE MEMORY FOR AFFECTIVE WORDS 
UNDER TOTAL SLEEP DEPRIVATION
Winser MA1, Whitney P2, Hinson JM2, Layton ME1,3, Van Dongen H1,3

1Sleep and Performance Research Center, Washington State 
University, Spokane, WA, 2Department of Psychology, Washington 
State University, Pullman, WA, 3College of Medical Sciences, 
Washington State University, Spokane, WA

Introduction: Considerable research has focused on consolidation 
of memory during sleep, but relatively little attention has been paid 
to memory for new information under total sleep deprivation (TSD). 
Memory is not a unitary ability, and TSD effects on cognitive perfor-
mance are not uniform across domains. We investigated TSD effects 
on two related but dissociable memory systems: item memory (recog-
nition of stimuli) and source memory (memory for the context in which 
stimuli occurred). Stimuli consisted of affectively positive, negative, or 
neutral words (items) spoken in either a female or male voice (source).

Methods: N = 69 healthy adults (ages 22–40, 35 males) spent 3 con-
secutive 24 h days in the laboratory. After a baseline night (10 h time in 
bed (TIB)), subjects were randomly assigned to a 38 h TSD (n = 37) or 
control (10 h TIB) condition, followed by a recovery night (10 h TIB). 
The item and source memory task was administered once at baseline 
(14:00) and once 24 h later during TSD. Stimuli were presented through 
headphones, with half of the words in each affective valence category 
spoken by a female and half by a male. Recognition memory was tested 
with foils and targets of each valence category. For words correctly 
identified as previously heard, source memory was tested by subjects 
indicating whether the word was spoken by a female or male. Hits and 
false alarms were calculated for item recognition. Total number of cor-
rect source identifications, conditional on correct item memory, was 
calculated for source memory.
Results: Repeated-measures ANOVA revealed significant Condition 
by Session interactions for item hits [F(1,67) = 8.55, p < 0.01, ηp

2 = 0.11], 
item false alarms [F(1,67) = 25.04, p < 0.001, ηp

2 = 0.27], and source 
memory [F(1,66) = 7.48, p < 0.01, ηp

2 = 0.10], with TSD causing re-
duced item and source memory across all word valences. There were 
no significant Condition by Valence interactions for either item or 
source memory.
Conclusion: TSD degraded item and source memory regardless of af-
fective valence. Our findings suggest that sleep deprived individuals 
may experience both item and source memory errors which, in natural 
settings, could lead to, e.g., false identifications in eyewitness situa-
tions.
Support (If Any): NIH grant R21CA167691

0340
EFFECTS OF TOTAL SLEEP DEPRIVATION ON SIMPLE 
REACTION TIME, VIGILANCE, AND VISUAL ATTENTION 
IN COLLEGE STUDENTS
Smith RE, Rouse J, Schwebel D, Avis K
University of Alabama at Birmingham Birmingham, AL

Introduction: College students often engage in total sleep deprivation 
(TSD) known as “all-nighters”. TSD has a negative effect on multiple 
cognitive domains, including simple attention, complex attention and 
working memory. Subjective reports on TSD in college students indi-
cate that TSD contributes to decreased academic performance and low-
er GPA. The present study extended previous work by considering the 
effects of TSD on college students’ cognitive performance using objec-
tive actigraphy and computer-based cognitive tests of simple reaction 
time/vigilance and visual attention rather than self-report measures of 
academic performance and other cognitive domains. We hypothesized 
students’ performance on simple reaction time/vigilance and visual at-
tention tasks would be worse after a period of TSD than when awake.
Method: As part of a larger study, 25 college students aged 18–26 
years (M = 22.99, SD = 2.64, 68% female) completed the psychomotor 
vigilance test (PVT, a measure of simple reaction time and vigilance) 
and the useful field of view (UFOV) test (measure of visual attention) 
twice, once the morning after sufficient sleep (> 7 hours, verified with 
actigraphy) and once after a monitored “all-nighter” (also verified with 
actigraphy).
Results: In paired-samples t-tests, PVT mean reaction time, PVT lapse 
count, and UFOV total scores differed across conditions (t(23) = 4.55, 
p < 0.001; t(23) = 4.08, p < 0.001, and t(19) = 3.19, p = 0.005, respective-
ly). Students had slower mean reaction time, higher lapse count, and 
poorer UFOV performance when sleepy.
Conclusion: As hypothesized, TSD had a deleterious effect on col-
lege students’ simple reaction time/vigilance and visual attention. This 
is especially concerning among college students since that population 
commonly engages in “all-nighters” to complete school work. Future 
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studies might increase ecological validity by using objective measures 
to observe the influence of TSD on college students’ cognitive func-
tioning in real-world tasks such as performance on classroom exami-
nations.

0341
ALTERED NEURONAL RESPONSE TO A WORKING 
MEMORY/ATTENTION TASK IN ADOLESCENTS UNDER 
CHRONIC SLEEP RESTRICTION
DiFrancesco M1,2, Beebe DW1,2

1Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, 
2University of Cincinnati College of Medicine, Cincinnati, OH

Introduction: Chronic sleep restriction (SR) is common among ad-
olescents on school nights. SR diminishes the ability to maintain at-
tention and actively hold and mentally manipulate multiple pieces of 
information at once (working memory). This study used functional 
magnetic resonance imaging to probe brain circuits associated with 
working memory and attention and their dependence on teen sleep 
regimen.
Methods: 32 healthy adolescents aged 14–16 years underwent 5 con-
secutive nights of SR (6.5 hours in bed) versus 5 nights of healthy 
duration (HD; 10 hours in bed) in randomly counterbalanced order, 
separated by a 2-night washout. Adherence to the sleep regimen was 
verified by actigraphy. Imaging was performed the morning after each 
sleep condition during an n-back working-memory task. Group level 
voxel-by-voxel analysis was performed over all subjects for summed 
response in two regions of interest: (a) task positive (TP) frontal and 
parietal regions that are commonly activated in response to attention 
demands, (b) task negative (TN) regions that are often less active in 
response to attention demands (e.g., “default mode” regions). ANOVA 
was performed for effects of sleep condition and for difficulty level of 
n-back. Paired T-tests compared HD and SR conditions.
Results: The ANOVA found significant main effects of both n-back 
difficulty and sleep state in both TP and TN networks. Follow-up 
paired T-tests showed significant or trending decreases in activation in 
left inferior/mid frontal and parietal TP regions during SR, but only at 
the most difficult level of working-memory demands. TN response was 
not different across sleep states, according to paired T-tests.
Conclusion: TP and TN responses systematically varied according to 
level of difficulty of the working memory task. Sleep state affected ac-
tivation only for the most difficult level of working-memory/attention. 
There may be a cognitive challenge threshold for network breakdown 
due to chronic SR in adolescents.
Support (If Any): National Institutes of Health (R01 HL092149, UL1 
RR026314)

0342
THE IMPACT OF SLEEP DEPRIVATION ON THE 
TRUSTWORTHINESS VISUAL REPRESENTATION
Tzivanopoulos N, Blais C, Fiset D, Raymond N, Kokozaki I, Brunet J, 
Forest G
Université du Québec en Outaouais, Gatineau, QC, Canada

Introduction: The impact of sleep deprivation (SD) on implicit social 
judgments and their associated perceptual mechanisms remains rela-
tively unknown. The goal of this study is to evaluate if SD alters visual 
representations of trustworthiness for faces.
Methods: Nine participants (7W; 18–27 years old) completed a reverse 
correlation task, before and after a 36-hour SD. This task is designed 
to reveal the visual representations of any visual category, which is 
a trustworthy face in this case. On each trial (N = 700 pre- and post-
SD), two stimuli were created by adding a visual noise pattern and 

its inverse on a base face (i.e. morph of 32 faces judged as neutral on 
the level of trustworthiness). The two stimuli were simultaneously pre-
sented on a computer monitor and participants had to decide which 
one seems most trustworthy. Classification images (CIs) depicting the 
visual representation of a trustworthy face were computed for each 
participant, before and after SD, by averaging the noise patterns of 
the stimuli selected as most trustworthy. Subsequently, the CIs were 
averaged across participants for each condition, thus resulting in two 
CIs, one pre- and one post-SD. The two CIs, each overlaid on the base 
face, were presented to 49 independent non-SD participants, who were 
asked to decide which face appeared the most trustworthy.
Results: A sign test revealed that the pre-SD CI was chosen as the 
most trustworthy more often than the post-SD CI (Frequency = 33; 
p = 0.021).
Conclusion: This study is the first to show that SD can change the 
visual representation of trustworthiness for faces by making it appear 
less trustworthy. One notable change in the visual representation post-
SD was in the eye area: they were more slanted than in the pre-SD vi-
sual representation. This result is consistent with the literature showing 
that the eye area conveys crucial information for the trustworthiness 
judgment.

0343
REDUCED RISK AVERSION AFTER CHRONIC SLEEP 
RESTRICTION BUT NOT AFTER ACUTE SLEEP 
DEPRIVATION
Sennrich V1, Maric A1, Leemann J1, Weissengruber S2, Ruff C2, 
Baumann C1, Poryazova R1

1University Hospital Zurich, Department of Neurology, Zürich, 
Switzerland, 2University of Zurich, Department of Economics, Zürich, 
Switzerland

Introduction: Various studies have shown an effect of acute sleep 
deprivation (aSD) on risky decision making. Chronic sleep restriction 
(cSR) mirrors everyday life better than aSD. It is not yet clear if and 
how chronic sleep restriction (cSR) affects decision making behavior. 
Such sleep restriction particularly affects people in positions with vast 
responsibilities including managers, scientists, or politicians, where 
risky decisions could have far-reaching consequences. Our study in-
vestigates the influence of both aSD and cSR on decision making under 
conditions of risk and uncertainty.
Methods: We studied decision making behavior under risk in nine 
healthy males. Their risk preferences were assessed prior to and after 
cSR (reduction of sleep duration from 8 h/night to 5 h/night over the 
period of one week) as well as prior to and after aSD (one night of 
total sleep deprivation). The risk task allows the measurement of the 
model-free risk aversion ratio (∑(chosen safe options)/∑(chosen risk 
options)). A paired samples t-test was performed with p < 0.05 consid-
ered as significant.
Results: The risk aversion ratio significantly decreased after cSR 
(mean ± SD: −32.9% ± 23.7%, p < 0.05). Meanwhile, no significant ef-
fects could be assessed for aSD (13.7% ± 46.09%, p = 0.789).
Conclusion: Preliminary results of our ongoing study indicate that risk 
aversive behavior is notably decreased after cSR. Therefore, cSR and 
aSD might have distinct effects on risk aversion. These findings are a 
first step towards understanding risk taking behavior under cSR.
Support (If Any): This research project is funded by the University 
of Zurich - Clinical Research Priority Program (CRPP) “Sleep and 
Health”.
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0344
FEASIBILITY OF A 5-WEEK, RANDOMIZED CROSS-OVER 
ADOLESCENT SLEEP EXTENSION TRIAL DURING THE 
SCHOOL YEAR
Beebe DW1,2, Whitacre C1, Catlin P3, McAlister S1

1Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, 
2University of Cincinnati College of Medicine, Cincinnati, OH, 
3University of Cincinnati College of Arts and Sciences, Cincinnati, 
OH

Introduction: Multi-night experimental sleep restriction protocols 
have shown effects on adolescents’ attention, mood regulation, learn-
ing, and dietary intake. However, for ethics reasons these protocols 
have mostly been limited to the summer months. Also, the longest ex-
perimental condition has been 5 nights, which may limit sensitivity to 
cumulative effects. Here we report on the feasibility of a longer, school-
year-based experimental sleep extension trial.
Methods: Healthy 14–17-year-olds who regularly sleep 5–7 hours 
on school nights were enrolled in a 5-week protocol. Week 1 was a 
baseline to confirm typical sleep patterns. Subsequently, participants 
entered 2-week sleep conditions in randomly counterbalanced order: 
Prescribed Typical Sleep (TYP; school-night schedule matching base-
line) versus Sleep Extension (EXT; 1.5 hours more time in bed on 
school nights). Weekend bedtimes were teen-selected, with weekend 
rise within 1 hour of school days. We prohibited naps and limited caf-
feine intake. All sleep occurred at home, monitored via sleep diary and 
objective actigraphy.
Results: Of 12 enrolled adolescents, 3 dropped out (1 before random-
ization, 2 after). Actigraphy showed that the remaining 9 (75%) aver-
aged 55 minutes more sleep on school nights during EXT than during 
TYP (p < 0.001, range = 31–88). Average school night sleep during 
TYP (6.49 hr) was similar to baseline (6.32 hr); both were significantly 
shorter than during EXT (7.41 hr), p < 0.001. This was due to earli-
er sleep onset during EXT (p = 0.001); rise time differed minimally 
(p > 0.05). Sleep onset, offset, and duration did not differ across the 
two weeks within either experimental sleep condition (p > 0.10). On a 
previously-validated questionnaire, adolescents reported less daytime 
sleepiness during EXT than TYP (p = 0.008).
Conclusion: It appears feasible to conduct a protracted sleep extension 
trial with short-sleeping adolescents that can be ethically conducted 
during the school year and incorporates an experimental, cross-over 
design to allow for causal inference and examination of practice or 
carry-over effects.
Support (If Any): Cincinnati Children’s Research Foundation and the 
State of Ohio Emergency Medical Services.

0345
THE IMPACT OF NAP DEPRIVATION (SLEEP 
RESTRICTION) ON PRESCHOOL CHILDREN’S 
EMOTIONAL RESPONSES
Han G1, Harsh J2

1Marian University, Fond du Lac, WI, 2The University of Southern 
Mississippi, Hattiesburg, MS

Introduction: Adverse effects of poor sleep health on adult behavioral 
performance and overall health are well-documented. Little is known, 
however, about the consequences of poor sleep health for children. This 
study examined effects of nap restriction on 3- to 5-year-old children’s 
emotional responding. We hypothesized that following nap restriction, 
the emotional responses to stronger stimuli would be amplified, while 
the emotional responses to weaker stimuli would be reduced.
Methods: A repeated-measure design in which facial electromyog-
raphy was used to assess responses of 14 healthy children to visual 

stimuli (from IAPS) and associated sounds (from IADS) under Nap 
and Nap-Restriction conditions. Emotional stimuli were classified 
as: strong negative, weak negative, weak positive, and strong positive. 
Sleep was monitored via actigraphy and caregiver sleep diaries.
Results: A 2 (Nap versus Nap Restriction) x 2 (Negative versus Posi-
tive Emotional Valence) x 2 (Strong versus Weak Emotional Intensity) 
completely repeated-measure ANOVA revealed a main effect of nap-
deprivation F (1,13) = 7.597, p < 0.05, eta2 = 0.369, with greater emo-
tional responses in the Nap Restriction condition (M = 37.9) than in the 
Nap condition (M = 24.1). Planned t-tests indicated greater emotional 
responses to strong negative (M = 13.47, SD = 10.08, p < 0.05, Cohen’s 
d = 0.52) and strong positive (M = 28.86, SD = 23.99), p < 0.05, Cohen’s 
d = 0.57) pictures. Responding to weak positive and negative stimuli 
was not reduced under the Nap Restriction condition.
Conclusion: The present study indicated that the emotional responses 
to strong positive and negative stimuli by 3- to 5-year-old children 
were affected by withholding a nap. Compensatory increases in atten-
tion required by the experimental task may have masked the effect of 
nap restriction on emotional responses to weak stimuli. Further stud-
ies on preschoolers are needed to understand the influence of naps on 
children’s cognitive and emotional behavior.

0346
VITAMIN E INTAKE ASSOCIATES WITH SPATIAL 
MEMORY PERFORMANCE DURING SLEEP RESTRICTION 
IN HEALTHY WOMEN
Taylor AL1, Basner M1, Dinges DF1, Gur RC2, Goel N1, Spaeth AM3

1Division of Sleep and Chronobiology, Department of Psychiatry, 
Perelman School of Medicine, University of Pennsylvania, 
Philadelphia, PA, 2Brain Behavior Laboratory, Department of 
Psychiatry, Perelman School of Medicine, University of Pennsylvania, 
Philadelphia, PA, 3Center for Sleep and Circadian Neurobiology, 
Perelman School of Medicine, University of Pennsylvania, 
Philadelphia, PA

Introduction: A previous study using a rodent model found that vi-
tamin E administration attenuated sleep deprivation-induced spatial 
memory impairment. The current study assessed if ad libitum vitamin 
E intake associated with memory performance in healthy adults under-
going sleep restriction.
Method: Forty-one healthy adults (18 females, 21–50 y) participated 
in one of two laboratory protocols and experienced two nights of base-
line sleep (BL1-2, 10 h/night, 2200–0800) followed by five nights of 
sleep restriction (SR1-5, 4 h/night, 0400–0800). Subjects completed 
the Visual Object Learning Task (VOLT), a spatial working memory 
assessment, as part of a larger test battery each morning. Performance 
on the VOLT was assessed using a standard score that accounted for 
the accuracy and speed of responses. Food/drink intake was ad libitum 
and was recorded by trained monitors. Intake data were entered into a 
food processing program to obtain vitamin E consumption.
Results: Performance on the VOLT varied significantly across protocol 
days (p < 0.001). Subjects displayed improvement on the VOLT from 
BL2 to SR2 and then a decline in performance from SR2 to SR5. Dur-
ing baseline, vitamin E intake was not related to VOLT performance in 
men or women (ps > 0.21). During sleep restriction (mean SR1-SR5), 
vitamin E intake was positively correlated with VOLT performance in 
women (r = 0.46, p = 0.053), but not in men (r = 0.14, p = 0.51). A me-
dian split based on vitamin E intake during sleep restriction was then 
conducted among women. Those who consumed higher levels of vita-
min E performed significantly better on the VOLT during sleep restric-
tion than women who consumed lower levels of vitamin E (p = 0.029, 
Cohen’s d = 1.13).
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Conclusion: Ingestion of vitamin E, an antioxidant substance, may im-
prove spatial memory performance during sleep restriction in women. 
Future research is needed to replicate these findings in a larger sample 
and to assess whether other nutrients or vitamins are related to memory 
performance during sleep restriction.
Support: NSBRI through NASA NCC 9-58, NIH grant R01 NR004281, 
CTRC UL1RR024134; and the Department of the Navy, Office of Na-
val Research (Award No. N00014-11-1-0361).

0347
SEX DIFFERENCES IN THE ASSOCIATION BETWEEN 
PERSONALITY AND RESISTANCE TO SLEEP 
DEPRIVATION
Markowski S, Alkozei A, Killgore W
Department of Psychiatry, University of Arizona, Tucson, AZ

Introduction: The role of personality traits as a component of in-
dividual differences in vulnerability to the adverse effects of sleep 
deprivation continues to be debated. In particular, the trait of extraver-
sion has been associated with decreased performance on behavioral 
tasks during sleep deprivation in a number of studies. Other aspects 
of personality (i.e., agreeableness, conscientiousness, openness) may 
also contribute, although the available evidence is limited. The present 
study examined the relationship between the effects of sleep depriva-
tion and the five facets of personality and whether these associations 
differ between men and women.
Methods: Forty-six healthy individuals (males = 23, M age = 25, 
range = 20–43) completed the NEO Personality Inventory, Revised 
(NEO PI-R), followed by a series of Psychomotor Vigilance Tasks 
(PVT) every hour from 19:00 to 12:00 over a 30-hour sleep depriva-
tion period. A bivariate Pearson’s correlation was used to examine the 
relationships between mean change in performance on the PVT (i.e., 
speed) and the different subscales of the NEO PI-R.
Results: Average PVT speed post baseline was negatively associ-
ated with the extraversion (r = −0.331, p = 0.028) and agreeableness 
(r = −0.402, p = 0.007) subscales of the NEO PI-R. This relationship 
was found to be driven by females for both the extraversion (r = −0.470, 
p = 0.032) and agreeableness (r = −0.509, p = 0.019) subscales. Males 
showed no significant correlations between different facets of person-
ality and neurocognitive performance throughout the sleep deprivation 
period.
Conclusion: Higher extraversion was correlated with poorer PVT 
speed throughout a single night of total sleep deprivation, but only 
among females. Higher agreeableness was also correlated with slower 
PVT throughout the sleep deprivation session. Findings are consistent 
with theories of personality functioning that posit lower basal corti-
cal arousal and reduced sympathetic nervous system activation among 
such individuals. The observation of a gender difference raises a po-
tential role for sex-related hormones that should be explored in future 
research.
Support (If Any): DARPA-12-12-11-YFA11-FP-029

0348
THE EFFECT OF EMOTIONAL RESILIENCE ON CHANGES 
IN APPETITE FOR HIGH-SUGARY FOOD DURING SLEEP 
LOSS
Alkozei A1, Pisner D2, Markowski SM2, Rauch SL3, Killgore WD1

1Department of Psychiatry, University of Arizona, Tucson, AZ, 
2University of Arizona, Tucson, AZ, 3McLean Hospital, Belmont, MA

Introduction: Chronic sleep loss has been associated with weight-
gain and obesity. In addition to the effects of sleep loss on appetite 
hormones, some evidence suggests that insufficient sleep may impair 

prefrontal inhibitory control, leading to poor regulation of food intake. 
It is not known, however, whether there are individual difference fac-
tors that might be protective against craving high-calorie foods during 
sleep deprivation. We hypothesized that individuals with higher levels 
of emotional resilience would have greater self-regulation and would 
therefore be less likely to crave high-calorie food during sleep loss.
Methods: Thirty-six healthy participants, (age range 20–42 years; M 
age = 25.4; 50% female) completed the Connor-Davidson Resilience 
Scale (CD-RISC). Then, during a 30-hour sleep deprivation session, 
they completed a computerized task rating different images of high- 
and low-calorie foods on how much they would like to eat that food at 
four time points during the night.
Results: A mixed ANOVA was conducted to investigate the changes 
in food ratings between high and low emotionally resilient individuals 
(defined by median split). Whereas individuals with low emotional re-
silience showed no change in their appetite for sweet foods, individuals 
with greater emotional resilience showed a decrease in their appetite for 
sweet foods throughout the sleep deprivation (F(3, 32) = 5.22, p = 0.03). 
No differences in change in hunger ratings between the two groups 
were found. In addition, no association between CD-RISC scores and 
change in food ratings of nonsweet (i.e. savory) foods, or foods defined 
as low- or high in calorie content was found.
Conclusion: Greater emotional resilience was associated with de-
creased desire for sweet foods during sleep deprivation. We speculate 
that emotionally resilient individuals might have greater self-regula-
tion over unhealthy cravings. Further research, however, is necessary 
to investigate the extent to which this translates into actual reduction 
in food consumption and the possible neurophysiological mechanisms 
that underlie this finding.
Support (If Any): DARPA-12-12-11-YFA11-FP-029

0349
STABILITY OF TRAIT-LIKE VULNERABILITY TO 
TOTAL SLEEP DEPRIVATION AND CHRONIC SLEEP 
RESTRICTION IN THE SAME PROTOCOL
Frager N, Dinges DF, Goel N
University of Pennsylvania, Philadelphia, PA

Introduction: Exposure to different types of sleep loss separated by 
2–4 weeks reveals similar trait-like differential neurobehavioral vul-
nerability. We determined whether such trait-like responses are ob-
tained after one bout of chronic sleep restriction (SR) and one bout of 
acute total sleep deprivation (TSD) separated by recovery sleep in the 
same protocol.
Methods: 63 healthy adults (ages 21–50 y; 31f) completed 2 baseline 
(10 h and 12 h time in bed, TIB) nights followed by either 5 SR nights 
(4 h TIB) or 36 hrs of acute TSD. Subjects then received 4 recovery 
(12 h TIB) nights followed by either 5 SR nights or 36 hrs of acute TSD, 
in a counterbalanced manner to the initial sleep loss condition. Neu-
robehavioral testing included the 10-min Psychomotor Vigilance Test 
(PVT), Digit Span (DS), Digit Symbol Substitution Test (DSST), Kar-
olinska Sleepiness Scale (KSS), and Profile of Mood States (POMS) 
every 2 h during wakefulness. The intraclass correlation coefficient 
(ICC) for each measure was computed as the ratio of between-subjects 
variance to the sum of the between- and within-subjects variances us-
ing data from 0800 h/1000 h to 2000 h after the fifth night of SR and 
data from 2200 h/0000 h to 2000 h of TSD.
Results: Subjects who displayed vulnerability to SR also displayed 
vulnerability to TSD, as evident by high ICCs: PVT lapses + false 
starts, ICC = 0.741; PVT response speed, ICC = 0.892; DSST correct, 
ICC = 0.913; DS correct, ICC = 0.938; POMS fatigue, ICC = 0.763; and 
KSS, ICC = 0.828. Sleep loss order did not affect ICCs.
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Conclusion: Neurobehavioral vulnerability to SR and TSD, separated 
by 4 nights of recovery, showed trait-like stability in performance and 
subjective measures, as evident in the stability of substantial inter-
individual variance (74%-94% across measures). These data confirm 
the stability of phenotypic neurobehavioral responses to SR and TSD 
regardless of the order of sleep loss configuration and are critical for 
understanding individual neurobehavioral responses across different 
forms of commonly experienced sleep loss.
Support (If Any): Work funded by the Department of the Navy, Office 
of Naval Research (Award No. N00014-11-1-0361 to NG) and CTRC 
UL1TR000003.

0350
RESISTANCE TO SLEEP DEPRIVATION INVOLVES 
GREATER FUNCTIONAL ACTIVATION AND WHITE 
MATTER CONNECTIVITY WITHIN A FRONTO-PARIETAL 
NETWORK
Cui J, Tkachenko O, Gogel H, Kipman M, Sonis LA, Weber M, 
Divatia SC, Demers LA, Olson EA, Buchholz JL, Rosso I, Rauch SL, 
Killgore WD
McLean Hospital, Belmont, MA

Introduction: Sleep deprivation (SD) can impair attention and vigi-
lance, but some individuals appear much more vulnerable to the ef-
fects of SD than others. Prior work suggests that individual differences 
in baseline responsiveness of a fronto-parietal attention and working 
memory (WM) system may be associated with the capacity to sustain 
vigilance during SD. The neurocircuitry underlying this resistance 
capacity remains virtually unexplored. Here, we combined functional 
magnetic resonance imaging (fMRI) and diffusion tensor imaging 
(DTI) to investigate the association between the microstructure of the 
axonal tracts connecting frontal and parietal regions associated with 
sustained vigilance and individual resistance to SD.
Methods: Thirty healthy participants (15 males) aged 20–43 years un-
derwent fMRI and DTI (3T) at rested wakefulness. Between one to 4 
days after the scan, participants then underwent a 28-hour period of SD, 
with hourly assessment of vigilance using the psychomotor vigilance 
test (PVT). Resistance to sleep deprivation was determined by calcu-
lating the mean PVT speed (as percent of baseline) during SD. Task-
related (Sternberg WM Task) fronto-parietal fMRI activation clusters 
that correlated with Resistance were localized and used as seed regions 
for probabilistic DTI fiber tractography. Within these connecting fi-
ber tracts, standard DTI metrics including fractional anisotropy, mean 
diffusivity, axial and radial diffusivity were calculated and correlated 
with Resistance to sleep deprivation.
Results: FMRI activation in the left inferior parietal lobule (IPL) and 
dorsolateral prefrontal cortex (DLPFC) positively correlated with Re-
sistance capacity. Higher fractional anisotropy of the left superior lon-
gitudinal fasciculus comprising the primary axons connecting IPL and 
DLPFC was also associated with better Resistance.
Conclusion: These findings suggest that individual differences in Re-
sistance to SD are associated with greater functional responsiveness 
of a fronto-parietal attention system and greater structural integrity 
the microstructural properties of the axonal interconnections between 
these regions. Future work may focus on methods to enhance Resis-
tance by manipulating this network.
Support (If Any): DARPA-12-12-11-YFA11-FP-029

0351
PREFRONTAL GABA PREDICTS RESISTANCE TO SLEEP 
DEPRIVATION
Sneider JT1, Jensen JE2, Silveri MM1, Killgore WD3

1Neurodevelopmental Laboratory on Addictions and Mental Health, 
Belmont, MA, 2McLean Imaging Center, McLean Hospital, Belmont, 
MA, 3Department of Psychiatry, University of Arizona, Tucson, AZ

Introduction: There appear to be consistent trait-like individual dif-
ferences in the ability to resist the degrading cognitive and behavioral 
effects of sleep deprivation, but few if any reliable biomarkers for this 
capacity have been identified. Recent studies have focused on iden-
tifying the neurobiological correlates associated with this resistance 
capacity. The inhibitory neurotransmitter gamma-aminobutyric acid 
(GABA) has been implicated in sleep regulation, with patients diag-
nosed with primary insomnia demonstrating significant GABA al-
terations. The objective of this study was to use magnetic resonance 
spectroscopy (MRS) to examine brain GABA as a potential predictor 
of resistance to sleep deprivation.
Methods: Proton metabolite data were acquired using MEGAPRESS 
at 3T from the medial prefrontal cortex (MPFC), dorsolateral prefron-
tal cortex (DLPFC), and occipital lobe (OCC), in healthy adult men 
(n = 20) and women (n = 20). MRS and cognitive functioning data were 
acquired prior to a 30-hour sleep deprivation challenge. Resistance to 
sleep deprivation was determined using a 10-minute Psychomotor Vig-
ilance Test (PVT), acquired hourly during the deprivation challenge. 
PVT data were analyzed as speed [(1/RT)*1000], normalized as a per-
centage of baseline from the first three administrations.
Results: Participants demonstrated a significant decline in PVT per-
formance during sleep deprivation, with similar decrements observed 
across sexes: men performed at 86.5% and women at 84.9% of base-
line (pre-deprivation) levels. While no sex differences were observed 
in OCC GABA, women had higher frontal lobe GABA, in both MPFC 
and DLPFC, relative to men. However, in men, higher MPFC GABA 
significantly predicted greater resistance to sleep deprivation on the 
PVT (p < 0.05).
Conclusion: These findings suggest frontal lobe GABA, specifically 
in MPFC, plays an important role in the ability to resist sleep depriva-
tion in men. Assessment of neurochemistry may therefore be useful in 
predicting and discriminating vulnerable individuals from those who 
are more resilient to sleep deprivation. Further exploration of sex dif-
ferences is warranted.
Support (If Any): D12AP00241 (WDK)

0352
PHYSICAL EXERCISE MAY CONTRIBUTE TO 
VULNERABILITY TO SLEEP DEPRIVATION
Shane B1, Alkozei A1, Killgore WD2

1University of Arizona, Tucson, AZ, 2Department of Psychiatry, 
University of Arizona, Tucson, AZ

Introduction: Evidence suggests that there are stable trait-like inter-
individual differences in the vulnerability or resistance to sleep de-
privation (SD). Little is known about the degree to which behavioral 
factors, such as physical activity, may contribute to these differences. 
Physical exercise is endorsed as a non-pharmacological intervention 
for individuals with sleep disorders as it increases fatigue, promotes the 
thermoregulatory response, and can phase shift the circadian rhythm. 
We hypothesized that individuals who exercise more frequently would 
show greater vulnerability to SD in comparison to individuals who ex-
ercise less frequently.
Methods: Forty-six healthy adults (23 male, 23 female; age: 20–43 
years) underwent a 30-hour SD session, with hourly performance 
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monitoring (psychomotor vigilance test; PVT) across the SD session 
as a measure of performance. Participants reported their total weekly 
exercise in minutes and were divided into three groups: non exercisers, 
low exercisers (under 180 minutes), high exercisers (over 180 minutes). 
A mixed ANOVA was used to analyze PVT percent change in perfor-
mance compared to baseline across the three exercise groups during 
the overnight SD (1 am to 6 am)
Results: Performance on the PVT decreased for all subjects during the 
SD (F(3, 113) = 23.55, p < 0.001). There was a significant interaction 
between PVT performance and the type of exercise (F(5, 113) = 2.50, 
p = 0.03). High exercise individuals showed the greatest decline in per-
formance on the PVT in comparison to individuals in the low and no 
exercise groups, in particular during the early hours of the morning (3 
am–6 am).
Conclusion: Higher levels of regular self-reported physical exercise 
were associated with greater declines in alertness during a period 
of overnight SD. This may be explained by greater needs for energy 
conservation and tissue restoration among highly active individuals. 
Future work should examine the role of circadian factors and other 
contributors to physical health in resistance capacity.
Support (If Any): DARPA-12-12-11-YFA11-FP-029

0353
AN EVALUATION OF PERSONAL CHARACTERISTICS 
AS PREDICTORS OF VULNERABILITY TO SUSTAINED 
PARTIAL SLEEP LOSS
Dennis L, Trentalange M, Allen J, Jones C, Frager N, Dinges DF
Division of Sleep and Chronobiology, Department of Psychiatry, 
Perelman School of Medicine, University of Pennsylvania, 
Philadelphia, PA

Introduction: Experiments have documented that there are stable 
phenotypic differences among individuals in vulnerability to the neu-
robehavioral effects of sustained partial sleep restriction (SR). This has 
prompted questions about the predictability of this inter-individual vul-
nerability, based on personal characteristics of people. We addressed 
these questions relative to a number of demographic, personality, and 
sleep-wake measures, to evaluate the hypotheses that certain demo-
graphics, other acquired and sleep-wake characteristics can help pre-
dict these neurobehavioral responses to sleep restriction.
Methods: In a controlled laboratory environment, N = 51 healthy, 
ethnically-diverse subjects (n = 23 females, age M = 33 y, education 
M = 14 y) received 2 nights of baseline sleep (B; 10 h TIB) followed 
by 5 nights of SR (4 h TIB). During wakefulness each day (08 h, 10 h, 
12 h, 16 h, 18 h, 20 h), behavioral alertness was assessed using the Psy-
chomotor Vigilance Test (PVT), a well-established measure of the cu-
mulative neurobehavioral effects of SR. The average hourly increases 
from B days to SR days for PVT performance outcomes were evalu-
ated relative to 4 pre-lab sleep measures: sleep quality (PSQI), morn-
ingness-eveningness (MEQ), sleep duration (actigraphy), and daytime 
sleepiness (ESS) as well as 6 pre-SR characteristics of subjects: age, 
gender, ethnicity, education, reading IQ, and personality (EPI).
Results: Subjects were ranked for the effects of SR on 8 PVT outcome 
variables. For each outcome, the median was used to separate those 
who had a larger PVT deficit to sleep restriction from those who had a 
smaller PVT deficit to sleep restriction. Independent t-tests were con-
ducted between these two groups for all pre-lab sleep and all personal-
ity characteristics (N = 104 t-tests). None of the 10 personal or sleep 
characteristics reliably (p < 0.05) differed between the two phenotypic 
groups.
Conclusion: None of the demographic, personality, or sleep-wake 
measures evaluated prior to sleep restriction predicted PVT responses 

to 5 nights of sustained sleep restriction (4 h/night). Analyses are con-
tinuing evaluating other outcomes affected by SR.
Support (If Any): National Institutes of Health grant R01 NR-004281 
and NIH CTRC UL1TR000003.

0354
EMOTIONAL RESILIENCE IS NOT ASSOCIATED WITH 
INCREASED EMOTIONAL RESISTANCE TO SLEEP 
DEPRIVATION
Alkozei A1, Markowski SM1, Shane BS1, Rauch SL2, Killgore WD1

1Department of Psychiatry, University of Arizona, Tucson, AZ, 
2McLean Hospital, Belmont, MA

Introduction: Sleep difficulties are commonly co-morbid with of a 
range of emotional disorders, and acute sleep deprivation is associ-
ated with an increase in sub-clinical symptoms of psychopathology in 
healthy individuals. It is therefore crucial to identify possible protec-
tive factors against the negative impacts of sleep loss on mood. We 
hypothesized that higher levels of emotional resilience would be asso-
ciated with greater emotional stability during sleep deprivation.
Methods: Thirty-six healthy 20–42 year olds (50% females, M 
age = 25.42,) completed the Connor-Davidson Resilience Scale (CD-
RISC) as a measure of emotional resilience. Participants then under-
went a 30-hour sleep deprivation session during which they reported 
on their mood (e.g., happy, sad, afraid, angry, tense) using a Visual 
Analog Mood Scale, and completed the Psychomotor Vigilance Test 
(PVT) every hour.
Results: Self-reported positive mood scores, and performance on the 
PVT decreased during the sleep deprivation for all subjects. Emotional 
resilience did not correlate with changes in PVT or negative mood dur-
ing the sleep deprivation. However, contrary to expectations, greater 
emotional resilience scores (CD-RISC scores) were correlated with 
decreased positive mood throughout the night (r = −0.40, p = 0.02). 
This effect was significant for males (r = −0.60, p = 0.009), but not for 
females (r = −0.30, p = 0.21).
Conclusion: Contrary to what was hypothesized, emotional resilience 
was not a protective factor against the negative impact of sleep depri-
vation on mood and attention. In fact, greater emotional resilience at 
baseline predicted decreases in positive mood during sleep depriva-
tion, especially in males. Considering the importance of emotional 
resilience in protecting against the development of psychopathology 
and prior evidence of the antidepressant effects of sleep deprivation in 
depressed individuals, this finding might have important implications 
for understanding the directionality of the association between sleep 
deprivation and psychopathology, as well as the mechanisms underly-
ing the antidepressant effects of sleep deprivation.
Support (If Any): DARPA-12-12-11-YFA11-FP-029

0355
HOW DO “ALL-NIGHTERS” INFLUENCE SAFETY AND 
COGNITION AMONG COLLEGE STUDENTS?
Rouse JB, Smith R, Schwebel DC, Avis K
The University of Alabama at Birmingham, Birmingham, AL

Introduction: Commonly practiced among college students, vol-
untary sleep deprivation (“all-nighters”) leads to impaired cognition 
and decreased reaction time, which in turn influence attention, effort, 
and performance when sleep-deprived. Significant risk emerges when 
sleep-deprived students engage in tasks requiring complex cognitive 
and perceptual functioning such as crossing streets.
Methods: As part of a larger study, 25 participants aged 18–27 years 
(M = 22.99, SD = 2.64, 72% female, 40% Caucasian) were exposed to 
24 hours of total sleep deprivation (verified with actigraphy) and then 
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completed 15 crossings in a virtual reality pedestrian environment, the 
Useful Field of Vision task (UFOV) to assess visual awareness, and 
Conners’ Continuous Performance Test (CPT) to assess attention. CPT 
attention was assessed via both hit reaction time (average speed for 
correct responses) and response speed variability. Attention during 
street-crossings was measured via the number of missed safe crossing 
opportunities. Pedestrian safety was measured by the number of hits 
or close calls while crossing. Participants self-reported the number of 

“all-nighters”, or times per month they stay awake all night.
Results: Regression analyses were completed with the number 
of all-nighters per month as an independent variable and UFOV 
scores (F(1,19) = 11.74, p < 0.01, R² = 0.38), CPT hit response time 
(F(1,22) = 8.20, p < 0.01, R² = 0.27) and variability (F(1,21) = 4.91, 
p < 0.05, R² = 0.19), missed opportunities (F(1,23) = 5.10, p < 0.05, 
R² = 0.18), and hits/close calls (F(1,23) = 0.05, ns, R² = 0.002) as de-
pendent variables. All-nighters per month were significantly associated 
with all variables except pedestrian hits/close calls, which did match 
the hypothesized direction (sleep deprived M = 0.84, SD = 1.21 versus 
rested M = 0.68, SD = 0.90).
Conclusions: As seen in adults, sleep deprivation significantly reduces 
cognitive function, impairment that may increase college students’ risk 
of physical injury when engaging in tasks requiring significant cogni-
tive load such as crossing streets.

0356
SLEEP DEPRIVED PHYSICIANS HAVE A HIGHER RATE OF 
SUCCESS IN RESIDENCY EXAM IN BRAZIL
Prado GF, Carlos K, Carvalho LB
Neuro Sono EPM Unifesp, Sao Paulo, Brazil

Introduction: Sleep seems to be essential to cognitive performance. 
It is reported that sleep restriction leads to a number of consequences 
including, neurocognitive impairment, poor psychomotor function, at-
tention deficits, memory loss, anxiety, damage to quality of life, also in-
terfering with motor skills and the process of making decisions. Many 
or all of the reported consequences of insufficient sleep are important 
to medical performance, what has been of concern around the world. 
Objective: To evaluate if sleep deprivation interferes with the perfor-
mance of candidates in the exam to access residency program in Brazil.
Methods: On the examination day, candidates filled a sleep diary re-
porting how many hours they slept the 3 nights before the exam. We 
analyzed the median TST only for the night before the exam. The can-
didates were dived into two groups: > 390 minutes and ≤ 390 minutes 
(sleep deprived).
Results: There were 4,123 physicians participating in this research. 
The mean TST in the night before the exam was 300 minutes (6 hours) 
and the median 390 minutes (6 hours and 30 minutes). There were 
2,119 sleep deprived physicians where 833 (39.31%) candidates were 
approved and 1,286 (60.69%) did not succeed. The not sleep deprived 
group comprised 2,004 candidates, where 581 (29%) were approved 
and 1,423 (71%) were not (p < 0.000), showing a higher proportion of 
success in the exam for the sleep deprived group.
Conclusion: The success rate in the exam of those candidates in the 
group of sleep deprived (that slept less than 6 hours and 30 minutes be-
fore the exam) was higher than in the group that slept more, what was 
unexpected. It is possible that the most prepared candidates have some 
degree of anxiety that reduces the TST at a point that does not impair 
cognitive performance.
Support (If Any): Institutional grants from CAPES, CNPq.

0357
VARIATION IN SLEEP DURATION AND REACTION 
TIME BY DUTY START TIME AMONG SHORT-HAUL 
COMMERCIAL AIRLINE PILOTS
Flynn-Evans EE1, Arsintescu L2, Mulligan J1, Nowinski J1, Feary M1

1NASA, Moffett Field, CA, 2San Jose State University, Moffett Field, 
CA

Introduction: Commercial airline pilots experience slowed reaction 
time and short sleep duration following travel with layovers in differ-
ent time zones. Few studies have evaluated short-haul duty schedules 
in the absence of jet-lag. We aimed to examine the impact of early and 
late duty on the sleep and performance of short-haul airline pilots who 
return to domicile daily.
Methods: Fourty-four short-haul commercial airline pilots (4 F) com-
pleted four five-day duty schedules (baseline [short duty], early starts, 
long duty, late finishes) in the same order, separated by three or four 
rest days. Sleep was estimated by actigraphy and sleep diaries. The 
psychomotor vigilance task (PVT) was scheduled at least three times 
daily, including at the top of descent for every flight sector. Mixed ef-
fects models were used to compare sleep and performance for each 
schedule relative to baseline.
Results: Duty start times varied as expected (baseline = 10:17 [ ± 3:50], 
early = 5:24 [ ± 0:38], long duty = 13:52 [ ± 1:20], late = 16:33 [ ± 1:33]). 
Actigraphy-derived sleep duration was significantly shorter for early 
starts (5:42 h [ ± 0:44]) relative to baseline (6:47 h [ ± 0:52]; p < 0.01), 
but not for long duty, late duty or rest days. Reaction time was signifi-
cantly longer during early, long and late duty relative to baseline, but 
did not differ on rest days. Reaction time followed a significant diurnal 
pattern with poorest performance occurring during the solar night.
Conclusion: Our preliminary findings demonstrate that early starts 
are associated with reduced sleep duration among short-haul pilots. 
We further observed that pilots experienced impaired reaction time 
on both early and late duty, suggesting that modest circadian phase 
shifts lead to performance impairment. Pilots should be provided with 
comprehensive sleep hygiene training to prepare for early and late duty 
even in the absence of jet-lag. Duty schedules should be further evalu-
ated to determine how schedule-induced phase shifts may interact with 
sleep loss and affect operational performance.
Support (If Any): This work was supported by the System-wide Safe-
ty Assurance Technologies (SSAT) Project at NASA Ames Research 
Center.

0358
PILOTS’ PERSPECTIVES ON IN-FLIGHT SLEEP 
FACILITIES: A RETROSPECTIVE STUDY OF DATA FROM 
FOUR AIRLINES
Zaslona JL, O’Keeffe KM, Signal L, Gander PH
Sleep/Wake Research Centre, Wellington, New Zealand

Introduction: To reduce fatigue during long flights, pilots are provid-
ed with in-flight rest opportunities and rest facilities. Rest facilities are 
categorized into three classes: class 1 (lie-flat bunk separate from flight 
deck and passenger cabin), class 2 (lie-flat seat in passenger cabin), and 
class 3 (seat in passenger cabin or flight deck). The present analyses 
aimed to identify what factors pilots felt impacted on their sleep in 
these facilities.
Methods: Questionnaire data from five prior studies of pilots’ sleep on 
long range and ultra-long range flights (N = 291 pilots) were combined. 
Accepted methods of thematic analysis were applied to pilots’ open-
ended comments after a series of questions about in-flight sleep.
Results: Comments from 123 crewmembers (42%) were analysed. The 
comfort of the crew rest facilities (e.g., type and comfort of sleeping 
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surface, temperature, air quality) and noise (caused by passengers and 
cabin crew) were frequently reported to affect sleep duration and qual-
ity. These disturbances were often linked to the class and location of 
the rest facility, with a strong preference for class 1 rest facilities and 
complaints about noise from the neighbouring cabin crew galleys. In 
class 2 and 3 rest facilities the lack of privacy and the noise resulting 
from passenger activities (e.g., meal times, opening and closing of bag-
gage compartments) were also reported to affect in-flight sleep.
Conclusion: The factors commonly reported to disrupt in-flight sleep 
are consistent with findings from clinical and laboratory studies about 
the effects of random noise and comfort on sleep quality.
Support (If Any): This research was funded by a Commonwealth PhD 
Scholarship to JZ. The five studies were funded by four airlines includ-
ing Delta Air Lines and South African Airways and were made pos-
sible by Jim Mangie and Wynand Serfontein in particular.

0359
INTER-INDIVIDUAL DIFFERENCES IN THE EFFECTS OF 
AIRCRAFT NOISE ON SLEEP FRAGMENTATION
Basner M1, McGuire S1, Müller U2, Elmenhorst E2

1University of Pennsylvania, Philadelphia, PA, 2German Aerospace 
Center (DLR), Cologne, Germany

Introduction: Environmental noise exposure has been shown to dis-
turb sleep and impair recuperation, and may contribute to the increased 
risk for (cardiovascular) disease. Noise policy and regulation are usu-
ally based on average responses, although substantial inter-individual 
differences in the effects of traffic noise on sleep have been demon-
strated even in relatively homogeneous and healthy populations. In 
this analysis, we investigated what percentage of the total variance in 
noise-induced awakening reactions can be explained by stable inter-
individual differences.
Methods: The analyses are based on 72 healthy subjects (age range 
18–71 years, 32 male) who participated in a polysomnographic labora-
tory study on the effects of traffic noise on sleep and were investigated 
for 11 consecutive nights. This analysis concentrates on 4 exposure 
nights where subjects were exposed to 80 noise events from air, road, 
and/or rail traffic noise with maximum sound pressure levels varying 
between 45 and 65 dB(A).
Results: Mixed-effects models of variance controlling for age, gen-
der, study phase, study night, noise exposure in the previous night, and 
awakening probability in noise-free nights showed that 53.7% of the to-
tal variance was explained by inter-individual differences. The results 
thus demonstrate that a considerable amount of the variance observed 
in noise-induced sleep disturbance can be explained by inter-individual 
differences that cannot be explained by age, gender, or specific study 
design aspects.
Conclusion: The results demonstrate that it will be important to 
identify those at higher risk for noise induced sleep disturbance. Fur-
thermore, the custom to base noise policy and legislation on average 
responses should be re-assessed based on these findings.
Support (If Any): The study was internally funded by the German 
Aerospace Center (DLR).

0360
POOR SLEEP QUALITY ASSOCIATED WITH LOWER 
WORK PERFORMANCE AND GREATER HEALTHCARE 
COSTS: LONGITUDINAL DATA FROM KANSAS STATE 
EMPLOYEE WELLNESS PROGRAMS
Hui S1, Grandner MA 2

1Fox Chase Cancer Center, Philadelphia, PA, 2University of 
Pennsylvania, Philadelphia, PA

Introduction: Several studies show sleep disorders and poor sleep 
quality to be associated with adverse occupational outcomes. Few 
studies, though, have examined whether worsening of sleep over time 
leads to worsening of outcomes. In particular, few studies examine 
sleep quality and its change relative to healthcare expenditures.
Methods: Data from the Kansas State Employee Wellness Program 
from 2008 (N = 11,698) and 2009 (N = 5,636) were used. Sleep quality 
was assessed as “Trouble Sleeping” with categories of “Never,” “Sel-
dom,” “Sometimes,” “Often,” or “Always.” Absenteeism was recorded 
as full or partial workdays missed. Work performance over the past 4 
weeks was rated in a 10-point scale and applied to both the self and typ-
ical workers in that position (relative performance was [self]-[others]). 
Healthcare costs were evaluated objectively in dollars. Analyses were 
adjusted for age, sex, race/ethnicity, education, income, and overall 
health.
Results: Poor sleep quality was cross-sectionally and longitudinally 
associated with absenteeism, poor work performance, and increased 
healthcare costs. For example, poor sleep “Always” (vs “Never”) was 
associated with greater likelihood of missing 7 or more full days 
(OR = 5.58, p < 0.0005), partial days (OR = 5.37, p = 0.004), and total 
days (OR = 6.02, p < 0.0005), lower self-rated performance (B = −0.36, 
p < 0.0005), lower relative performance (B = −0.24, p = 0.004), and 
higher healthcare costs (B = $3,461.89, p < 0.0005). Longitudinally, 
each 1-category worsening of sleep quality over 1 year was associated 
with a further increase in missed full days (B = 0.07, p = 0.007), partial 
days (B = 0.09, p = 0002), and total days (B = 0.15, p < 0.0005), lower 
self-rated performance (B = −0.05, p = 0.006), lower relative perfor-
mance (B = −0.08, p = 0.001), and $189.46 more healthcare expendi-
tures (p = 0.041).
Conclusion: Poor sleep quality was associated with greater absentee-
ism, worse work performance, and increased healthcare expenditures. 
Further, worsening sleep over 1 year led to exacerbations in these 
domains. Workplace health interventions should address problems of 
poor sleep quality, which may not only improve health but also im-
prove work productivity and reduce costs.
Support (If Any): Dr. Hui is supported by the National Cancer Insti-
tute (R03CA159903). Dr. Grandner is supported by the National Heart, 
Lung and Blood Institute (K23HL110216) and the National Institute 
of Environmental Health Sciences (R21ES022931). We also thank Drs. 
Ellerbeck, Shireman at University of Kansas Medical Center, and Ms. 
Cheryl Miller (the former Program Administrator of KS employee 
wellness Program) for facilitating the data acquisition for this study.

0361
ADOLESCENT SLEEP RESTRICTION AND 
PERFORMANCE IN A DRIVING SIMULATOR
Beebe DW1,2, Garner AA1, LeBlond E1

1Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, 
2University of Cincinnati College of Medicine, Cincinnati, OH

Introduction: We have previously shown that experimentally-induced 
sleep restriction (SR) impairs adolescents’ attention. Given the impor-
tance of attention to driving, SR may similarly contribute to high rates 
of adolescent driving accidents. Correlational and quasi-experimental 
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studies support this possibility, but cannot prove causation. Here, we 
examine the impact of experimental SR on adolescents in a driving 
simulator, considering whether that impact is moderated by the nature 
of the drive (urban/suburban vs. rural) or how vulnerable each adoles-
cent is to attentional decline after SR.
Methods: 17 healthy 16–18-year-old licensed drivers completed, in 
randomly counterbalanced order, two 5-night sleep conditions: SR 
(6.5 hours in bed) vs. Healthy Sleep (HS; 10 hours in bed). At the end 
of each, adolescents completed rural and urban/suburban courses in 
a driving simulator, and parents rated adolescents on a validated at-
tention questionnaire. Vulnerability to SR was computed as raw score 
difference in those parent ratings across the sleep conditions. Outcome 
variables included mean speed, standard deviation of speed, standard 
deviation of lateral lane position (SDLP) and crashes. Separate mul-
tivariate models examined the main and interaction effects of sleep 
condition, type of drive, and vulnerability to SR, covarying for months 
licensed.
Results: Adolescents averaged 2 hours more sleep during HS than 
SR, p = 0.001. Although effects for the other driving outcomes were 
non-significant, there were 3-way interactions (sleep-by-drive-by-
vulnerability) for mean speed and SDLP (p < 0.02). During the rural 
drive, adolescents had less consistent lateral vehicle control in SR than 
HS, despite slower driving among those reported to be vulnerable to 
SR. During the urban/suburban drive, SR worsened SDLP only among 
adolescents reported to be vulnerable to SR.
Conclusion: Even a moderate degree of SR appears to be a modifiable 
contributor to adolescent driving problems. This impact is widely pres-
ent during boring rural drives, and in a subgroup during interesting 
urban/suburban drives.
Support (If Any): Cincinnati Children’s Research Foundation and the 
National Institutes of Health Grants T32HP10027 and R01 HL092149.

0362
DO 10MIN NAPS BEFORE THE COMMUTE HOME FROM A 
NIGHT SHIFT CAUSE SLEEP INERTIA?
Hilditch C1, Centofanti S1, Dorrian J1, Van Dongen H2, Banks S1

1Centre for Sleep Research, University of South Australia, Adelaide, 
Australia, 2Sleep and Performance Research Center, Washington State 
University, Spokane, WA

Introduction: Driving home after a night shift is associated with in-
creased risk of road accidents. Napping may be used as a sleepiness 
countermeasure before the commute. The potential for sleep inertia 
after a pre-commute nap, however, has not been investigated.
Methods: Twenty-one healthy subjects (21–35 y; 12F) participated 
in a 3-day laboratory study including one baseline sleep opportunity 
(2200 h–0700 h) and one experimental night involving randomiza-
tion to one of two conditions: total sleep deprivation (NO-NAP), or a 
10 min nap ending at 0400 h plus a 10 min nap ending at 0710 h (10-
NAP). This analysis focussed on performance following the 10 min 
nap ending at 0710 h, simulating a pre-commute nap. Nap sleep was 
recorded using polysomnography. A 40 min York monotonous high-
way driving task was performed at 0715 h. The standard deviations 
of road position and speed were analysed. Further, a 3 min psychomo-
tor vigilance task (PVT) was administered pre-nap (0630 h), post-nap 
(0712 h), and post-drive (0755 h). PVT mean reciprocal response times 
(MRRT) were analysed.
Results: Total nap sleep time (mean ± SD) was 9.1 ± 1.2 min, with 
1.3 ± 1.9 min spent in slow wave sleep. Mixed-effects ANOVA revealed 
a significant condition*time interaction (F1,19 = 6.86; p = 0.017) for PVT 
MRRT. There was no difference pre- to post-nap in the NO-NAP con-
dition. However, post-nap performance in the 10-NAP condition was 
significantly worse than pre-nap, and worse than the NO-NAP condi-

tion post-nap. Driving performance did not differ significantly between 
conditions. There were also no differences between conditions for PVT 
MRRT post-drive.
Conclusion: There were no group differences in PVT MRRT before 
the pre-commute nap (0630 h), which suggests that there were no sig-
nificant carry-over effects of the 10 min nap at 0400 h. However, the 
PVT administered after the pre-commute nap detected signs of sleep 
inertia. The 40 min driving task that started immediately following, 
and the PVT administered right after, did not show evidence of sleep 
inertia—nor did they show benefits from the pre-commute nap.
Support (If Any): University of South Australia DRPF Seeding Grant.

0363
A COMPARISON OF SLEEP AND PERFORMANCE OF 
US NAVY SAILORS ON FOUR DIFFERENT SHIFTWORK 
SCHEDULES
Shattuck NL, Matsangas P
Naval Postgraduate School, Monterey, CA

Introduction: The naval environment is characterized by sleep prob-
lems, sleep deprivation and elevated fatigue. The daily work and rest 
schedules for crewmembers is under the control of the ship’s com-
manding officer and consequently, varies from ship to ship. In this nat-
uralistic experiment, we examined the sleep patterns and psychomotor 
vigilance performance of sailors on 4 different work and rest schedules.
Methods: Crewmembers on DDG-109 were observed for two weeks 
on either a “3 hrs-on/9 hrs-off” (n = 24) or a “6 hrs-on/6 hrs-off” (n = 9, 
Operations Department). Crewmembers (n = 34) on DDG-65 were 
observed for one week on a backward-rotating “6 hrs-on/18 hrs-off” 
schedule. On CNV-68, 77 crewmembers (Nuclear Reactor department) 
were observed for two weeks on a “5 hrs-on/10 hrs-off” schedule. Each 
sailor wore an actigraph, completed an activity log, and performed a 
3-minute psychomotor vigilance test (PVT) before and after standing 
watch. A between-subjects comparison assessed differences in daily 
sleep and PVT performance among the watchstanding schedules.
Results: Crewmembers on the 5 hrs-on/10 hrs-off received signifi-
cantly more daily sleep (6.88 ± 0.89 hours) than those on the modi-
fied 6-on/18-off (5.65 ± 1.63 hours) and those on the 6 hrs-on/6 hrs-off 
(5.90 ± 0.90 hours) schedules (all comparisons, p < 0.05). Their sleep 
was comparable to sailors working the 3 hrs-on/9 hrs-off (6.54 ± 0.8 
hours). However, sleep on the 5 hrs-on/10 hrs-off schedule occurs in 
irregular, circadian-misaligned times of the day. Over an entire 3-day 
rotation circle, a crew member on the 5 hrs-on/10 hrs-off encounters 
two 20-hour periods of sustained wakefulness and one night of short 
sleep (≤ 4 hours). The 5 hrs-on/10 hrs-off schedule was associated with 
the worst PVT performance (mean reaction time and 355 ms lapses) 
followed by the 6 hrs-on/6 hrs-off. The best performance was seen in 
the 3 hrs-on/9 hrs-off followed by the 6 hrs-on/18 hrs-off. PVT perfor-
mance for both schedules was significantly better than the 5 hrs-on/10 
hrs-off (p < 0.05).
Conclusion: The 5 hrs-on/10 hrs-off results in lower quality sleep than 
other schedules. In particular, the 3 hrs-on/9 hrs-off schedule yielded 
better sleep hygiene and better performance. The surface navy com-
munity should consider revising its watchstanding practices. This 
study suggests that watchstanding schedules based on sound human 
performance and ergonomics principles may lead to better perfor-
mance in the operational environment.
Support (If Any): These studies were supported by the Twenty-First 
Century Sailor Office (N135H), United States Navy Bureau of Medi-
cine, and the Office of Naval Research.
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0364
SHORT SLEEP DURATION, INSOMNIA, AND SNORING 
ASSOCIATED WITH DROWSY DRIVING
Gallagher R, Perlis M, Gurubhagavatula I, Chakravorty S, Barrett M, 
Schuschu J, Khader W, Findley J, Grandner MA
University of Pennsylvania, Philadelphia, PA

Introduction: Numerous studies have shown that sleep apnea and 
sleep loss are associated with motor vehicle accidents. Less well docu-
mented is whether habitual short sleep duration, insomnia, and/or loud 
snoring also constitute risk factors for drowsy driving. These associa-
tions are evaluated in the present study.
Methods: Data from the Sleep and Healthy Activity, Diet, Environ-
ment and Socialization (SHADES) study was used. SHADES is a 
survey of adults age 22–60 in southeastern Pennsylvania (N = 1007). 
Sleep duration was assessed with the NHANES item (typical week-
night sleep) and categorized as very short (≤ 4 h), short (5–6 h), normal 
(7–8 h, reference), and long (≥ 9 h). Drowsy driving in the past 30 days 
was self-reported using an item from an established national database 
(BRFSS). Insomnia was assessed with the Insomnia Severity Index 
(ISI) and categorized as none (reference), mild, moderate, or severe. 
Loud Snoring was assessed using the Multivariable Apnea Prediction 
(MAP) questionnaire item, as 0 (“Never”, reference) to 4 (“Always”). 
Covariates included obesity (BMI ≥ 30), age, sex, education, and race/
ethnicity. Logistic regression analyses evaluated each sleep factor 
alone and after adjustment for the others (all included covariates).
Results: Both very short (OR = 3.99; p < 0.0001) and short (OR = 2.14; 
p = 0.002) sleep duration were associated with drowsy driving, as 
was mild (OR = 2.31; p = 0.005), moderate (OR = 3.14; p < 0.0001), 
and severe (OR = 6.61; p < 0.0001) insomnia and snoring “Rarely” 
(OR = 1.98; p = 0.020), “Frequently” (OR = 2.15; p = 0.04) or “Always” 
(OR = 4.59; p < 0.0001). When sleep factors were adjusted for each 
other, unique effects were found for very short (OR = 2.26; p = 0.034) 
and short (OR = 1.70; p = 0.045) sleep, mild (OR = 1.97; p = 0032), 
moderate (OR = 2.21; p = 0.024), and severe (OR = 3.42; p = 0.010) in-
somnia, and loud snoring “Rarely” (OR = 1.92; p = 0.028) and “Always” 
(OR = 3.62; p = 0.001).
Conclusion: All 3 sleep risk factors were associated with drowsy 
driving. Notably, the effects of sleep duration overlapped with those 
of insomnia, attenuating results. These results show that short sleep, 
insomnia, and loud snoring are all independent risk factors for drowsy 
driving.
Support (If Any): The SHADES study was funded by R21ES022931. 
Dr. Grandner is also supported by K23HL110216.

0365
DRIVING HOME FROM THE NIGHT SHIFT: A BRIGHT 
LIGHT INTERVENTION STUDY
Weisgerber DM, Mistlberger R
Simon Fraser University, Burnaby, BC, Canada

Introduction: Sleep deprivation (SD) interacts with time of day (cir-
cadian phase) to impair psychomotor vigilance and increase the risk of 
driving accidents during the commute home after night work. Bright 
light (BL) can enhance alertness and cognitive performance. We exam-
ined the effects of BL at the end of a simulated night shift on driving 
performance.
Methods: Participants (22.8 + 4 ya; N = 19; 5 female) were prescreened 
for chronotype, sleep disorders and motion sickness in the driving 
simulator. A repeated measures, cross-over balanced design was used, 
with no less than 1 week between the following 3 conditions: 1. No SD, 
2. Overnight SD with 45 min dim light (DL) exposure (~50 lux), and 
3. Overnight SD with 45 min BL exposure (~5600 lux). During SD, 

subjects remained awake in the laboratory from their usual bedtime 
for 6:00 hrs in ~50 lux light, with 1 or 2 research assistants. Body tem-
perature and psychomotor vigilance (PVT) data were collected at 30 
min intervals. Subjects then received the light treatment, followed by 
a 45 min driving test in a high-fidelity simulator. Saliva was collected 
before and after light treatment for melatonin assay.
Results: Temperature, subjective alertness and PVT performance de-
creased significantly across the night (repeated measures ANOVA). 
BL significantly suppressed melatonin, but did not improve subjec-
tive alertness or PVT performance. SD markedly increased incidents, 
accidents, and standard deviation of lane position. These measures 
worsened with time on task. BL compared to DL did not improve per-
formance during the first 22 min circuit, but across the 2 circuits BL 
significantly attenuated the effect of time on task on incidents and ac-
cidents.
Conclusion: Bright light at the end of a night shift may have potential 
as a countermeasure to improve driving performance following night 
work, particularly for low light work environments and commutes that 
occur before dawn.
Support (If Any): Natural Sciences and Engineering Research Coun-
cil (Canada)

0366
SLEEP DEPRIVATION AND RECOVERY IN AN 
EXPEDITION ADVENTURE RACE
St Pierre L1, Staton S2, Patinson C2, Thorpe K 2, Smith S2

1QIMR Berghofer Medical Research Institute, Brisbane, Australia, 
2Queensland University of Technology, Brisbane, Australia

Introduction: Sleep deprivation, defined as either suboptimal, frag-
mented or a complete lack of sleep, has significant consequences for 
cognitive function, attention and operant memory along with a vast 
array of other health implications. Whilst there have been a number 
of well documented cases of prolonged sleep deprivation within con-
trolled studies, the consequences of sleep deprivation as they pertain 
to athletic performance and recovery from endurance sports, in par-
ticular adventure racing, remain largely uncharacterised. Expedition 
adventure racing is a multi-disciplinary team sport involving wilder-
ness navigation with races anywhere up to two weeks in length. As the 
clock does not stop during a race, teams will normally push through 
all hours, often forgoing sleep completely with sleep deprivation per-
ceived as staple consequence of the sport. This pilot study provides the 
first objective data of sleep patterns in the period leading up to, during 
and following an expedition adventure race.
Methods: Four participants (3 male, 1 female) comprising a single 
team at the 2014 GODZone Adventure Race in New Zealand collected 
activity and light exposure data via actigraphy over a 10 day pre-race, 5 
day race and 2 weeks post-race period. Data was analysed to determine 
objective 24-hour sleep/wake parameters, physical activity intensity, 
and ambient light levels.
Results: The longest period of wakefulness observed was 40 hours 
and 28 minutes, with total sleep time averaging 3 hours per day across 
the 5 days or racing. Individual differences were observed in post-race 
recovery despite the original degree of sleep deprivation effectively be-
ing determined by a tethered group decision.
Conclusion: The current study represents a real world sleep depriva-
tion model where sleep loss, performance goals and risk management 
are self-regulated. Findings of this pilot study indicate that adventure 
racers form an excellent novel ecological model for examining the rela-
tionship between sleep deprivation, performance and recovery.
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0367
SLEEP 24 HOURS PRIOR TO TOP OF DESCENT AS 
A PREDICTOR OF SLEEPINESS, FATIGUE, AND 
PERFORMANCE ON TWO GUAM-BASED FLIGHTS
Lauderdale N, Lamp A, Hoeg L, Hanks H, Kunz E, Belenky G
Washington State University, Spokane, WA

Introduction: Top of descent (TOD) is a critical phase of flight in 
which the pilot initiates the descent to landing. The first flight studied 
(Island Hopper) originates in Guam with 5 stops in Micronesia and the 
Marshall Islands before finishing in Honolulu. After a layover, the re-
verse route is flown back to Guam. The second flight studied (Triangle) 
originates in Guam, stops in Manila, then Koror, and finishes back in 
Guam (without a layover). We looked at whether the amount of time a 
pilot sleeps in the 24 hours prior to final TOD, into Honolulu or Guam, 
was a useful indicator of fatigue, sleepiness, and/or performance.
Methods: Each pilot contributed one pair of data points (n = 87) for the 
three flight segments studied: outbound Island Hopper, inbound Island 
Hopper, and Triangle. Sleep 24 hours prior to TOD was correlated to 
each metric (S/P, KSS, and PVT mean speed) using Pearson’s R. Pilot’s 
sleep 24 hours prior to TOD was measured in pilots using sleep/wake 
history scored by actigraphy along with self-report in a sleep/work 
diary. Self-reported fatigue was measured using the Samn-Perelli Fa-
tigue Scale (S/P) and self-reported sleepiness was measured using the 
Karolinska Sleepiness Scale (KSS). Pilot performance was measured 
using the 5-minute psychomotor vigilance task (PVT).
Results: A positive correlation was statistically significant between 
sleep 24 hours prior to TOD and the S/P scores (r2 = 0.058, df = 1, 
p = 0.019). There was a positive correlation between sleep 24 hours 
prior to TOD and the KSS scores that was statistically significant 
(r2 = 0.046, df = 1, p = 0.033). No significant correlation was found 
between sleep 24 hours prior to TOD and PVT mean speed.
Conclusion: Results suggest that total sleep in the 24 hours prior to 
TOD is useful in predicting fatigue and sleepiness at final TOD in long 
duration, multi-segment flights.
Support (If Any): The study was supported by United Airlines.

0368
A COMPARISON OF A LONG-DURATION, MULTI-
SEGMENT FLIGHT AND AN OVERNIGHT FLIGHT ON 
PILOT FATIGUE, SLEEPINESS, AND PERFORMANCE
Lamp A, Hoeg L, Hanks H, Kunz E, McInelly A, Lauderdale N, 
Belenky G
Washington State University, Spokane, Spokane, WA

Introduction: The Island Hopper flight originates in Guam, makes 
four stops before Majuro, and lands in Honolulu for a layover, before 
returning to Guam by the reverse route. Two crews fly the route; each 
crew consists of one Captain and one First Officer. On the Outbound 
flight, Crew A flies from Guam to Majuro. Crew B flies from Majuro to 
Honolulu. On the Inbound flight, Crew A flies Honolulu to Majuro and 
Crew B flies Majuro to Guam. This Island Hopper flight was compared 
to an overnight flight (Triangle) that originates in Guam, stops in Ma-
nila and Koror, and returns to Guam. This comparison was designated 
by the Federal Aviation Administration (FAA) for data collection un-
der a Fatigue Risk Management System.
Methods: 29 pilots participated (Crew A - n = 10; Crew B - n = 19) in 
this study. Flights were compared by operation (Island Hopper vs. Tri-
angle) and flight type (outbound vs. inbound), for Crew A and Crew B 
at final top of descent (TOD). Sleep in the 24 hours prior to final TOD 
(S24P) was measured with actigraphy and self-report. Performance 
was measured as speed on the psychomotor vigilance task (PVT). Self-
reported fatigue and sleepiness were measured with the Samn-Perelli 

Fatigue Scale and Karolinska Sleepiness Scale, respectively. We used 
fitted models and paired comparisons to test for differences and the 
two, one-sided test to test for equivalence.
Results: For Crew A Outbound vs. Triangle, we found more S24P and 
less sleepiness. For Crew A Inbound vs. Triangle, Crew B Outbound 
vs. Triangle, and Crew B Inbound vs. Triangle we found more S24P, 
greater speed on the PVT, and less fatigue and sleepiness. All data was 
significant.
Conclusion: The evidence showed that pilots flying the Island Hopper 
were better in terms of sleep, performance, fatigue and sleepiness.
Support (If Any): The study was supported by United Airlines.

0369
SLEEP DEPRIVATION PRECIPITATES THE 
DEVELOPMENT OF AMPHETAMINE-INDUCED 
CONDITIONED PLACE PREFERENCE IN RATS
Tufik SB1, Berro LF2, Andersen ML2, Tufik S 2

1Universidade de São Paulo, São Paulo, Brazil, 2Universidade Federal 
de São Paulo, São Paulo, Brazil

Introduction: Rationale: Sleep deprivation (SD) and amphetamine 
use are commonly associated conditions at late-night parties or due to 
excessive sleepiness caused by excessive work load. SD shares similar 
neurobiological effects with psychostimulants, playing an important 
role in the development of and recovery from drug addiction, espe-
cially through conditioning manipulations. Objectives: The aim of the 
present study was to investigate the effects of SD on the development 
of conditioned place preference (CPP) in a protocol with a reduced 
number of conditioning sessions challenged with amphetamine.
Methods: Male adult rats were submitted to 4 conditioning sessions (2 
sessions a day) in the CPP apparatus, half with saline (non-drug-paired 
compartment) and half with 2 mg/kg amphetamine (drug-paired com-
partment) after control (home-cage maintained) or sleep deprivation 
(gentle handling method for 6 h) conditions.
Results: Control animals did not express a preference for the amphet-
amine-paired compartment, showing that 2 conditioning sessions with 
the drug was not enough to establish a CPP. On the other hand, animals 
submitted to SD during the conditioning trials expressed a preference 
for the amphetamine-paired compartment maintained across the entire 
test session.
Conclusion: SD strengthens the rewarding properties of amphetamine, 
thereby precipitating the development of CPP. By showing that lack of 
sleep might contribute for the establishment of a conditioning between 
the drug effect and environmental cues, our data provide relevant in-
sights to psychostimulant abuse prevention campaigns.
Support (If Any): AFIP, CAPES, CNPq and FAPESP.

0370
ACUTE SLEEP DEBT AND GAMBLING TASK IN MICE: IT 
DEPENDS ON WHEN IT ARRIVES AND IT AMPLIFIES 
SOME PRE-EXISTING INDIVIDUAL BEHAVIORAL 
PROFILES!
Pittaras E1,2,3, Lucie P2, Léger D3, Chennaoui M1,3, Granon S2, 
Rabat A1,2,3

1Fatigue & Alertness unit, Department of Neurosciences for 
Operational Constraints, Armed Forces Biomedical Research 
Institute, Bretigny sur Orge Cedex, France, 2Neurobiology of 
Decision-Making Team, Neurosciences Center of South Paris, 
University of Paris 11, Orsay, France, 3Alertness, Fatigue and Sleep 
Team (EA 7730), University of Paris 5 Descartes, Paris, France

Introduction: Acute sleep debt with total sleep deprivation (TSD) is 
responsible for many cognitive dysfunctions in healthy humans (Chee 
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and Chuah 2008) such as taking more risk (Killgore et al., 2006). Nei-
ther studies have focused on individual differences in such effects nor 
developing a validated animal model in order to understand the bio-
logical substrates.
Methods: We have developed and validated a Mouse version of the 
Iowa Gambling task (MGT, Pittaras et al., 2013), which takes place in 
a 4-arm maze and last 5 days (D1 to D5). We have induced an acute 
sleep debt (ASD) of 24 hours using a programmed moving platform 
(Chauveau et al., 2014). ASD was applied either just at the end of the 
task (D5-D6, n = 22) or just after 2 days (D2-D3, n = 16). We have also 
included control groups (n = 16 and n = 23).
Results: ASD applied at D5-D6 did not change mice preference for 
advantageous choices (T-Test: p < 0.001) as control mice did (MW: 
p > 0.59). But sleep deprived mice were faster to make their choic-
es (MW: p < 0.05). When ASD was applied at D2-D3, mice did not 
change their choice preferences towards advantageous ones (T-Test: 
p > 0.46) as control mice did but stayed faster to make their choices 
(MW: p < 0.05). Moreover, individual behavioral profiles that exist in 
control mice (“safe”, “risky” and “intermediate” mice) were amplified 
after ASD for “risky” and “safe” mice.
Conclusions: ASD seems to reduce the latency of behavioral response 
of mice in this gambling taking but its deleterious effect on decision-
making processes seemed to be related to a time-dependent effect. 
Moreover, ASD seems to amplify pre-existing individual behavioral 
profiles through a behavioral rigidity.
Support (If Any): This research was financially support by grants from 
French Government (DGA, Contract # PDH-1-SMO-2-0505/12ca706).

0371
EFFECTS OF SLEEP DISRUPTION AND OVERNUTRITION 
ON INFLAMMATION AND GLYCEMIC CONTROL
Ho JM, Barf R, Opp MR
University of Washington, Seattle, WA

Introduction: Peripheral inflammation following chronic insufficient 
sleep or overnutrition is associated with impaired glycemic control and 
metabolic disease. Overnutrition also induces metabolic deficits in part 
via hypothalamic inflammation. It remains unknown whether neuroin-
flammation elicited by insufficient sleep impairs energy regulation. We 
tested the hypothesis that neuroinflammation contributes to deficits in 
energy regulation following insufficient sleep and overnutrition.
Methods: Adult male C57BL/6J mice were housed in novel sleep 
disruption devices and assigned to one of four groups: undisturbed 
sleep and chow diet; undisturbed sleep and high-fat diet (HFD); 18-h 
sleep fragmentation (SF) and chow diet; or 18-h SF and HFD. After 
3 or 9 days’ exposure to these conditions, blood samples and meta-
bolic tissues were collected and analyzed for selected cytokines using 
a Luminex bead-based assay (n = 7–8/group). Plasma corticosterone 
concentrations were measured via enzyme immunoassay. Glucose tol-
erance tests were performed to assess glycemic control in a separate set 
of mice (n = 4/group).
Results: A trend towards impaired glucose tolerance was observed af-
ter 3 days of SF (p = 0.08), whereas 9 days of SF or HFD significantly 
impaired glucose tolerance (p < 0.05). Three days of SF significantly 
elevated levels of pro-inflammatory cytokines in the hypothalamus 
and brainstem, altered cytokine signaling in plasma, and elevated 
plasma corticosterone levels (p < 0.05). After 9 days, pro-inflamma-
tory responses to SF largely subsided, but elevations in brainstem in-
terleukin-6 and reductions in plasma corticosterone were observed in 
response to HFD (p < 0.05). At both time points, plasma leptin concen-
trations increased with HFD and decreased with SF (p < 0.05).
Conclusion: Prolonged SF or HFD impairs glycemic control and ex-
posure to both factors results in even greater impairment. SF induces 

a more rapid pro-inflammatory response than does HFD, however the 
functional effects of these responses remain unclear as they do not cor-
respond well with patterns of glucose intolerance.
Support (If Any): This work was supported by the University of 
Washington Dept. of Anesthesiology and Pain Medicine and by NIH 
grants 1F32DK103491-01 and 2T32DK007247.

0372
MECHANICALLY CONTROLLED REM SLEEP 
DEPRIVATION SELECTIVELY ACTIVATES REM SLEEP-
RELATED BRAIN STRUCTURES UNDER A STRESS-FREE 
CONDITION IN MICE
Kimura M, Gazea M, Kumar D, Voule S, Flachskamm C
Max Planck institute of Psychiatry, Munich, Germany

Introduction: Experimental sleep deprivation is often performed to 
challenge homeostatic sleep-wake regulation. Compared with total 
sleep deprivation, selective REM sleep deprivation (RSD) is more 
difficult to conduct. So far, the inverted flower-pot method is used to 
achieve RSD. However, this method is principally stressful and elimi-
nates a significant amount of non-REM sleep. To minimize stress re-
action to RSD, we designed new automated machinery and used it to 
detect REM sleep-activated brain structures.
Methods: C57BL/6N mice, implanted with EEG/EMG electrodes, un-
derwent RSD from light onset for 36 or 48 hours. A few hours before 
RSD the mice were placed into a rotating wheel connected to a comput-
er-controlled motor system which activated the wheel when the mice 
fell into REM sleep. Half of them were continuously under recordings 
during and after 36-h RSD, while the others were sacrificed immedi-
ately or 10 h after RSD for c-Fos staining. To determine the corticos-
terone response, another group of mice was used for blood sampling 
before and after 48-h RSD.
Results: RSD eliminated 95.7% of REM sleep on average, while > 80% 
of non-REM sleep was preserved in comparison with baseline. Right 
after RSD, mice stayed awake for a few hours, then REM sleep pre-
dominated during Zeitgeber time 19–24 (234.9% versus baseline). Al-
though non-REM sleep episodes became fragmented during RSD, the 
amount of non-REM sleep returned to the baseline level during recov-
ery. C-Fos-positive cells were barely found in the paraventricular nu-
cleus, while in amygdaloid structures more c-Fos activation occurred 
than in the brainstem when accumulation of REM sleep appeared. 
Plasma corticosterone stayed at a basal level even after 48-h RSD.
Conclusion: Our theta activity-based RSD method achieved selective 
sleep deprivation without eliciting stress responses. The results encour-
age its potential use for studying REM sleep homeostasis and related 
brain structures separately from those representing stress impacts.
Support (If Any): Max Planck Society

0373
CHRONIC SLEEP RESTRICTION INCREASES 
MICROGLIAL IBA1 IMMUNOREACTIVITY IN THE RAT 
BRAIN
Hall S, Deurveilher S, Semba K
Dalhousie University, Halifax, NS, Canada

Introduction: Microglia are the primary mediators of the neuroin-
flammation that occurs in the central nervous system in response to 
injury, neurodegeneration, and chronic stress. Recent evidence also 
suggests a role of microglia in neural circuitry modeling and synaptic 
pruning. To determine whether chronic sleep restriction (CSR) induces 
changes in microglia, we examined the immunoreactivity for ionized 
calcium-binding adaptor molecule 1 (Iba1), a marker for microglia, in 
the rat brain during and after the ‘3/1’ protocol of CSR (continuous 
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cycles of 3 h of sleep deprivation [using slowly rotating wheels] fol-
lowed by 1 h of sleep opportunity) for 99 h.
Methods: Eight groups of adult male Wistar rats were used (n = 4–9/
group). Three sleep-restricted groups were housed in motorized activ-
ity wheels, and underwent the 3/1 protocol for 3, 27, or 99 h. A recovery 
group was housed in motorized activity wheels and underwent the 3/1 
protocol for 99 h, followed by 6 days of unrestricted sleep in locked 
wheels. Four time-matched control groups were housed in locked 
wheels. Following perfusion at the end of the experiment, brains were 
processed immunohistochemically for Iba1. Counts of Iba1+ cell 
bodies and the density of Iba1 immunoreactivity (including both cell 
bodies and associated processes) were obtained in several sleep/wake-
related and limbic regions.
Results: The number of Iba1+ microglia and the density of Iba1 im-
munoreactivity did not differ between the four time-matched control 
groups in any of the regions studied. However, in the prelimbic cortex, 
the number of Iba1+ cells and the density of Iba1 immunoreactivity 
increased after 27 and 99 h of CSR, and tended to remain elevated after 
6 days of recovery, relative to the control conditions. In the periforni-
cal lateral hypothalamic area, the number of Iba1+ cells was increased 
only after 99 h of CSR, and was at control levels after 6 recovery days; 
the density of Iba1 immunoreactivity was unchanged. No significant 
changes were found in the dentate gyrus of the hippocampus or the lo-
cus coeruleus after CSR. The examination of additional brain regions 
is underway.
Conclusion: The 3/1 CSR protocol for 99 h induced region-specific 
and duration-dependent changes in the number of Iba1+ microglia and 
the density of Iba1 immunoreactivity. These microglial changes could 
contribute to neuroinflammation and/or synaptic remodeling as a result 
of CSR. Morphological analyses of immunoreactive microglia and ad-
ditional immunostaining with markers of functional activation are in 
progress to address these possibilities.
Support (If Any): CIHR

0374
CHRONIC ALCOHOL CONSUMPTION IMPAIRS 
RECOVERY SLEEP AFTER SLEEP DEPRIVATION IN RATS
Guo R, Jansen HT, Simasko SM
Washington State University, Pullman, WA

Introduction: Sleep disturbances are common among alcoholic pa-
tients, which may persist for years after abstinence and contribute to re-
lapse. How chronic alcohol disturbs sleep remains unclear. This study 
examined effects of chronic alcohol consumption on recovery sleep 
after sleep deprivation in rats.
Methods: We instrumented male Sprague-Dawley rats (n = 15 for 
Alcohol; n = 12 for Control) with EEG/EMG electrodes for sleep re-
cording. We used a pair-feeding model (8-week, 6% alcohol in liquid 
diet). After acclimation, we acquired 24-hour data before and after 
sleep deprivation sessions (6-hour), which were performed by gentle 
handling from ZT 0 (lights-on). Rats had continuous access to alcohol 
throughout experiments. Sleep recordings (10-second epochs) were 
manually scored as wake, NREM or REM sleep. Statistical analyses 
include two-tailed T-test and two-way repeated-measures ANOVA 
(Tukey post-hoc).
Results: Chronic alcohol changed the structure of recovery sleep dur-
ing the 24 hours after sleep deprivation without affecting total wake/
NREM/REM time. During the first 6-hour recovery in the light, al-
cohol-treated rats exhibited: more wake time; unaltered NREM time, 
due to more number of, but shorter duration NREM bouts; and less 
REM time caused by shorter REM bout duration. During later recov-
ery (subsequent dark period), the Alcohol Group showed: fewer but 
longer wake and NREM bouts; and increased REM bout duration, 
leading to more REM time. Chronic alcohol also increased latency to 
long NREM (≥ 5 min) and long REM (≥ 1 min) episodes after sleep 
deprivation.
Conclusion: Chronic alcohol exposure increased sleep latency and 
fragmented NREM/REM sleep during the first 6-hour recovery in the 
light, indicating destabilized sleep states. These changes were later 
compensated during the dark period. Our findings demonstrate that 
chronic alcohol consumption impairs responses to homeostatic sleep 
drive after sleep deprivation by altering the stability of sleep states.



SLEEP, Volume 38, Abstract Supplement, 2015A135

A. Basic Sleep Science XIV. Instrumentation and Methodology

0375
PC AND SMARTPHONE PLATFORMS FOR 
NEUROBEHAVIORAL PERFORMANCE TESTING AND 
PREDICTION
Khitrov MY1, Liu J1, Laxminarayan S1, Ramakrishnan S1, 
Wesensten NJ2, Reifman J1

1Department of Defense Biotechnology High Performance 
Computing Software Applications Institute, Telemedicine and 
Advanced Technology Research Center, United States Army Medical 
Research and Materiel Command, Fort Detrick, MD, 2Department of 
Behavioral Biology, Walter Reed Army Institute of Research, Silver 
Spring, MD

Introduction: Currently, reaction time (RT) tests are largely per-
formed using commercially available devices [e.g., the psychomotor 
vigilance task (PVT)-192]. However, such devices are costly, not user-
friendly, and require many manual steps to export the collected perfor-
mance data. Importantly, these devices do not allow for the integration 
of data analysis software. Nor do they allow for the tracking and pre-
diction of performance levels in real time as tests are being taken.
Methods: We developed two standalone platforms to measure PVT 
and predict performance at an individual level: 1) the personal com-
puter (PC)-PVT and 2) the smartphone 2B-Alert app. Realizing that 
the key element of PVT testing is the accurate measurement of RT to a 
visual stimulus, we incorporated key features of the PVT-192 into each 
platform and characterized the various hardware and software delays 
associated with these platforms. We then incorporated software mod-
ules that 1) allow user inputs of sleep-wake history and caffeine usage, 
2) compute PVT performance statistics, 3) customize mathematical 
models of performance to the individual, and 4) display the customized 
model predictions for any desired horizon, all in real time.
Results: The PC-PVT and 2B-Alert app were capable of measuring 
RTs with an average delay of less than 10 ms and 30 ms, respectively. 
The PC-PVT software has been downloaded 263 times from users 
across five continents since March 2014, and it is freely available from 
our Web site (http://bhsai.org/downloads/pc-pvt/). The 2B-Alert app 
is undergoing verification and validation tests, and should be available 
by January 2015.
Conclusion: With the integration of real-time, individual-specific 
performance prediction models into the PVT testing software, the PC-
PVT and the smartphone 2B-Alert app provide powerful tools for labo-
ratory study and personal fatigue management.

0376
OPTIMIZING COST VERSUS ACCURACY FOR SUBJECT-
SPECIFIC ESTIMATION OF SLEEP PARAMETERS
Kogan CJ1, Van Dongen H1,2

1Sleep and Performance Research Center, Washington State 
University, Spokane, WA, 2College of Medical Sciences, Washington 
State University, Spokane, WA

Introduction: Due to night-to-night variability, multiple sleep record-
ings are needed for accurate estimation of subject-specific sleep pa-
rameters. Polysomnography (PSG) is considered a gold standard for 
estimating sleep parameters, but PSG recordings are costly. Wrist ac-
tigraphy provides a less expensive alternative for estimation of certain 
sleep parameters, but results tend to be biased. We applied a Bayesian 
technique to combine PSG and actigraphy estimates to benefit from 
the advantages of each, and developed a method to optimize for cost 
versus accuracy. We illustrate the method with wakefulness after sleep 
onset (WASO) measurements.
Methods: N = 33 healthy subjects (ages 22–38; 15 females) spent be-
tween 6 and 13 nights and days in a laboratory. Time in bed was 22:00–

08:00 each day, and sleep was recorded with both PSG and actigraphy. 
WASO, defined here by 30 s waking epochs between sleep onset and 
final awakening, was estimated from each of the PSG records (WA-
SOp) and actigraphy records (WASOa). A bivariate Bayesian random 
intercept model was used to represent subjects’ WASOp and WASOa 
measurements across nights, and a bivariate normal Bayesian prior dis-
tribution for WASOp and WASOa was estimated.
Results: The between-subject standard deviations for WASOp and 
WASOa were Dp = Da = 21 min and the correlation was R = 0.69. The 
corresponding within-subject standard deviations (night-to-night vari-
abilities) were Sp = 32 min and Sa = 21 min. Given the Bayesian prior 
distribution, the number of WASOp and WASOa measurements, Mp 
and Ma, that yield a fixed average level of accuracy E (square root 
of the Bayesian mean squared error) with minimal cost is given by: 
Mp = Sp2(1/E2-[1-sqrt{(R2Dp2Sa2)/(CDa2Sp2)}]/[Dp2{1-R2}]) and 
Ma = Sa(-DpSa+sqrt{C}RDaSp)/(DpDa2{1-R2}), where C represents 
the cost ratio of PSG versus actigraphy recordings. To illustrate this 
result, for C = 25, an average subject-specific WASOp estimation ac-
curacy of ± 14 min could be achieved cost-effectively with 1 night of 
PSG and 8 nights of actigraphy. For comparison, to achieve the same 
accuracy with PSG alone would require 3 nights of recording, at more 
than twice the cost.
Conclusion: We derived novel equations for optimizing cost versus ac-
curacy in bivariate estimation of subject-specific sleep parameters. We 
showed that estimation using both PSG and actigraphy may improve 
accuracy and/or reduce cost.
Support (If Any): FMCSA award DTMC75-07-D-00006, FAA award 
DTFAAC-11-A-00003, and CDMRP award W81XWH-05-1-0099.

0377
QUANTIFICATION OF SLEEP STATE DEPENDENT 
ELECTROENCEPHALOGRAPHIC AND CEREBRAL 
METABOLIC PARAMETERS USING A SEMI-AUTOMATED 
APPROACH
Rempe MJ1,2, Brennecke J2, Clegern W2, Wisor J2

1Mathematics and Computer Science, Whitworth University, Spokane, 
WA, 2College of Medical Sciences and Department of Integrative 
Physiology and Neuroscience, Washington State University, Spokane, 
WA

Introduction: Rodent sleep research uses electroencephalography 
(EEG) and electromyography (EMG) to determine the sleep state of 
an animal at any given time. Automated state classification reduces the 
burden associated with classifying sleep states.
Methods: We developed a novel semi-automated state classification 
procedure. Principal Component Analysis (PCA) was used to convert 
EEG spectral power in the delta (1–4 Hz), theta (5–9 Hz), low beta 
(10–20 Hz), high beta (30–40 Hz) bands and integrated EMG to a 3-di-
mensional principal component space. Naïve Bayes classification was 
then used to determine sleep states of un-scored epochs based on their 
position within this 3-D space relative to manually scored epochs. We 
validated this algorithm against manually-scored sleep state classifica-
tion of data from C57BL/6J (n = 11) and BALB/CJ (n = 11) mice using 
10-second epochs. To quantify the temporal dynamics of EEG slow 
wave (1–4 Hz) activity and lactate concentration measured in the ce-
rebral cortex by an indwelling enzymatic biosensor, we used a general 
homeostatic model (Process S).
Results: Time of day-specific strain differences in time spent awake 
were detected with the automated method (F1,20 = 5.3, P < 0.001) 
or the manual classification method (F1,20 = 5.3, P < 0.001). Both 
methods yielded strain differences in wake as a percentage of time 
in hours 5, 9, 10, 19 and 24 of recording (Fisher’s PLSD). Frequency-
specific strain differences in EEG power spectral profiles during slow 
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wave sleep were detected as effectively with the automated method 
(F19,380 = 7.8, P < 0.001) as with the manual classification method 
(F19,380 = 7.9, P < 0.001). Error associated with mathematical model-
ing of lactate concentration (F1,20 = 5.3, P = 0.032) but not EEG slow 
wave activity was significantly reduced with automated state classifica-
tion relative to manual classification.
Conclusion: Automated scoring is an efficient and equally effective 
alternative to visual inspection in studies on the temporal dynamics of 
sleep and sleep-related physiological parameters.
Support (If Any): This work is supported by NINDS RO1NS078498 
and NIDA R21DA037708.
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DAILY SLEEP VARIABILITY QUANTIFIED: A RELIABLE 
AND FLEXIBLE APPROACH
Wiley JF1, Bei B2, Trinder J3, Manber R4

1Elkhart Group Ltd, Columbia City, IN, 2Monash University, 
Melbourne, Australia, 3University of Melbourne, Melbourne, 
Australia, 4Stanford University, Stanford, CA

Introduction: Sleep is frequently assessed over multiple days. Night-
to-night variability in sleep timing, duration, and quality is common, 
and can be clinically meaningful. A reliable and flexible quantitative 
method for estimating variability in sleep parameters is a stepping-
stone in better understanding the nature and correlates of daily sleep 
variability. We present a novel Bayesian variability model (VM) for 
quantifying variability and using variability as a predictor. Compared 
to other commonly used variability methods (e.g., individual standard 
deviations; ISD), the VM accounts for measurement error, flexibly ad-
justs for systematic time-related changes, and could be valid for rela-
tively small number of repeated measurements.
Methods: A simulation study was conducted to compare the perfor-
mance of the VM against the ISD. Simulated datasets (8,000) of a ge-
neric sleep parameter tested conditions where the following varied (a) 
the number of nights of sleep data (5, 14), (b) sample sizes (80, 250), 
(c) individual differences in sleep variability (low, high), and (d) effect 
sizes (small 0.20, large 0.50) of variability in a regression controlling 
for the mean. Datasets were simulated so that the true effect of vari-
ability in the regression was known, allowing estimated values using 
the VM and ISD to be compared against true values.
Results: The VM resulted in less biased (i.e., more accurate) estimates 
than did the ISD across all conditions (average percent bias 3.5% vs. 
17.1%, respectively). Across conditions, the ISD consistently underes-
timated the true effect (negative bias), whereas the VM produced both 
(small) positive and negative bias. Differences in power between the 
two were small, with the VM always having slightly higher power. For 
a small effect, average power increased 0.47 for 250 versus 80 partici-
pants, relative to only 0.06 for 14 versus 5 nights of sleep. For a large 
effect all conditions had high power > 0.95.
Conclusion: The VM yields substantially more accurate results and 
slightly higher power than the ISD. Because the ISD consistently 
yielded too small effects, literature reporting relations of sleep vari-
ability to outcomes based on the ISD are likely smaller than in reality. 
Power depended more on sample size than on the number of nights of 
sleep simulated. The VM can be a useful method to reliably and flex-
ibly examine the role of daily sleep variability in relation to outcomes 
of interest.

0379
SCREENING OBSTRUCTIVE SLEEP APNEA PATIENTS 
USING SNORE SOUND ANALYSIS: ALGORITHMS AND A 
TOOLBOX
Abeyratne U1, Swarnkar V1, Hukins C2, Herath D1, Duce B2

1The University of Queensland, Brisbane, Australia, 2Department 
of Sleep and Respiratory Medicine, Princess Alexandra Hospital, 
Brisbane, Australia

Introduction: Almost all obstructive sleep apnea (OSA) patients snore 
(high sensitivity), but not all snorers have OSA (low specificity). Snore 
sound analysis is not currently used in diagnosing OSA, but if success-
ful, can provide a convenient way to screen and monitor the disease. In 
this paper we propose mathematical algorithms and graphical software 
tools to analyse snoring sounds as well as breathing to screen OSA. 
Our techniques can use bedside microphones (including smartphones) 
requiring no physical contact with a patient. The analysis is fully au-
tomated.
Method: Breathing sounds were recorded with a bedside microphone 
(RODE, Model NT3) from 91 subjects (56 males and 35 females) un-
dergoing routine Type-1 polysomnography. Snore sounds were auto-
matically identified using a mathematical algorithm and mathematical 
features of snores were computed. We then trained a machine clas-
sifier to diagnose OSA, considering polysomnography-based clinical 
diagnosis as the reference standard. We trained two models, one each 
for males and females, and evaluated the performance using a 10-fold 
cross validation technique. We also developed alternative technol-
ogy that does not require identifying snore sounds and can operate on 
sound streams including breathing sounds acquired with a smartphone 
(Samsung Galaxy). We developed a software tool complete with a 
graphical user interface to analyse sounds.
Results: When RDI = 15 was used as the OSA diagnosis threshold, the 
proposed technique achieved a sensitivity of 98% at a specificity of 
91% in the male group. Corresponding numbers for the female group 
was 94% and 95%. At the threshold RDI = 30, we obtained a sensitivity 
of 94% (specificity: 91%) for males and a sensitivity of 100% (speci-
ficity: 96%) for females. Accuracy of the automated snore detection 
algorithm was 88% (sensitivity = 84%; specificity = 92%).
Conclusion: Snore sound analysis holds potential as a tool for popu-
lation screening of OSA in an unattended environment. Sounds can 
be acquired from bedside microphones, including smartphones. The 
method provides a way to screen OSA and also monitor it over an ex-
tended time period.

0380
MULTIPLE CLASSIFIER SYSTEMS FOR AUTOMATIC 
SLEEP SCORING IN MICE
Gao VD, Turek F, Vitaterna M
Northwestern University, Evanston, IL

Introduction: Electroencephalogram (EEG) and electromyogram 
(EMG) recordings are used to study sleep architecture and sleep-as-
sociated neural activity in rodents. These recordings must be scored 
by a researcher to label what sleep/wake stage the animal is in at each 
time point. Scoring is time-consuming and subjective, and can be ex-
cessively burdensome for large sample sizes and multi-day recordings, 
such as in genomic studies and compound screens. Previously, ma-
chine-learning classifier algorithms have been used to automate sleep 
scoring. Here, we improve on that process by employing multiple clas-
sifier systems (MCS), which uses multiple classifiers at once to score 
the recording.
Methods: Mouse EEG/EMG recordings (n = 18), each 24–48 h, were 
divided into 10-second epochs and scored by human experts into Wake, 
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NREM, and REM categories. Classifiers were trained on 720 scored 
epochs and then automatically scored the rest of the recording based 
on training scores. We first tested five base classifiers: naïve Bayes, lin-
ear discriminant analysis, k-nearest neighbors, support vector machine, 
and decision tree. These base classifiers were used to create two types 
of MCS: ensemble classifiers using random subspace and bootstrap ag-
gregating, and hybrid classifiers using majority vote and stacking.
Results: The most accurate MCS used a combination of ensemble and 
hybrid techniques, and reduced errors over the best single base classi-
fier by 19.7% (95.7% agreement with human). We also tested criteria 
for scoring with rejections, and found that errors could be reduced 53% 
(98% agreement) at the cost of manually scoring 8% of the recording.
Conclusion: Multiple classifier systems are an effective and efficient 
way to improve accuracy of automated sleep scoring, and semi-auto-
mated scoring can increase scoring speed dramatically while main-
taining high accuracy. This approach opens up new possibilities for 
scoring many days (e.g. 10–20 days) in many animals (e.g. 100–1000) 
and should prove useful for many types of studies.

0381
FEATURE-BASED AUTOMATIC REM DETECTION USING 
WAVELET TRANSFORM, AMPLITUDE, SLOPE AND 
CROSS-CORRELATION
Yetton BD, Niknazar M, Duggan K, McDevitt L, Whitehurst L, 
Mednick S
University of California, Riverside, Riverside, CA

Introduction: Rapid eye movements (REMs) are a defining feature 
of REM sleep. The number of discrete REMs over time, or REM den-
sity, has been investigated as a measure of sleep need (Aserinsky et 
al., 1969), marker of mental illness (Sitaram et al., 1981) and memory 
consolidation (Smith, 2004). Human detection of REMs is a time-con-
suming and biased process. Therefore, reliable, automated REM detec-
tion software is a valuable research tool.
Methods: We developed an automatic REM detection algorithm uti-
lizing a parallel, union combination of extracted features (amplitude, 
slope, cross-correlation, and Discrete Wavelet Transform) from elec-
trodes attached at the right and left outer canthi (right superior; left 
inferior). The REM sleep data set consisted of 110 minutes of poly-
somnography data collected from 5 subjects during a nap study. 55% 
percent of the data were considered for training and the remaining data 
were used to test performance. Algorithm performance measures of 
specificity (true positive rate), sensitivity (true negative rate) and ac-
curacy (correct detection rate) were calculated and compared to human 
detection by three expert sleep researchers. Fleiss’ Kappa was used 
as a measure of inter-rater-agreement between humans and human vs 
algorithm.
Results: The algorithm performance (83% sensitivity, 97% specific-
ity, 96% accuracy) was comparable with the average human detection 
performance (80% sensitivity, 98% specificity, 97% accuracy). The 
algorithm agreed with human detection (0.74, Fleiss’ Kappa) and was 
comparable to the agreement level between humans (0.81, Fleiss’ Kap-
pa).
Conclusion: The automatic detection algorithm presented is a viable 
and efficient method of REM detection as it reliably matches the perfor-
mance of expert human sleep scorers. Further investigation on feature 
extraction and use of feature combination algorithms, such as artificial 
neural networks, is required to increase detection performance.

0382
NEW METHODS FOR DEFINING NREM/REM SLEEP 
CYCLES IN HUMAN SLEEP EPISODES
Mankowski PW, Phillips AJ, Klerman EB
Division of Sleep and Circadian Disorders, Brigham & Women’s 
Hospital, Harvard Medical School, Boston, MA

Introduction: Current methods for analyzing NREM/REM sleep cy-
cles were developed using sleep at habitual circadian phase in young, 
healthy individuals. In other situations, especially those with Wake 
within a sleep episode, these methods may not be appropriate. Bet-
ter characterization of NREM/REM cycles will allow more accurate 
comparisons of metrics across sleep episodes. We present new meth-
ods for defining NREM/REM sleep cycles. These aim to summarize 
overall sleep structure using a minimal number of episodes of different 
arousal states while accurately matching the underlying hypnogram.
Methods: We compared three methods for defining NREM and REM 
episodes (together comprising NREM/REM cycles): (1) ‘Traditional’, 
from Feinberg and Floyd (1979), (2) ‘Extended’, which extends the Tra-
ditional definition by allowing iterative merging of adjacent states, and 
(3) ‘Change-point’, which applies change-point detection, a time-series 
analysis method. Data were from 128 healthy individuals studied in 
inpatient protocols with sleep at all circadian phases. For each method, 
we compared (i) the number of episodes, (ii) the percent of computed 
NREM episodes with > 90% NREM epochs, and (iii) the percent of 
computed REM episodes with > 90% REM epochs.
Results: The Traditional method defined 9,203 NREM episodes with 
72% having > 90% agreement, and 8,083 REM episodes with 24% hav-
ing > 90% agreement. The Extended method defined 14,493 NREM 
episodes with 72% having > 90% agreement, and 10,872 REM epi-
sodes with 48% having > 90% agreement. The Change-point method 
defined 13,814 NREM episodes with 89% having > 90% agreement, 
and 10,461 REM episodes with 44% having > 90% agreement.
Conclusion: The Extended method performed similarly to the Tradi-
tional method on NREM and better on REM episodes, at the cost of 
defining additional episodes. The Change-point method had the best 
trade-off between percent agreement and number of episodes. Our 
software package is created in R and available upon request.
Support (If Any): NIH P01-AG009975, K24-HL105664 K99 
HL119618-01, R01-HL-114088R01-GM-105018. NSBRI HFP02802
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VARIABILITY OF SLEEP-DEBT DISSIPATION ACROSS 
SEVERAL NIGHTS USING EEG-BASED SLOW-WAVE 
ACTIVITY
Garcia-Molina G1,2, Bellesi M3, Riedner B3, Pfundtner S 4, Pastoor S 4, 
Tononi G3

1Philips Research North-America, Madison, WI, 2Philips Research 
North-America, Briarcliff-Manor, NY, 3University of Wisconsin-
Madison, Madison, WI, 4Philips Research Europe, Eindhoven, 
Netherlands

Introduction: In the two-process model of sleep regulation, slow-
wave activity (SWA, i.e. the EEG power in the 0.5–4 Hz frequency 
band) is considered a direct indicator of sleep-debt. SWA builds up 
during NREM sleep, declines before the onset of REM sleep, remains 
low during REM and the level of increase in successive NREM epi-
sodes gets progressively lower. According to a sleep regulation model, 
the instantaneous rate of decrease in sleep-debt S(t) is related to the 
SWA as: dS(t)/dt = −γSWA(t) where γ is the decay rate. Thus, the sleep-
need after “t” minutes of sleep is: S(t) = S0−γCSWA(t), where S0 is the 
sleep-need at the time of sleep-onset and CSWA is the cumulative SWA 
(integral of the SWA) from sleep onset (time 0) up to time “t”. The goal 
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in this research was to assess the variability across several nights of 
S(t). To increase the ecological validity of the results, the recordings 
were performed at home using an EEG wireless device with 2 EOG and 
1 EEG (FPz location) channels.
Methods: The EEG and EOG data collected from 7 subjects (3 nights 
per subject) was manually scored into sleep stages and segmented into 
sleep cycles. The SWA was calculated for each 6-second long epoch 
of NREM. The SWA of epochs in REM, WAKE, and N1 was set to 0. 
The epochs containing artifacts were discarded. For each subject, the 
maximum difference in sleep duration across nights was less than 15 
minutes. To estimate the values of S0 and γ, two boundary conditions 
were used 1) the final S(t) was set to 0 and 2) S(t) coincides with SWA(t) 
at the time in the first sleep cycle where SWA is maximum (as sug-
gested in literature.
Results: The variability of γ across nights is in average 12.7% (range: 0 
to 30%). The variability of S0 across nights is in average 19.2% (range: 
1 to 50%). As expected a higher variability exists across subjects (35% 
for γ and 62% for S0).
Conclusion: Sleep-debt dissipation is often evaluated in sleep depriva-
tion and other sleep interventions (e.g. medication). Given the variabil-
ity (> 10%) in γ and S0, it is necessary to collect the data from several 
nights (> 5 for 80% statistical power) to accurately assess the effect of 
any sleep intervention.

0384
EFFICACY OF A SMART TEXTILE SHIRT: DEVELOPING 
A SLEEP HEALTH SCREENING TOOL FOR MILITARY 
POPULATIONS
Harrison EM, Bessman SC, Taylor MK, Markwald R, Glickman GL
Naval Health Research Center, Warfighter Performance Department, 
San Diego, CA

Introduction: Sleep disturbance is frequently reported amongst active 
duty military and has myriad health and warfighter readiness implica-
tions. Current standards of sleep health evaluation require overnight 
inpatient studies using polysomnography (PSG), which is expensive 
and inconvenient. Our aim is to develop an accurate sleep screening 
tool for large-scale implementation, improving access to diagnostic 
services and significantly reducing costs. We are piloting the use of 
a new smart textile shirt (STS) that monitors heart rate, activity, and 
respiratory measures in the home.
Methods: In-lab participants (n = 6) wore the STS with concurrent 
PSG during an overnight sleep opportunity. In-home participants wore 
both the STS and actigraph (Actiwatch Spectrum) for 2–5 continuous 
days (n = 8). Initial technology-specific automated analyses of sleep 
metrics were derived, including total sleep time (TST) and sleep ef-
ficiency. Participants also completed a questionnaire assessing STS 
comfort and ease of use.
Results: Preliminary data suggest higher agreement between the STS 
and PSG than actigraphy. Paired t-tests revealed no difference between 
the STS and PSG on either sleep efficiency or TST (both p > 0.43). 
While TST did not differ between the STS and actigraphy (p = 0.47), 
STS sleep efficiency was significantly higher (p < 0.05). In addition, 
85% of participants were able to don/doff the shirt independently in < 1 
minute (versus 90 min with technician for PSG), and 100% reported 
the shirt was somewhat (38%) or very (62%) comfortable. Develop-
ment of algorithms for sleep and detecting irregularities using the STS 
are currently underway. Future analyses will include additional sub-
jects and sleep metrics.
Conclusions: The STS shows promise as an alternative for sleep as-
sessment as compared to standard PSG and/or actigraphy. Additional 
analyses and testing in patient populations will be necessary in order to 

further determine the utility of this new technology for studying sleep 
in both clinical and research settings.
Support: This research was supported by the Navy Bureau of Medi-
cine and Surgery under Work Unit No. N9999. The views expressed in 
this article are those of the authors and do not necessarily reflect the of-
ficial policy or position of the Department of the Navy, Department of 
Defense, or the U.S. Government. Approved for public release; distri-
bution is unlimited. Human subjects participated in this study after giv-
ing their free and informed consent. This research has been conducted 
in compliance with all applicable federal regulations governing the 
protection of human subjects in research (Protocol NHRC.2014.0007).
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FATIGUE DETECTION IN THE MILITARY: A SYSTEMATIC 
OVERVIEW OF OCULOMOTOR TESTS BASED ON 
SACCADIC VELOCITY
Di Stasi L1, Diaz-Piedra C2, McCamy M3, Fuentes L 4, Catena A1

1Mind, Brain, and Behavior Research Center - University of Granada, 
Granada, Spain, 2Arizona State University - College of Nursing & 
Health Innovation, Phoenix, AZ, 3Barrow Neurological Institute, 
Phoenix, AZ, 4University of Murcia, Murcia, Spain

Introduction: Inadequate sleep and extended hours of duty are com-
mon among military personnel. Therefore, fatigue has been recognized 
as a major contributing factor to operational errors. The development 
of sensitive fatigue detection tests (FDT) is critical to prevent catastro-
phes and accidents. In the last decades, FDT based on saccadic metrics 
are becoming popular among human factors experts, with saccadic ve-
locity (SV) one of the most reliable indices to assess fatigue. However, 
its sensitivity in the military is not clear yet.
Methods: We carried out a systematic review of empirical studies in-
volving military personnel (people trained to deal with fatigue) and 
analyzing SV as a fatigue index. We selected papers and reports pub-
lished after 1995; the year of commercialization of the first PMI Im-
pairment screener (PMI-FIT, http://pmifit.com/) by using the Google 
Scholar, Scopus, WOS, OpenGrey, and OAIster search engines. Key 
terms were: “saccadic velocity”, “fatigue”, “sleepiness”, “militar*”.
Results: We retrieved 250 publications, and reviewed 21 that fulfilled 
inclusion/exclusion criteria. Most of the studies (n = 13) used sleep 
deprivation protocols (16–60 h) to induce fatigue. The others investi-
gated the effects of fatigue produced by work (n = 3) and sleep (n = 2) 
schedules, and time-on-duty (40 min–3 h) (n = 3). PMI-FIT was used in 
most of the studies (n = 15). The others used commercial eye-trackers. 
Twelve studies found that SV decreased with increased fatigue level 
(only one showed the opposite trend). Three studies did not find signifi-
cant effects. We were unable to retrieve valid results from five studies 
(because they were not reported or poorly reported).
Conclusion: Evidence agrees on the sensitivity of FDT based on SV. 
SV seems to be capable of detecting warfighter fatigue due to inad-
equate sleep over long periods of time (> 24 h). This result might offer 
military medical departments a valid biomarker of warfighter physi-
ological state for screening and training programs.
Support (If Any): This study was funded by the CEMIX UGR-
MADOC (Project PINS 2014-16 to CDP & LLDS). LLDS is supported 
by the TALENTIA Postdoc Fellowship Program (grant: 267226). CDP 
is supported by the UGR Postdoctoral Fellowship Program (2013 Uni-
versity of Granada Research Plan). AC and LJF are supported by the 
Spanish Ministry of Economy and Competitiveness (State Secretariat 
for Research, Development and Innovation, grants: PSI2012-39292 
and PSI2011-23340). Research by the work team is also funded by the 
Spanish Department of Transportation (DGT Project SPIP2014-1426 
to LLDS).
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CONSTRUCT VALIDITY AND FACTOR STRUCTURE OF 
THE PITTSBURGH SLEEP QUALITY INDEX IN A COHORT 
OF PERUVIAN PREGNANT WOMEN
Zhong Q1, Gelaye B1, Sánchez SE2, Williams MA1

1Department of Epidemiology, Harvard School of Public Health, 
Boston, MA, 2Universidad Peruana de Ciencias Aplicadas, Lima, 
Peru

Introduction: We sought to evaluate the construct validity and fac-
tor structure of the Spanish-language version of the Pittsburgh Sleep 
Quality Index (PSQI) among pregnant Peruvian women.
Methods: A cohort of 642 women was interviewed at ≤ 16 weeks of 
gestation. During interview, we ascertained information about life-
styles, demographics, sleep characteristics, and mood symptoms. 
Stress induced sleep disturbance, depressive symptoms, and anxiety 
symptoms were evaluated using the Ford Insomnia Response to Stress 
Test (FIRST), Patient Health Questionnaire-9 (PHQ-9), and Gener-
alized Anxiety Disorder-7 (GAD-7) assessment scales respectively. 
Consistency indices, exploratory and confirmatory factor analyses, 
correlations, and logistic regressions were used.
Results: Both exploratory and confirmatory factor analyses indicated 
a three-factor solution: sleep quality, sleep efficiency, and sleep medi-
cation. We observed significantly positive correlations of the PSQI 
with the FIRST (0.42), the PHQ-9 (0.49), and the GAD-7 (0.46). Poor 
sleepers (PSQI global score > 5) had significantly increased odds of 
experiencing stress induced sleep disturbance (odds ratio, OR = 3.64; 
95% confidence interval, CI: 2.48, 5.35), depression (OR = 5.72; 95% 
CI: 3.79, 8.65), and probable generalized anxiety disorder (OR = 4.51; 
95% CI: 3.09, 6.60).
Conclusion: The Spanish-language version of the PSQI instrument 
was found to have good construct validity among pregnant Peruvian 
women. Consistent with some other studies, the PSQI was found to 
have a three-factor structure. Further assessment and validation stud-
ies are needed to determine whether the three factor-specific scoring of 
the PSQI is favored over the PSQI global score in diverse populations.

0387
GREATER DECLINE IN REACTION TIME PERFORMANCE 
ON A SMARTPHONE APPLICATION DURING SLEEP 
DEPRIVATION IS LINKED TO EXTRAVERSION
Brunet J1, Therrien M2, Hébert K1, Tzivanopoulos N1, Gartenberg D3, 
Forest G1

1Université du Québec en Outaouais, Gatineau, QC, Canada, 2Neuro 
Summum, Gatineau, QC, Canada, 3George Mason University, Fairfax, 
VA

Introduction: There is accumulating evidence that extraversion is one 
of the personality traits that confers a certain vulnerability to sleep 
deprivation (SD). Sleep-2-Peak (S2P), a new smartphone application 
designed to measure vigilance with reaction times (RTs), was used in 
this study in order to examine its ability to measure the vulnerability 
of extroverts to SD.
Methods: 16 subjects (18–27 y) completed a personality test (NEO-PI 
III) and underwent 35-hours of SD during which, every 2 hours (from 
8 am on day 1 to 6 pm on day 2), they performed a 3 min version of S2P 
and the classic PVT-192 in a counterbalanced way. The subjects were 
separated in 2 equal groups of highest and lowest T scores on the Ex-
traversion Scale of the Neo-PI III. T-tests were computed between the 
High Extroverts and Low Extroverts groups, on the total RTs increases 
throughout SD, first for the S2P, and then for the PVT-192.
Results: Results regarding S2P revealed a significant difference in 
RT increases between each group (t(16) = −2.21, p < 0.05). Greater 

increases in RTs were found in the High Extroverts throughout SD 
(mean increase of 45.12 ms) compared to the Low Extroverts (mean 
increase of 24.96 ms). However, no significant difference was found 
between the High and Low Extroverts for RT increases on the PVT-192 
(t(16) = −0.25, n.s.), these increases being very similar in both groups 
(39.52 ms vs 36.59 ms, respectively).
Conclusion: These results confirm that the S2P smartphone applica-
tion was able to distinguish the High Extroverts from the Low Ex-
troverts during the SD protocol. These results also suggest that in a 
context of a relatively short period of SD, S2P may be more sensitive 
than the classic PVT-192 to identify those who are more vulnerable to 
SD. Intrinsic characteristics differences in those two RT tests could 
explain the results obtained.

0388
PREDICTIONS OF SLEEP DISTURBANCE FOR DIFFERENT 
NIGHTTIME AIRPORT OPERATION STRATEGIES USING 
A NEW MARKOV STATE TRANSITION SLEEP MODEL
McGuire S1, Basner M1,2

1Division of Sleep and Chronobiology, Department of Psychiatry, 
Perelman School of Medicine at the University of Pennsylvania, 
Philadelphia, PA, 2Division of Flight Physiology, Institute of 
Aerospace Medicine, German Aerospace Center (DLR), Cologne, 
Germany

Introduction: To balance benefits and costs of potential airport op-
eration changes such as noise curfews, changes in flight schedules, or 
flight paths, models are needed which can predict the time varying na-
ture of the effects of aircraft noise on sleep. While a Markov transition 
model has previously been developed which predicts the transitions 
between 6 sleep stages throughout the night (Wake, S1, S2, S3, S4, and 
REM), it has two limitations. The Markov model was developed based 
on data from a laboratory study, in which a greater probability of air-
craft noise-induced awakenings was found compared to field studies. 
In addition, the model predicts the same probability of awakening for 
all aircraft events, regardless of the noise level.
Methods: To overcome the two limitations of the previous model, a 
new Markov transition model was developed using data from a total of 
483 nights from 63 subjects who participated in a polysomnographic 
field study that was conducted around Cologne-Bonn Airport. Simi-
lar to the previous Markov model, transition probabilities between 
sleep stages were calculated using 1st-order autoregressive multino-
mial logistic regression models. In addition to elapsed sleep time, the 
maximum noise level has been added to the model as an explanatory 
variable.
Results: The Markov model was used to predict the number of awak-
enings and the time spent in each sleep stage for different nighttime 
noise mitigation strategies including different timing of events and 
flight patterns. The model predicts a decrease in slow wave sleep and 
an increase in time spent awake due to noise exposure which is depen-
dent on the number, noise level, and distribution of the aircraft events 
during the night.
Conclusion: With further validation, this Markov model could be a 
useful tool for optimizing nighttime traffic patterns to reduce the im-
pact of noise on sleep in communities.
Support (If Any): This study was internally funded by the German 
Aerospace Center (DLR).
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0389
CAN A MATHEMATICAL MODEL PREDICT COGNITIVE 
PERFORMANCE FOR DIFFERENT SLEEP-STUDY 
CONDITIONS FROM DIFFERENT LABORATORIES?
Ramakrishnan S1, Wesensten NJ2, Reifman J1

1Department of Defense Biotechnology High Performance 
Computing Software Applications Institute, Telemedicine and 
Advanced Technology Research Center, United States Army Medical 
Research and Materiel Command, Fort Detrick, MD, 2Department of 
Behavioral Biology, Walter Reed Army Institute of Research, Silver 
Spring, MD

Introduction: Historically, mathematical models developed on perfor-
mance data in one sleep study were limited to predicting performance 
in similar studies. To make predictions in other studies, involving dif-
ferent sleep-loss conditions, the model parameters were often recali-
brated to fit the new study data, thereby limiting its practical utility. We 
recently developed a unified model that predicts the effects of the con-
tinuum of sleep loss, from chronic sleep restriction (CSR) to total sleep 
deprivation (TSD) conditions. However, the model was developed and 
validated on data from only two sleep-loss conditions, obtained from 
one laboratory. Here, we investigated whether this model can accu-
rately predict performance for other sleep-loss conditions in studies 
performed in different laboratories.
Methods: We obtained psychomotor vigilance task (PVT) data from 
six different sleep studies from four different laboratories, and vali-
dated the unified model’s ability to predict performance in these stud-
ies. Specifically, we fitted the model to PVT lapse data from a study 
that encompassed four different CSR conditions (7 days of 3, 5, 7, and 
9 h of sleep/night) and predicted performance in the five remaining 
studies, which included different combinations of the following sleep/
wake schedules: 1) TSD (40 to 88 h), 2) CSR (2 to 6 h of sleep/night), 
3) chronic sleep extension (8 to 10 h of sleep/night), and 4) naps (noc-
turnal and diurnal).
Results: Overall, the unified model accurately predicted the temporal 
dynamics of PVT performance across 14 different sleep-loss conditions, 
yielding root mean squared errors smaller than 4.16 lapses. Importantly, 
the model inherently captured the effects of different sleep-loss condi-
tions regardless of the time and duration of the sleep episodes.
Conclusion: The unified model can serve as a useful tool to help de-
sign sleep studies and to predict cognitive performance impairment 
due to a wide range of sleep-loss conditions.
Support (If Any): Disclaimer: The opinions and assertions contained 
herein are the private views of the authors and are not to be construed 
as official or as reflecting the views of the U.S. Army or of the U.S. 
Department of Defense. This abstract has been approved for public re-
lease with unlimited distribution.

0390
OPTOGENETIC LIGHT DELIVERY AND SIMULTANEOUS 
ELECTROPHYSIOLOGICAL RECORDING USING A TURN-
KEY SYSTEM
Johnson DA1, Gabbert S1, Naylor E1, Aillon DV1, Akers EL1, 
Johnson DA1, Haydon PG2, Hines DJ2, Doyle R 2, Petillo PA1

1Pinnacle Technology, Lawrence, KS, 2Tufts University School of 
Medicine, Boston, MA

Introduction: Optogenetics harnesses a combination of genetic and 
optical techniques to directly control specific nervous system cells. We 
designed, developed and tested a combination turn-key optogenetic 
LED light delivery system with simultaneous recordings of sleep and 
movement activity for rodents.
Methods: System design involved development of a highly accurate 
timing mechanism for controlling LED pulses and synchronizing 
with EEG and video recordings. In vivo testing used transgenic (Tg) 
mice modified to express channelrhodopsin in Thy1 brain cells (Cg-
Tg(Thy1-COP4/eYFP)9Gfng/J) along with normal controls (C57). All 
animal procedures were approved by the University of Kansas IACUC. 
Mice were implanted with EEG recording electrodes and a cortical 
cannula for LED fiber probe implantation. Following a baseline record-
ing period, mice were sleep-deprived for six hours beginning at lights-
on followed by a recovery period. During stimulated periods, the first 
three hours of recovery sleep was accompanied by a blue light (470 nm) 
pulse (10 Hz, 80 ms, 10–15 mW/mm2) using Pinnacle’s Optogenetic 
Interface Module. During non-stimulated recovery periods, no light 
was administered.
Results: Tg mice receiving optical stimulation demonstrated greater 
increases in recovery delta (0.5–4.0 Hz) power / NREM epoch in the 
stimulated hemisphere as compared to a recovery period without opti-
cal stimulation (128 ± 6.2% vs. 117 ± 2.0%; P = 0.06). Delta power in 
the non-stimulated hemisphere did not show a measurable difference 
(118 ± 3.4% vs. 115 ± 2.2%; P = 0.41). Tg animals had less NREM 
sleep during optical stimulation as compared to recovery without 
stimulation (31.8 ± 1.5 vs. 36.2 ± 1.0 min; P < 0.05). Control mice did 
not demonstrate significant changes on any of these parameters. To-
tal movement and cage exploration, measured by X-Y tracking, was 
greater in the Tg mice during stimulation as compared to comparable, 
non-stimulated periods.
Conclusion: The effects on recovery sleep and overall activity dem-
onstrate that this platform can be used to successfully alter and record 
multiple physiological parameters.
Support (If Any): This research was supported in part by NIH grant 
# 1R43 AG046030.
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0391
THE IMPACT OF SLEEP APNEA ON WHITE MATTER 
HYPERINTENSITIES AMONG INDIVIDUALS WITH 
HEART FAILURE
Moon C1, Melah KE1, Bratzke LC1, Johnson SC2

1University of Wisconsin-Madison, Madison, WI, 2Department of 
Medicine, University of Wisconsin-Madison, WI

Introduction: Cognitive impairment is a significant problem among 
individuals with heart failure (HF). White matter hyperintensities 
(WMH) of presumed vascular origin are associated with impaired 
cognitive function in later life with healthy aging. For example, vascu-
lar risk factors, such as lower cardiac output and high blood pressure 
were found to be associated with higher WMH burden. OSA is another 
factor that contributes to changes in the brain. Although 25%~ 75% of 
HF patients have OSA, there is a dearth of research that explores how 
OSA contributes to WMH within the HF population. Thus, purpose of 
this investigation is to examine the impact of OSA on WMH in a HF 
sample.
Methods: 13 HF patients with untreated OSA and 12 HF patients with-
out OSA (mean age = 68.2 SD = 6.1, male = 16 (64%) ) underwent T-1 
weighted and high resolution T-2 weighted fluid attenuated inversion 
recovery magnetic resonance (FLAIR) imaging and neuropsychologi-
cal testing. OSA was evaluated using portable multichannel sleep mon-
itoring device with AHI cutoff point 10. Total volume of WMH was 
calculated using the Lesion Segmentation Tool version 1.2.2. in Sta-
tistical Parametric Mapping 8. T-1 13 HF patients with untreated OSA 
and 12 HF patients without OSA (mean age = 68.2 SD = 6.1, male = 16 
(64%) ) underwent T-1 weighted and T-2 weighted fluid attenuated 
inversion recovery magnetic resonance (FLAIR) imaging. OSA was 
evaluated using portable multichannel sleep monitoring device with 
AHI cutoff point 10. Total volume of WMH was calculated using the 
Lesion Segmentation Tool version 1.2.2. in Statistical Parametric Map-
ping 8. T-1 Weighted and T2 FLAIR images acquired with a GE 3T 
MRI were used for lesion segmentation. The total volume WMH was 
divided by intracranial volume to calculate WMH ratio (WMHr). A 
log transformation was applied to WMH ratio value to normalize the 
distribution.
Results: Regression analyses adjusting for age, sex, left ventricular 
ejection fraction revealed that the presence of OSA was not associated 
with WMHr. However, the combination of untreated OSA and lower 
LVEF was associated with higher WMHr (p = 0.04).
Conclusion: Individuals who have reduced cardiac function and un-
treated OSA are more likely to have higher WMH burden than those 
without OSA. There is a need for prospective studies to determine the 
effect of OSA on WMH burden among individuals with HF.
Support (If Any): This abstract was supported by the NINR/NIH 
R00NR012773 (PI: Lisa Bratzke).

0392
DYNAMIC CHANGES IN GENE EXPRESSION DURING 
SLEEP IN OSA
Lim DC Keenan BT Guo X Chan M Brady DC1, Maislin G Pack AI
University of Pennsylvania, Philadelphia, PA

Introduction: We hypothesize that in individual patients with OSA 
gene expression in circulating cells will change dynamically in relation 
to events during sleep.
Methods: OSA patients and controls underwent a polysomnogram (10 
pm–8 am) with blood collected every 2 hours (6 pm to noon). 4 OSA 
severity measures (ODI4, AHI, SaO2 < 90% and SaO2 nadir) were 
assessed in 1 hour bins. Expression of 18 genes on WBCs using PCR 
at each time point was normalized to the mean of housekeeping genes. 

Change in expression compared to pre-sleep measures (6 pm–10 pm) 
was assessed (denoted ΔΔCT). Linear mixed models were used to assess 
the relationship between the four OSA severity measures and -ΔΔCT 
for expression of each gene measured up to 12 hours later. 216 com-
parisons (12 temporal associations for 18 genes) were assessed for each 
OSA severity measure. A Bonferroni correction of p < 2.315x10-4 (i.e., 
0.05/216) is statistical significant; p < 0.0028 (0.05 corrected for 18 
genes) is suggestive; p < 0.05 is nominally significant.
Results: 19 subjects were analyzed in this study. Across all temporal 
associations between ΔΔCT and the 4 OSA severity measures (n = 864 
total), we observed 91 (10.5%) nominally significant associations: 13 
for AHI, 18 for ODI4, 40 for hypoxia time, and 20 for SaO2 nadir. 
ICAM1 (adhesion molecule) (n = 13), SLC2A1 (glucose transporter 
1) (n = 11) and NRF2 (nuclear respiratory factor 2) (n = 10) showed 
the largest number of associations (n), with increased transcription in 
response to higher OSA severity, specifically after 5–11 hours follow-
ing hypoxia. In contrast, CYBB (a key subunit of NADPH oxidase) 
showed a delayed decreased transcription in response to higher OSA 
severity; this will be protective.
Conclusion: We observed temporal associations between expression 
of a number of genes and measures of OSA severity. The majority of 
associations was with hypoxia and were delayed. This strategy identi-
fies a novel response pattern in patients with OSA.
Support (If Any): Funding sources for this work: NIH grants P01 
HL094307 (AIP), K12 HL090021 (AIP); American Academy of Sleep 
Medicine Foundation grant #56-PA-10 (DCL).

0393
EXPERIENCE OF DAYTIME SYMPTOMS FROM SLEEP 
APNEA AND INSOMNIA IS SIMILAR BETWEEN BLACK 
AND WHITES
Alert M1, Wohlgemuth W2, Chirinos D1, Lopez A3, McNutt M1, 
Sierra L3, Wallace D2

1University of Miami, Department of Psychology, Miami, FL, 
2Miami VA Sleep Center, Miami, FL, 3Nova Southeastern University, 
Department of Psychology, Ft Lauderdale, FL

Introduction: Emerging evidence suggests that obstructive sleep 
apnea (OSA) and insomnia often co-occur. While studies have exam-
ined the overlap of symptoms in comorbid OSA and insomnia, little is 
known about racial differences in subjective reports of two commonly 
reported symptoms, sleepiness and fatigue. As such, this study exam-
ined racial differences in the association of OSA and insomnia with 
fatigue and sleepiness.
Methods: Veterans (92.4% male; 199 blacks, 286 whites; mean 
age = 51.7, SD = 13.5) diagnosed with OSA at the Miami VA Sleep 
Clinic completed the Insomnia Severity Index (mean = 18.1; 64.7% 
had a score ≥ 15), the Epworth Sleepiness Scale (ESS; mean = 12.5), 
and the Fatigue Severity Scale (FSS; mean = 39.4) prior to CPAP use. 
Multiple-group structural equation modeling with latent variables was 
used to determine whether race moderated the relationship of OSA 
with fatigue and sleepiness, and insomnia with fatigue and sleepiness.
Results: Fit indices indicated a good fitting baseline model [χ2 

(440) = 667.731, p < 0.001, CFI = 0.965, TLI = 0.960, RMSEA = 0.046 
(90% CI 0.039, 0.053), p = 0.81, SRMR = 0.052]. Fatigue (FSS) was 
not associated with OSA in whites (b = −0.007, p = 0.13) and blacks 
(b = −0.008, p = 0.25); however, it was related to insomnia in whites 
(b = −0.399, p < 0.001) and blacks (b = −0.384, p < 0.001). Additionally, 
sleepiness (ESS) was associated with insomnia in whites (b = −0.241, 
p < 0.001), but not blacks (b = −0.062, p = 0.38). No relationship was 
observed between sleepiness and OSA in both whites (b = 0.002, 
p = 0.53) and blacks (b = −0.006, p = 0.17). Significant differences in 
these relationships by race, however, were not observed.
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Conclusion: These findings suggest that the relationship of OSA and 
insomnia with fatigue and sleepiness do the not vary by race in those 
with untreated OSA. Given that racial/ethnic differences in CPAP use 
have been shown to emerge after OSA treatment begins, more research 
is needed to determine what factors, such as insomnia symptoms, con-
tribute to differences in CPAP utilization.

0394
SENSORY NERVOUS LESIONS IN THE PALATE WORSENS 
OVER TIME IN UNTREATED SNORERS BUT NOT IN 
TREATED OSA-PATIENTS
Svanborg E1, Broström A1, Ulander M1, Sunnergren O2

1Department of Clinical Neurophysiology, Linköping University, 
Linköping, Sweden, 2Ear-, Nose- and Throat Clinic, Ryhov County 
Hospital, Jönköping, Jönköping, Sweden

Introduction: Hypothesis: Snoring damages the neurons of the up-
per airway over time, thereby increasing the risk for sleep apnea. Cold 
detection threshold (CDT) testing could reveal this, as it is a routine 
neurophysiological method to detect nervous lesions.
Methods: 43 subjects, who were initially tested in 2008 for their ability 
to discern cold in the palate, were retested in 2014. Of these, 18 were 
non-snoring controls, 11 untreated snorers and 14 had received CPAP-
treatment. Quantitative cold sensory testing was performed using the 
method of limits at the soft palate and the lip by a Medoc TSA - 2001 
equipment with an intra-oral thermode.
Results: For the non-snorers there were no significant changes in AHI 
(mean values 2 and 2.5, respectively) but the cold detection thresholds 
(CDT) increased from 2008 to 2014 (3.3°C to 5.8 ; p = 0.001). In the un-
treated snorers group AHI increased from 5 to 9, in average, and CDT:s 
had worsened from 5.1°C to 16.0°C (p = 0.003). Two subjects had com-
pletely lost their cold sensitivity in the palate, whereas it was normal on 
their lips. The CPAP-treated group had much higher AHI in 2008 than 
the two other groups, in average 29, which did not significantly change. 
Neither did their CDT:s; mean value 2008 was 5.5°C and 6.4°C in 2014. 
The change of CDT:s was significantly higher in the untreated snorers 
group than in the other two groups (p = 0.03).
Conclusion: There was a worsening in cold detection ability in the 
non-snoring group that could be attributed to increased age, but it was 
still within normal range. The untreated snorers group worsened much 
more, which shows that this group risks developing very poor sensitiv-
ity to cold in the upper airway in a couple of years of habitual snor-
ing. This could contribute to sleep apnea, since the reflex that initiates 
contraction of the dilating upper airway muscles is triggered by the 
sensation of cold in the inspired air. In contrast, it seems that efficient 
treatment of OSA protects the sensory innervation, since the CPAP-
treated group did not change their CDT:s.
Support (If Any): The Swedish Heart and Lung Fund and FORSS

0395
PILOT STUDY OF BIOMARKERS FOR 
PREDICTING OSA AND EFFECTIVENESS OF CPAP 
TREATMENT -CORRELATION WITH GLUCOSE 
REGULATION
Mensah-Osman E, Ishag-Osman N
EENA Comprehensive Neurology and Sleep Center, Boynton Beach, 
FL

Introduction: Obstructive sleep apnea (OSA) affects majority of the 
population and is associated with hypertension, obesity, diabetes, and 
an increased risk of heart attack and stroke. The overall objective of 
this study is to identify biomarkers with measurable biochemical char-
acteristics associated with the severity of OSA, and to evaluate the ef-

fect of continuous positive airway pressure (CPAP) on these variables. 
Of particular interest are candidate biomarkers involved in the regula-
tion of glucose.
Methods: We identified and diagnosed patients with OSA and de-
termined the prevalence of metabolic syndrome (MS) at initial diag-
nosis and after CPAP using one of the following diagnostic criteria: 
IDF criterion: Waist Circumference ≥ 94 cm in men or ≥ 80 cm in 
women plus two or more below: -Low HDL = HDL < 40 mg/dl in 
males / < 50 mg/dl in females, or specific treatment for this lipid ab-
normality -Hypertriglyceridaemia = TG ≥ 150 mg/dl, or specific treat-
ment for this lipid abnormality -Hypertension = SBP ≥ 130 mmHg or 
DBP ≥ 85 mmHg, or treatment for previously diagnosed hyperten-
sion -Dysglycaemia = FPG ≥ 100 mg/dl, or previously diagnosed type 
2 diabetes NCEP ATP III criterion: At least three of the following 
criteria: Abdominal Obesity = Waist Circumference > 102 cm in men 
and 88 cm in women -Hypertrigylceridaemia = TG ≥ 150 mg/dl -Low 
HDL = HDL < 40 mg/dl in men and < 50 mg/dl in women -Hyperten-
sion = BP ≥ 130/85 mmHg -Dysglycaemia = FPG ≥ 110 mg/dl
Results: Approximately 10% of all new patients that presented to the 
center last year were diagnosed with OSA (~240 patients). Forty-two 
patients with OSA were included for analysis. Improvement of OSA 
symptoms was seen in ~61.9% after CPAP treatment. Baseline glu-
cose and A1C expression were significantly lower in patients with high 
CPAP compliance than in those with low compliance. MS based on 
the diagnostic criteria set above was significantly improved with CPAP 
treatment. The mean scores of Epworth Sleepiness Scale (EPSS) at 
baseline and after CPAP correlated with the degree of MS in these 
patients.
Conclusion: OSA is associated with MS and we hypothesize that dys-
regulation of glucose metabolism correlates with severity of the apnea. 
Effective CPAP treatment correlates with improved glucose and A1C 
levels and is associated with CPAP compliance and EPSS. Identifica-
tion and changes in expression of biomarkers that regulate glucose me-
tabolism may possibly lead to early identification of OSA and provide 
an assessment of effective treatment with CPAP.

0396
WAKING ELECTROENCEPHALOGRAPHIC 
FUNCTIONAL CONNECTIVITY IN OLDER SUBJECTS 
WITH OBSTRUCTIVE SLEEP APNEA
Fortin M1, Lina J2 Gagnon K1,3, Baril A1,4, Desjardins M1,5, 
Carrier J1,5, Godbout J1, Lafond C 6,4, Gosselin N1,5

1Center for Advanced Research in Sleep Medicine, Hôpital du 
Sacré-Coeur de Montréal, Montreal, QC, Canada, 2Department of 
Electrical Engineering, École de Technologie Supérieure, Montreal, 
QC, Canada, 3Department of Psychology, Université du Québec à 
Montréal, Montreal, QC, Canada, 4Faculty of Medicine, Université 
de Montréal, Montreal, QC, Canada, 5Department of Psychology, 
Université de Montréal, Montreal, QC, Canada, 6Department of 
pneumology, Hôpital du Sacré-Cœur de Montréal, Montreal, QC, 
Canada

Introduction: Neuroanatomical changes and more specifically a de-
crease in grey matter density and white matter fiber integrity in the 
frontal lobes have been reported in individuals with obstructive sleep 
apnea (OSA). This study aimed at investigating whether OSA is associ-
ated with altered electroencephalographic (EEG) connectivity at rest, 
a measure of interaction between brain structures. We hypothesized 
that frontal regions would show severe connectivity disruption in OSA 
subjects in comparison to healthy controls.
Methods: Twenty-six OSA subjects (age: 63.8 ± 6.7 years; 4 females; 
apnea-hypopnea index (IAH): 36.9 ± 14.5) and 26 control subjects (age: 
64.3 ± 6.4 years; 9 females; apnea-hypopnea index (IAH): 5.2 ± 3.0) 
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participated in a full-night polysomnography followed by a waking 
EEG recording. Artifact-free sections of the waking EEG were select-
ed for a total of 118.8 ± 8.8 minutes per subject. Imaginary coherence 
values were derived for F3 and F4, where both electrodes were paired 
together then paired respectively with 12 other electrodes, for each fre-
quency band, namely delta (1–4 Hz), theta (5–7 Hz), alpha (8–14 Hz), 
and beta (15–29 Hz). Groups were compared using Groups X Electrode 
pairs ANOVAs for each frequency band.
Results: No Groups X Electrode pairs interaction was observed for 
any of the 4 ANOVAs. However, a trend for a group effect showed 
decreased coherence in OSA subjects compared to control subjects in 
the theta band (F (1,50) = 4.01, p = 0.05). No other group effects were 
observed for beta, alpha and delta frequency bands.
Conclusion: Our results suggest a disruption of the frontal EEG func-
tional connectivity measured at rest in the theta band in older individu-
als with OSA in comparison to control subjects. Whether this abnormal 
functional connectivity is associated with clinical variables or with 
neuropsychological decline among older OSA individuals should be 
investigated.
Support (If Any): Supported by the Natural Sciences and Engineering 
Research Council of Canada, the Fonds de recherche du Québec - Na-
ture et technologies, the Canadian Institutes of Health Research and 
the Fonds de recherche du Québec - Santé

0397
ELEVATED PLASMA LEVELS OF SOLUBLE (PRO) 
RENIN RECEPTOR IN PATIENTS WITH OBSTRUCTIVE 
SLEEP APNEA SYNDROME - ASSOCIATION WITH 
POLYSOMNOGRAPHIC PARAMETERS -
Nishijima T1, Sakurai S1, Tajima K 2, Kizawa T1, Hosokawa K1, 
Takahashi S1, Takahashi K 2

1Division of Behavioral Sleep Medicine Iwate Medical University, 
School of Medicine, Morioka, Japan, 2Department of Endocrinology 
and Applied Medical Science, Tohoku University Graduate School of 
Medicine, Japan

Introduction: (Pro)renin receptor ((P)RR) is a specific receptor for 
both renin and its precursor prorenin. (P)RR was shown to be involved 
in pathophysiology of cardiovascular and renal diseases. Soluble (pro)
renin receptor (s(P)RR), which is generated by furin from full length 
(P)RR, is present in blood.
Objective: The aim of the present study is to clarify the association of 
plasma s(P)RR levels and the severity of OSAS.
Method: Plasma levels of s(P)RR were measured by ELISA in 58 male 
patients diagnosed as OSAS based on PSG, and 14 age-matched male 
control subjects. Blood samples were obtained at 6:00 am just after 
overnight polysomnography.
Results: Plasma s(P)RR levels were significantly higher in patients with 
OSAS (9.0 ± 2.0 ng/mL, mean ± SD) than in control subjects (7.4 ± 1.5 
ng/mL) (P = 0.0026). Plasma s(P)RR levels showed a significant nega-
tive correlation with % stage REM sleep (r = −0.377, p < 0.005), and 
significant positive correlations with % stage 1 (r = 0.374, p < 0.005), 
arousal index (r = 0.341, p < 0.01), AHI (r = 0.352, p < 0.01) and desatu-
ration index (r = 0.302, p < 0. 05).
Conclusions: The present study has shown for the first time elevated 
plasma s(P)RR levels in patients with OSAS. Plasma s(P)RR levels 
were associated with the severity of OSAS. Soluble (P)RR may serve 
as a plasma marker reflecting the severity of OSAS.

0398
OBSTRUCTIVE SLEEP APNEA IS ASSOCIATED WITH 
LOW GABA AND HIGH GLUTAMATE IN THE INSULAR 
CORTEX
Macey PM1, Sarma MK 2, Nagarajan R 2, Aysola RS3, Harper RM4

1UCLA, Los Angeles, CA, 2UCLA Department of Radiological 
Sciences, University of California at Los Angeles, Los Angeles, CA, 
3Division of Pulmonary and Critical Care Medicine, David Geffen 
School of Medicine at UCLA, Los Angeles, CA, 4Department of 
Neurobiology, University of California at Los Angeles, Los Angeles, 
CA

Introduction: The insular cortex is injured in obstructive sleep apnea 
(OSA), and responds inappropriately to autonomic challenges, as iden-
tified with neuroimaging measures. The mechanisms underlying the 
injury and dysfunction are unclear. The objective was to assess two 
neurotransmitters, γ-aminobutyric acid (GABA) and glutamate, within 
the insular cortex in OSA patients, relative to healthy controls. We hy-
pothesize elevated glutamate based on evidence of hypoxia-induced 
excitotoxic conditions, and altered GABA based on impaired insular 
action and weaker cardiovascular reactivity in OSA.
Methods: We analyzed insular GABA and glutamate levels in 11 OSA 
(mean age ± SD: 54.6 ± 10.6 years; AHI: 35.0 ± 19.4; SAO2min: 83 ± 7%) 
patients and 13 healthy participants (50.7 ± 8.5 years) using a recent-
ly-developed non-uniform undersampled (NUS) compressed sensing 
based four dimensional echo-planar J-resolved spectroscopic imaging 
(4D-EP-JRESI), which enables evaluation of more metabolites than tra-
ditional 1D MRS/MRSI. We localized the anterior insular cortex with 
high-resolution anatomical scans. Acquired data were post-processed 
with a custom MATLAB-based program and metabolite ratios with 
respect to creatine peak were calculated using a modified prior knowl-
edge fitting (Profit) algorithm. “Glx” (Glx = glutamine+glutamate) was 
used as a more sensitive indicator of glutamate. Analysis of covariance 
was used to assess OSA-control differences.
Results: In the right insular cortex, the OSA group showed decreased 
GABA (OSA: 0.28 ± 0.10, Control: 0.60 ± 0.14; p < 0.05), and no sig-
nificant difference in Glx (OSA: 1.68 ± 0.40, Control: 1.51 ± 0.59). In 
the left insular cortex, the OSA group showed increased Glx (OSA: 
1.78 ± 0.18, Control: 1.06 ± 0.48; p < 0.05) and no significant difference 
in GABA (OSA: 0.36 ± 0.07, Control: 0.55 ± 0.23; p < 0.05).
Conclusion: The anterior insular cortex in OSA shows altered levels of 
GABA and glutamate, consistent with the lateralized altered function 
of the structure; presumably, reduced GABA reflects a weaker func-
tional role of the anterior insular, especially on the right side (preferen-
tially sympathetic). The increased glutamate in the left insular cortex 
(preferentially parasympathetic) may reflect excitotoxic processes, 
which over time may contribute to the structural alterations found with 
structural imaging.
Support (If Any): NIH National Institute of Nursing Research 
NR013693

0399
ASSESSMENT OF GENIOGLOSSUS FATIGUE USING 
DIFFERENT CONTRACTION TASKS
Sériès F Gakwaya S Rousseau É
Laval University, IUCPQ, QC, Canada

Introduction: The development of early genioglossus muscle fatigue 
following a repetitive protrusion task is a characteristic feature of sleep 
apnea patients. The tongue is involved in different movements but the 
influence of the direction of contraction task on genioglossus mechani-
cal failure has not been assessed.
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Methods: Genioglossus muscle fatigue was assessed in sleep apnea 
patients and control subjects. Investigated tasks were tongue protru-
sion (TP) and tongue elevation (TE) against the palate that were com-
pleted in random order. Contraction force was measured with pressure 
dedicated transducers. For each task, maximal voluntary contraction 
pressure (MVCP) was measured before and during recovery of a fa-
tigue protocol. This one consisted in repetitive (1 every 5 sec) short (2 
sec) contractions to reach 70% of baseline MVCP with completion of a 
MVCP every 60 sec. Endurance was assessed by the time elapsed from 
the beginning of the fatigue protocol to the moment subjects were not 
able to develop 80% of baseline MVCP. Time for recovery consisted in 
the time it took for MVCP to reach 90% of the pre fatigue value.
Results: Eight sleep apnea subjects (6 M, age 47 ± 13 y, BMI: 26.9 ± 1.8 
kg/m2, AHI: 20.2 ± 7.6/h) and 5 control subjects (4 M, age 44 ± 12, 
BMI: 27.6 ± 1.8 kg/m2, AHI: 7 ± 3/h) participated in the study. There 
was no difference in baseline MVCP between the two groups for each 
contraction task. In sleep apnea patients, endurance was shorter with 
TE (6.3 ± 2.7 min) than TP (8.5 ± 3.6 min) and time for recovery was 
longer with TE (7.5 ± 5.4 min) than TP (3.8 ± 2.0 min). Such differ-
ences were not seen in control subjects (endurance TE 7.4 ± 3.5 min, 
TP 6.8 ± 2.0 min, time for recovery TE 4.0 ± 2.5 min, TP 2.6 ± 3.0 min).
Conclusion: Contraction task influences endurance and fatigue recov-
ery features in sleep apnea patients but such pattern is not observed in 
control subjects.
Support (If Any): Canadian Institutes of Health Research, Grant 
89985

0400
SEDATION AND RESPIRATORY DEPRESSION BY 
MORPHINE IN YOUNG PATIENTS FOLLOWING 
ELECTIVE SURGERY
Montandon G1, Horner RL1, Cushing S2, Campbell F2, Narang I2

1University of Toronto, Toronto, ON, Canada, 2The Hospital for Sick 
Children, Toronto, ON, Canada

Introduction: Opioid drugs are widely used as analgesics, but present 
side-effects such as sedation and life-threatening respiratory depres-
sion. Although opioid drugs have potent side-effects, our understand-
ing of their mechanisms of action on arousal, sleep and respiratory 
systems is limited, especially in young patients who are more sensitive 
to opioid drugs. Here we aim to evaluate the impact of opioid medica-
tion on EEG and respiration in children following elective surgery.
Methods: Children undergoing ear surgery without a history of respi-
ratory disorders were recruited from the ENT clinic. Following sur-
gery, as per standard clinical care, the participants stayed overnight for 
pain relief (morphine), hydration and clinical observation. They had a 
polysomnogram (PSG) performed on the night following surgery to 
evaluate their response to morphine. The PSG data was then processed 
to extract EEG spectral properties and respiratory activity, and data 
was compared before (baseline) and after nighttime morphine admin-
istration.
Results: A total of 8 children received morphine with mean age of 
14.8 ± 2.8 years. The dose of morphine ranged between 5–10 mg and 
the average dose was 0.17 ± 0.04 mg/kg. By comparing data before and 
after morphine, we observed that morphine reduced arousal and in-
duced a sedative state similar to slow-wave sleep. This state of reduced 
arousal was characterized by increased low electroencephalogram 
(EEG) frequencies and decreased high frequencies (P < 0.05, n = 8), 
and these changes in EEG were accompanied by breathing rate depres-
sion (by 9.5%, P = 0.034, n = 8). We found a significant correlation 
between the ratio of high/low EEG frequencies, which quantifies the 
level of arousal, and the severity of respiratory rate depression (n = 8, 

R = 0.726), suggesting that reduced arousal aggravates respiratory de-
pression by morphine.
Conclusion: Although the doses of morphine were moderate, it in-
duced significant respiratory depression and sedation, with respiratory 
depression more severe when patients were in states of reduced arousal 
due to the sedative properties of morphine.
Support (If Any): Ontario Thoracic Society Grant-in-Aid (IN). The 
Parker B. Francis Fellowship (GM).

0401
NEW INSIGHTS ON THE PATHOPHYSIOLOGY OF 
INSPIRATORY FLOW LIMITATION DURING SLEEP
Godoy LB1, Togeiro SB1, Haddad FL1, Rapoport DM2, Vidigal Td1, 
Klichouvicz PC1, Tufik S1, Palombini LO1

1Universidade Federal de São Paulo, Sao Paulo, Brazil, 2Division of 
Pulmonary and Critical Care Medicine, New York University School 
of Medicine, New York, NY

Introduction: Inspiratory flow limitation (IFL) is defined as a “flat-
tened shape” of the inspiratory airflow contour detected by nasal 
cannula pressure during sleep and can indicate increased upper air-
way resistance especially in mild Sleep Related Breathing Disorders 
(SRBD). The objective of this study was to investigate the association 
between upper airway abnormalities and IFL in patients with mild 
SRBD.
Methods: This study was derived from a general population study of 
1,042 individuals. Were selected individuals without symptoms (with 
no significant pulmonary disease and no smoking) and with apnea-hy-
popnea index (AHI) below 5 events/hour of sleep, considered a “nor-
mal” group and individuals with symptoms and AHI between 5 and 
15 events/hour considered as having mild Obstructive Sleep Apnea 
Syndrome (OSAS). 754 individuals were divided into 4 groups: group 
1: AHI < 5/hour and < 30% of total sleep time (TST) with IFL (515 
individuals), group 2: AHI < 5/hour and > 30% of TST with IFL (46 
individuals), group 3: AHI: 5–15/hour and < 30% of TST with IFL (168 
individuals) and group 4: AHI: 5–15/hour and > 30% of TST with IFL 
(25 individuals).
Results: Individuals with complains of oral breathing demonstrated 
chance 2.7 folds larger of having mild OSAS with > 30% TST with IFL 
compared to mild OSAS with < 30% of TST with IFL. Abnormal nasal 
structure increased chances of having mild OSAS with IFL > 30% 3.2 
folds in comparison to normal with < 30% of TST with IFL. Those 
ones that had voluminous lateral wall demonstrated chance 4.2 folds 
larger of having mild OSAS with > 30% of TST with IFL compared to 
mild OSAS with < 30% of TST with IFL.
Conclusion: More than 30% of TST with IFL detected in polysomnog-
raphy was associated with nasal and palatal anatomical abnormalities 
in mild SRBD patients. IFL may be an additional parameter for evalu-
ating upper airway obstruction in mild OSAS patients.
Support (If Any): This work was supported by grants from AFIP, 
FAPESP and CNPq.

0402
AROUSAL INDUCED HYPOCAPNIA DOES NOT REDUCE 
UPPER AIRWAY DILATOR MUSCLE ACTIVITY ON 
RETURN TO SLEEP IN OBSTRUCTIVE SLEEP APNEA
Cori JM1,2, Thornton T1,2, O’Donoghue FJ2,1, Rochford PD2, 
Trinder J1, Jordan AS1,2

1The University of Melbourne, Parkville, Australia, 2Institute for 
Breathing and Sleep, Austin Hospital, Heidelberg, Australia

Introduction: Arousal in obstructive sleep apnea (OSA) is associated 
with hyperventilation. The resulting hypocapnia is thought to reduce 
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upper airway dilator muscle activity on return to sleep precipitating 
further airway collapse. However, studies have not found reduced dila-
tor muscle activity following arousal; although many did not measure 
CO2 or assess respiratory arousals. We aimed to determine whether 
low CO2 following spontaneous respiratory arousal in OSA is associ-
ated with reduced genioglossus activity on return to sleep.
Methods: 32 OSA patients slept untreated with measurement of: EEG, 
EOG, submental EMG, airflow, end-tidal CO2 and intramuscular ge-
nioglossus EMG. Post-study, NREM respiratory arousals were identi-
fied and designated a CO2 change value, which was CO2 on the last 
breath of arousal (before return to sleep), relative to an individual’s 
waking CO2. Univariate ANOVA was used to determine whether there 
was an association between the CO2 change at arousal and genioglos-
sus activity on each of the first five breaths following return to sleep.
Results: 1137 arousals across 24 participants were analysed. The me-
dian change in CO2 on the last breath of arousal from wakefulness 
was −0.7 mmHg (IQR = −2.5 to 1.3 mmHg, range = −8.8 mmHg to 
11.5 mmHg). There was a significant nonlinear negative association 
that approximated an exponential function between CO2 change and 
peak genioglossus activity on the five breaths of return to sleep (all P-
values < 0.05, except breath four = NS). A 1 mmHg decrease in CO2 at 
arousal corresponded to a 2–3% increase in peak genioglossus activity 
above wakefulness levels (dependent on magnitude of CO2 decrease) 
following return to sleep.
Conclusion: Low CO2 at arousal was not associated with low genio-
glossus activity following return to sleep. Rather, the lower the CO2 at 
arousal, the greater the genioglossus activity following return to sleep. 
This suggests arousal is not detrimental to airway patency, and may 
instead protect against further airway collapse.

0403
GROWTH RETARDATION FOLLOWING UPPER AIRWAY 
OBSTRUCTION AND SLEEP LOSS INHIBITS EARLY 
BONE DEVELOPMENT: ROLE OF GHRELIN ON BONE 
METABOLISM IN RATS
Tarasiuk A1, Levi A 2, Yahalom A 2, Troib A 2, Assadi M2, Segev Y2

1Sleep-Wake Disorders Unit and Department of Physiology, Faculty 
of Health Sciences, Ben-Gurion University of the Negev, Beer-Sheva, 
Israel, 2Shraga Segal Department of Microbiology and Immunology, 
Faculty of Health Sciences, Ben-Gurion University of the Negev, 
Beer-Sheva, Israel

Introduction: There is no clear mechanism explaining growth retarda-
tion in pediatric obstructive sleep apnea and upper airway obstruction 
(UAO) in rats. We explore the effect of UAO on sleep, growth, and 
bone energy metabolism.
Methods: The tracheae of 22-day-old male rats were obstructed and 
animals were followed for 7 weeks. Sleep, growth, and bone morphol-
ogy were evaluated.
Results: UAO animals were awake for 24% more time, had 13% and 
47% less SWS and paradoxical sleep duration, respectively. UAO 
animals demonstrated growth retardation; body weight, tibia, and tail 
length gains were all significantly reduced while food intake was el-
evated by 22% accompanied by 18% increase in intestinal/body length 
ratio. Serum ghrelin was elevated by 300% at both light on and light 
off phases while leptin decreased by 60%. Epiphyseal growth plate 
(EGP) Masson’s trichrome and Safranin O staining showed shorter and 
less functional EGP in the UAO. Total EGP proliferative and hypertro-
phic zones were reduced in UAO animals. A 2.5 fold increase in EGP 
OXR1 expression was shown in UAO. This finding was accompanied 
by a 92% decrease in ghrelin receptor associated with reduction of 
PPARγ and Sox9. Proliferative zone extra cellular matrix (ECM), col-
lagen II, and aggrecan were reduced in UAO, while hypertrophic zone 

ECM collagen X decreased and metalloproteinase 13 increased. On 
the other hand, hypertrophic chondrocyte maturation markers Runx2 
and VEGF, which indicate the efficacy of the endochondral ossification 
process, were unchanged in UAO.
Conclusion: UAO leads to sleep loss associated with impairment of 
energy and bone metabolism. The robust decrease in EGP ghrelin 
receptor inhibited key chondrogenic factors such as Sox9, IGF-I, and 
PPARγ, all associated with osteoblast differentiation and function and 
over-expression of OXR1. This study present evidence that growth re-
tardation is related to suppression of EGP early development.
Support (If Any): This research was supported by the Israel Science 
Foundation (grant No. 31/14).

0404
ASSOCIATION BETWEEN CEPHALOMETRIC 
MEASUREMENTS AND SEVERITY OF OBSTRUCTIVE 
SLEEP APNOEA IN CHILDREN AND ADULTS
Li AM, Au C
The Chinese University of Hong Kong, Shatin, Hong Kong

Introduction: Previous studies revealed major differences in aetiology, 
manifestation and consequences between childhood and adulthood ob-
structive sleep apnoea (OSA) However, the possible differential effects 
of cephalometry on the two conditions have never been assessed. This 
study examined the association between cephalometric measurements 
and OSA severity in children and adults.
Methods: Children aged between 6 and 18 years who attended our 
paediatric sleep disorder clinic with symptoms suggestive of OSA 
were invited to undergo nocturnal polysomnography (PSG). Controls 
without habitual snoring were recruited from a concurrent population-
based epidemiological study. Both parents and siblings (if any) of each 
participant were also invited to undergo nocturnal PSG. Partial cor-
relation was used to assess the association between cephalometric 
measurements and log-transformed obstructive apnea hypopnea index 
(logOAHI) while controlling for age, gender and body mass index. Pe-
diatric (< 18 y) and adult (≥ 18 y) subjects were analyzed separately.
Results: A total of 152 children (81 male) and 220 adults (110 male) 
were recruited. LogOAHI was associated with measures that indicated 
a lower position of hyoid bone (MP-H, Gn-Go-H and MP-H/Go-Gn) in 
both pediatric (r = 0.367, 0.408 and 0.395, respectively, all p < 0.001) 
and adult male subjects (r = 0.244, 0.210 and 0.256, respectively, all 
p < 0.05) but not in female subjects. However, the length of soft pal-
ate (r = 0.223, p = 0.018) and the inclination of mandible (r = 0.203, 
p = 0.031) were positively correlated with logOAHI only in adult male 
but not pediatric male subjects. Retrognathic mandible was signifi-
cantly associated with logOAHI only in pediatric females (r = 0.323, 
p = 0.005) and adult males (r = 0.230, p = 0.015).
Conclusion: This preliminary analysis suggested that a lower position 
of hyoid bone was associated with more severe OSA in both adult and 
children males. But the contribution of the length of soft palate, inclina-
tion of mandible and retrognathic mandible on OSA severity may be 
different among paediatric and adult subjects.
Support (If Any): This study was funded by the Research Grants 
Council of the Hong Kong Special Administrative Region, China 
[CUHK471210].
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0405
GENDER DIFFERENCES IN THE ASSOCIATION OF 
INFLAMMATION, SLEEP APNEA, AND HYPERTENSION
Vgontzas AN1, Gaines J1, Fernandez-Mendoza J1, Kritikou I1, 
Basta M2, Bixler EO1

1Pennsylvania State University, Hershey, PA, 2University of Crete, 
Heraklion, Greece

Introduction: Many studies over the last decade have established as-
sociations between sleep apnea, inflammation, and cardiovascular out-
comes. However, none have explored potential gender differences in 
these associations. Our aim was to differentially assess inflammatory 
markers in sleep apnea and comorbid hypertension in men and women.
Methods: A sample of 120 middle-aged, predominantly non-obese 
mild-to-moderate sleep apneics (AHI ≥ 5) and controls (51.7% male; 
mean age = 54.67 ± 0.54) underwent a clinical history, physical ex-
amination, and 8-hour polysomnography study. A single fasting blood 
draw was performed at 7:00 and assayed for IL-6, TNFR1, and CRP 
via ELISA. Two-tailed independent samples t-tests compared demo-
graphic, PSG, and biomarker variables between-gender. Increasing 
apnea severity (i.e. AHI < 5, 5 ≥ AHI < 15, and AHI ≥ 15) and the 
presence of hypertension (i.e. controls without hypertension, sleep ap-
neics without hypertension, and sleep apneics with hypertension) were 
examined within-gender via ANCOVA, controlling for age and BMI.
Results: Men with sleep apnea had higher concentrations of plasma 
TNFR1 (1.13 ng/mL vs. 0.97 ng/mL; p = 0.04), CRP (1.56 ng/mL vs. 
0.90 ng/mL; p = 0.06,) and IL-6 (1.14 pg/mL vs. 0.82 pg/mL; p = 0.11) 
relative to controls. In women, only CRP was elevated with sleep 
apnea (2.81 ng/mL vs. 1.83 ng/mL; p = 0.04). A CRP dose-response 
was observed with increasing apnea severity (p-linear = 0.04 in both 
genders). A CRP dose-response was also observed between controls, 
apneics without hypertension, and apneics with hypertension, but this 
association was stronger in women (p-linear = 0.005) than men (p-
linear = 0.09).
Conclusion: Sleep apnea in men appears to be associated with a more 
severe inflammatory profile. In apnea with comorbid hypertension, 
however, smaller elevations in CRP are observed. Our findings suggest 
that inflammatory markers should be analyzed and interpreted sepa-
rately in men and women. Furthermore, a single measure of plasma 
CRP may be a clinically-useful marker of apnea severity and cardio-
vascular morbidity.
Support (If Any): NIH R01 HL 64415

0406
NOCTURNAL NON-DIPPING BLOOD PRESSURE IN 
PATIENTS WITH SUSPECTED OBSTRUCTIVE SLEEP 
APNEA
Doumit J Buchcic B Gutman D Davis EA Zhou L Prasad B
University of Illinois at Chicago, Chicago, IL

Introduction: Obstructive sleep apnea (OSA) is associated with noc-
turnal non-dipping of blood pressure (NNDbp), which predicts cardio-
vascular disease. However, factors that lead to NNDbp in suspected 
OSA are poorly understood. We examined NNDbp with 24-hour am-
bulatory BP monitoring (ABPM) in a sleep clinic population.
Methods: Single-center, prospective study of patients referred for 
evaluation of OSA (n = 31). Baseline data included ABPM, Epworth 
Sleepiness Scale (ESS), medical history and active medications. Pa-
tients with structural heart disease, arrhythmia and heart failure were 
excluded. Hypertension was defined by self-report or use of antihyper-
tensives. All participants completed in-laboratory polysomnography 
and hypopneas were scored with 3% oxygen desaturation or arousal.

Results: Participants were middle-aged (mean ± SD; years = 47.8 ± 11.7), 
sleepy (ESS = 12.3 ± 5.9), and had high prevalence of obesity (body 
mass index; BMI = 38.0 ± 9.0) and hypertension (77%). 5 had AHI < 5 
per hour, 9 had AHI = 5–15 per hour, and 17 had AHI > 15 per hour. 
Multivariable regression was performed to test the relationship of age, 
BMI, ESS, and AHI with NNDbp (average awake BP -average sleep 
BP/average awake BP) across the entire sample. AHI was the only 
significant predictor, where increasing AHI was associated with less 
dipping (mean BP: t-statistic = −2.11, p = 0.04, systolic BP: t-statis-
tic = −2.19, p = 0.04, diastolic BP: t-statistic −2.25, p = 0.03). When 
self-reported usual sleep time was added as a predictor to the model, 
these trends persisted: mean BP: t-statistic = −2.05, p = 0.05, systolic 
BP: t-statistic = −2.14, p = 0.04, diastolic BP: t-statistic −2.25, p = 0.03.
Conclusion: In patients with suspected OSA, AHI as a continuous 
measure of sleep disordered breathing is associated with NNDbp. 
Larger studies are needed to fully characterize predictors of nocturnal 
hypertension in OSA.

0407
PLASMA GLUCAGON-LIKE PEPTIDE-1 IN PATIENTS 
WITH OBSTRUCTIVE SLEEP APNEA SYNDROME: 
ASSOCIATION WITH IMPAIRED GLUCOSE 
TOLERANCE
Kizawa T, Nishijima T, Hosokawa K, Mito F, Takahashi S, Sakurai S
Division of Behavioral Sleep Medicine, Iwate Medical University 
School of Medicine, Morioka, Japan

Introduction: The role of GLP-1 is to stimulate the secretion of insulin. 
In healthy person, postprandial hyperglycemia increases the secretion 
of GLP-1 and it decrease from peak after 30 minute. Previous paper 
show that the patients with Obstructive sleep apnea (OSAS) have in-
sulin resistance, but the relationship between GLP-1 and the severity 
of OSAS has nevert suggested. In this study, we investigated the time 
variation of pGLP-1 levels in patients with OSAS.
Methods: We enrolled 41 subjects with OSAS who has HbA1c < 6.2% 
and HOMA-R < 2.5. The OSAS patients were then grouped into 2 
by the severity of OSAS (Group A: AHI ≧ 30, n = 19 and Group B: 
AHI < 30, n = 22). We conducted the glucose tolerance test and mea-
sured plasma glucose, serum insulin and pGLP-1 levels before and af-
ter 30, 60 and 120 minutes of load. pGLP-1 levels were measured by the 
ELISA method following the manufacturer’s protocols in the Division 
of Behavioral Sleep Medicine, Iwate Medical University.
Results: Before glucose load tests, pGLP-1 levels had no significant 
difference between the A group and the B group. After 30 minutes, 
pGLP-1 levels were significantly higher than before load in both groups 
and there were no significant difference between the A group and the 
B group. After 60 minutes, pGLP-1 levels of the B group (5.0 ± 2.0 
pmol/L) showed a downward trend (no significant), but pGLP-1 lev-
els of the A group (10.6 ± 14.7 pmol/L) did not decrease than after 30 
minutes. Furthermore, after 120 minutes, pGLP-1 levels of the B group 
was significantly lower than the A group (5.4 ± 0.7 vs 9.1 ± 1.5 pmol/L, 
p = 0.01).
Conclusion: In this study, pGLP-1 of severe OSAS without insulin 
resistance and glucose tolerance was prolonged after 120 minutes glu-
cose load. This study may suggest that severe OSAS has potential pan-
creas β cell functional disorder and GLP-1 resistance.
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0408
HIGH PLASMA LEVELS OF SOLUBLE (PRO) RENIN 
RECEPTOR WERE IMPROVED BY CONTINUOUS 
POSITIVE AIRWAY PRESSURE TREATMENT IN 
PATIENTS WITH SEVERE OBSTRUCTIVE SLEEP 
APNEA HYPOPNEA SYNDROME
Sakurai S1, Nishijima T1, Tajima K 2, kizawa T1, Hosokawa K1, 
Takahashi S1, Takahashi K 2

1Division of Behavioral Sleep Medicine, Iwate Medical University 
School of Medicine, Morioka, Japan, 2Department of Endocrinology 
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Introduction: We have previously shown that plasma levels of soluble 
(pro)renin receptor, a neuropeptide with an apnea hypopnea index, 
were increased in parallel with the severity of the disease in patients 
with obstructive sleep apnea hypopnea syndrome (OSAS). To clarify 
effects of continuous positive airway pressure (CPAP) treatment on 
plasma levels of soluble (pro)renin receptor in patients with this syn-
drome.
Methods: Sleep tests and blood samples collection were conducted at 
the sleep related respiratory disorders clinic and the sleep laboratory 
of the Iwate Medical University Hospital. We studied 12 patients with 
OSAHS (apnea hypopnea index: AHI ≥ 20 by polysomnography) who 
were treated with nasal CPAP for 3 months. Plasma s(P)RR levels were 
measured by the ELISA method (Immuno- Biological Laboratories 
Co., Ltd., Fujioka, Japan) following the manufacturer’s protocols in the 
Department of Endocrinology and Applied Medical Science, Tohoku 
University Graduate School of Medicine.
Results: Twelve OSAS patients with AHI ≥ 20 underwent nCPAP 
treatment for 3 months, which improved the PSG parameters and the 
symptoms of OSAS. AHI and arousal index decreased significantly af-
ter 3-month treatment of nCPAP (from 40.2 ± 31.2 events/hr to 6.4 ± 8.6 
events/hr, p < 0.005, and from 40.0 ± 27.5 events/hr to 11.6 ± 5.5 events/
hr, p < 0.005, respectively). ESS decreased from 11.2 ± 5.4 to 3.8 ± 2.5 
(p < 0.0005). Mean blood pressure at 6 am decreased from 100.6 ± 13.7 
mmHg to 88.7 ± 9.6 mmHg (p < 0.05). Plasma s(P)RR levels also de-
creased significantly from 11.4 ± 1.8 ng/mL to 8.1 ± 2.1 ng/mL after 
nCPAP treatment in these 12 patients (p = 0.0016).
Conclusions: The hight plasma levels of soluble (pro)renin receptor 
were decreased by the nasal CPAP treatment in patients with severe 
OSAS, suggesting that plasma levels of soluble (pro)renin receptor is 
a plasma marker that reflects the severity of OSAS and the response to 
the treatment.

0409
THE DIFFERENCE IN PERSONALITY 
CHARACTERISTICS BETWEEN UPPER AIRWAY 
RESISTANCE SYNDROME AND OBSTRUCTIVE SLEEP 
APNEA SYNDROME
So S1, Yoon H2, Lee H1, Cho C1, Kim L1, Kang S3

1Korea University College of Medicine, Seoul, Korea, Republic of, 
2Korea University Ansan Hospital, Ansan, Korea, Republic of, 3Gil 
Medical Center, Gachon Medical School, Incheon, Korea, Republic of

Introduction: Upper airway resistance syndrome (UARS) is a sleep 
disorder characterized by complaints of excessive daytime sleepiness 
and frequent arousals during sleep preceded by increased respiratory 
efforts without overt apneas. Nevertheless, the question of whether 
UARS is a distinct disease or a prodrome of obstructive sleep apnea 
syndrome (OSAS) is still a matter of debate. The aim of this study was 
to investigate the personality characteristics of patients with UARS 
and those of patients with OSAS.

Methods: Eighty-eight patients with UARS and 365 patients with 
OSAS participated. All patients had a diagnostic full-night attended 
polysomnography (PSG) and completed the Athens Insomnia Scale 
(AIS), Pittsburgh Sleep Quality Index (PSQI), Epworth Sleepiness 
Scale (ESS), Symptom Checklist-90-Revision (SCL-90-R) and Ey-
senck Personality Questionnaire (EPQ).
Results: The UARS group scored significantly higher than the OSAS 
group on the ESS, AIS, and PSQI. The scores of all SCL-90-R sub-
scales in the UARS group were significantly higher than those in the 
OSA group. Patients with UARS scored lower on EPQ-E and EPQ-L 
than those with OSA. UARS patients also showed higher scores on 
EPQ-P and EPQ-N than OSAS patients.
Conclusion: Our results suggest that patients with UARS have worse 
subjective sleep quality than OSAS patients in spite of their better PSG 
findings. Patients with UARS tend to be introverted, neurotic, and are 
likely to experience anxiety, sensitivity, and somatization. These find-
ings suggest that patients in this group are likely to take their symp-
toms seriously and respond nervously.

0410
AMYGDALA SUB-REGIONAL VOLUME DIFFERENCES 
IN OBSTRUCTIVE SLEEP APNEA
Prasad JP1, Kumar R 2, Woo MA1, Harper RM3, Macey PM1

1UCLA School of Nursing, Los Angeles, CA, 2Department of 
Anesthesiology, University of California at Los Angeles, Los Angeles, 
CA, 3Department of Neurobiology, University of California at Los 
Angeles, Los Angeles, CA

Introduction: The amygdala is important in obstructive sleep apnea 
(OSA), since it mediates anxiety, a common symptom in the sleep 
condition, and also serves autonomic nervous system roles, which are 
affected in OSA. Our objective was to assess regional amygdala vol-
ume in OSA, since previous imaging studies are lacking in detailed 
amygdala-specific structural assessment.
Methods: We performed high resolution T1-weighted imaging in 
37 newly-diagnosed OSA (mean age ± SD: 46.3 ± 8.8 years; mean 
AHI ± SD: 34.1 ± 21.5; 30 male) and 59 healthy control (46.8 ± 9.0 
years; 38 male) participants. High resolution T1-weighted scans were 
acquired and analyzed using “FSL FIRST” software, which segments 
the amygdala and allows regional surface-based assessment of the 
structure. Analyses were performed on amygdala volumes scaled for 
total brain size. ANOVA was used for group comparisons
Results: Global volume of the right amygdala was greater in OSA than 
controls (effect size = 3.4std; p < 0.05). Regional volume differences 
also included some areas of smaller OSA volume (p < 0.05, corrected). 
Higher volumes in OSA encompassed the following nuclei: (anterior-
most) medial and lateral central amygdaloid, medial amygdaloid, pos-
terior cortical amygdaloid; (mid-region) posterior cortical amygdaloid, 
anterior medial amygdaloid, central amygdaloid, and anterior cortical 
amygdaloid; and (posterior-most) basomedial amygdaloid. Lower vol-
umes in OSA encompassed fewer regions, and included the following 
nuclei: (anterior-most) basolateral amygdaloid, basolateral amygdaloid, 
and lateral amygdaloid; (mid-region) dorsal-anterior lateral amygda-
loid, ventrolateral basolateral amygdaloid; and (posterior-most) lateral 
amygdaloid, ventromedial basolateral amygdaloid, and basolateral 
amygdaloid.
Conclusion: The right amygdala is larger in OSA patients, with vol-
ume increases specific to especially anterior nuclei. The affected nu-
clei project to the adjacent hippocampus (predominantly OSA volume 
reductions), and hypothalamus, insula and prefrontal cortex (predom-
inantly OSA volume increases), structures previously shown to be af-
fected in the sleep disorder. Altered function is likely present in the 
affected sub-regions. While the volume reductions in isolated areas 
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could reflect chronic injury, the volume increases in other sub-regions 
could reflect inflammation and glial activation, phenomena likely to be 
at least partially reversible with treatment.
Support (If Any): NIH National Institute of Nursing Research 
NR013693

0411
DOES BASELINE O2 AND END TIDAL CO2 PREDICT 
AHI IN PATIENTS PRESCRIBED OXYCODONE?
Paulson JE, Roth HL, Vaughn BV
University of North Carolina at Chapel Hill, Chapel Hill, NC

Introduction: Sleep disordered breathing is highly prevalent in pa-
tients using opioid medications. We aimed to determine if baseline 
wake O2 and EtCO2 in adults prescribed oxycodone were predictive 
of sleep disordered breathing (AHI) in patients undergoing polysom-
nography.
Methods: We performed a retrospective review of subjects on oxy-
codone who underwent standard polysomnography including EtCO2 
measurement. Patients with tracheostomies, pulmonary disease, and 
those requiring supplemental oxygen were excluded. The AASM 2012 
criteria for hypopneas B was used for scoring. Correlational analyses 
were used to evaluate the relationship between baseline oxygen satu-
ration and EtCO2 and other sleep related breathing parameters. The 
sample was also subdivided based on higher and lower baseline O2 and 
CO2 values to compare whether the groups differed in AHI.
Results: 16 subjects (11 female, 5 male) met criteria and were included. 
Average age was 52 years (range 32–74), average baseline EtCO2 was 
42 torr (range 36–48), average baseline O2 was 95% (range 90–98), 
and average AHI was 11.3 (range 0.6–38). Baseline oxygen saturation 
correlated with AHI (r = −0.5; p = 0.05), but baseline EtCO2 did not 
(r = 0.13; p = 0.6). When subdivided by baseline O2 (95 and above vs 
below 95), the group with lower baseline oxygenation had a higher AHI 
(Mean 1 AHI = 6.9, Mean 2 AHI = 19.8; p = 0.03). When subdivided 
baseline EtCO2 (below 44 torr and above torr), there were not group 
differences in AHI.
Conclusion: In our retrospective cohort of patients prescribed oxyco-
done, we found a correlation between wake O2 saturation at the start 
of the sleep study and subsequent AHI, but no relationship between 
starting EtCO2 and respiratory events. This may be related to non state-
specific effects of oxygen responsivity. Further study is needed to help 
delineate possible reasons for the relationship between wake oxygen 
saturation and AHI.

0412
INCREASED CHRONIC KIDNEY DISEASE PATIENTS IN 
OBESE PATIENTS WHO HAVE OBSTRUCTIVE SLEEP 
APNEA SYNDROME
Yokoe T, Watanabe Y, Ohta S, Yamaguchi M, Yamamoto M, Jinno M, 
Mizuma H, Tanaka A, Hashimoto T, Hashimoto T, Ohnishi T, 
Sagara H
Showa University, Tokyo, Japan

Introduction: Previous studies have shown an association between 
obstructive sleep apnea (OSA) and chronic kidney disease (CKD). The 
purpose of the present study is to determine whether patients with OSA 
would show an increase of CKD.
Methods: We investigated adult patients with a chief complaint of ha-
bitual snoring and/or sleep apnea noticed by the bed partner. Overnight 
polysomnography, fasting blood triglyceride, cholesterol, glucose, cre-
atinine, albumin and hemoglobin A1c, and first voiding urine albumin 
and creatinine were examined. Estimated glomerular filtration rate 

(eGFR), urine albumin-to creatinine ratio (UACR), and percentage of 
CKD were calculated.
Results: The final analyses involved 40 patients who were middle-aged 
male, obese and had severe OSA, with an apnea-hypopnea index (AHI) 
of 33/h. The mean eGFR and UACR were 80 mL/min/1.73 m2 and 15 
mg/g, respectively. The prevalence of CKD in severe OSA subjects is 
14%. With stepwise multivariate linear regression analysis, AHI and 
desaturation index were the only independent predictor of UACR and 
eGFR, respectively.
Conclusion: Severe OSA patients that also had a have high prevalence 
of CKD is present. Significantly positive correlations were found be-
tween severity of OSA and renal function impairment.

0413
OBSTRUCTIVE SLEEP APNEA IS ASSOCIATED WITH 
NEW HEART FAILURE AND STROKE IN PATIENTS 
WITH PREVALENT CARDIOVASCULAR DISEASE: THE 
SLEEP HEART HEALTH STUDY
Alysandratos K1, Redline S2, Punjabi N3, Quan SF2,4, Gottlieb DJ1,2

1Departments of Neurology and Medicine, Boston Medical Center 
and the Veterans Affairs Boston Healthcare System, Boston 
University School of Medicine, Boston, MA, 2Division of Sleep 
and Circadian Disorders, Brigham and Women’s Hospital, Harvard 
Medical School, Boston, MA, 3Department of Medicine, Johns 
Hopkins School of Medicine, Baltimore, MD, 4Arizona Respiratory 
Center, University of Arizona, Tucson, AZ

Introduction: Previous analysis of data from the Sleep Heart Health 
Study (SHHS) found that obstructive sleep apnea (OSA) is associated 
with incident heart failure and stroke in individuals free of cardiovas-
cular disease (CVD) at baseline; however, it is unclear whether OSA is 
associated with incident or recurrent heart failure or stroke in patients 
with prevalent CVD at baseline.
Methods: Of 5042 SHHS participants with complete data on baseline 
CVD status, a total of 480 men and 284 women had prevalent cardio-
vascular disease (myocardial infarction, revascularization procedure, 
heart failure or stroke) at the time of the baseline polysomnography. 
Mean age was 70.3 (SD 9.9) years, mean BMI 28.1 (SD 5.1) kg/m2. 
Mean follow-up was 9.1 (SD 3.7) years for the development of inci-
dent or recurrent heart failure or stroke, in this prospective longitudinal 
epidemiological study. OSA was defined as an apnea-hypopnea index 
(AHI) ≥ 5, where events were associated with a 4% or greater fall in 
SaO2. Logistic regression models were used to examine the associa-
tion of OSA with adjudicated occurrence of heart failure and stroke, 
adjusting for age, sex and BMI.
Results: Incident or recurrent heart failure was observed in 241 par-
ticipants. Participants with OSA were 43% more likely to develop in-
cident or decompensated heart failure compared to those without OSA 
(adjusted odds ratio 1.43 [95% CI 1.02 to 2.00]). OSA was also an in-
dependent predictor of incident or recurrent stroke (adjusted odds ratio 
1.74 [95% CI 1.11 to 2.73]).
Conclusion: OSA is strongly associated with incident or recurrent 
heart failure and stroke in this community-dwelling population with 
prevalent CVD. This suggests that treatment of sleep apnea may pre-
vent further cardiovascular morbidity and mortality in individuals with 
established CVD.
Support (If Any): Supported by grants from the NIH/NHLBI.
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RELATIONSHIPS BETWEEN AXONAL AND MYELIN 
ALTERATIONS WITH OXYGEN SATURATION 
CHANGES IN OBSTRUCTIVE SLEEP APNEA
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Harper RM4,5, Kumar R1,5,6,7
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CA, 4Department of Neurobiology, University of California at Los 
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Introduction: Obstructive sleep apnea (OSA) subjects show axonal 
and myelin injury in brain regions that regulate autonomic, mood, and 
cognitive functions, deficient in the condition. Axonal and myelin 
injury may vary with O2 saturation changes; however, associations 
between such alterations and O2 saturation changes are unclear. We 
examined relationships between regional axonal and myelin changes 
with oxygen saturation change in OSA subjects.
Methods: We collected diffusion tensor imaging data from 17 recent-
ly-diagnosed, treatment naïve OSA subjects (age, 49.8 ± 9.5 years; 13, 
males; AHI, 40.8 ± 23.4 events/hour) using a 3.0-Tesla MRI scanner, 
and performed axial and radial diffusivity procedures that measure 
water diffusion parallel and perpendicular to axons and show axonal 
and myelin changes, respectively. Axial and radial diffusivity maps 
were calculated, normalized, and smoothed; the smoothed axial and ra-
dial diffusivity maps were used to assess relationships between axonal 
and myelin alterations and O2 saturation changes (differences between 
baseline and O2 saturation nadir during overnight sleep study) with 
partial correlation procedures (covariates; age and gender; uncorrect-
ed-threshold; p = 0.005).
Results: The cingulate, prefrontal, temporal white matter, and occipi-
tal cortices showed positive correlations with axial diffusivity (axonal 
status) and O2 saturation changes, and negative correlations emerged in 
the peri-ventricular white matter, internal and external capsules, thala-
mus, corpus callosum, putamen, and occipital white matter. The supe-
rior frontal, cingulate, parietal and occipital, ventral medial prefrontal 
cortices, subgenu of the cingulate, and temporal white matter showed 
positive correlations with radial diffusivity (myelin status) and O2 satu-
ration changes, and negative correlations were distributed in the corpus 
callosum, internal capsule, thalamus, and occipital white matter.
Conclusion: The findings indicate acute and chronic stages of axonal 
and myelin injury in OSA subjects, and suggest that extent of O2 satu-
ration changes play a significant role in types of axonal and myelin 
changes in OSA subjects.
Support (If Any): National Institutes of Health R01 HL-113251.

0415
STRUCTURE-SPECIFIC WHITE MATTER TRACT 
CHANGES IN OBSTRUCTIVE SLEEP APNEA
Moyadi AS1, Kumar R 2, Woo MA1, Harper RM3, Macey PM1

1UCLA School of Nursing, Los Angeles, CA, 2UCLA, Department 
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Neurobiology, Los Angeles, CA

Introduction: Obstructive sleep apnea (OSA) patients show brain 
structural changes measured as altered water diffusion across multiple 
gray and white matter structures. While these changes likely represent 

myelin and axonal injury, the degree to which they are white-matter 
specific is unclear. Our objective was to identify hypothesized OSA-
related structural changes within specific white matter tracts.
Methods: We analyzed white matter in 43 newly-diagnosed OSA pa-
tients (mean age ± SD: 46.4 ± 8.8 years; mean AHI ± SD: 34.1 ± 21.5; 34 
male) and 58 controls (47.4 ± 9.0 years; 37 male) using diffusion tensor 
and T1-weighted imaging. We isolated white matter structures with the 
FreeSurfer software package TRACULA, and extracted track volume, 
fractional anisotropy (FA), and mean diffusivity (MD) in the overall 
structure and along points in the tract (“trajectory analysis”). Measures 
were compared using t-tests (threshold p < 0.05) in the bilateral anterior 
cingulum bundle, cingulum gyrus, corticospinal tract, forceps major 
and minor, thalamic tract, and uncinate.
Results: The OSA group showed increased (p < 0.05) tract-to-total-
intracranial-volume ratios versus control in the left anterior tha-
lamic (control: 7.67x10-4 ± 3.0x10-5; OSA: 9.58x10-4 ± 5.9x10-5) 
and right corticospinal (control: 1.01x10-3 ± 3.7x10-5; OSA: 
1.2x10-3 ± 4.6x10-5) tracts. No differences emerged between OSA and 
control in overall tract FA measures, but trajectory analysis showed 
regions of lower FA in the anterior thalamic, corticospinal, cingu-
lum anterior bundle and gyrus, forceps major and minor, and un-
cinated tracts. MD was lower in OSA in the right uncinate (control: 
8.37x10-4 ± 4.9x10-6; OSA: 8.14x10-4 ± 5.9x10-6), forceps major 
(control: 8.83x10-4 ± 6.5x10-6; OSA: 8.59x10-4 ± 7.8x10-6) forceps 
minor (control: 9.45x10-4 ± 9.4x10-6; OSA: 9.14x10-4 ± 7.7x10-6), 
left anterior cingulum bundle (control: 8.21x10-4 ± 8.0x10-6; 
OSA: 7.87x10-4 ± 9.3x10-6), right cingulum gyrus (control: 
8.18x10-4 ± 6.5x10-6; OSA: 7.94x10-4 ± 8.6x10-6), left corticospinal 
(control: 7.81x10-4 ± 7.4x10-6; OSA: 7.36x10-4 ± 5.5x10-6), right corti-
cospinal (control: 8.00x10-4 ± 7.5x10-6; OSA: 7.57x10-4 ± 5.57x10-6), 
and right anterior thalamic (control: 8.36x10-4 ± 4.3x10-6; OSA: 
8.29x10-4 ± 6.6x10-6) tracts.
Conclusion: OSA is associated with white-matter specific increases 
in volume, localized reductions in axonal integrity, and widespread re-
ductions in diffusivity. White matter volume increases contrast with 
gray matter decreases. The findings suggest localized patterns of axo-
nal and myelin injury, and more global cellular changes likely associ-
ated with inflammation and glial activation.
Support (If Any): NIH National Institute of Nursing Research 
NR013693
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ASSOCIATION BETWEEN OBSTRUCTIVE SLEEP APNEA 
AND TELOMERE LENGTH
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Introduction: Obstructive sleep apnea (OSA) is associated with car-
diovascular diseases including coronary artery disease and hyperten-
sion. Inflammation and oxidative stress, key factors in promoting the 
above conditions, are associated with telomere shortening. Shorter 
telomeres lead to limited cellular lifespan and are associated with an 
increased risk of age associated pathologies, including cancer. As sys-
temic oxidant stress also occurs as a consequence of OSA, we hypoth-
esized that shortened telomere length will occur in OSA patients.
Methods: Patients referred for evaluation of OSA were recruited. Di-
agnostic polysomnography was performed along with a blood draw to 
assess telomere length. Telomere length was determined using a quan-
titative PCR assay. A linear regression model analysis was performed 
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to determine the relation between sleep disorder and telomere length 
and the data was analyzed using SPSS.
Results: A total of 51 subjects were recruited. Median age was 40 
years, ranging from 19–60 years. Ten of the subjects had sleep apnea 
while 34 of them did not. Using telomere length as a dependent vari-
able, linear regression analysis found sleep apnea to be significant at 
the 95% confidence level (p = 0.001). Relative telomere length for those 
subjects with sleep apnea was 0.67 ± 0.15 of normal, while for those 
without, it was 0.90 ± 0.19 of normal (p = 0.0008).
Conclusion: These preliminary findings suggest that the presence of 
OSA is associated with shorter telomere length, a risk factor for short-
ened lifespan.
Support (If Any): The study was supported by pilot grant 2UL-
1TR000433-06 from UM MICHR, Ann Arbor, MI, and internal grant 
from MUMC, Savannah, GA.
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Introduction: Obstructive sleep apnea (OSA) is accompanied by brain 
tissue injury in autonomic, affective, and cognitive control sites, and 
corresponding dysfunctions in the condition. The hippocampus plays 
a pivotal role in mood, memory, and especially, blood pressure regula-
tion, and altering its spontaneous functional connections to other brain 
areas may contribute to deficient functions. However, the integrity of 
hippocampal functional connections in OSA remains unclear. Our aim 
was to assess hippocampal resting-state functional connectivity to 
other brain areas in OSA, compared to control subjects.
Methods: We acquired resting-state functional MRI data from 67 OSA 
(age, 48 ± 9.2 years; Females, 16; BMI, 30.7 ± 6 kg/m2; AHI, 35.6 ± 23.5 
events/hour), and 75 controls (47.1 ± 9.3 years; 19; 25.1 ± 3.4 kg/m2), 
using a 3.0-Tesla MRI scanner. Data were processed using SPM8 with 
standard steps, canonical nuisance signals were removed by regression, 
and data were band-pass filtered. Using left and right hippocampal 
seed regions, individual correlation maps between each seed area and 
whole-brain voxels were calculated, converted into z-scored maps, and 
the z-scored maps compared between OSA and controls (ANCOVA; 
covariates, age and gender; P < 0.05, cluster-corrected).
Results: The left and/or right hippocampus in OSA showed decreased 
functional connectivity primarily with the orbito/inferior frontal, tem-
poral, occipital, thalamic, and cerebellar regions. However, the left and/
or right hippocampus in OSA patients showed increased functional 
connectivity, principally with the medial/superior frontal, limbic, cin-
gulate, parietal, cerebellar, brainstem, and basal ganglia regions.
Conclusion: Hippocampal functional connectivity with other auto-
nomic, affective, and cognitive brain regions are disturbed in OSA in 
a complex way. The functional changes in these regions likely result 
from the prominent structural injuries reported-earlier in the condition.

Support (If Any): Supported by National Institutes of Health R01 HL-113251.
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Introduction: Lung mechanics in the overlap syndrome (COPD and 
sleep apnea) may have an impact on the severity of the sleep apnea. 
For instance, an increase in lung compliance with hyperinflation may 
protect against sleep apnea, whereas an increase in resistance could 
worsen sleep apnea. We therefore sought to assess whether the expira-
tory time constant (product of airway resistance and lung compliance) 
is associated with sleep apnea severity in such patients.
Methods: Polysomnographic records of 34 subjects with the overlap 
syndrome were reviewed. A time constant was derived by selecting 
several time and nasal pressure coordinates along the expiratory por-
tion of a nasal pressure signal, fitting those values along an exponen-
tially decaying equation (P (t) = P (0)*e (-t/RC), with RC = Time constant), 
and solving for RC. Three time constants were measured for each stage 
from wake through stage N1 to REM sleep. Demographics, right dia-
phragmatic arc on a chest radiograph (a measure of hyperinflation) and 
the apnea hypopnea index were recorded.
Results: The time constant was not associated with age, gender, BMI, 
or right diaphragmatic arc, and was not significantly different between 
sleep stages. A mean time constant (mTC) was obtained by averaging 
values across all stages. Subjects with a long mTC > 0.5 seconds had a 
significantly greater AHI than those with a shorter mTC ≤ 0.5 seconds 
(AHI 56 vs, 24 respectively, p = 0.002). 76% of subjects with a long 
mTC, had severe sleep apnea (AHI ≥ 30) compared to 24% of those 
with a short mTC (p = 0.005; Odds ratio 10.6, 95% CI 3.9–51.1).
Conclusion: A larger time constant in the overlap syndrome is associ-
ated with increased odds of severe sleep apnea. This suggests a greater 
importance of airway resistance relative to lung compliance in sleep 
apnea causation in these subjects.

0419
CONTINUOUS POSITIVE AIRWAY PRESSURE 
ELIMINATES INCREASED RISK OF DEATH OF 
OBSTRUCTIVE SLEEP APNEA IN CHINESE PATIENTS
Yuan X1, Fang J1, Wang L1, Yao L1, Li L2, Zhan X1, Wu H1, Pinto JM3, 
Wei Y1

1Beijing Anzhen Hospital, Beijing, China, 2Beijing Chaoyang 
Hospital, China, 3The University of Chicago, Chicago, IL

Introduction: Whether continuous positive airway pressure (CPAP) 
therapy mitigates increased mortality in Obstructive Sleep Apnea 
(OSA) in Chinese adults is not known. The objective of our study was 
to compare mortality in Chinese patients with simple snoring, untreat-
ed OSA, and OSA treated with CPAP.
Methods: We studied adults with OSA or simple snoring from our 
sleep center. OSA was diagnosed using routine polysomnography. 
Subjects were followed annually (at least ) for a mean of 8.9 years (SD 
1.9). CPAP compliance was assessed using machine use parameters. 
The outcome was all-cause mortality.
Results: We enrolled 550 simple snorers, 257 with untreated mild OSA, 
316 with untreated moderate OSA, 457 with untreated severe OSA, and 
235 with mild to severe OSA treated with CPAP. The mortality rate of 
simple snorers was much lower mortality (2.98 per 1000 person-years 
[95% CI, 2.93 to 3.02]) than those with untreated severe OSA (11.07 per 
1000 person-years [95% CI, 10.86 to 11.29]; P < 0.0001). Fully adjusted 
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mortality was highest in those with untreated, severe OSA compared 
with simple snorers (Hazard Ratio [HR], 3.51 [95% CI, 1.93–6.39]). 
Treatment of severe OSA with CPAP eliminated this increased mortal-
ity (HR, 0.81 [95% CI, 0.36–1.86]).
Conclusion: CPAP treatment with adequate compliance reduces the 
risk of increased mortality in Chinese patients with severe OSA. DOI 
10.1007/s11325-014-1091-9
Support (If Any): The Capital Health Research and Development of 
Special Grants (2011-2003-05), National Natural Science Foundation 
of China (81271062), and the Beijing Municipal Natural Science Foun-
dation (3500-11320005).

0420
USE OF CPAP THERAPY FOR OBSTRUCTIVE SLEEP 
APNEA: DIFFERENCES IN VETERANS OF VIETNAM 
AND PERSIAN GULF WARS
Orr J1, Smales C2, Alexander TH2, Stepnowsky C2, Sarmiento KF2

1Division of Pulmonary & Critical Care, UC San Diego, San Diego, 
CA, 2VA San Diego Healthcare System, San Diego, CA

Introduction: Post-traumatic stress disorder (PTSD) affects more than 
20% of veterans, many of whom also have comorbid obstructive sleep 
apnea (OSA). OSA patients with PTSD are thought to be less accepting 
and tolerant of PAP therapy than their counterparts without PTSD. In 
a prospective observational study we discovered treatment of OSA is 
associated with a reduction in PTSD symptoms. In this sub-analysis 
we evaluate the effects of war era on PAP compliance.
Methods: Veterans with PTSD diagnosed in mental health clinics 
were enrolled if they had an apnea-hypopnea index (AHI) > 5/h and 
agreed to a trial of PAP therapy. Daytime sleepiness (Epworth Sleepi-
ness Scale, ESS), sleep quality (Pittsburgh Sleep Quality Index, PSQI), 
functional outcomes (Functional Outcomes of Sleep, FOSQ), depres-
sion (Patient Health Questionnaire, PHQ-9), quality of life (QOL), and 
PTSD symptoms (PTSD checklist, PCL-S) were evaluated at baseline 
and three months. All subjects used autoPAP machines. Compliance 
was obtained by PAP download at 3 mo.
Results: The mean age of Vietnam and Gulf veterans respectively was 
63.8 (± 5.5) and 41.7 (± 6.6), mean baseline AHI 27.6/h (± 16.4) and 
20.9/h (± 23.6) (p = 0.333), and mean BMI 31.6 and 31.3 (p = 0.869). 
PTSD was not significantly more severe in Vietnam versus Gulf veter-
ans (55.2 ± 15.3 vs. 64.3 ± 13.9, p = 0.059), but was more long-standing 
in Vietnam veterans. Sleep quality, depression, and functional out-
comes were worse in Gulf veterans. There was no difference in ESS 
or QOL. Compliance with PAP therapy at 3 mo was better for Vietnam 
veterans, with overall more days used (81.2% vs 50.1%) and mean use 
3.93 ± 2.7 h versus 2.13 ± 2.13 h (p = 0.016). Era independent of PCLS 
score predicted compliance. Claustrophobia predicted worse compli-
ance with mean use of 1.77 ± 1.92 h versus 3.97 ± 2.68 h (p = 0.0152).
Conclusion: Veterans with PTSD should be considered candidates for 
PAP therapy. Future studies will assess traits like claustrophobia in 
predicting compliance in veterans with OSA and PTSD, particularly 
those in the Gulf war era.
Support (If Any): American Sleep Medicine Foundation 2013 Junior 
Faculty Research Award.

0421
OBSTRUCTIVE SLEEP APNEA (OSA) AND THE RATE OF 
OCCUPATIONAL INJURIES
Hirsch Allen AM1, Park J2, Daniele P2, Fleetham J1, Ryan F1, 
Ayas NT1

1University of British Columbia, Vancouver, BC, Canada, 2Center for 
Health Evaluation and Outcomes Sciences, Vancouver, BC, Canada

Introduction: We sought to determine whether patients with OSA are 
at increased risk of occupational injury (OI).
Methods: We recruited patients referred to the University of British 
Columbia Hospital Sleep Laboratory for suspected OSA (May 2003 to 
July 2011). This abstract represents an update of our data from a previ-
ous year (2008). Rates and types of validated OI (that caused at least 
one day of disability) in the five years prior to PSG were calculated by 
linking to claim data from the Workers Compensation Board. Adult 
patients who reported working > 10 hours per week were included.
Results: There were 1236 patients; 70% were male, median age = 49 
yrs (IQR = 40,55), median AHI = 15/hr (IQR = 7, 30), and 80% had 
OSA (AHI > 5). 111 suffered at least one OI. Patients with OSA were 
twice as likely (OR = 1.929, CI = 1.062–3.502, p-value = 0.031) to suf-
fer at least one OI compared to patients without OSA. This association 
trended to significance (OR = 1.76, CI = 0.95–3.23, p-value = 0.075) 
after controlling for confounders, which included gender, BMI, alcohol 
use [Y/N], and industry (i.e. blue collar industry [Y/N]). In a second-
ary analysis, patients with OSA were almost three times more likely 
(OR = 2.88, CI = 1.02–8.08, p-value = 0.045) to suffer from an injury 
likely related to reduced vigilance (e.g. falls or motor vehicle crashes) 
when compared to patients without OSA, but this again only trended to 
significance after controlling for confounders (OR = 2.42, CI = 0.085–
6.93, p-value = 0.099)
Conclusion: Patients with OSA have increased rates of occupational 
injuries. Screening and treatment of workers with OSA may reduce 
rates of injury.
Support (If Any): CIHR (Sleep Disordered Breathing Team Grant), 
VCHRI Scientist Award, BC Lung Association Operating Grant

0422
IS TRAVEL TIME BETWEEN HOME AND THE 
SLEEP CLINIC A BARRIER TO THE DIAGNOSIS OF 
OBSTRUCTIVE SLEEP APNEA (OSA)?
Hirsch Allen AM1, Amram O2, Ayas N1

1University of British Columbia, Vancouver, BC, Canada, 2Simon 
Fraser University, Vancouver, BC, Canada

Introduction: We sought to determine whether modest travel times 
between the sleep clinic and patients’ homes are a barrier for diagnosis 
of OSA. Specifically, we hypothesized that patients who lived farther 
from the clinic would present with more severe OSA than patients who 
lived closer to the clinic.
Methods: We recruited patients referred to the University of British 
Columbia Hospital Sleep Laboratory for suspected OSA (May 2003 to 
July 2011). Patient’s place of residence was geocoded at the postal code 
level. The travel times between the population weighted dissemination 
area and the sleep clinic were calculated using ArcGIS network analyst 
and the OD matrix function. All patients underwent full PSGs in or-
der to determine the severity of their OSA. Only adult patients whose 
travel times were under 1 hour were included in the analysis because 
patients who live more than 1 hour away were likely referred to the 
UBC sleep clinic for a second opinion.
Results: There were 1275 patients; 69% were male, mean age = 58 yrs 
(SD = 11.9), mean AHI = 22/hr (SD = 21.6), mean travel time was 20.8 
minutes (SD = 11.9). For patients who lived 0–15 minutes, 15–30, and 
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30–60 minutes away from the clinic, mean AHI were 20.2 (SD = 19.8), 
23.1 (SD = 22.0), and 24.4 (SD = 22.1) respectively (p = 0.04 by ANO-
VA). After controlling for gender, age and education level, travel time 
remained a significant predictor of OSA severity (p ≤ 0.01). In the mul-
tivariate model, each increase in one minute of travel time was associ-
ated with an AHI increase of 0.15 events per hour.
Conclusion: Even moderate travel times are associated with the sever-
ity of OSA by AHI, and likely represent a barrier to OSA diagnosis. 
If the results can be verified in other centers, this may help to guide 
the planning process for the location of sleep diagnostic sleep centers 
within the health care system.
Support (If Any): CIHR (Sleep Disordered Breathing Team Grant), 
VCHRI Scientist Award, BC Lung Association Operating Grant

0423
COSTS OF HOSPITALIZATIONS AND SURGICAL 
PROCEDURES FOR OBSTRUCTIVE SLEEP APNEA IN 
THE UNITED STATES, 2011
Liu Y, Croft JB, Wheaton AG, Cunningham TJ, Ford ES, 
Greenlund KJ, Giles WH
Centers for Disease Control & Prevention, Atlanta, GA

Introduction: We characterized costs and surgical procedures for ob-
structive sleep apnea (OSA) hospitalizations in 2011.
Methods: Information about hospitalizations with a first-listed dis-
charge diagnosis of OSA (ICD-9-CM 327.23) was analyzed from the 
2011 Nationwide Inpatient Sample, a 20% stratified sample from 1046 
community hospitals in 46 states. National estimates of patient char-
acteristics, surgical procedures, and total hospital costs were obtained 
with SUDAAN to account for complex sampling design.
Results: There were 10,073 estimated inpatient hospital discharges 
(3.2 per 100,000 persons) for OSA in 2011. Hospitalization rates for 
OSA were higher among males than females (p < 0.05) and blacks than 
whites (p < 0.05). Average total hospital cost for OSA was $8,844 with a 
mean stay of 3.1 days. OSA hospitalizations included 23.1% with palate 
surgeries ($10,060 average total cost), 42.4% with tonsillectomy and/or 
adenoidectomy ($7,128), 11.0% with other hypopharyngeal procedures 
($10,910), 2.1% with maxillomandibular advancement ($28,891), 7.4% 
with septoplasty or nasal repairs ($8,485), and 2.9% with tracheostomy 
($42,728), but 45.4% without any OSA-related surgeries ($7,932). In-
hospital continuous positive airway pressure (CPAP) therapy ($11,953) 
was provided for 9.5% of patients. Over 40.4% of patients had ≥ 6 
chronic conditions and 32.4% had major to extreme loss of function. 
Surgical procedures varied by age, sex, and race. Costs and in-hospital 
CPAP use increased and percentage having any OSA-related surgical 
procedures declined with increasing number of chronic conditions and 
functional loss. Morbid obesity (reported for 27.9% with any ICD-9-
CM 278.01 or body mass index ≥ 40 kg/m2) was associated with higher 
costs, higher in-hospital CPAP use, and lower likelihoods of having 
any OSA-related surgical procedures.
Conclusion: Hospitalizations, inpatient surgical procedures, and costs 
for OSA varied by socio-demographic characteristics, number of 
chronic diseases, and morbid obesity. Our findings suggest that assess-
ment of potential preventive strategies for non-surgical hospitalizations 
is needed.

0424
OPIOID (NARCOTIC) ANALGESICS AND SLEEP 
DISORDERS: RESULTS FROM A NATIONALLY 
REPRESENTATIVE US SAMPLE
Gupta MA, Vujcic B
Schulich School of Medicine and Dentistry, University of Western 
Ontario, London, ON, Canada

Introduction: The increased use of opioid analgesics (OA) has been 
declared a public health concern in the US. OA are FDA approved 
for the treatment of acute and chronic pain. OA can contribute to 
multiple sleep-related problems including central apneas, ataxic 
breathing, decreased inspiratory effort in obstructive sleep apnea 
(OSA) and longer pauses during breathing, and life-threatening 
respiratory depression. Addition of CNS depressants such as ben-
zodiazepines enhances the respiratory depressant effect of OA. We 
examined OA use in a nationally representative sample of patients 
with sleep disorders.
Methods: We examined all sleep-related patient visits from 1995–2010 
in the National Ambulatory Medical Care Survey and National Hos-
pital Ambulatory Medical Care Survey. Each patient visit is assigned 
upto 3 ICD9-CM diagnoses and upto 3 ‘Reasons for Visit’(RFV)
(as per National Center for Health Statistics consensus). The ‘Sleep 
Disorders’(SD) variable included all patient visits with an ICD9-CM 
SD diagnosis or sleep-related RFV. All medications were coded using 
the Ambulatory Care Drug Database System (ACDDS); the ‘Opioid 
Analgesics’(OA) variable included ‘Narcotic Analgesics’(ACDDS class 
060) and ‘Narcotic Analgesic Combinations’ (ACDDS class 191).
Results: There were 19,325 (representing an estimated 
243,088,859 ± 124,504,325) patient visits (Mean ± SD age: 51.28 ± 1.27 
years; 54.9% ± 2.2%, female) with SD; 7.0% ± 0.5% of SD were as-
sociated OA use (SD+OA group). There was a significant increase in 
the frequency of SD+OA during 2003–2010 versus 1995–2002: Odds 
ratio or OR = 1.85 (95% CI 1.37–2.49). The SD+OA group consisted 
of the following major SD: ‘OSA’ (ICD9-CM codes 780.57,327.23, 
RFV 1135.5): 20.3% ± 2.6%; ‘Insomnia’ (ICD9-CM code 780.52, RFV 
1135.1): 57.1% ± 2.7%; ‘Sleep Disturbance’: (ICD9-CM code 780.50, 
RFV 1135.0): 14.7% ± 1.9% ; ‘Hypersomnia’ (ICD9-CM code 780.54, 
RFV 1135.2): 4.7% ± 1.1%; and ‘Restless Legs Syndrome’(RLS)
(ICD9-CM codes 333.94,333.99): 5.6% ± 0.9%. The following pain-re-
lated non-SD diagnoses were most commonly encountered in SD+OA: 
Lumbago (ICD9-CM code 724.2): 11.2% ± 2.0%, and Backache, un-
specified (ICD9-CM code 754.5): 4.2% ± 0.8%. Benzodiazepines were 
used in 29.8% ± 1.9% of SD+OA.
Conclusion: There was an almost 2-fold increase in OA use in SD from 
1995–2010, with only small minority having a comorbid painful condi-
tion (mainly backache). About 20% of SD+OA had OSA, where OA 
use can have a significant detrimental effect, especially when used in 
conjunction with benzodiazepines. Insomnia represented the major-
ity of SD+OA visits. The use of OA in RLS is consistent their known 
beneficial effect in RLS. These previously unreported findings have 
important clinical implications and provide leads for further research.
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0425
SLEEP DISORDERED BREATHING AND INCIDENT 
HEART FAILURE IN OLDER MEN
Javaheri S1, Blackwell T 2, Ancoli-Israel S3, Ensrud KE4, Stone KL2, 
Redline S1

1Brigham and Women’s Hospital, Boston, MA, 2California Pacific 
Medical Center Research Institute, San Francisco, CA, 3University 
of California San Diego, San Diego, CA, 4University of Minnesota, 
Minneapolis, MN

Introduction: The directionality of the relationship between sleep ap-
nea (SA) and heart failure (HF) is controversial. We assessed whether 
obstructive or central SA (OSA or CSA) and Cheyne-Stokes Breathing 
(CSB) are associated with incident HF.
Methods: We conducted a prospective study of 2865 participants 
enrolled in the Osteoporotic Fractures in Men Study, a multi-center 
observational study of community-dwelling men aged 67 and older. 
Participants underwent baseline polysomnography and were followed 
for a mean of 8.0 years for development of incident HF, our primary 
outcome. Our main exposures were OSA defined using the obstructive 
apnea hypopnea index (examined by quartiles), CSA defined as central 
apnea index ≥ 5, and CSB defined by a minimum 10 minute period of 
crescendo-decrescendo respiratory pattern culminating in a nadir of 
central apneas. Covariates included age, race, clinic site, body mass in-
dex, history of CAD, CHF, stroke, diabetes, hypertension, alcohol and 
tobacco use, and physical activity. Incident HF was defined as hospital 
admission to treat either increased intravascular volume, low cardiac 
output, or both.
Results: CSA and CSB, but not OSA, were each independently associ-
ated with incident HF (adjusted hazard ratio 1.79 [95% CI 1.16, 2.77] for 
CSA and 2.23 [95% CI 1.45, 3.43] for CSB). Additional adjustments for 
OSA, wake after sleep onset, atrial fibrillation, and hypoxemia did not 
appreciably change results. After excluding those with baseline HF, the 
risk of incident HF was somewhat attenuated and no longer significant 
for CSA (HR 1.57 [95% CI 0.92, 2.66]) but the association of CSB with 
incident HF remained significant (HR 1.90 [95% CI 1.10. 3.30]).
Conclusion: After adjusting for several potential confounders and 
mediators, CSA/CSB, but not OSA, are significantly associated with 
incident HF in a community-based cohort of older men.
Support (If Any): The National Heart, Lung, and Blood Institute 
(NHLBI) has provided individual funding under the grant num-
ber 5T32HL007901 and funding for the MrOS Sleep ancillary study 

“Outcomes of Sleep Disorders in Older Men” under the following 
grant numbers: R01 HL071194, R01 HL070848, R01 HL070847, R01 
HL070842, R01 HL070841, R01 HL070837, R01 HL070838, and R01 
HL070839.

0426
PERSISTENT SNORING IS ASSOCIATED WITH 
CARDIOVASCULAR AND METABOLIC DISORDERS IN 
PREGNANT WOMEN
Bublitz M1, Martin S2, Bourjeily G1

1Miriam/Brown Medical School, Providence, RI, 2Miriam Hospital, 
Providence, RI

Introduction: Prevalence of obesity is increasing in women of repro-
ductive age, heightening the risk for sleep disordered breathing (SDB) 
in this young population. Pregnancy physiology adds to this risk, mak-
ing pregnant women more susceptible to SDB. Though SDB has been 
linked to adverse pregnancy outcomes, it is not clear whether symp-
toms predating pregnancy are associated with a different set of out-
comes compared to symptoms occurring de novo in pregnancy.

Methods: English-speaking women within 48 hours postpartum 
were recruited and screened for the frequency of snoring in the last 
three months of pregnancy, using a question from the multivariable 
apnea prediction index. Women rated their snoring as never, occasion-
ally, sometimes, frequently or always. Pre-pregnancy body mass in-
dex (BMI) and BMI at delivery were collected. Pregnancy outcomes 
collected included preeclampsia, gestational diabetes, neonatal birth 
weight, gestational age at birth, and Apgar scores.
Results: Participants were 539 pregnant women enrolled in a study 
assessing outcomes of SDB in pregnancy. 114 women (21%) reported 
snoring only in pregnancy, and 77 women (14%) reported snoring both 
prior to and during pregnancy. T-tests were used to examine whether 
snoring groups differed on maternal characteristics, pregnancy, or in-
fant outcomes. Results revealed that groups significantly differed on 
pre-pregnancy (t = −4.07, p < 0.001) and pregnancy BMI (t = −5.41, 
p < 0.001), such that persistent snorers had higher BMI both prior to 
and during pregnancy than women who snored only during pregnancy. 
There was a higher prevalence of chronic hypertension (p = 0.009), 
gestational diabetes (p = 0.01) and Cesarean deliveries (p = 0.01) in per-
sistent snorers compared to de novo snorers. There were no significant 
differences in gestational hypertensive disorders or neonatal outcomes 
between the two groups.
Conclusion: Women with pre-pregnancy snoring were more obese, 
had a higher prevalence of cardiovascular and metabolic disorders, 
and higher rates of Cesarean deliveries compared to those who started 
snoring in pregnancy.

0427
OBSTRUCTIVE SLEEP APNEA AND OXIDATIVE 
STRESS IN RELATION TO OBESITY AND 
CARDIOVASCULAR DISEASE
DeMartino T1, Wang L2, Bena J2, Hazen S3, Tracy R4, Aylor J5, 
Auckley D 6, Mehra R7

1Cleveland Clinic Sleep Disorders Center, Cleveland, OH, 
2Quantitative Health Sciences, Cleveland Clinic, Cleveland, OH, 
3Learner Research Institute, Cleveland Clinic, Cleveland, OH, 
4Department of Biochemistry, University of Vermont College of 
Medicine, Burlington, VT, 5Sleep Center, Neurologic Institute, 
Cleveland Clinic, Cleveland, OH, 6Division of Pulmonary, Critical 
Care and Sleep Medicine, MetroHealth Medical Center, Cleveland, 
OH, 7Sleep Center, Neurologic Institute, Cleveland Clinic Lerner 
College of Medicine of Case Western Reserve University, Cleveland, 
OH

Introduction: Oxidative stress is implicated in cardiovascular disease 
(CVD) and related to obstructive sleep apnea (OSA); however, inter-
relationships of oxidative stress with obesity and cardiovascular risk 
in OSA remain unclear. We hypothesize OSA and oxidative stress are 
related and modified by obesity and CVD.
Methods: Data were collected from the baseline visit of a random-
ized control trial: Oxidative Stress in Sleep Apnea and Cardiac Dis-
ease (NCT00607893). Linear regression was used to examine OSA 
(Apnea-Hypopnea Index (AHI), 3% desaturation) and oxidative stress 
biomarkers: anti-oxidants: arylesterase (nmol/min/mL), paraoxonase 1 
(PON1, mmol/L) and pro-oxidant: oxidized LDL (Ox-LDL, U/L) ad-
justed for age, sex, race, body mass index (BMI), diabetes mellitus 
and CVD. Biomarkers were logarithm transformed before analysis and 
back-transformed for presentation. Binary AHI (≤ / > 30) was used to 
compare the difference of biomarkers across categories. Interactions 
between AHI and BMI (dichotomized at 30 kg/m2) and CVD were 
tested and stratified analyses performed.
Results: 147 participants constituted the final analytic sample 
(age = 51.1 ± 11.8, 52.4% Caucasian, BMI = 37.2 ± 8.2 kg/m2). There 



SLEEP, Volume 38, Abstract Supplement, 2015 A154

B. Clinical Sleep Science I. Sleep Disordered Breathing

were no significant associations of OSA and oxidative stress measures 
in linear models. However, in those with an AHI < 30, there was a 
significant increase in arylesterase (p = 0.002, 1.45 ± 0.46 nmol/min/
mL). A significant OSA-obesity interaction was observed in relation to 
arylesterase (p = 0.02) with a significant increase of arylesterase with 
increasing AHI in those with BMI > 30 kg/m2 (p = 0.01, 0.35 ± 0.13 kg/
m2). A significant OSA-CVD interaction in relation to Ox-LDL was 
noted (p < 0.001); those with CVD had a stronger positive association 
of AHI and Ox-LDL (p < 0.001, 0.51 ± 0.12 U/L).
Conclusion: No significant association of OSA and oxidative stress 
was observed in linear models. A threshold effect was observed for 
arylesterase suggesting augmented anti-oxidant activity at lower 
AHI levels. Obese individuals demonstrated a stronger association of 
increasing AHI and increasing anti-oxidant function and those with 
CVD may be more susceptible to OSA-related increases in Ox-LDL.
Support (If Any): Supported by National Heart Lung Blood Insti-
tute K23HL079114, NIH HL079114, NIH HL109493 (RM) and NIH 
HL108226, Clinical and Translational Science Collaborative of Cleve-
land, UL1TR000439 from the National Center for Advancing Trans-
lational Sciences (NCATS) component of the National Institutes of 
Health and NIH roadmap for Medical Research.

0428
SIX-MINUTE WALK TEST IN SEDENTARY BUT 
FUNCTIONALLY APT COMMUNITY-DWELLING 
ELDERLY ADULTS WITH OBSTRUCTIVE SLEEP 
APNEA: A CROSS-SECTIONAL STUDY
Pedroso MM1, da Silva RP1, Peukert BM2, Fagundes M1, 
Montanari CC2, Martins EF1, Fiori CZ1, Ribeiro D3, Silva KC3, 
Sezera L3, Camargo R 3, Martinez D3

1Graduate Program in Cardiology and Cardiovascular Sciences, 
Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, 
Brazil, 2Graduate Program in Medical Sciences, UFRGS, Porto 
Alegre, Brazil, 3Cardiology Unit, Hospital de Clínicas de Porto Alegre 
(HCPA - UFRGS), Porto Alegre, Brazil

Introduction: Obstructive sleep apnea (OSA) is associated with de-
creased vitality and poor physical performance. In the elderly, this 
may be secondary to obesity, age-related musculoskeletal decline, or 
to OSA-related impairment. We hypothesized that, in elderly individu-
als with complete independence, OSA severity correlates with the dis-
tance covered in the six-minute walk test (6MWT).
Methods: We recruited 65 to 80 year-old individuals in the community 
by telephone call. If they had risk for OSA in the STOP questionnaire, 
body mass index (BMI) 10 were included. The 6MWT was performed 
according with the standards of the American Thoracic Society.
Results: Forty-two individuals (52% men) were analyzed so far. The 
sample had a mean (± SD) age of 71 ± 4.2 years, BMI of 28 ± 3.3 kg/
m2, and AHI of 21 ± 9.6. The exercise was well tolerated. The physical 
exertion subjective perception assessed at the end of the test by Borg 
scale was 1.9 ± 1.9 of a maximum of 10 possible points. The distance 
covered in the 6MWT (mean 504 ± 90 m) did not correlate with AHI 
(rho = 0.12), ESS score (rho = 0.06), BMI (rho = −0.05), and Borg score 
(rho = 0.06). In a multivariate linear regression, using sex, age, Borg 
score, BMI, AHI, ODI, minimal O2 saturation, and ESS score as re-
gressors, no variable entered the stepwise model to predict distance 
covered in the 6MWT.
Conclusion: The study has not sufficient power to conclude that the 
performance in the six-minute walk test is independent of OSA sever-
ity in elderly individuals without physical impairment. This prelimi-
nary result allowed calculating a sample size of around 400 volunteers 
to reach a power of 80% in accepting the null hypothesis.
Support (If Any): FIPE/HCPA,FAPERGS

0429
ETHNIC DISPARITIES IN THE SEVERITY OF 
OBSTRUCTIVE SLEEP APNOEA IN A NEW ZEALAND 
BASED POPULATION ACCESSING SLEEP SERVICES
McAuley C, Hlavac M, Kelly P
Canterbury District Health Board, Christchurch, New Zealand

Introduction: Little is known about the ethnic distribution of patients 
seeking referrals for obstructive sleep apnoea in New Zealand. Under-
standing the ethnic differences in sleep apnoea is important for im-
proving and targeting health delivery in minority groups. The aim of 
this study was to investigate the anatomical, objective and subjective 
sleep differences in the various ethnic populations accessing sleep ser-
vices in Christchurch, New Zealand.
Methods: A retrospective review (March 2010-November 2014) of all 
Christchurch based sleep assessments (specialist review + overnight 
oximetry) was performed (n = 3497). Patients were grouped based 
on their ethnicity. Ethnicities with < 1% representation were grouped. 
ANOVA was used to identify differences in age, BMI, Epworth Sleepi-
ness Scale (ESS) and oxygen desaturation index (ODI). Sampled 
ethnicity data was compared to expected ethnic distribution in Christ-
church census data (2013).
Results: Of the whole group, the median age of referral was 52 years 
(15–90 range). The majority of patients identified as being European 
(87.1%), followed by Maori (6.3%), Asian (2.4%), Pacific Islander 
(2.2%) or other (1.9%). Significant ethnic differences were found in 
the BMI, with Pacific Islanders having the highest at 40.1, followed 
by Maori (37.0), European (32.7) and Asian (27.8) (p < 0.0001). The 
Pacific Islander group were the most severe in terms of ODI (32.6) 
being significantly higher than the Maori (19.3) and European (14.4) 
groups (p < 0.0001). Pacific Islanders and Maori scored similar on the 
ESS (13, 12), and were significantly higher than all other ethnic groups 
(p < 0.0010).
Conclusion: Based on the Christchurch census data the Pacific Is-
lander, Maori and Asian ethnic groups are underrepresented in sleep 
assessments. Despite this disproportion, both the Pacific Islanders and 
Maori patients were more likely to be obese and have worse sleep ap-
noea than Europeans and Asians. This indicates the need to improve 
referral targeting and sleep health in these minority populations.

0430
CHARACTERISTICS OF SLEEP DISORDERED 
BREATHING IN EXTREME OBESITY
Krahn L, Lyng P, Miller B
Mayo Clinic, Scottsdale, AZ

Introduction: Extreme obesity, a body mass index (kg/m2) of 40 or 
higher, is associated with heart disease, hypertension, diabetes mel-
litus, arthritis and sleep disorders. This study examines a cohort of pa-
tients with extreme obesity (BMI ≥ 40).
Methods: 140 adult patients had diagnostic sleep studies (portable or 
facility-based) between Jan to Oct 2014 (1100 ft elevation). This study 
was approved by the Mayo Clinic IRB.
Results: The cohort included 75 men and 60 women age ranging from 
age 18–81. The patients were stratified by BMI 40–44 (92 patients), 
45–49 (37), 50–54 (9), 55–59 (3) and ≥ 60 (3) with the highest BMI 
being 69.5. Data concerning medication usage are being analyzed. 
OSA was defined as follows: mild AHI 5–14, moderate 15–29 and se-
vere ≥ 30. Overall 95% of patients had OSA. 100% had OSA of patients 
with a BMI ≥ 45. Continuous positive airway pressure or bilevel airway 
pressure was the most frequently used treatment. Complex sleep apnea 
was identified in only 4 patients (BMI 44–47). These patients were 
placed on adaptive servoventilation. Venous CO2 data were available 
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for only 5 patients. Transcutaneous CO2 data were not available. Fifty-
five patients (38%) had an oxygen saturation nadir < 80% (minimum 
56%). Only five patients in this cohort received supplemental oxygen 
during polysomnography.
Conclusions: Markedly high rates of obstructive sleep apnea were ob-
served in this population of patients with extreme obesity. Complex 
sleep apnea appeared to be uncommon. The rate of obesity hypoventi-
lation could not be determined based on the available data. Clinicians 
working with patients with extreme obesity need to screen patients 
for possible sleep disordered breathing. Especially for patients with 
an AHI > 45 a diagnostic sleep study is highly recommended. Going 
forward transcutaneous (or equivalent) monitoring of carbon dioxide 
to detect hypoventilation needs to be strongly considered to detect pos-
sible hypoventilation. Medications with the potential to compromise 
ventilation also need attention.

0431
DIFFERENCES IN SF-36 BETWEEN MEN AND WOMEN 
DIAGNOSED WITH OBSTRUCTIVE SLEEP APNEA
Rider K1, Kaya H1,2, Al-Ghamdi A1, Jain V1

1The George Washington University MFA, Washington DC,  
2Gulhane Military Medical Faculty, Ankara, Turkey

Introduction: Men and women with obstructive sleep apnea (OSA) 
may present differently to the sleep clinic, with women being more 
likely to complain of insomnia, headache, irritability, and fatigue than 
symptoms of loud snoring and breathing cessation during sleep. OSA 
can have a negative impact on quality of life (QOL), and men and wom-
en may be affected in different QOL domains.
Methods: Prospective observational single-center study. Men and 
women 21 years or older, diagnosed with OSA by polysomnography, 
were enrolled prior to starting CPAP treatment. Baseline QOL was 
determined by a self-administered Short-Form Health Survey (SF-36), 
which assesses eight different domains, and the Epworth Sleepiness 
Scale (ESS) was used to assess daytime sleepiness. The Mann Whitney 
U was used to compare independent continuous variables between men 
and women.
Results: Twenty-four men and 24 women were enrolled. Mean age and 
BMI at enrollment was similar for both men and women respectively 
(age 45 [37–54] vs 44 [38–49] years; p = 0.99, and BMI 34 [30–39] kg/
m2 vs 33 [26–37] kg/m2; p = 0.44). AHI was greater for men than wom-
en (34 [18.9–39] vs 21 [13–23]; p = 0.007). There was no significant 
difference in enrollment ESS scores (10 [6–12] vs 11 [6–14]; p = 0.38). 
Women had lower scores in two domains of the SF-36: social function 
(men 83 ± 22 vs. 72 ± 19; p = 0.04) and Emotional role (men 82 ± 22 vs. 
63 ± 27; p = 0.02).
Conclusion: Despite similarities between men and women in the de-
gree of sleepiness according to ESS and men having higher AHIs than 
women, women with OSA demonstrated worse scores in two domains 
of the SF-36. This suggests that there may be other contributors to QOL 
that affect women with OSA more than men with OSA.

0432
URIC ACID LEVELS RELATED TO OBSTRUCTIVE 
SLEEP APNEA SYNDROME IN PATIENTS WITH 
HYPERTENSION FROM XINJIANG OF CHINA
Yao X1, Li N1, Shao L2, Zhang D1, Zhou L1, Wang M1, Luo Q1

1Hypertension Institute of Xinjiang, Urumqi, China, 2Hypertension 
Center of People’s Hospital of Xinjiang, Institue of Hypertension of 
Xinjiang, China

Introduction: Recurrent apnea and hypoxia, which is associated with 
obstructive sleep apnea syndrome (OSAS), leads to an increase in the 

degradation of adenosine triphosphatase (ATP) into xanthine, which 
in turn increases uric acid (UA) concentrations. The study aimed to 
determine whether an association exists between UA levels and OSAS 
in patients with hypertension from Xinjiang, China.
Methods: A total of 1893 hospitalized patients with hypertension who 
firstly attended Hypertension Center of Xinjiang from 2006 to 2012 
were consecutively recruited, all subjects underwent polysomnography 
recordings for OSAS diagnosis, blood pressure assessment, and bio-
chemical blood analysis.
Results: The mean age of patients with hyperuricemia was younger 
than that in controls [(45.5 ± 10.2) yr vs.(47.8 ± 10.1) yr, P < 0.001 in 
whole population; (44.9 ± 9.9) yr vs.(46.1 ± 9.7) yr, P = 0.035 in males] 
respectively. Adjusted for age, body mass index, blood pressure, the 
patients with hyperuricemia presented shorter deep sleep time but 
greater AHI, mean oxyhemoglobin saturation (SpO2), frequency of 
SpO2 decreased ≥ 4% and ≥ 5%, and light sleep time. The UA levels 
significantly increased with the severity of OSAS in whole population 
and in males, but in females, the lowest level of UA was detected in 
patients with mild OSAS. Further analysis indicated that waist circum-
ference (WC) displayed lower level in female patients with mild OSAS 
than those without OSAS. Importantly, AHI and age were significant 
contributing factors of UA levels in males by stepwise linear regres-
sion. While in females, the WC, besides of AHI and age, played as 
significantly predictor of UA level [β = 1.32 (0.76–1.88), P < 0.001) 
regardless of OSAS status.
Conclusion: A strong association was found between UA levels and 
OSAS in a large number of hospitalized patients of Xinjiang. Although 
it does not qualify for a biomarker alone, besides of obesity, UA levels 
may be involved in OSAS severity and should be considered in sleep 
apnea management in the future.

0433
PSYCHOSOCIAL AND SLEEP CHARACTERISTICS IN 
COMORBID INSOMNIA AND SLEEP APNEA
Luyster FS1, Samuelsson LB2, Kupfer DJ3, Frank E4, Krafty RT5, 
Hall MH4

1University of Pittsburgh, Pittsburgh, PA, 2Department of 
Psychology, University of Pittsburgh, Pittsburgh, PA, 3Department of 
Psychiatry, University of Pittsburgh, Pittsburgh, PA, 4Department of 
Psychiatry and Psychology, University of Pittsburgh, Pittsburgh, PA, 
5Department of Statistics, Temple University, Philadelphia, PA

Introduction: Comorbid insomnia and sleep apnea (CIO) is increas-
ingly recognized as a highly prevalent comorbidity. However, little is 
known about the characteristics of this phenotype and the potential 
similarities and differences between CIO and the individual disor-
ders. Our aim was to compare psychosocial and sleep characteristics 
of those with CIO, insomnia only (INS), and obstructive sleep apnea 
only (OSA).
Methods: 155 community-dwelling adults (mean age 59.8 ± 9.0, 67% 
female) with and without a lifetime history of depression underwent 
polysomnography (PSG) and completed 7–14 days of actigraphy (mean 
days 9.1 ± 1.6) and sleep diaries (mean days 9.8 ± 1.8). Participants 
underwent a structured clinical interview to assess for psychiatric and 
sleep disorders and severity of current depressive symptoms (Ham-
ilton Rating Scale for Depression). Participants also completed ques-
tionnaires about sleep quality (Pittsburgh Sleep Quality Index (PSQI)), 
sleep disturbance and sleep-related impairment (Patient Reported Out-
comes Measurement Information Systems (PROMIS)), daytime sleepi-
ness (Epworth Sleepiness Scale), fatigue (PROMIS fatigue), perceived 
stress (Perceived Stress Scale), and social support (Interpersonal Sup-
port Evaluation List-12). ANCOVA controlling for age and current 
major depressive episode with post hoc comparisons were conducted 
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in 17 INS (based on DSM-IV criteria for primary insomnia), 50 OSA 
(apnea-hypopnea index ≥ 5 without INS), and 10 CIO.
Results: There were no differences among the 3 groups on diary-, ac-
tigraphy-, and PSG-measured sleep parameters, PSQI, daytime sleepi-
ness, fatigue, and social support. The INS group reported significantly 
greater PROMIS sleep disturbance and sleep-related impairment than 
the OSA group. Compared to the OSA group, the CIO group had 
greater PROMIS self-reported sleep disturbance (p = 0.08) and the INS 
group (p = 0.09) endorsed greater perceived stress (not statistically sig-
nificant, largely due to small sample sizes).
Conclusion: Those with CIO appear to have psychosocial and sleep 
characteristics that are similar to those with INS and OSA, with the ex-
ception of self-reported sleep disturbance, which was similar to those 
with INS and tended to be worse than those with OSA.
Support (If Any): R01 HL104607; Dr. Luyster’s work is suppoted by 
K23 HL105887.

0434
RELATION OF CARDIAC ARRHYTHMIAS TO HYPOXIC 
TIME AND LOWEST OXYGEN SATURATION IN 
PATIENTS WITH OBSTRUCTIVE SLEEP APNOEA IN 
AN ASIAN CONTEXT: A SINGAPORE SLEEP CENTRE 
STUDY
Ng C, Neo W, Rangabashyam M, Hao Y, Ho K, Bte Senin S, Toh S
Singapore General Hospital, Singapore, Singapore

Introduction: Cardiac arrhythmia is an established association of 
obstructive sleep apnoea (OSA). However, the utility of hypoxic time 
as a predictor of cardiac arrhythmia in patients with OSA is not well 
described. This study aims to evaluate the relationship of cardiac ar-
rhythmias with hypoxic time during polysomnography in patients with 
OSA at an academic medical centre.
Methods: Retrospective chart reviews of 117 patients with cardiac ar-
rhythmia diagnosed with OSA during overnight in-laboratory poly-
somnogram from January 2011 to December 2012 were performed. 
Prediction performance of hypoxic time when lowest oxygen saturations 
(Lsat) were < 85% and < 90% were analyzed using receiver operating 
characteristic (ROC) curve from a univariable logistic model. A cut-off 
point which achieved best sensitivity and specificity was obtained. Log 
transformation was used to reduce the skewness of hypoxic time.
Results: Age (p < 0.001), BMI (p = 0.001), Apnoea-Hypopnoea In-
dex (p = 0.003), Lsat (p = 0.001) and hypoxic time when Lsat < 85% 
(p = 0.002) and < 90% (p < 0.001) were significantly associated with 
incidence of cardiac arrhythmias. When Lsat < 85%, hypoxic time cut-
off of 251 s had 64% sensitivity and 50% specificity of predicting cardi-
ac arrhythmia (area under ROC curve, AUC = 0.59). When Lsat < 90%, 
hypoxic time cut-off of 794 s had 63% sensitivity and 53% specific-
ity (AUC = 0.59). Therefore, the sole utilization of hypoxic time as 
predictor of cardiac arrhythmia showed poor performance. Prediction 
performance was better when age and BMI were included in a multi-
variable model (AUC = 0.7, aOR = 1.22, p = 0.11 when Lsat < 85%; and 
AUC = 0.69, aOR = 1.25, p = 0.097 when Lsat < 90%).
Conclusion: Although hypoxic time when Lsat < 85% and < 90% were 
significantly associated with cardiac arrhythmia, using hypoxic time 
as sole predictor of arrhythmia produced poor results. However, when 
age and BMI are taken into consideration, hypoxic time is a good pre-
dictor of cardiac arrhythmia.

0435
ASSOCIATION OF SLEEP DISORDERED 
BREATHING WITH EMOTIONAL COMPLAINTS 
AND ANTHROPOMETRIC PARAMETERS (RESULTS 
OF THE SCREENING SURVEY IN RESIDENTS OF ST. 
PETERSBURG)
Bochkarev M, Korostovtseva L, Sviryaev Y, Rotar O, Konradi A
Almazov Federal Research Medical Centre, Saint-Petersburg, Russian 
Federation

Introduction: Sleep disordered breathing (SDB) are widespread in 
population and affect everyday life. We studied correlation of SBD 
symptoms with emotional complaints, anthropometric and lifestyle 
characteristics in a representative sample of residents of the large me-
tropolis (St. Petersburg, Russia).
Methods: Cross-sectional analysis of the interview and anthropomet-
ric methods in survey of 358 residents of St. Petersburg at the age of 21–
68 years. We evaluated frequency of sleep disorder breathing (snoring, 
apneas in breathing during sleep), emotional complaints, body mass 
index, lifestyle characteristics. 21.5% of respondents (mostly women, 
25.9% vs 14,2% p < 0,05) did not answer the question about symptoms 
of SDB. So the data were analyzed by 281 respondents, 115 men and 
166 women.
Results: Prevalence of regular snoring was 29.6% in men and 22.9% in 
women. Frequency of snoring increased with age only among women 
(r = 0,21, p < 0,01). The presence of apnea episodes reported 14.3% of 
respondents. Snoring was associated with obesity: body mass index 
(r = 0,26; p < 0,001) and waist circumference (r = 0,24; p < 0,001). There 
were no relationship between the frequency of apnea episodes and 
obesity. Frequency of snoring was associated with sleepiness (r = 0,21, 
p = 0,001), severity of emotional intensity (r = 0,24, p < 0,001), de-
pression (r = 0,20, p < 0,01), frequency of bruxism episodes (r = 0,18, 
p < 0,01) and waking up with feeling of heaviness in the chest (r = 0,17, 
p < 0,01). Frequency of apnea episodes correlated with fatigue after a 
night’s sleep (r = 0,16, p < 0,01), frequency of awakenings with heavi-
ness in the chest (r = 0,17, p < 0,01), and frequency bruxism episodes 
(r = 0,16, p = 0,01). There were no association between SDB and lifestyle.
Conclusion: Quarter of the adult residents of St. Petersburg have 
symptoms of SDB associated with general reduce in the quality of 
sleep, emotional and dissomnia complaints, as well as the prevalence 
of obesity.
Support (If Any): Russian Humanitarian Fund №14-06-00219

0436
ARE OBESITY, SLEEPINESS, AND SLEEP APNOEA 
SEASONAL?
Skjodt NM1, Platt RS2

1Canadian Centre for Behavioural Neuroscience, Lethbridge, AB, 
Canada, 2Sagatech Electronics, Ltd., Calgary, AB, Canada

Introduction: Paediatric sleep apnoea (OSA) prevalence shows winter 
seasonality correlated with respiratory infections. We recently found 
spring and fall peaks in obesity and sleepiness, but not OSA risk or se-
verity in a large subset (N = 1011) of mostly adult patients undergoing 
replicated home diagnostic sleep polygraphy. Our aim was to confirm 
these adult seasonal findings using our complete database.
Methods: Of 37 489 subjects referred for home sleep polygraphy in-
terpretation (Remmers Sleep Recorder, Sagatech Electronics, Ltd., 
Calgary, Alberta, Canada; www.sagatech.ca) 37 363 diagnostic stud-
ies had complete demographics. Run sequence plots of body mass in-
dex (BMI), Epworth sleepiness scale (ESS), pre-test OSA probability 
(derived from adjusted neck circumference), and estimated respiratory 
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disturbance index (eRDI) means were used to assess obesity, sleepi-
ness, OSA risk, and OSA severity seasonality.
Results: Referrals were fewer in winter (November to February), how-
ever, mean BMI (32–33 kg/m2), ESS (9–10), pre-test OSA probability 
(0.61–0.63), and eRDI (17–19/h) showed no seasonality and very little 
variation.
Conclusion: After expanding from 1 000+ to 37 000+ subjects we 
could not replicate seasonality in obesity, sleepiness, OSA risk, or OSA 
severity.
Support (If Any): RCPSC and MITACS

0437
HISPANICS AND NON-HISPANICS WITH OBSTRUCTIVE 
SLEEP APNEA UNDERGOING BARIATRIC SURGERY: IS 
THERE A DIFFERENCE?
Garcia D, Abreu A, Ramos A
University of Miami, Miami, FL

Introduction: Obesity represents one of the most important risk fac-
tors for the development of Obstructive Sleep Apnea (OSA) and studies 
have reported that weight gain was associated with an increase in the 
odds of developing OSA as high as a 6-fold increase. Our study aims to 
evaluate possible differences between Hispanic and non-Hispanics in 
regards to the development of OSA.
Methods: This is a cross-sectional analysis of 147 consecutive adult 
patients, who were evaluated for bariatric surgery and underwent at-
tended polysomnography (PSG) from June 2011–December 2013 at a 
tertiary referral center. The variables of age, sex, ethnicity, AHI, RDI, 
BMI, weight and type of surgery were obtained from the electronic 
medical record. Chi-square and student t-test were used to compare 
proportions and means respectively. We then generated bivariate de-
scriptive statistics for the overall analytic sample and the outcomes of 
interest.
Results: Of the 147 patients, 81 underwent bariatric surgery (78.2% 
were female). Hispanic population accounted for 53%. Mean age was 
similar in both groups (45.7 ± 8.3 in hispanics and 45.3 ± 10.7 in the 
non-hispanics). Hispanics had lower mean weight (250.5 ± 46.6 lbs vs 
295.44 ± 92.1), BMI (42.9 ± 6.6 vs 47.8 ± 11) and AHI (28.89 ± 25.9 
vs. 31.1 ± 24.9). Weight range in the Hispanics was more homogenous 
(198–390 lbs vs. 206–687 lbs. Of the total population, the severity of 
OSA was mild in 20.7% (hispanics/non-hispanics 14/23.7%), moder-
ate in 37.9% (hispanics/non-hispanics 39.5/36.8%) and severe in 41.4% 
(hispanics/non-hispanics 46.5/39.5%). Gastric bypass was the pre-
ferred option in the non-hipanics (68.4% vs. 53.5% in the Hispanics).
Conclusion: Although it appears that Hispanic patients undergoing 
bariatric surgery had lower BMI than the non-hispanics, the percent-
age of them with moderate and severe OSA appears to be higher. Fur-
ther studies are recommended in order to determine such discrepancies 
in the Hispanic population suffering for OSA.

0438
SLEEP DISORDERED BREATHING: SCREENING AND 
TREATMENT SUCCESS RATES IN A CARDIOLOGY 
PRACTICE
Weisfogel G, Patel A
Central Jelrsey Cardiovascular, North Brunswick, NJ

Introduction: Sleep Disordered Breathing (SDB) is estimated to be 
present in 30–60% of patients seen in cardiovascular practices yet 
many of these patients are not treated or even identified. A screening 
and aggressive treatment program for SDB was integrated into a cardi-
ology practice to assess the prevalence, testing success rates, treatment 

options chosen, adherence to treatment, and clinical improvement in 
this select population.
Methods: Consecutive patients presenting for cardiovascular assess-
ment over a 3 month period were screened for SDB via a survey which 
included questions about neck circumference, snoring, excessive day-
time sleepiness, Epworth sleepiness scale, history of hypertension, 
congestive heart failure, and atrial fibrillation. If the results suggested 
SDB, the patients were tested with either home sleep tests or nocturnal 
polysomnograms. Patients diagnosed with SDB from these test were 
then treated with either CPAP or dental oral appliances and were fol-
lowed for a minimum of 6 months to determine adherence to treatment 
and change in clinical status.
Results: 256 consecutive patients were surveyed with 116 (46%) being 
tested for SDB based on positive responses to the survey. 83/116 (72%) 
were diagnosed with SDB requiring treatment. 58 patients were treated 
with CPAP and 11 patients with a dental appliance. Thus 69/83 (83%) 
of patients diagnosed with SDB were treated. 50/69 (72%) of treated 
patients were compliant for a minimum of 6 months and 45/69 (65%) 
had clinical improvement.
Conclusion: SDB is highly prevalent in patients seeing cardiologists. 
An aggressive screening and treatment program for patients with SDB 
can be integrated into cardiology practices resulting in identifying and 
treating these patient, with high treatment compliance rates and clini-
cal improvement in the majority of this select population.

0439
HIGHER PREVALENCE OF SNORING IN HIGH RISK 
GROUP FOR COPD: AN SURVEILANCE IN AGED 
JAPANESE POPULATION
Wada H1, Furuya S1, Ikeada A1, Tanigawa T1, Kondo K 2

1Juntendo University, Tokyo, Japan, 2Chiba University, Chiba, Japan

Introduction: Previous data indicated that sleep disordered breath-
ing (SDB) is one of complications of chronic obstructive pulmonary 
disease (COPD), and that continuous positive airway pressure (CPAP) 
improved their prognosis. Controversially, weight loss, which is fre-
quently observed in COPD patients, is associated with the lower prev-
alence of SDB. The aim of this study is to elucidate whether or not 
prevalence of snoring is higher in high risk group for COPD by surveil-
lance of aged Japanese population.
Methods: A cross sectional study was conducted on 13,595 participants, 
using the data from Japan Gerontological Evaluation Study (JAGES) 
2013 to investigate that SDB increased in a COPD high risk group. In-
ternational Primary Care Airways Group (IPAG) questionnaire, which 
consists of 8 questions, was partially administered to identify COPD 
high risk individuals, as 6 of their 8 questions were in JAGES 2013 
questionnaire. According to the partial IPAG scores, the participants 
were divided into three groups on tertiles. Participants were stratified 
by sex and body mass index (BMI). Multivariate logistic analyses were 
performed with adjustment of education history and drinking history. 
All the statistical analyses were performed, using SAS ver 9.4 (SAS 
Institute Inc. Cary, NC).
Results: Our results demonstrated that odds ratios (OR) for snoring 
were significantly higher in participants with higher IPAG scores: OR 
was 1.55 (95% C.I. = 1.29 to 1.88, p < 0.0001) in the 3rd tertile in par-
ticipants whose BMI is less than 22, while OR was 1.22 (95% CI = 1.07 
to 1.39, p = 0.003) among those whose BMI was 22 or higher, in com-
parison with the 1st tertile. On the other hand, OR was not comparable 
between three tertiles in 2 groups of women. Our study also showed 
that education history did not affect snoring, while the odds ratio for 
snoring was significantly higher in participants who had drinking his-
tory.



SLEEP, Volume 38, Abstract Supplement, 2015 A158

B. Clinical Sleep Science I. Sleep Disordered Breathing

Conclusion: In aged Japanese population, those who had higher risk 
for COPD were likely to snore. BMI was positively associated with 
SDB and inversely COPD. After stratification, our results indicated 
that COPD and SDB shared several common risks, including smoking 
and age.
Support (If Any): This study used data from the Japan Gerontological 
Evaluation Study (JAGES), conducted by the Nihon Fukushi Univer-
sity Center for Well-being and Society as one of their research projects.

0440
UNCOVERING THE SLEEP DISORDERS AMONG 
YOUNG DOCTORS
Yasin R1,2, Muntham D1,3, Chirakalwasan N1,4

1Excellence Center for Sleep Disorders, King Chulalongkorn 
Memorial Hospital, Thai Red Cross Society, Bangkok, Thailand, 
2Institute of Respiratory Medicine, Hospital Kuala Lumpur, 
Kuala Lumpur, Malaysia, 3Section for Clinical Epidemiology and 
Biostatistics, Faculty of Medicine, Ramathibodi Hospital, Bangkok, 
Thailand, 4Division of Pulmonary and Critical Care Medicine, 
Department of Medicine, Faculty of Medicine, Chulalongkorn 
University, Bangkok, Thailand

Introduction: Introduction: Sleepiness and tiredness are common 
complaints among young doctors. Sleep deprivation is believed to be 
the main culprit. However we believe that occult obstructive sleep ap-
nea (OSA) may contribute to these symptoms.
Methods: Methods: A prospective cross-sectional study was per-
formed among young doctors working at King Chulalongkorn Memo-
rial Hospital, Thailand and Hospital Kuala Lumpur, Malaysia. The 
study was conducted from January to September 2014. The objectives 
of this study were the evaluations of prevalence of OSA, OSAS, sleep 
deprivation, excessive daytime sleepiness (EDS), tiredness, and per-
ception of not enough sleep as well as their predictors. All the subjects 
were required to answer a questionnaire and undergo a portable sleep 
test (ApneaLink Plus) for one night.
Results: Results: Total of 52 subjects completed the study. Mean age 
was 31.3 ± 4 years. There was equal gender distribution. Sixty-one 
percent were Thai and 39% were Malaysian. The mean body mass 
index was 23.3 ± 3.6. The prevalence of OSA was 40.4% and for 
OSAS was 5.8%. One third of OSA subjects were at least moderate 
OSA. Prevalence of sleep deprivation, EDS, tiredness, and perception 
of not enough sleep were 44.2%, 15.4%, 65.4%, and 61.5%; respec-
tively. Snoring, male sex, and perception of not enough sleep were 
significant predictors for OSA with the odd ratio of 34.5 (p = 0.016, 
95% CI = 1.92–619.15), 18.8 (p = 0.001, 95% CI = 3.10–113.41), and 7.4 
(p = 0.037, 95% CI = 1.13–48.30); respectively. Only observed apnea 
was a significant predictor for OSAS with odd ratio of 30.7 (p = 0.012, 
95% CI = 2.12–442.6). OSA was a significant predictor for tiredness 
and perception of not enough sleep with the odd ratio of 4.8 (p = 0.036, 
95% CI = 1.11–20.72) and 4.5 (p = 0.022, 95% CI = 1.24–16.59); re-
spectively.
Conclusion: Conclusion: Our result demonstrated relatively high prev-
alence of OSA and OSAS among young doctors. OSA was noted to be 
a significant predictor for tiredness and perception of not enough sleep.

0441
EXCESSIVE DAYTIME SLEEPINESS, UNDIAGNOSED 
OBSTRUCTIVE SLEEP APNEA, QUALITY OF LIFE AND 
COMORBIDITIES IN A POPULATION-BASED COHORT OF 
MEN
Appleton SL1, Vakulin A 2, Lang C1, Wittert G3, Martin SA3, Grant JF3, 
Taylor AW3, Catcheside PG2, Antic N2, McEvoy D2, Adams R1

1The University of Adelaide, Woodville, Australia, 2Adelaide Institute 
of Sleep Health, Daw Park, Australia, 3The University of Adelaide, 
Adelaide, Australia

Introduction: Excessive daytime sleepiness (EDS), while not common 
in obstructive sleep apnea (OSA), may identify those at greatest risk for 
cardio-metabolic disease and quality of life impairments. We therefore 
determined predictors of EDS in a male population-based cohort, the 
impact of EDS on SF-36 quality of life and whether EDS modifies the 
relationship of undiagnosed OSA with comorbidities.
Methods: In 2011–12, 826 participants without a prior OSA diagno-
sis from the Men Androgen Inflammation Lifestyle Environment and 
Stress Study (n = 1869, ≥ 40 yrs, Adelaide, Australia), underwent full 
in-home polysomnography (Embletta X100) and completed the Ep-
worth Sleepiness Scale (ESS), SF-36 questionnaire, biomedical assess-
ment and questionnaires assessing doctor diagnosed conditions.
Results: EDS (ESS ≥ 11, 12.6%, n = 104) was not significantly dif-
ferent across categories of OSA severity (AHI < 10/h = 11.2%, 10–
19/h = 13.7%, 20–29/h = 14.8%, ≥ 30/h = 13.1%, p = 0.69) or body 
mass index (p = 0.89). No associations were seen with oxygen desatu-
ration, time with oxygen saturation < 90%, total arousals, metabolic 
parameters (blood pressure, lipids) or sociodemographics. In logistic 
regression analyses, EDS was significantly associated with depression: 
odds ratio (OR), 95% CI: 2.16 (1.28–3.66), nocturia:2.09 (1.32–3.32) 
and borderline associations were seen with diabetes:1.67 (0.97–2.87) 
and age 50–69 y:1.65 (0.97–2.81). ESS scores were significant inde-
pendent predictors of SF-36 physical (PCS) and mental component 
summary (MCS) scores in men < 70 years but not in men ≥ 70 years 
and scores were attenuated when men with depression were excluded 
[unstandardised B (95% CI) PCS: −0.19 (−0.35, −0.22), MCS: −0.15 
(−0.30, 0.004)]. Significant associations of OSA and cardio-metabolic 
conditions were seen but only depression and diabetes were signifi-
cantly more frequent in men with OSA and EDS.
Conclusion: EDS was uncommon in a population-based cohort of 
men, was related to depression and nocturia but not undiagnosed OSA. 
EDS modified the association of OSA and depression and diabetes. 
Significant independent EDS-related impairments in SF-36 scores in 
men < 70 y need to be identified and addressed.
Support (If Any): NH&MRC of Australia, ResMed Foundation.

0442
HORMONAL CHANGES IN OBSTRUCTIVE 
SLEEP APNEA SYNDROME: DATA FROM AN 
EPIDEMIOLOGICAL STUDY
Hirotsu C, Andersen ML, Guindalini C, Bittencourt L, Tufik S
Universidade Federal de São Paulo, São Paulo, Brazil

Introduction: Studies have demonstrated an association between ob-
structive sleep apnea syndrome (OSAS) and alterations in hormone 
levels such as thyroid-stimulating hormone (TSH), prolactin and cor-
tisol. The present study assessed the influence of OSAS on hormonal 
parameters from a population-based sample of Sao Paulo, Brazil.
Methods: The Epidemiologic Sleep Study (EPISONO) was a popula-
tion-based study, which examined sleep and associated risk factors in 
a representative sample of the city of Sao Paulo, Brazil. Polysomnog-
raphy and fasting blood samples were collected for all subjects. We 
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assessed a total of 1,042 volunteers, aged 20–80 years at the time of 
their enrollment in EPISONO, for OSAS and hormonal parameters. 
OSAS diagnosis was defined according to International Classification 
of Sleep Disorders (ICSD-2).
Results: OSAS was significantly associated with higher levels of TSH 
compared to healthy subjects, even after correction for age, gender, 
body mass index, medication, and social class. For cortisol, OSAS led 
to a decrease in its concentrations only in women. No relevant changes 
were observed for prolactin levels. Binary logistic regression model 
showed that OSAS was associated with 77% increased risk for increase 
in TSH levels, after control for confounders.
Conclusion: The marked increase in TSH levels found in both men 
and women with OSAS and the decrease in morning cortisol observed 
only in women with OSAS could have a negative impact on health, 
including possible metabolic dysfunction. These findings provide ad-
ditional understanding of the influence of this sleep breathing disorder 
on endocrine function considering gender differences.
Support (If Any): Associação Fundo de Incentivo à Pesquisa (AFIP), 
São Paulo Research Foundation (FAPESP) [#2014/15259-2 to C.H] and 
CNPq.

0443
HIGH INCIDENCE OF OBSTRUCTIVE SLEEP APNEA 
NOTED IN AN OLDER POPULATION PRESENTING FOR 
COGNITIVE BEHAVIORAL THERAPY FOR INSOMNIA 
(CBTI) TREATMENT
Peters BR1,2

1Stanford University Department of Psychiatry and Behavioral 
Sciences, Redwood City, CA, 2Pulmonary and Sleep Associates of 
Marin, Novato, CA

Introduction: Chronic insomnia includes difficulty falling or stay-
ing asleep and is increasingly treated by psychologists with cognitive 
behavioral therapy for insomnia (CBTI). Unrefreshing sleep with fre-
quent nocturnal awakenings can also occur in obstructive sleep apnea 
(OSA). The incidence of sleep apnea in CBTI populations is not well 
characterized and may impact proper referrals.
Methods: A retrospective chart review was performed of 110 patients 
presenting with chronic insomnia from October 2013 to October 
2014 who enrolled in CBTI with a sleep physician at a community-
based clinic. Those patients with prior diagnoses of OSA with apnea-
hypopnea index (AHI) > 5 were identified. Additional subjects with 
symptoms—excessive daytime sleepiness, snoring, nocturia, and 
bruxism—and signs suggestive of OSA were recommended to have 
diagnostic sleep studies.
Results: The population consisted of 65% women (71 subjects) and 
35% men (39 subjects). The average age was 61.09 years (ranging from 
12 to 90 years). The average body mass index (BMI) was 27.95. The 
average Epworth sleepiness scale score at presentation was 6.74. OSA 
was present by testing in 67.3% of the population (74 subjects) and 
30.9% (34 subjects) had a new diagnosis made. Recommended testing 
based on clinical suspicion was deferred in 19.1% (21 subjects). Only 
9.1% (10 subjects) had a negative sleep study and an additional 4.5% (5 
subjects) were not suspected of having sleep apnea based on clinical 
assessment.
Conclusion: Obstructive sleep apnea is very common among older 
patients presenting with insomnia complaints for CBTI. Contrary to 
popular understanding, these patients may not be obese and may have 
a normal Epworth score. Given the high incidence of comorbid sleep 
apnea, older patients with insomnia should be evaluated by a board-
certified sleep physician for symptoms or signs suggestive of sleep ap-
nea and undergo routine diagnostic evaluation.

0444
SLEEP APNEA AND RISK OF RECURRENT CORONARY 
HEART DISEASE EVENTS IN THE SLEEP HEART 
HEALTH STUDY
Shah N1,2, Alysandratos K 3, Kizer J1,2, Kaplan R 2, Redline S 4, 
Punjabi N5, Gottlieb D3

1Montefiore, Bronx, NY, 2Albert Einstein College of Medicine, 
Bronx, NY, 3Boston University, Boston, MA, 4Brigham and Women’s 
Hospital, Boston, MA, 5Johns Hopkins School of Medicine, Baltimore, 
MD

Introduction: Sleep apnea (SA) is characterized by intermittent hy-
poxia (IH) followed by re-oxygenation. Ischemic preconditioning 
occurs with atherothrombotic coronary occlusion and associated myo-
cardial ischemia/hypoxia that are transient, with rapid re-perfusion 
and re-oxygenation. Such temporary ischemia stimulates coronary 
collateral formation and cellular changes that combine to make car-
diomyocytes less susceptible to acute ischemic injury. The similarities 
between SA-induced IH and ischemic preconditioning led us to pro-
pose that SA could have a cardioprotective influence. We examine the 
relationship between SA and recurrent coronary heart disease events.
Methods: Of 5025 SHHS participants with complete data on baseline 
cardiovascular disease status, a total of 306 men and 134 women had 
a previous myocardial infarction (MI) or coronary revascularization 
procedure at the time of baseline polysomnography. Mean age was 69.6 
(SD 10.3) years, mean BMI 27.8 (SD 4.9) kg/m2. During a mean follow-
up of 9.0 (SD 3.7) years, 68 (15.5%) participants had a MI and 130 
(29.6%) had MI or a coronary revascularization procedure. OSA was 
quantified as the apnea-hypopnea index (AHI), where both apneas and 
hypopneas were associated with a 4% or greater fall in SaO2. Logistic 
regression models were used to examine the association of AHI with 
the occurrence of MI or revascularization procedure, adjusting for age, 
sex and BMI.
Results: In this sample with prevalent coronary heart disease at base-
line, the risk of a recurrent coronary heart disease event (MI or need for 
coronary revascularization) decreased with increasing severity of OSA. 
For every 10 events/hour increase in AHI, there was a 24% decrease 
in the risk of MI or revascularization (adjusted odds ratio 0.76, 95% CI 
0.62–0.93, p = 0.008).
Conclusion: Among community dwelling individuals with prevalent 
coronary heart disease, SA is associated with a reduced risk of recur-
rent non-fatal coronary heart disease events. Further work is required 
to replicate and characterize this association.

0445
NEIGHBORHOOD WALKING ENVIRONMENT 
AND ACTIVITY LEVEL ARE ASSOCIATED WITH 
SLEEP APNEA: THE MULTI-ETHNIC STUDY OF 
ATHEROSCLEROSIS
Billings ME1, Moore K 2, Simonelli G3, Patel SR 3, Diez Roux A 2, 
Redline S3

1University of Washington, Seattle, WA, 2Drexel University, 
Philadelphia, PA, 3Harvard Medical School, Boston, MA

Introduction: The neighborhood built environment has been associ-
ated with obesity, diabetes, and cardiovascular disease, all of which are 
also associated with obstructive sleep apnea (OSA). Neighborhood dis-
advantage has been associated with OSA in children, but has not been 
examined in adults. Neighborhood walkability may contribute to OSA 
by promoting obesity, sedentary habits and limiting physical activity. 
Walking improves peripheral edema thereby reducing rostral fluid re-
distribution. We hypothesize that neighborhood walkability will be as-
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sociated with OSA and that this association will be partially explained 
by both obesity and activity level.
Methods: Data were analyzed from the 10-year follow-up exam of the 
Multi-Ethnic Study of Atherosclerosis (MESA), a community-based 
6-center cohort study. Ratings of walking environment (WE) for one 
mile around the home were assessed in a questionnaire administered 
to willing MESA participants and to a random community sample that 
resided in the same neighborhoods. A subgroup of MESA participants 
underwent in-home polysomnography and 7-day wrist actigraphy. 
From the actigraphy data, activity counts during active (wake) inter-
vals were extracted. We evaluated the association of neighborhood WE 
survey scale with apnea hypopnea index (AHI), adjusting for age, gen-
der, site, race, comorbidities and neighborhood socio-economic status. 
We examined if obesity and actigraphic activity level attenuated these 
associations.
Results: 1,896 MESA subjects were studied (mean age 68.5 ± 9.1 years, 
BMI 28.6 ± 5.5 kg/m2; 36% white, 12% Chinese-American, 28% black 
and 24% Hispanic). The median AHI was 14 (6, 27 IQR). Neighbor-
hood WE was associated with OSA severity; AHI was 2.5 higher in 
the lower walking environments, (95% CI −4.2, −0.3; p < 0.026). This 
association was not attenuated by BMI or activity level, although both 
were also associated with AHI.
Conclusion: Poor neighborhood walking environment and lower activ-
ity level are associated with more severe OSA. This association is not 
explained by obesity.
Support (If Any): R01HL098433 (PI Redline) MESA-SLEEP, R01 
HL071759 MESA-Neighborhood (PI Diez Roux), MESA is supported 
by N01-HC-95159 through N01-HC-95169 from the National Heart, 
Lung, and Blood Institute and by grants UL1-TR-000040 and UL1-
TR-001079 from NCRR

0446
APNEA DURATION AND INTER-APNEA INTERVAL AS 
PREDICTORS OF MORTALITY IN A PROSPECTIVE 
STUDY
Butler MP1, Emch JT1, Rueschman M2, Lasarev M1, Wellman A 2, 
Shea SA1, Redline S2

1Oregon Health & Science University, Portland, OR, 2Brigham and 
Women’s Hospital, Boston, MA

Introduction: Obstructive sleep apnea (OSA) is a risk factor for stroke, 
heart disease, and death. The physiological links between these may 
be repetitive hypoxemia, mechanical stresses of obstructed breathing, 
and altered autonomic activity. These factors all vary through the night, 
depending on sleep stage, posture, time of night, and severity of the 
event. Despite this variability in events, diagnosis and treatment rec-
ommendations rest predominantly on the apnea-hypopnea index (AHI, 
number of events per hour of sleep). Therefore, we tested whether mea-
sures that better reflect individual apneas, including their duration and 
their clustering, might better predict future mortality.
Methods: Annotated scoring records and outcomes data from the 
Sleep Heart Health Study were obtained from the National Sleep Re-
search Resource. Average event duration was calculated across apneas 
and hypopneas in all sleep stages. Inter-event intervals were calculated 
within blocks of uninterrupted NREM or REM sleep. Variability in ap-
nea occurrence was modeled as the coefficient of variation of the inter-
event intervals. Cox proportional hazard models were constructed to 
assess the relationship between these novel OSA metrics and adverse 
outcomes. Models were adjusted for age, sex, race, BMI, smoking sta-
tus, OSA severity from AHI, and prevalent hypertension, diabetes, and 
use of lipid-lowering medications.
Results: In subjects without prior cardiovascular disease or stroke, 
those in the shortest event quartile had a 38% greater risk for all-cause 

mortality compared to those with the longest events (hazard ratio = 1.38, 
CI: 1.12–1.69, p < 0.01). Subjects with the smallest coefficient of varia-
tion of inter-event intervals (least variability) were also at greater risk 
(HR = 1.31, CI: 1.08–1.60, p < 0.01). Clinical OSA severity was not a 
significant risk factor in either model.
Conclusion: Short regularly occurring respiratory events are associ-
ated with greater mortality, and may indicate a hyper-arousable state. 
The temporal pattern of respiratory events contains important informa-
tion that the AHI does not capture.
Support (If Any): R24HL114473 (AW), K24HL76446 (SAS), 
P01HL095491 (SR)

0447
SLEEP IN GRANDPARENTS CAREGIVERS AND THE 
CHILDREN IN THEIR CARE
Pandey A1, Littlewood K 2, Cooper L3, Vu S2

1SUNY Downstate Medical Center, Brooklyn, NY, 2East Carolina 
University, Greenville, NC, 3The Children’s Home, Inc., Tampa, FL

Introduction: 1 in 11 children and 1 in 5 black children live with 
a grandparent or other relative at some point before age 18, little is 
known about sleep behavior for the grandparent caregivers and the 
children in their care.
Methods: KIN-Tech 2012 Fostering Connections federal demonstra-
tion project funded by the US Children’s Bureau with participants from 
two southeastern US counties randomly assigned to several treatment 
groups and a control group to examine program effectiveness related to 
biopsychosocial outcomes was utilized. Fifty grandparents (54 ± 2.44 
years; 88% female, 66% single, 56% African American, low income 
household ($27,000 ± $1460) raising grandchildren had self-reported 
twelve month follow up about themselves and the children in their care. 
The grandparent sleep assessment included information on general 
sleep behavior, conditions, and sleep aid usage. The child assessment 
included bedtime, general sleep behavior, waking at night, and stimu-
lant usage. Frequencies and descriptive statistics were used to provide 
a sleep profile for grandparents and the children in their care.
Results: 44% of caregivers reported that their sleep was troubled, with 
42% indicated that caregiving for children impacts their sleep. 75% 
of caregivers are short sleepers (< 6 hours) with 23% diagnosed with 
sleep apnea by a physician and 30% have reported that they have fallen 
asleep out of bed, not on purpose during the week. 29% of caregiv-
ers take sleep aids. Caregivers report that the average sleep time of 
children as 9.6 ± 1.6 hours. 66% report that their child is restless and 
moves a lot during sleep. 64% of the children are taking medication(s) 
that caregivers are concerned could be impacting their sleep. ANOVA 
was conducted to compare the effects of the child waking up more than 
once per night on caregivers’ perception of how caregiving impacts 
their sleep [F(4,42) = 2.74], whether the child sleeps about the same 
amount each day [F(4,42) = 3.25], and caregiver diagnosis of sleep ap-
nea [F(4,42) = 6.49], all p < 0.05.
Conclusion: Results suggest that in addition to other caregiving-re-
lated stressors, grandparents also face troubled sleep, esp. short sleep, 
and report having sleep apnea. Additionally, caregivers report restless 
sleep for their children with a high percentage of children taking medi-
cation that may impact sleep. More research is needed to examine sleep 
for these caregivers and children so interventions can be developed to 
improve their sleep.
Support (If Any): US Administration on Children and Families, Chil-
dren’s Bureau Juvenile Welfare Board of Pinellas County, FL, Chil-
dren’s Home, Inc., Tampa, FL, PCORI (1IP2 PI000781).



SLEEP, Volume 38, Abstract Supplement, 2015A161

B. Clinical Sleep Science I. Sleep Disordered Breathing

0448
RESIDUAL SLEEPINESS AFTER CPAP TREATMENT. IN 
TWO CLINICAL SETTINGS IN JAPAN
Kadotani H1,2, Takami M1, Masuda F1, Nakabayashi T1, Matsuo M1, 
Uetsu M2,3, Yamada N1

1Department of Psychiatry, Shiga University of Medical Science, Otsu 
City, Shiga, Japan, 2Sleep Out-Patient Unit, Nagahama City Hospital, 
Nagahama, Japan, 3Department of General Medicine, Nagahama City 
Hospital, Nagahama City, Japan

Introduction: Residual excessive daytime sleepiness even with CPAP 
(Continuous Positive Airway Pressure) treatment may have adverse ef-
fects on their quality of life of OSA (obstructive sleep apnea) patients. 
However, prevalence of residual excessive daytime sleepiness is not 
well understood, especially in Japan. Thus we evaluated subjective 
sleepiness in OSAS patients prior to and under CPAP treatment.
Methods: Participants are out-patients in two clinical settings in Japan. 
One is attached to Department of Psychiatry in a university hospital 
(U) (n = 146). The other is attached to Department of Otolaryngology 
in a city hospital (C) (n = 165). According to Japanese regulation, CPAP 
was prescribed to sleep apnea patients with AHI ≥ 20 by in-lab poly-
somnography, or with AHI ≥ 40 by portable monitors. AHI scores from 
CPAP devices were also used. The Epworth Sleepiness Scale (ESS) 
was used to assess subjective sleepiness.
Results: In the C setting, age, male% and BMI were 55.4 ± 12.3 yr, 
90.7%, 27.0 ± 4.76. CPAP treatment reduced AHI from 46.4 ± 18.4 to 
3.16 ± 3.10, and ESS from 9.41 ± 5.36 to 6.16 ± 4.61. CPAP reduced 
proportions of subjects with sleepiness from 25.2% (ESS: 11–15) and 
12.9% (ESS ≥ 16) to 10.3% (ESS: 11–15) and 5.5% (ESS ≥ 16). In the 
U setting, age, male% and BMI were 57.7 ± 13.1 yr, 85.4%, 28.1 ± 5.54. 
CPAP treatment reduced AHI from 45.6 ± 19.6 to 2.99 ± 2.74, and ESS 
from 9.42 ± 5.70 to 6.01 ± 4.47. CPAP reduced proportions of subjects 
with sleepiness from 23.0% (ESS: 11–15) and 16.3% (ESS ≥ 16) to 
6.2% (ESS: 11–15) and 7.5% (ESS ≥ 16). In this setting, subjects with 
ESS < 11 used CPAP for 5.70 ± 1.85 hr and 87.7 ± 16.9%, while those 
with ESS ≥ 11 used for 5.19 ± 2.04 hr and 82.5 ± 23.5%, respectively 
(P = 0.26 and 0.23, Independent t-test).
Conclusion: In the C and U settings, 15.8% and 13.7% (p = 0.743, chi 
square test) of CPAP treated OSAS patients still have daytime sleepi-
ness (ESS ≥ 11), respectively. This suggests that certain proportion of 
CPAP treated OSAS patients still suffer from excessive daytime sleep-
iness, independent of clinical settings in Japan. More detailed back-
ground data are needed for further analysis.
Support (If Any): MEXT/JSPS KAKENHI Grant Number: 26507006. 
HK’s laboratory is supported by donation from Philips Respironics GK, 
Takeda Pharmaceutical Company Limited, Sanofi K.K., and TEIJIN 
Limited to Shiga university of Medical Science. 

0449
FOLLOW UP OF POLYSOMNOGRAPHIC DATA OF 
PRADER-WILLI INFANTS DIAGNOSED WITH CENTRAL 
SLEEP APNEA
Khayat AM
The Hospital for Sick Children, Toronto, ON, Canada

Introduction: Prader-Willi syndrome (PWS) is a rare genetic disorder 
arising from the loss of expression of paternal genes within chromo-
some 15q11-q13, and is characterized by mental retardation, behavioral 
problems, hyperphagia, and obesity. Children with PWS commonly 
have sleep-disordered breathing; including hypersomnolence and ob-
structive sleep apnea, as well as central sleep breathing abnormalities 
that are present from infancy. Central sleep apnea (CSA) is more preva-
lent in infants compared to older children with PWS. The aim of this 

study was to evaluate the course of CSA in PWS infants within 2 years 
of baseline assessment.
Methods: A retrospective chart review of PWS infants with CSA who 
had a baseline polysomnogram (PSG) and follow up PSG in the first 2 
years of life. Demographic characteristics and PSG data results includ-
ing central apnea index (CAI) were collected. Comparisons were made 
between baseline and follow up PSG data.
Results: We identified 28 (14 male) PWS infants who had baseline 
PSG at mean age of 1.1 (± 0.9) years. The overall median CAI at base-
line was 2.45 events per hour (range 0.1–68.3). Of these, 12/28 (43%) 
PWS infants were diagnosed with clinically significant CSA (CAI ≥ 5 
events/hour). Of the 12 patients, 9/12 infants had follow up PSG data 
at a mean age of 2.3 years and the median CAI has improved from 10.6 
to 3.7 events per hours (p = 0.008). Only one PWS infant had persistent 
CSA beyond infancy. However, 3/9 subjects with previous CSA had 
evidence of mild obstructive sleep apnea (OSA) at follow-up.
Conclusion: Central sleep apnea is prevalent in infants with PWS but 
it is reassuring to note that CSA improves with age. However, these 
patients will continue to require monitoring as they are at risk of de-
veloping OSA.

0450
PREDICTORS OF OBSTRUCTIVE SLEEP APNEA BASED 
ON COGNITIVE PERFORMANCE - IMPLICATIONS FOR 
CLINICAL SCREENING
Hlaing E1, Clancy Dollinger SM1, Brown T 2, Gibson M1

1Southern Illinois University Carbondale, Carbondale, IL, 2Director of 
Sleep Disorder Center, St. Joseph Memorial Hospital, IL

Introduction: The objective of the study is to identify cognitive mea-
sures that are differentially sensitive to the absence or presence of ob-
structive sleep apnea (OSA). It is established that individuals with OSA 
manifest some cognitive deficits due to hypoxemia and fragmented 
sleep, but not in every cognitive domain. The current study examines 
whether performance on certain cognitive measures can predict group 
membership: Control (Apnea/Hypopnea Index < 5), or Patient with un-
treated OSA.
Methods: Discriminant Function Analysis is used to answer the fol-
lowing questions: After statistically removing the effect of education, 
can we predict whether participants are controls or patients based on 
a combination of several cognitive scores and which cognitive mea-
sures are the most important in predicting this group membership? 
Sixty-seven patients recently diagnosed with OSA and 43 controls 
who are screened for OSA with ApneaLink™ portable sleep monitor 
enrolled in the study. Cognitive measures in the three domains were 
administered: verbal component (fluency & recall), executive function 
(Wisconsin Card Sorting Task, WAIS III Block Design visuospatial 
reasoning task, Inhibition task), and attention (WAIS III Digit Span 
Forward and Backward tests, Reitan Trails Making Tests Part A and B).
Results: There was no differential effects of age or gender between the 
two groups. Results indicated perseverance error in Wisconsin Card 
Sorting task, accuracy in Inhibition task, digit span forward, phonemic 
fluency, and visuospatial reasoning score in Block Design accurately 
predict group membership correctly 70.7% of the time. The statistical 
model has 57.6% sensitivity and 79.6% specificity. The two predictors 
that highly contributed toward the model were Perseverance error per-
centage in Wisconsin Card Sorting task and the accuracy score on the 
Inhibition task.
Conclusion: It is concluded that performances on executive function 
tasks which are frontally mediated are highly sensitive to the long term 
effects of OSA. Clinical implications are discussed.
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Support: The first author of the study received a dissertation grant 
from the Center for Integrative Research in Cognitive and Neural Sci-
ences, Southern Illinois University Carbondale.

0451
PREDICTING EQUATIONS FOR SLEEP 
RELATED HYPOVENTILATION AND OBESITY 
HYPOVENTILATION SYNDROME
Rutheranesan M1,2, Chirakalwasan N1

1Excellence Center for Sleep Disorders, King Chulalongkorn 
Memorial Hospital, Thai Red Cross Society, Bangkok, Thailand, 
Bangkok, Thailand, 2Institute Of Respiratory Medicine, Kuala 
Lumpur, Malaysia

Introduction: Chronic hypercapnia occurs in a subset of obstructive 
sleep apnea (OSA) patients particularly in the obese group. Daytime 
hypercapnia (PaCO2 of more than 45 mm HG) is a pre-requisite for 
obesity hypoventilation syndrome (OHS) diagnosis. Sleep related 
hypoventilation (SRH) may predate the development of daytime hy-
poventilation.
Methods: Data from 221 patients diagnosed with OSA were retro-
spectively reviewed. All had a BMI of at least 30 kg/m2. SRH was 
defined as an increase of at least 10 mmHg of end tidal CO2 during 
sleep in comparison to awake supine value. We compared the SRH 
group against the non-SRH group in terms of clinical and polysomno-
graphic characteristics. Predicting equations for the presence of SRH 
were formed. We conducted subgroup analysis of 43 patients who had 
arterial and venous blood gases. OHS patients were compared with 
non-OHS patients in order to identify predictors for OHS.
Results: For the SRH data, the parsimonious model was derived which 
contained 4 variables: BMI, total AHI, ESS and morning headache 
(at least 3–4 times a week). Our equation was - 4 +2xTotal AHI (> 30) 
+2xBMI (at least 35) +1xESS (at least 10) +1x morning headache (at 
least 3–4 times/week). At a cut off point of 0, the sensitivity, specificity, 
positive predictive value and negative predictive value of predicting 
SRH were 80.6%, 70.1%, 55.1% and 88.8% respectively. In the sub-
group analysis, prediction score estimates using regression co-efficient 
achieved a sensitivity of 100% at a cut off point for venous HCO3 of 27 
in detecting hypoventilation.
Conclusion: Some clinical and polysomnographic parameters were in-
corporated into predicting equations for SRH. Serum HCO3 of 27 was 
identified as a reasonable screening for OHS.

0452
PREDICTIVE FACTORS FOR CENTRAL SLEEP 
APNEA IN PATIENTS TAKING HIGH DOSE OPIOID 
MEDICATIONS
Chung SA1, Jasko J2, Hossain NK1, Wylie PE3, 
Holle RH4, Rosenberg RP5, Muehlbach MJ6, Doekel R7, Pegram G7, 
Shapiro CM1

1University Health Network, Toronto, ON, Canada, 2Philips - Home 
Healthcare Solutions, Monroeville, PA, 3Arkansas Centre for Sleep 
Medicine, Little Rock, AR, 4St. Patrick Hospital Sleep Centre, 
Missoula, MT, 5Neuro-Trials Research, Atlanta, GA, 6Clayton 
Sleep Institute, St. Louis, MO, 7Sleep Disorders Center of Alabama, 
Birmingham, AL

Introduction: Opioids are an indicated treatment for non-malignant 
chronic pain. However, the development of central sleep apnea (CSA) 
is linked with opioid treatment. Auto servo-ventilation (ASV) is an ef-
fective treatment for CSA but treatment adherence is low. The aim of 
this study was: 1) to determine which factors predict the development 

of CSA in these patients; and 2) to determine if sleep, respiratory or 
psychosocial factors are linked with greater ASV treatment adherence.
Methods: This multicenter study recruited chronic pain participants 
prescribed with ≥ 100 morphine equivalents for at least 4 months. Par-
ticipants underwent polysomnography and those with CSA received 
ASV treatment. Pain levels, daytime sleepiness and fatigue, and psy-
chological and social well-being were investigated using question-
naires.
Results: Linear Regression Analysis (R2 = 0.414) identified age 
(p = 0.02) and the total dosage of Morphine Equivalents (MEQ) 
(p = 0.003) as being significant predictors of the severity of CSA, as 
determined using the central apnea index, in chronic pain takings on 
opioid therapy. After controlling for age with Hierarchical Regression, 
the relationship between Morphine Equivalent dosage and severity of 
CSA was no longer significant (p = 0.124). Sleep onset latency (SOL) 
was significantly shorter (p = 0.01) and apnea-hypopnea index (AHI) 
and oxygen desaturation index (ODI) were more severe (p = 0.02 and 
0.01, respectively) in those who were more adherent to ASV therapy. 
However, regression analyses failed to identify SOL, AHI or ODI as 
being significantly predictive of increased treatment adherence to ASV 
therapy.
Conclusion: Our study points to high MEQ dosage and older age as 
co-predictors of the development of CSA in chronic pain patients on 
opioid therapy. Age has a modifying effect on the relationship between 
MEQ dosage and the development of CSA. Those patients who were 
adherent to ASV treatment had shorter SOL and increased AHI and 
ODI, but were not found to be predictive of greater ASV treatment 
adherence.
Support (If Any): This study received support from Philips Respiron-
ics Inc.

0453
FEASIBILITY, QUALITY AND VALUE OF INPATIENT 
PORTABLE SLEEP TESTING (IPST) IN A PUBLIC 
ACADEMIC HOSPITAL
Moussa A1, Girgis G1, DeCruz S2, Deutsch P3, Wallace J1

1Olive View-UCLA Sleep Medicine Center, Sylmar, CA, 2David 
Geffen School of Medicine at UCLA, Los Angeles, CA, 3Department 
of Computer Science, UCLA, Los Angeles, CA

Introduction: Sleep breathing disorders (SBD) are associated with 
major co-morbidities and high hospitalization rates. SBD diagnostic 
testing is usually deferred in hospitalized patients until after discharge. 
We compared IPST and home sleep testing (HST) to confirm our hy-
pothesis that IPST is feasible and provides similar quality and value 
as HST.
Methods: Overnight IPST was performed in 2-bed ward rooms, ICU 
or Stepdown units (SDU) with routine nursing care and supplemental 
oxygen determined by the hospital team. HST was performed in pa-
tient homes with device set-up and next-day interpretation at the Sleep 
Center. Stardust II (Philips) or Noxturnal T3 (Carefusion) devices were 
used. Tracings were autoscored and edited using standard AASM 
criteria for apneas and alternative criteria for hypopneas (50% flow 
rate/3% SaO2 reduction). Comparisons were made using Bonferroni 
corrected student-t tests and normally approximated Z-tests.
Results: During July 2012–July 2013, 77 IPST were ordered; 64 (83%) 
were completed in ward rooms 59 (92%), ICU 3 (5%) or SDU 2 (3%). 
During January 2013-June 2014, 185 HST were performed. IPST vs the 
HST group (mean ± SD) had similar age (52.6 ± 12.6 yr vs 48.9 ± 11.8 
yr), but greater BMI (40.4 ± 10.5 vs 36.7 ± 9.1; p = 0.004) and male 
composition (57% vs 44%; (p = 0.04). Compared to HST, IPST had 
fewer days from order to completion (0 vs 18); more inadequate stud-
ies (19% vs 6%, (p = 0.003)); more frequent concurrent supplemental 
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O2 (8% vs 0%); greater respiratory effort indices (REI) (45.4 ± 27.3/
hr vs 33.3 ± 27.1/hr, p = 0.005), lower SaO2 nadirs (68.7 ± 10.9% vs 
77 ± 13.1%, p < 0.001), and were more frequently diagnostic (75% vs 
62%, p = 0.02). IPST resulted in a similar proportion of CPAP prescrip-
tions as HST (86% vs 87%), but higher CPAP acceptance (92% vs 79%, 
p = 0.002).
Conclusion: IPST is feasible and provides useful results, despite a 
greater proportion of inadequate tracings. Higher IPST REIs and diag-
nostic rates and lower SaO2 nadirs may indicate greater SBD severity 
in the inpatients.
Support (If Any): ASMF Humanitarian Award

0454
HOME SLEEP TESTING IN PATIENTS SUSPECTED TO 
HAVE OBSTRUCTIVE SLEEP APNEA: AN OUTCOMES 
STUDY
Kapoor M, Greenough GP
Dartmouth Hitchcock Sleep Disorders Center, Lebanon, NH

Introduction: The American Academy of Sleep Medicine (AASM) 
recommends that a home sleep test (HST) should only be performed 
in patients with a high pretest probability for moderate to severe ob-
structive sleep apnea (OSA). In the current healthcare environment, 
however, many patients suspected to have OSA are steered by their 
healthcare insurance companies towards having a HST irrespective of 
their pretest probability. The purpose of this study was to look at the 
outcomes under this testing paradigm.
Methods: This was a retrospective study performed at Dartmouth 
Hitchcock Sleep Disorders Center. All patients who underwent a HST 
in 2013–2014 irrespective of their pre-test probability of having OSA 
were included in this study. All HSTs were performed using equip-
ment which measured respiratory airflow, respiratory effort, and oxy-
gen saturation. Hypopneas on the HST were scored using the 4% rule 
and those on the polysomnogram (PSG) were scored using the 3% and 
arousal rule.
Results: 133 patients underwent a HST. Of these, 90 (67.67%) met the 
criteria for OSA on the HST and 43 (32.33%) did not. These 43 pa-
tients were advised to undergo an in-laboratory PSG. Only 27 of the 
43 (62.79%) eventually ended up undergoing an in-laboratory PSG. Of 
these, 25 (92.6%) met the criteria for obstructive sleep apnea.
Conclusion: Performing a HST in all patients suspected to have OSA 
irrespective of their pretest probability can result potentially in a sig-
nificantly elevated number of false negatives.

0455
RATE OF ABNORMAL POLYSOMNOGRAM AFTER 
NORMAL PORTABLE MONITORING STUDY
Antonio RL, Sultan-Ali I, Freire AX
University OF Tennessee, Memphis, TN

Introduction: Portable monitoring is becoming a more common prac-
tice of diagnosing sleep apnea. In this retrospective chart review, we 
analyzed patients with a normal portable monitoring study who then 
underwent further testing with fully attended in-lab polysomnogram.
Methods: Patients were referred to the Memphis VA Sleep Health 
Center from primary care, specialty, and Community Based Outpa-
tient Clinics (CBOC), with complaints of snoring and daytime sleepi-
ness. Patients at high risk for obstructive sleep apnea (age, male gender, 
body mass index, and daytime sleepiness) and had limited comorbidi-
ties, were screened and setup with portable monitoring. From July 2013 
to August 2014, 13 patients (9 males, 4 females) underwent unattended 
portable monitoring to evaluate for the presence of sleep apnea, that 
was then followed with fully monitored in-lab polysomnography.

Results: Sleep apnea was defined with an apnea-hypopnea index of > 5 
events per hour in symptomatic patients. In the subsequent fully at-
tended polysomnograms, 38% (5) of them were abnormal and consis-
tent with sleep apnea.
Conclusion: The presence of sleep apnea can be missed with portable 
monitoring for patients with high probability for sleep apnea. There-
fore, fully monitored polysomnograms should follow normal portable 
monitored studies in patients with a high probability for sleep disor-
dered breathing.

0456
A CONTACTLESS SYSTEM FOR RESPIRATORY EVENT 
IDENTIFICATION
Nandakumar R1, Gollakota S1, Watson NF2

1Univesity of Washington, Seattle, WA, 2University of Washington 
School of Medicine, Seattle, WA

Introduction: Home sleep apnea testing is cumbersome with high 
failure rates. We developed a mobile, contactless system capable of ac-
curately identifying sleep related respiratory events.
Methods: We designed an active sonar system on an “off-the-shelf” 
smartphone that transmits inaudible sound signals and measures min-
ute changes in their reflections to monitor abdominal breathing effort 
and limb movements. We use body movements to ascertain total sleep 
time and variability in breathing effort signal to identify apnea events. 
An automated algorithm identifies the absence of breathing effort for 
10 seconds as central apnea, a decrease in breathing effort beyond a 
threshold (30%) for 10 seconds as hypopnea, and a sudden increase in 
breathing effort due to absence of airflow for 10 seconds as obstructive 
apnea. We categorized subjects into four groups by apnea-hypopnea 
index (AHI): no apnea (< 5), mild apnea (5–15), moderate apnea (16–
30), and severe apnea (> 30).
Results: We tested 37 patients (17 female and 20 male, median age = 51) 
undergoing in-laboratory polysomnography or CPAP titration at UW 
Medicine Sleep Center at Harborview. We placed a phone in one corner 
of the bed during the sleep study and then compared device generated 
respiratory events with events identified by polysomnography. Our al-
gorithm defined respiratory events were highly correlated with manual 
scoring with an ICC of 0.9978 for central apnea, 0.9582 for hypopnea 
and 0.9863 for obstructive apnea (all p < 0.00001). The average error 
in AHI computation was 1.9 events/hour. We accurately classified 32 
out of 37 patients between the four-apnea groups with four out of the 
five misclassifications occurring at the clinically ambiguous boundary 
between no-apnea and mild-apnea (AHI error < 1 event/hour). Mean 
and median total sleep time discrepancy with polysomnography was 
36 and 27 minutes.
Conclusion: Our system accurately identifies respiratory events using 
an “off-the-shelf” smartphone in a contactless manner.

0457
CLINICAL CHARACTERISTICS OF PATIENTS WITH 
REM-ONLY OBSTRUCTIVE SLEEP APNEA
Rishi MA, Sevilla Berrios R, Olson E, Morgenthaler T, Selim BJ
Mayo Clinic, Rochester, MN

Introduction: A new operational definition for REM associated OSA 
has emerged, i.e., AHI in non REM sleep of fewer than 5 events/h and 
an AHI in REM of at least 5 events/h with at least 30 minutes of REM 
sleep (so called REM only OSA). Its clinical utility, however, remains 
unclear.
Methods: The cohort (n = 400) consists of consecutively referred pa-
tients to Mayo Clinic Sleep Laboratory for suspected diagnosis of sleep 
disordered breathing. We compared clinical and polysomnographic 
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features among patients with REM only OSA, REM-related OSA (total 
AHI > 5, REM AHI/NREM AHI > 2 and NREM AHI ≤ 15), non-stage 
OSA and patients without OSA.
Results: Of the 400 referred patients, 41 patients (10.2%) were classi-
fied as REM only OSA, 95 (23.7%) as REM related OSA, 251 (62.7%) 
as non-stage OSA and 81 (20.2%) as without OSA. When compared 
to patients without OSA, patients with REM only OSA were older 
(51.3 ± 12.5 vs 44 ± 16, p = 0.01), predominant male (46.2% vs 34.5%, 
p = 0.1), and had a higher BMI (31.6 ± 7.5 vs 29 ± 6.5, p = 0.05).They 
had lower mean oxygen saturation (%; 93.3 ± 1.7 vs 94.8 ± 1.7, p < 0.01), 
spent longer time with oxygen saturation < 90% (min; 5.2 ± 11.2 vs 
2.1 ± 9.4, p < 0.01), and had higher respiratory effort related arousal 
index (7.3 ± 4.5 vs 5.4 ± 6.4, p < 0.01). There was no difference when 
comparing neck circumference, Epworth sleepiness score (ESS) and 
mean arterial pressure between the two groups. Patients with REM 
only OSA had a higher disease burden based on Charlson Index at pre-
sentation and at 36 months (2.6 ± 2.0 vs 1.9 ± 1.9, p = 0.04 and 3.3 ± 2.3 
vs 2.3 ± 2.1, p = 0.02) respectively.
Conclusion: The new definition of REM only OSA identifies a popu-
lation of patients with unique clinical characteristics, and higher co-
morbidity burden which may worsen if left unaddressed. Classic OSA 
clinical predictors such as neck circumference and ESS cannot differ-
entiate them from those without OSA.

0458
PRESENCE OF MANDIBULAR TORI AS A DIAGNOSTIC 
PRECURSOR TO OBSTRUCTIVE SLEEP APNEA
Reich D Emsellem HA
The Center for Sleep & Wake Disorders, Chevy Chase, MD

Introduction: Obstructive sleep apnea (OSA) is a disorder character-
ized by repetitive upper airway obstructions during sleep. We aimed 
to investigate whether any correlation exists between the presence of 
mandibular tori and OSA. The presence of mandibular tori, lingual 
exotoses on the jaw, is currently considered a primarily clinical finding 
with no necessary treatment. While multiple hypotheses exist as to the 
etiology of tori and other buccal exotoses, very little research exists as 
to the correlation between torus mandibularis and a diagnosis of OSA.
Methods: Participants were new patients in a clinical sleep practice 
seen from August 1, 2013 until December 1, 2014 (n = 886). All pa-
tients were screened for the presence of mandibular tori. Patients who 
presented with mandibular tori were compared with all new patients in 
the time period. Gender and average baseline apnea hypopnea indices 
(AHI) were compared among those patients with mandibular tori.
Results: In the time period between August 1, 2013 and December 1, 
2014, 886 patients were seen, 1.69% presented with mandibular tori (9 
male, 6 female). Of those patients with mandibular tori, 93% were diag-
nosed with OSA, with an AHI of 28.9 events/hour, as observed during 
in-lab baseline overnight polysomnography or via portable home sleep 
test. 80% of these patients were diagnosed with at least moderate OSA 
(AHI > 15), with 53% receiving a diagnosis of severe OSA (AHI > 30).
Conclusion: While a small proportion of the patient population pres-
ents with mandibular tori, more than half of those patients had severe 
OSA. Though this provides compelling evidence of a positive correla-
tion between torus mandibularis and OSA, more research is required to 
determine the mechanism underlying the link between these disorders.

0459
A MULTI-CENTER STUDY ON APPLICATION OF 
TRIPLE MEASURING NECK CIRCUMFERENCE, BODY 
MASS INDEX AND EPWORTH SLEEPINESS SCALE IN 
PREDICTING THE OCCURRENCE OF OSA IN SNORING 
POPULATION IN GUANGXI REGION IN CHINA
Liu J1, Pan F1, Xie Y1, Liang X 2, Wang F3, Zhou Y4

1People’s Hospital of Guangxi Zhuang Autonomous Region, Nanning, 
China, 2The Second Hospital of Guilin Medical University, Guilin, 
China, 3People’s Hospital of Liuzhou, Liuzhou, China, 4The Affiliated 
Hospital of Guilin Medical College, Guilin, China

Introduction: To study the correlation between the neck circumfer-
ence (NC), body mass index (BMI), Epworth sleepiness scale (ESS) 
and the occurrence of obstructive sleep apnea (OSA) in individuals 
with snoring or OSA.
Methods: A cohort of subjects with snoring was consecutively en-
rolled from May 2009 to June 2014 in four hospitals in Guanxi region 
in China. They all received physical examination including measuring 
NC, BMI and ESS; and underwent polysomnography. The relationship 
between the apnea-hypopnea index (AHI and the parameters of NC, 
BMI, ESS in the subjects with OSA and those with snore but without 
OSA were analyzed. Determined by SPSS’s Optimal Binning methods, 
the cutoff-points and the logistic regression coefficients were NC ≥ 38.5 
cm (3 points), BMI ≥ 25.7 kg/m2 (5 points), ESS ≥ 9 points (1 value) 
for males and NC ≥ 34.5 cm (5 points), BMI ≥ 24.5 kg/m2 (2 points), 
ESS ≥ 7 points (1 value) for females. The integral value was obtained 
according to the receiver operating characteristic (ROC) curve.
Results: A total of 2803 subjects, 2366 males and 437 females, were 
included. A positive correlation between the parameters of AHI and 
NC, BMI or ESS was obtained in both the males (r = 0.389, 0.485, 
0.293, respectively, all P < 0.001) and females (0.386, 0.439, 0.291, all 
P < 0.001). High sensitivity (71.4%; 73.3%), specificity (65.5%; 63.6%) 
and positive predictive value (91.1%; 66.3%) in the prediction of the 
occurrence of OSA could be achieved if the integral value was ≥ 6 in 
males or ≥ 3 in females.
Conclusion: A positive correlation between AHI and NC, BMI and 
ESS was demonstrated. Triple measurements of NC, BMI and ESS 
may aid in predicting the occurrence of OSA in snoring populations, 
particularly in males.
Support (If Any): This research was supported by the National Natu-
ral Science Foundation of China (No. 81160014) and the Natural Sci-
ence Foundation of Guangxi (No. 0991211)

0460
SLEEP APNEA EVENT IDENTIFICATION ALGORITHM 
USING THORACIC-ABDOMINAL MOTION
Lin Y1, Lo Y2,3, Lai P2, Huang S2, Wang C1, Huang P1, Huang Y1

1Department of Electronic Engineering, National Tsing Hua 
University, Hsinchu, Taiwan, 2Department of Thoracic Medicine, 
Chang-Gung Memorial Hospital, Taipei, Taiwan, 3Chang-Gung 
University, School of Medicine, Taoyuan, Taiwan

Introduction: To construct an algorithm which can determine the 
sleep apnea and hypopnea events by using thoracic (THO) and abdomi-
nal (ABD) motion signal measured by Polysomnography (PSG).
Methods: Considering the THO and ABD signals are majorly counter-
phase while an obstructive seep apnea (OSA) event is happening, the 
correlation-calculating method is used to detect whether the phase of 
THO and ABD signals are in-phase or counter-phase. The THO and 
ABD signals became vibrating little and in-phase as a central sleep 
apnea (CSA) event occurs. Chirp z-tranform (CZT) analysis method is 
applied to get the frequency of THO and ABD signals and a threshold 



SLEEP, Volume 38, Abstract Supplement, 2015A165

B. Clinical Sleep Science I. Sleep Disordered Breathing

is set to distinguish normal and CSA condition. That THO and ABD 
signals turn smaller than usual as a hypopnea event occurs is known, 
so maximum value detection (MVD) is used to find the event. The 
identification algorithm is built by combining the above methods, cor-
relation, CZT, and MVD, to detect OSA, CSA, and hypopnea events. 
The constructed sleep apnea event identification algorithm (SAEIA) is 
applied to 6 snorers and 57 sleep apnea syndrome patients receiving 
standard PSG study, thirty for parameter-training and thirty-three for 
verification.
Results: Four estimation indexes, accuracy, sensitivity, specificity and 
precision, are referred to estimate performance of the SAEIA. The 
number of events identified by SAEIA is used to calculate the assessed 
apnea-hypopnea index (AHI). Patients with AHI smaller than 15 is de-
fined as mild; otherwise, they are defined as severe. Comparing the as-
sessed severity with severity recognized by medical experts, it shows 
accuracy 84.85%, sensitivity 84.21%, specificity 90.91%, and precision 
94.12% in parameter-training group and accuracy 80%, sensitivity 
80%, specificity 80%, and precision 88.89% in verification group.
Conclusion: The constructed SAEIA can distinguish the severity of 
patients’ sleep apnea/hypopnea. It is both helpful for doctor to give a 
primary diagnosis and for engineers to build a home-caring system.

0461
THREE-DIMENSIONAL EVALUATION OF THE UPPER 
AIRWAY WITH MAGNETIC RESONANCE IMAGING 
IN JAPANESE PATIENTS WITH OBSTRUCTIVE SLEEP 
APNEA
Moriwaki H
Toho University Ohashi medical Center, Meguro-ku,Tokyo, Japan

Introduction: To better understand risk factors for obstructive sleep 
apnea (OSA), its pathogenesis must be investigated. Although various 
studies, including nasal pharyngoscopy, fluoroscopy, cephalometry, 
and computed tomography have been used to examine the upper air-
way in patients with OSA, upper airway soft tissue is most accurately 
visualized with magnetic resonance imaging (MRI). Some 2-dimen-
sional MRI studies have shown a relationship between the severity of 
OSA and the soft tissues of the upper airway but few 3-dimensional 
studies of Japanese patients with OSA have been performed.
Methods: Three-dimensional volumetric studies were performed to 
evaluate the relationship between the severity of OSA and the volume 
of the pharyngeal wall, upper airway, tongue, and parapharyngeal fat 
pads. Polysomnography and upper airway MRI were performed for 83 
patients (59 men and 24 women; mean age, 50 years; mean body-mass 
index, 25.7 kg/m2; apnea-hypopnea index, 26.4 events/hour), and the 
volumes of the pharyngeal wall, upper airway, tongue, and parapha-
ryngeal fat pads from the rostral hard palate to the tip of epiglottitis 
were analyzed. The volumetric measurements were obtained with the 
software program Virtual Place (AZE Ltd., Tokyo), and volumes were 
calculated through interpolation of contiguous axial data sets.
Results: On multiple regression analysis, variables identified as inde-
pendent risk factors for OSA were patient age and the volumes of the 
tongue and the parapharyngeal fat pads. In addition, independent risk 
factors for OSA in nonobese patients (body-mass index < 25 kg/m2) 
were age and the volume of the parapharyngeal fat pads.
Conclusion: Our results suggest that tongue volume is a risk factor in 
patients with OSA, but in nonobese patients, tongue volume is not a 
risk factor. Three-dimensional studies provide abundant information 
about the volume of the upper airway and soft-tissue structures and 
indicate upper-airway risk factors for OSA.

0462
ASSOCIATION BETWEEN SERUM BIOMARKERS AND 
OBSTRUCTIVE SLEEP APNEA
Fleming WE1, Ferouz-Colborn A 2, Samoszuk MK 3, Azad A1, 
Cruz AB3, Voyer S1, Bray KR 3, Southwick PC3

1Sleep Center Orange County, Irvine, CA, 2San Diego Sleep and Sinus 
Clinic, Encinitas, CA, 3Beckman Coulter, Inc., Brea, CA

Introduction: There is a large unmet need for biomarkers to identify 
individuals with possible obstructive sleep apnea (OSA). Diagnosis 
is currently based upon overnight polysomnography, and patients are 
often not referred for this definitive testing. Because OSA is linked 
to hypertension, heart disease, stroke, memory decline, diabetes, obe-
sity and metabolic syndrome, it is important to identify those persons 
who should be referred to a sleep center. Here we present data that 
demonstrates an association between OSA and various metabolic and 
endocrine biomarkers.
Methods: A multicenter prospective trial was conducted enrolling 
symptomatic patients with suspected OSA. All subjects underwent a 
diagnostic sleep study. A non-symptomatic control group was also ob-
tained from a separate Healthy Controls study. Eleven biomarkers were 
tested: HbA1c, CRP, IL-6, uric acid, EPO, cortisol, hGH, prolactin, tes-
tosterone, DHEA (Beckman Coulter UniCel DxC 600i Synchron® Ac-
cess® Clinical Systems), and IGF-1.
Results: A total of 128 subjects have been enrolled in this ongoing 
study. Of these, 26 were diagnosed with moderate to severe OSA. 
OSA is more prevalent in males, and a Receiver Operating Charac-
teristic (ROC) curve analysis of results from male subjects (n = 70) 
was performed. Areas Under the Curve (AUCs) were > 0.70 for HbA1c 
and CRP. AUCs were > 0.60 for uric acid, IL-6, and EPO. AUCs 
were > 0.60 for gender-specific markers (prolactin, testosterone, 
DHEA). AUCs were > 0.50 for hGH, IGF-1, and cortisol. Many of the 
OSA subjects were pre-diabetic (A1c > 5.7%), with high cardiovascular 
risk (CRP > 0.3). Individual biomarkers performed better or worse in 
specific clinical subgroups, e.g. A1c achieved wide group separation in 
obese subjects (p < 0.05), as did CRP in non-obese subjects (p < 0.01).
Conclusion: Our results identified promising biomarkers that may be 
useful in the diagnosis of patients with OSA.
Support (If Any): This work was supported by a research grant from 
Beckman Coulter (Brea, California).

0463
RISK OF OBSTRUCTIVE SLEEP APNEA AMONG 
BLACKS WITH METABOLIC SYNDROME
Zaheer S1, Rogers A 2, Racine C3, Donat M3, Pandi-Perumal SR 2, 
Zizi F2, Ogedegbe O2, Jean-Louis G2

1SUNY Downstate College of Medicine, Brooklyn, NY, 2Center 
for Healthful Behavior Change (CHBC), Department of Population 
Health, NYU School of Medicine, NY, 3SUNY Downstate 
Department of Family Medicine, Brooklyn, NY

Introduction: The metabolic syndrome (MetS) and its components, 
which include hypertension, diabetes, dyslipidemia, and obesity, have 
been linked to obstructive sleep apnea (OSA). Blacks bear a greater 
burden of the metabolic syndrome risk factors and are generally at a 
greater risk for OSA than their white counterparts. This study aimed 
to determine whether Blacks with MetS are at a significantly increased 
risk for OSA than those without. It also ascertained which MetS com-
ponent is the greatest predictor of OSA risk.
Methods: A total of 1,035 participants with metabolic syndrome (ages 
20–90, mean = 55.7 years; male/female ratio = 1:2.19) and 516 with-
out metabolic syndrome (ages 20–91, mean = 62.4 years; male/female 
ratio = 1:2.57) were enrolled. They provided sociodemographic and 
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anthropometric data. OSA risk was assessed using the Apnea Risk 
Evaluation System (ARES™); patients with a score ≥ 6 were consid-
ered at high OSA risk, based on validation studies. Multivariate-adjust-
ed logistic regression was used to model OSA risk with MetS status as 
the primary outcome. The model also considered the contribution of 
hypertension, diabetes, dyslipidemia, and obesity, while controlling for 
differences in sex, birthplace, income, and education.
Results: MetS was associated with an increased risk for OSA 
(OR = 3.85, 95% CI: 2.70–5.48). Diabetes (OR = 2.31, 95% CI: 1.77–
3.01) and obesity (OR = 3.35, 95% CI: 2.12–5.28) were the strongest 
predictors of increased risk. Of note, the risk of OSA decreased slightly 
with increasing age (OR = 0.97, 95% CI: 0.96–0.98). Education, fam-
ily income, birthplace and sex did not have significant effects on these 
associations (p > 0.05).
Conclusion: These findings suggest that a diagnosis of MetS increases 
risks of OSA independent of the effects of MetS components (diabe-
tes or obesity). Patients with metabolic syndrome, diabetes, or obesity 
should be routinely assessed for OSA risk and treated appropriately to 
improve overall health and quality of life.
Support (If Any): This research was supported by funding from the 
National Institutes of Health (R01MD004113, R01MD007716, and 
R01HL095799).

0464
DATA FROM FINGER PULSE OXIMETRY AND FROM 
LIMITED CHANNEL MONITORING WITH AIRFLOW 
AND FOREHEAD OXIMETRY DIFFER DEPENDING ON 
PARAMETERS BEING ASSESSED
Gumb T1, Twumasi A1, Alimokhtari S2, Perez A 2, Black K 2, 
Rapoport DM1, Sunderram J2, Ayappa I1

1NYU Schoold of Medicine, New York, NY, 2Rutgers Robert Wood 
Johnson Medical School, Piscataway, NJ

Introduction: The ARES Unicorder is a limited channel monitor with 
forehead reflectance oximetry, airflow and movement channels and has 
good agreement with polysomnography for diagnosis of OSA. The No-
nin Finger pulse oximeter (Nonin) is widely used in screening for OSA. 
We compared these devices for evaluating sleep disordered breathing 
in a non-sleep clinic population with a low pre-test probability of OSA.
Methods: 146 subjects (87 Male/13 Female, BMI = 30.5 ± 5.8 kg/m2, 
age = 52.8 ± 9.1) recruited without regard to OSA symptoms used the 
Nonin and ARES simultaneously for 2 nights (n = 270). Automated 
analysis of the Nonin yielded ODI (4% O2 dips/hr) and Pulse Event 
Index (change in rate of 6 bpm). Automated analysis with manual edit-
ing of ARES yielded AHI4% (hypopneas defined by 4% desaturation) 
and RDI (hypopneas defined by 4% desaturation or arousal surrogates).
Results: 7.8% (n = 21) of studies were excluded for < 2 hrs of data on 
either device (6.6% Nonin; 2.2% ARES). Correlation between Nonin_
ODI and ARES_AHI4% was high (ICC = 0.89, bias ± SD = −0.71 ± 0.64). 
Correlation between Nonin_Pulse_Event_Index and ARES_RDI was 
low (ICC = 0.14). There were significant differences in reported O2 
time below 90% between the Nonin and ARES oximeters (ICC = 0.26, 
bias ± SD = 6.52 ± 13.61). The definition of OSA affected results. Using 
ARES as the gold standard: for ARES_AHI4% > 5/hr, the sensitivity of 
Nonin_ODI > 5 = 91.5% and specificity = 66.6%; for ARES_RDI > 5/
hr, the sensitivity of Nonin_ODI > 5 = 73.3% and specificity = 100%; 
for ARES_RDI > 15/hr, the sensitivity of Nonin_ODI > 5 = 86.1% and 
specificity = 61.5%.
Conclusion: In this non-sleep clinic population, both devices had low 
data loss. Nonin_ODI is a good surrogate for ARES_AHI4%. How-
ever significant differences were seen in O2 time below 90% between 
devices likely due to differences in oximeter type. Oximetry alone 
showed adequate sensitivity for diagnosis of OSA using most ARES 

definitions for OSA. However specificity was modest at 61–67%. The 
intended use of the data should be considered when using oximetry 
alone for evaluation of sleep disordered breathing.
Support: NIOSH/CDC U01OH010415, NIH K24 grant HL109156

0465
RETHINKING AASM GUIDELINE FOR SPLIT-NIGHT 
POLYSOMNOGRAPHY IN ASIAN PATIENTS WITH 
OBSTRUCTIVE SLEEP APNEA
Kim D1, Kim K 2, Choi S2

1Hallym University College of Medicine, Chuncheon, Korea, 
Republic of, 2Hanyang University, Seoul, Korea, Republic of

Introduction: Split-night polysomnography (SN-PSG) provides both 
a diagnosis and titration of continuous positive airway pressure over a 
single-night in patients with suspected obstructive sleep apnea (OSA). 
However, in Asian patients, the diagnostic validity of American Acad-
emy of Sleep Medicine (AASM) guidelines for SN-PSG remains 
uncertain. Therefore, we examined whether the current criteria for 
SN-PSG are available in Asian patients.
Methods: We investigated 134 consecutive patients who were diag-
nosed with OSA (AHI ≥ 5). We divided the raw data (full-night study) 
into two parts and compared the first 2 hours of sleep with the full-
night sleep to evaluate the diagnostic precision and accuracy of the first 
2 hours of sleep.
Results: No difference in AHI was observed between the first 2 hours 
and the full night of sleep. A significant correlation of AHI was ob-
served between the first 2 hours and the full night of sleep for severe 
OSA patients (AHI ≥ 30). A correlation coefficient of AHI was higher 
by the criteria of AHI ≥ 30 than by the criteria of AHI ≥ 40 (r = 0.831 
and r = 0.778, respectively), which is the current criteria for SN-PSG. 
Moreover, the diagnostic accuracy was the same for both criteria 
(87.3%).
Conclusion: This study found the possible evidence of the different 
diagnostic criteria for SN-PSG in Asian population. Therefore, we sug-
gest that further studies from other Asian populations will be neces-
sary to confirm this issue before modifying the current guideline for 
SN-PSG.

0466
SUPINE SLEEP DURING POLYSOMNOGRAPHY AND 
THE DIAGNOSIS OF OBSTRUCTIVE SLEEP APNEA
Dandan AG1, Dettenmeier PA 2, Chang J2, Espiritu J1

1Saint Louis University Hospital, Saint Louis, MO, 2Saint Louis 
University, Saint Louis, MO

Introduction: Since the supine position worsens obstructive sleep 
apnea (OSA) by promoting upper airway collapse, patients may avoid 
supine sleep in order to mitigate its effects. However, the avoidance of 
supine sleep during polysomnography (PSG) may result in a missed 
diagnosis of OSA. This study aims to examine the association between 
the absence/presence of supine sleep and the diagnosis of OSA during 
PSG.
Methods: This cross-sectional analysis of a prospective cohort study 
analyzed the demographic, anthropometric, and PSG results on 243 
patients who underwent PSG for suspected OSA. The crude and ad-
justed association between the absence/presence of supine sleep and 
OSA diagnosis during PSG was determined using Pearson Chi-square 
(χ2) testing and binary logistic regression model fitting, respectively.
Results: Adult patients suspected of OSA who had no supine sleep 
during PSG had statistically significantly lower odds [crude odds ratio 
(OR) = 0.263, 95% CI: 0.085, 0.816, p = 0.014] of being diagnosed with 
OSA compared to those who achieved some supine sleep. This asso-
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ciation remained robust despite adjusting for known confounders such 
as age, BMI, and comorbid coronary heart disease (CHD) [adjusted 
OR = 0.137, 95% CI: 0.038, 0.483, p = 0.002].
Conclusion: Absence of supine sleep during PSG reduces the odds of 
an OSA diagnosis, even after adjusting for age, BMI, and CHD. Sleep 
laboratory policies should incorporate protocols that encourage pa-
tients to achieve some supine sleep in order to facilitate OSA diagnosis.

0467
BIOMARKERS ASSOCIATED WITH OBSTRUCTIVE 
SLEEP APNEA AND MORBIDITIES: A SCOPING 
REVIEW
De Luca Canto G1,2, Pacheco-Pereira C2, Aydinoz S3,4, Major PW2, 
Flores-Mir C2, Gozal D3

1Federal University of Santa Catarina, Florianopolis, SC, Brazil, 
2School of Dentistry, University of Alberta, Edmonton, AB, Canada, 
3Department of Pediatrics, The University of Chicago, Chicago, IL, 
4Gulhane Military Medical Academy, Istanbul, Turkey

Introduction: Several different morbidity biomarkers have been pro-
posed for obstructive sleep apnea and its morbid consequences over the 
last decade. However, critical evaluation has thus far been conducted to 
understand what we know about the use of biomarkers in the identifica-
tion and management of obstructive sleep apnea-associated morbidi-
ties. Therefore, the purpose of this research was to perform a scoping 
review of the potential predictive value of biomarkers in both adults 
and children.
Methods: A literature search using scoping review operational guide-
lines was conducted. Retained articles were only those studies whose 
main objective was to identify morbidity biomarkers in subjects with 
obstructive sleep apnea, the latter being confirmed with a full over-
night polysomnography in a laboratory or at-home settings. The 
methodology of the selected studies was classified using an adapta-
tion of the evidence quality criteria recommended by the American 
Academy of Pediatrics. Additionally, the biomarker clinical application 
was classified as (1) potential clinical biomarker(s) of obstructive sleep 
apnea-morbidity; (2) inconclusive for clinical biomarker of obstructive 
sleep apnea-morbidity, and (3) evidence not supportive as potential 
biomarker(s).
Results: 572 citations were identified of which 48 met inclusion crite-
ria. Thirty-four studies were conducted in adults and 14 involved chil-
dren. Most of the studies evaluated blood biomarkers, and presented 31 
potential biomarkers.
Conclusion: Of the potentially promising morbidity biomarkers, plas-
ma IL-6 and CRP appear to exhibit a favorable profile, and may dis-
criminate obstructive sleep apnea adults with and without morbidities 
(cardiovascular disease, cerebrovascular disease, fatigue, lung injury), 
as well as MRP 8/14 in children with endothelial or end-organ dysfunc-
tion. Urinary neurotransmitters may also provide a valuable tool for 
screening cognitive and behavioral deficits in obstructive sleep apnea 
children.
Support (If Any): David Gozal is supported by NIH grant HL65270-
12.

0468
A NEW APPROACH TO SCORING SLEEP DISORDERED 
BREATHING
Sankari A1, Pranathiageswaran S2, Maresh S2, Badr M1

1John D. Dingell VA Medical Center, Detroit, MI, 2WSU, Wayne State 
University, MI

Introduction: Scoring of hypopnea requires the presence of physi-
ologic consequences, namely de-saturation or arousal. However, the 

magnitude of de-saturation may depend on weight and baseline pul-
monary function. The objectives of this study were (1) to determine 
whether respiratory events that do not meet the hypopnea definition 
are associated with physiological consequences including heart rate 
changes, (2) to determine the effect of positive airway pressure (CPAP) 
on these respiratory events and the normalization of associated heart 
rate changes.
Methods: Eleven symptomatic patients [5 females; age 42.8 ± 14.3 
years; BMI 28.0 ± 3.6 kg/m2] completed battery of questionnaires [Ep-
worth sleepiness scale (ESS), Pittsburgh sleep quality index (PSQI), 
and fatigue severity scale (FSS)] and polysomnography. Hypopneas 
(H) was scored using AASM 2012 criteria and 30% drop in flow with-
out de-saturations were scored as respiratory events (RE) to calculate 
the respiratory event index (REI). Each event was assessed for ventila-
tion (VE) and R-R interval (RRI). Seven patients with SDB underwent 
CPAP titration.
Results: Majority of patients had sleep related symptoms 
(ESS = 13.3 ± 5.1, PSQI = 9 ± 7.9, FSS = 35.8 ± 17.7). 8 (73%) patients 
had AHI > 5 events/h vs. 11 (100%) patients had REI > 5 events/h. 
VE decreased significantly during H and RE compared to baseline 
(6.5 ± 1.1 vs. 4.0 ± 0.8 L/min and 7.2 ± 1.4 vs. 4.2 ± 0.8 L/min, respec-
tively, P < 0.05). RRI dropped significantly following H (929.4 ± 146.1 
vs. 804.8 ± 112.3 ms for event beginning and nadir RRI, respectively, 
P < 0.05) and RE (926.9 ± 152.9 to 801.7 ± 119.1 ms for event begin-
ning and nadir RRI, respectively, P < 0.05) but no difference in nadir 
RRI between H and RE (P = NS). On PAP titration, 7 patients with 
SDB were treated until normalization of AHI and REI (CPAP = 8 ± 2.4 
cmH2O).
Conclusion: Our findings suggest that 30% drop in flow is associated 
with significant drop in ventilation and RRI, and can be corrected by 
CPAP. Using the current definition of hypopnea may miss significant 
number of respiratory events with immediate physiologic consequenc-
es. Future studies to assess possible long-term outcomes from these 
respiratory events are needed.
Support (If Any): The study was funded by the U.S. Department of 
Veterans Affairs R&D Awards # 1I01CX001040 and # 1IK2CX000547.

0469
EFFECTS OF HYPONEA SCORING GUIDELINES ON 
MILD OSA DIAGNOSIS
Pham HT, Young D, Upender R, Malow B, Bagai K
Vanderbilt University, Nashville, TN

Introduction: Obstructive sleep apnea (OSA) treatment may not only 
improve subjective quality of life but also decrease risk for co-morbid 
conditions. Diagnosis and treatment of OSA has been complicated 
by multiple criteria for hypopnea scoring. Given that more stringent 
Medicare criteria (AHImed) are increasingly being adopted, possibly 
decreasing OSA diagnosis and treatment, comparison to the “alterna-
tive” American Academy of Sleep Medicine (AASM) criteria (AHIalt) 
is warranted.
Methods: AHImed for hypopnea scoring requires a nasal pressure 
signal drop of ≥ 30% from baseline over ≥ 10 seconds with a ≥ 4% 
oxygen desaturation. AHIalt requires a nasal pressure signal drop 
of ≥ 30% over ≥ 10 seconds with either a ≥ 3% oxygen desaturation 
or associated arousal. Sixty-six adult patients diagnosed with mild 
OSA (5 ≤ AHI ≤ 15) using AHIalt during a 24 month period were 
enrolled using retrospective chart review. Inclusion criteria included 
CPAP treatment with acceptable adherence (≥ 70%) and clinical follow 
up. Patient charts were reviewed for improvement of OSA symptoms. 
Baseline polysomnograms (PSGs) were rescored using AHImed.
Results: Using AHIalt, mean AHI was 9.93 ± 2.79. When PSGs were 
rescored using AHImed, a significant decrease in AHI was observed 
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(mean AHI 3.70 ± 2.02, p < 0.0001). Improvement in OSA symptoms 
with CPAP was noted in 60/66 (90.9%) of patients. However, 50/66 
(75.8%) of patients would have lost OSA diagnosis if AHImed stan-
dards were applied.
Conclusion: Our results demonstrate a significant number of symp-
tomatic patients lost OSA diagnosis using AHImed criteria. Given the 
overwhelming positive response of OSA treatment, this would have re-
sulted in a missed treatment opportunity. We recommend using AHIalt 
to prevent loss of mild OSA diagnosis and potential preventable se-
quelae of untreated OSA. Further follow up of patients to evaluate for 
objective benefits to OSA treatment is anticipated.

0470
HOUSE STAFF EDUCATION REGARDING 
OBSTRUCTIVE SLEEP APNEA SCREENING INCREASES 
UTILIZATION OF INPATIENT SLEEP MEDICINE 
CONSULTATION SERVICE AND INPATIENT TESTING 
FOR OSA
Wells TR, Spampinato L, Mokhlesi B, Aurora V, Balachandran JS
1University of Chicago Medical Center, Chicago, IL

Introduction: Obstructive sleep apnea (OSA) remains underdiagnosed 
and undertreated, despite increased recognition of the consequences of 
untreated disease (Kapur, V et al, 2002). Given the high prevalence of 
OSA in hospitalized patients (Shear, TC et al, 2014), the inpatient set-
ting may be an ideal time and place to address OSA. Therapy for OSA 
in the inpatient setting may even improve patient outcomes (Kauta, SR 
et al, 2014). Unfortunately, OSA recognition and screening proficiency 
among hospital staff remains poor. We hypothesized that an education-
al intervention to improve screening for OSA among inpatients would 
increase utilization of sleep diagnostic services and OSA therapy.
Methods: A novel educational curriculum, SIESTA (Sleep for Inpa-
tients: Empowering Staff To Act) was developed and included: a we-
binar covering the prevalence of OSA, importance of diagnosis and 
therapy, pocket cards with STOP-BANG screen, and instruction on 
how to obtain sleep consultation. The curriculum was piloted with one 
internal medicine resident team rotating on one inpatient medical ward. 
The volume of sleep consult requests, sleep diagnostic testing, and 
therapy for OSA among inpatients on medicine wards was reviewed 
pre- and post-intervention.
Results: Inpatient sleep consultation volume increased 89% in the 
five months following implementation of the curriculum. Furthermore, 
there was a 118% increase in the number of inpatient portable sleep 
studies performed. In-lab study referrals from consultation increased 
225%. Patients diagnosed with OSA increased 66%. All newly diag-
nosed patients were either initiated on auto-titrating positive airway 
pressure therapy or scheduled for outpatient sleep evaluation shortly 
after discharge.
Conclusion: The implementation of a curriculum to increase OSA 
awareness and screening can have a positive impact on the volume of 
an inpatient sleep medicine consultation service leading to increased 
diagnosis and treatment of OSA. Future exploration should include 
cost effectiveness of hospital sleep medicine programs, and quality and 
patient outcomes.

0471
SLEEP QUALITY ASSESSED BY QUESTIONNAIRES PRE- 
AND POSTOPERATIVELY IN PATIENTS WITH NASAL 
POLYPOSIS
Värendh M1, Johannisson A 2, Hrubros-Strom H3, Andersson M1

1Otorhinolaryngology, Lund, Sweden, 2Occupational Therapy and 
Occupational Science, Lund, Sweden, 3Departement of Clinical 
Science, Research Centre, Lorenskog, Norway

Introduction: Nasal polyposis reduces nasal patency and has a great 
impact on quality of life. However, to what extent sleep quality is dis-
turbed and if certain questions/questionnaires can catch this impact is 
not investigated. Objectives of the study were to examine sleep quality 
using different sleep questionnaires in patients with nasal polyposis 
before and three months after endoscopic sinus surgery. The aim was 
also to investigate the effect of surgery on lung function.
Methods: We examined 38 patients with pronounced nasal obstruction 
due to nasal polyposis with sleep questionnaires and spirometry prior 
to FESS (Functional Endoscopic Sinus Surgery) and three months later. 
MAP (Multivariable Apnea Prediction, three questions about snoring 
and apnea), BNSQ (Basic Nordic Sleep Questionnaire), ESS (Epworth 
Sleepiness Scale) and Sino-Nasal Outcome Test (SNOT-22) were used.
Results: Surgery evidently improved nasal symptoms in general. 
SNOT-22 decreased from mean: 53.4 pts. before to 32.7 pts. (p ≤ 0.001) 
after surgery. Regarding sleep quality, BNSQ was calculated as a total 
sum and demonstrated an impaired sleep quality before surgery: 13.0 
pts. ± 1.6 (mean ± seem) which nasal surgery reduced to 10.0 pts. ± 1.6 
(mean ± sem) (p ≤ 0.01). ESS changed from 7.7 pts. ± 0.8 (mean ± sem) 
before surgery to 6.4 pts. ± 0,7 (mean ± sem) three months later (NS). 
In contrast, nasal surgery could not demonstrate any tendency for 
change in MAP. An non-significant improvement in FEV1 was seen 
after surgery that changed from 92% to 102%.
Conclusion: Patients with nasal polyposis suffer from sleep related 
symptoms. Nasal surgery improves sleep related quality assessed by 
BNSQ questionnaire. Other questionnaires (ESS & MAP) were not 
sensitive to changes in quality of sleep before and after surgery of na-
sal polyposis.

0472
THE POSSIBILITY OF NEW EVALUATION CRITERIA 
OF OBSTRUCTIVE SLEEP APNEA (OSA) SEEN FROM 
THE RELATIONSHIP OF THE AROUSAL WITH 
ESOPHAGEAL PRESSURE
Watanabe S1, Chiba S2, Isaka N1, Onda N1, Moriwaki H1

1Jikei University School of Medicine, Tokyo, Japan, 2Ota Memorial 
Sleep Center, Kanagawa, Japan

Introduction: Golden standard of diagnosis in obstructive sleep apnea 
(OSA) is overnight polysomnography (PSG). But esophageal pressure 
(Pes) is a more accurate way for measurement of respiratory effort. We 
have investigated new diagnostic method using Pes.
Methods: Concordance rate between obstructive respiratory events 
in PSG (obstructive apnea, mixed apnea, hypopnea) and respiratory 
events determined by the Pes measurements (Pes event) was investi-
gated. Pes events were classified in POE and non POE by the position 
relations with arousal. (POE: pure obstructive event)
Results: Concordance rate of obstructive respiratory events for Pes 
events and concordance rate of Pes events for obstructive respiratory 
events had a divergence. In addition, frequency of preoperative POE 
and improvement rate of postoperative ODI 3% had a positive correla-
tion.
Conclusion: Esophageal pressure measurement is useful as a new pa-
thology evaluation method.
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0473
INCIDENCE OF SLEEP APNEA IN CONSECUTIVE 
TRAUMATIC BRAIN INJURY ADMISSIONS AT A 
VETERANS AFFAIRS POLYTRAUMA REHABILITATION 
CENTER
Holcomb E1, Schwartz DJ1,2, McCarthy M1,3, Geck R 2,1, Garofano J2, 
Modarres M4, Barnett S5, Schwaiger E2,1, Nakase-Richardson R1,2

1James A Haley Veterans Hospital, Tampa, FL, 2Department of 
Medicine, University of South Florida, Tampa, FL, 3Department of 
Neurology, University of South Florida, Tampa, FL, 4Malcom Randall 
VA Medical Center, University of Florida, Gainesville, FL, 5American 
Nurses Credentialing Center, Silver Spring, MD

Introduction: A recent study reported 84% of 205 consecutive acute 
traumatic brain injury (TBI) neurorehabilitation admissions had sleep 
disruption as measured by clinician ratings. During a time of critical 
neural repair, two-thirds remained with unspecified sleep disturbance 
at rehabilitation discharge. After controlling for demographic and in-
jury factors, presence of sleep disturbance predicted longer length of 
stay (LOS) and lack of improvement on serial cognitive testing. Limi-
tations included gross characterization of sleep disturbance rather than 
identification of specific disorders. The purpose of this study was to 
evaluate incidence of sleep apnea (SA) in consecutive neurorehabilita-
tion admissions to inform sleep management strategies and potentially 
improve outcome.
Methods: Sleep technologist placed Level 2 polysomnography (PSG; 
Somnomedics) on consecutive neurorehabilitation admissions. Data 
were downloaded for sleep staging and interpretation by a board-
certified sleep medicine physician. Demographic and injury severity 
information were abstracted from medical records by trained research 
assistants.
Results: Fifty-eight of 70 TBI admissions met study inclusion/exclu-
sion criteria. The sample was primarily male (96%; Mean Age = 38 
[15]) with severe TBI (GCS = 7). SA was present in 20 of 58 partici-
pants (35%) with primarily obstructive sleep apnea (18/20). Mean ap-
nea hypopnea index (AHI) was 13.1. Mean lowest oxygen saturation 
was 86%, and mean time spent with an SpO2 < 90% was 3.7% of sleep 
time. Individuals with apnea did not differ from those without in re-
gards to injury severity or demographic characteristics.
Conclusion: Sleep apnea is prevalent in the neurorehabilitation setting 
potentially mediating negative outcomes. Earlier assessment for diag-
nosis of SA should be considered in acute TBI management.

0474
THE IMPLEMENTATION OF OVERNIGHT 
PULSE OXIMETRY GREATLY IMPROVES THE 
DETECTABILITY OF SLEEP APNEA IN PATIENTS WITH 
CARDIOVASCULAR DISEASES IN OUTPATIENT CLINIC
Tikhova A1, Buzunov R1, Popov A 2

1Clinical Sanatorium “Barvikha”, Moscow, Russian Federation, 
2Branch #6 of Third Central Military Clinical Hospital, Moscow, 
Russian Federation

Introduction: The incidence of sleep apnea (SA) in patients with car-
diovascular diseases is high (30–50%), but there is no health insurance 
coverage for SA in Russian Federation. In order to deal with this prob-
lem a simple, effective and low-cost screening method is required. The 
purpose of the current study was to evaluate the usability of screening 
for SA via overnight pulse oximetry (OPO) in patients with cardiovas-
cular diseases in outpatient clinic.
Methods: Data were obtained from patients who visited the cardiolo-
gist in outpatient department between 16.05.14 and 24.10.14. OPO was 
assigned to the patients in stable clinical condition with a high pre-

test probability of SA based on the following diagnoses in patient’s 
chart: arterial hypertension, ischemic heart disease, chronic heart fail-
ure, atrial fibrillation, sleep-related arrhythmias. The evaluation of SA 
was carried out with PulseOx 7500 device (SPO Medical, Israel). All 
subjects with desaturation index (DI) of 15 per hour and higher were 
referred to a formal sleep study.
Results: A total of 379 patients were analyzed, 224 (59.1%) of them met 
inclusion criteria. SA was already detected in 1 subject at the time of 
appointment. OPO was performed in 200 patients (89.3% of the inclu-
sion group). DI of 15–29 per hour was detected in 61 patients (30.5%), 
ID > 30 per hour, in 37 (18.5%), which corresponds to moderate and 
severe SA respectively. All 98 patients have been advised to undergo a 
sleep study, 26 of them did and verified the diagnosis of SA.
Conclusion: The study confirms high prevalence of SA in patients 
with cardiovascular diseases. Screening for SA using OPO in outpa-
tient clinic significantly improves detection of the disorder, and help to 
form a group of patients for referral to a formal sleep study.

0475
RECURRENCE ANALYSIS OF THE SLEEP-STAGED 
EEG ACCURATELY IDENTIFIES SUBJECTS WITH 
OBSTRUCTIVE SLEEP APNEA
Frilot CF1, McCarty DE2, Kim PY2, Marino AA3

1School of Allied Health Professions, LSUHSC-S, Shreveport, LA, 
2Division of Sleep Medicine, LSUHSC-S, Shreveport, LA, 3ABR 
Analytics, Belcher, LA

Introduction: Recurrence analysis (RA) is a new method for quanti-
fying non-randomness in the EEG. Applied to the sleep-staged EEG 
(SS-EEG), RA yields 16 markers for stage-dependent sleep depth and 
fragmentation. We postulated that RA could accurately identify the 
presence of temporal information (“signature”) in the SS-EEG specifi-
cally associated with OSA, as assessed by RA’s capability to reliably 
identify the subjects in a cohort consisting of those who did and did 
not have OSA.
Methods: Cohorts were formed from a population of 149 subjects with-
out OSA (AHI30). Staged PSGs were obtained from the Sleep Heart 
Health Study. RA markers computed from the C3 EEG were analyzed 
by discriminant analysis to identify marker combinations that reliably 
classified individual subjects into No-OSA and OSA (AHI ≥ 5) groups 
(each N = 25). The OSA group composition was 40% mild , 40% mod-
erate, 20% severe. Classification accuracy (CA) was assessed using 
area under the receiver operating characteristic curve (AUROC). The 
analysis was done three times, employing three independent cohorts 
randomly selected from the population. Each analysis was cross-vali-
dated. CA was also assessed by means of the accuracy ratio, [TP+TN]/
[TP+FP+TN+FN].
Results: In three successive independent analyses, an ABR-produced 
EEG biomarker function accurately identified the subjects with OSA 
(respective AUROC values 0.87, 0.92, and 0.87). The respective cross-
validated AUROC values were 0.82. 0.86, and 0.81. Successful clas-
sification was confirmed by ratio determinations (82%, 86%, 82%, 
respectively).
Conclusion: OSA subjects (AHI ≥ 5) were identified by RA, using 
only a single EEG lead. The SS-EEG contained a signature detectable 
by RA that allowed a reliable binary classification of the individual 
subjects in a cohort that included a group with no OSA and an equally-
sized group of subjects who exhibited a wide range of disorder severity.



SLEEP, Volume 38, Abstract Supplement, 2015 A170

B. Clinical Sleep Science I. Sleep Disordered Breathing

0476
INCREASING THE SENSITIVITY OF HOME SLEEP 
TESTING
Naik S1, Chan M1, Denos J2, Kryger M1

1Yale University School of Medicine, New Haven, CT, 2Veterans 
Affairs Connecticut Health Care System, West Haven, CT

Introduction: Home Sleep Tests (HSTs) are ideal for those with high 
pre-test probability of having moderate to severe obstructive sleep ap-
nea (OSA). HSTs are favored by insurers due to lower cost, and by pa-
tients due to ease of testing at home. In addition, it is clinically difficult 
to discern which patients will have moderate to severe OSA prior to 
testing. Therefore, HSTs are often performed as a first step. HSTs, how-
ever, underestimate the severity of OSA. This is because “total record-
ing time of the study” is used as a surrogate for the shorter “total sleep 
time” to calculate the apnea-hypopnea index (AHI). Underestimation 
and under-diagnosis leaves patients vulnerable to the consequences of 
untreated OSA. Current guidelines suggest that providers may use ei-
ther a 3% or 4% desaturation to define respiratory events during sleep, 
specifically to define hypopneas. We hypothesize that use of 3% de-
saturations increases the sensitivity, especially in HSTs, which already 
have decreased sensitivity in those with mild sleep apnea.
Methods: A retrospective review of 100 consecutive HSTs of military 
veterans was performed to evaluate whether a diagnosis of OSA was 
made with our current scoring methods, which use a 4% desaturation 
rule. HSTs of those patients who were not diagnosed with OSA, were 
re-scored using a 3% desaturation rule.
Results: Of the 100 studies, 5% of patients had un-interpretable data. 
68% were diagnosed to have OSA with AHI greater than 5. HSTs were 
available for 24 patients of the 27 patients who had AHI less than 5 by 
the 4% desaturation rule. When rescored using a 3% desaturation rule, 
an additional 13 patients, (52% of the previously undiagnosed patients) 
were found to have OSA.
Conclusion: Our data shows that using 3% desaturations to define 
respiratory events may greatly increase the sensitivity of HSTs, espe-
cially in those with mild OSA. This may allow us to diagnose more 
patients to prevent the adverse consequences of untreated OSA.

0477
WITHDRAWN

0478
UPPER AIRWAY MEASUREMENTS AS PREDICTORS 
FOR OSA SEVERITY AND AHI IN CHINESE PATIENTS
Ng RH1, Fang C2, Chow T 2

1University of Toronto, Markham, ON, Canada, 2Woodbine Steeles 
Sleep Clinic, Markham, ON, Canada

Introduction: the present time, level 1 polysomnography is the gold 
standard in assessing OSA. However, a simple clinical screening meth-
od that can accurately identify the presence of OSA and estimate its se-
verity is lacking. In this current study, various clinical measurement of 
the upper airway and neck configuration were analyzed and correlated 
with AHI. A combination of these parameters were used to establish a 
clinical index that can potentially serve as a screening tool as well as 
estimation of OSA severity.
Methods: The following parameters were recorded in 120 patients: 
thickness and degree of palatal droop (PD; subjective scores 0–3); 
tonsil size (1–4); palatal width (PW; at the oropharynx and nasophar-
ynx junction in mm); presence and degree of posterior palatal web-
bing (PWe; subjective measurement of posterior palatal folds and webs 
(0–3)); Mallampati scores (1–4); neck length (from the angle of jaw to 
clavicle in cm); submental fat content (using skinfold calipers); man-

dibular distance (from angle of jaw to mental protuberance in cm) and 
Body Mass Index (BMI). All subjects underwent level 1 polysomnog-
raphy with respiratory events scored according to AASM guideline. 
All results were analyzed using multiple regression method with SPSS 
software.
Results: Significant correlations were observed between average AHI 
and tonsil size; PD; PW; Mallampati score and submental fat content 
(p < 0.035). On the other hand, Mallampati score, PD, submental fat 
and BMI were found to be significantly correlated with supine AHI 
(p < 0.0216). By using a combination of these measured parameters, an 
index was established that can accurately estimate AHI levels.
Conclusion: This study suggests that a clinical screening index based 
on a combination of simple clinical upper airway measurements and 
neck configurations can be established and used as a screening tool as 
well as estimation of severity of OSA.

0479
ENHANCED DETAIL OF IN LAB NPSG TESTING 
SUPPORTS THE NEW SCORING RULE FOR HYPOPNEAS 
INTRODUCED IN 2012 THAT DO NOT REQUIRE SAO2 
DESATURATION IF EEG AROUSALS ARE PRESENT
Simmons JH
Comprehensive Sleep Medicine Associates, Houston, TX

Introduction: The AASM introduced new scoring rules for hypop-
neas in 2012 but retained the older criteria, making the new rules op-
tional. The inconsistency weakens the adoption of the enhanced new 
rule that provides more sensitivity in the diagnosis of patients who are 
stricken by clinically significant obstructive respirations, by eliminat-
ing the requirement of desaturation in SaO2 levels if an EEG arousal is 
present. Prior to the new rule adoption, we presented data at the 2012 
APSS from over 120 patients with EDS who’s NPSG were abnormal in 
a fashion consistent with the new rules (EEG arousals from obstructive 
respirations in the absence of SaO2 desaturation) and demonstrated 
that about 80% of these individuals significantly improved clinically 
by treatment with CPAP. Unfortunately, many insurance plans, and 
Medicare, utilize policies that do not adopt the new rules. Clearly more 
objective review of this controversy is necessary to assist the field in 
widely adopting the new rule features for hypopneas identification. We 
will provide extensive data on upper airway physiology characterized 
by esophageal pressure monitoring during NPSG testing, and cases 
where sleep endoscopy demonstrates obstruction, in patients where 
routine methods of NPSG testing failed to identify OSA in spite of 
clear symptoms.
Methods: NPSGs performed with Pes monitoring were reviewed to 
identify instances of increased respiratory effort leading to arousals 
in the EEG in the absence of desaturation. Only patients with clinical 
symptoms raising suspicion of OSA were included in the review. Ad-
ditional assessments beyond NPSG testing, such as Cone Beam CT, or 
sleep endoscopy were collected. Follow up after treatment with CPAP 
for 6 months or longer was obtained. Data collection to enhance our 
findings continues.
Results: More than 300 studies met our criteria, demonstrating hypop-
neas with EEG arousals in the absence of 3% desaturation. More than 
75% of these patients achieved significant improvement in their EDS 
with CPAP. The Pes enhanced assessment and treatment.
Conclusion: Trends towards out of lab testing may be adequate for 
patients with obvious OSA who repeatedly desaturate. However, to 
set the threshold of identifying OSA based on desaturations cuts short 
treatment to many in need. In lab NPSG testing needs to be enhanced 
to assist in identifying pathology in less obvious cases. More detailed 
presentations such as ours that address the milder forms of OSA are 
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needed in order to widen the scope of patients that can receive appro-
priate airway treatment.

0480
SIMPLIFYING THE DIAGNOSIS OF SLEEP APNEA 
AFTER TIA AND STROKE: EVALUATION OF FIVE 
SIMPLE SCREENING TOOLS
Frankul F, Elias S, Im J, Boyle K, Black SE, Swartz RH, Murray BJ, 
Boulos MI
Sunnybrook Health Sciences Centre, Toronto, ON, Canada

Introduction: Obstructive sleep apnea (OSA) is common after TIA 
and stroke. Left untreated, it is associated with recurrent vascular 
events, poor functional outcomes, and long-term mortality. Despite its 
high prevalence, OSA often remains underdiagnosed after TIA and 
stroke. Simple screening tools have the potential to reliably detect pa-
tients requiring further work-up for post-TIA/stroke OSA, however, 
limited work has examined the clinical utility of such tools.
Methods: We prospectively studied 39 patients (mean age 67.4 ± 15.0 
years, 42% male, mean BMI 27.9 ± 5.7 kg/m2) who had sustained a 
TIA or stroke within the past 90 days. All patients underwent ambu-
latory sleep monitoring using the ApneaLink Plus device, which has 
been validated against full polysomnography, as well as completed 
five screening tools (4-Variable Screening Tool [4V], Epworth Sleepi-
ness Scale, SOS score, STOP questionnaire, and Berlin questionnaire) 
within 72 hours. Clinically-relevant obstructive sleep apnea (CR-OSA) 
was defined as an apnea-hypopnea index (AHI) ≥ 15 (moderate to se-
vere OSA) or an AHI ≥ 5 with a lowest nocturnal oxygen desatura-
tion ≤ 88% (mild OSA with significant desaturation). The area under 
the curve (AUC), sensitivity and specificity for detecting CR-OSA 
were computed for each of the screening tools.
Results: Twenty patients (51.3%) were found to have CR-OSA using 
the ApneaLink Plus device. The 4V had the greatest AUC (0.910, 95% 
CI 0.78–1.0, p = 0.002); using a cut-off of 7, the sensitivity and specific-
ity were 93% and 71%, respectively. No other screening tool demon-
strated significant results in detecting CR-OSA.
Conclusion: Our preliminary results suggest that the 4V may be a use-
ful tool to screen for OSA within 90 days after TIA or stroke. This 
tool may assist in determining which patients would most benefit from 
further evaluation and treatment for OSA early after a cerebrovascular 
event.
Support (If Any): This study was supported by a Canadian Stroke 
Network summer studentship and by donations to Dr. Black’s research 
program. In addition, ambulatory sleep monitoring equipment was do-
nated to Dr. Boulos’ research program by ResMed.

0481
AMBIENT ASSESSMENT OF SLEEP APNEA IN THE 
HOME USING NON-CONTACT FORCE SENSORS
Beattie ZT1,2,3,4, Riley TC5,3,4, Jacobs PG 6,3,4, Hagen CC1,2,3,4

1Department of Psychiatry, Portland, OR, 2Sleep Disorders 
Program, Portland, OR, 3Oregon Center for Aging and Technology, 
Portland, OR, 4Oregon Health & Science University, Portland, OR, 
5Department of Neurology, Portland, OR, 6Department of Biomedical 
Engineering, Portland, OR

Introduction: We previously demonstrated detection and accurate 
severity stratification of sleep apnea using non-contact load cell (LC) 
force sensors when compared to polysomnography within a sleep 
laboratory. Sleep apnea testing is increasingly done at home to reduce 
cost and capture sleep characteristics in a natural living environment. 
We investigated whether LC sensors could detect sleep apnea at home 
when compared to a Type III home apnea test (HAT).

Methods: Data was collected from LC sensors deployed under the sup-
ports of 8 subjects’ beds in their own homes for a minimum of 6 nights. 
HAT was performed for one to two nights. The apnea-hypopnea index 
(AHI) was visually scored for each HAT following American Acade-
my of Sleep Medicine guidelines. Each night of LC data was processed 
with a machine learning algorithm developed in our lab to create an 
estimate of AHI (AHI-LC) utilizing only the load cell data.
Results: Average AHI and AHI-LC values were 13.82 and 14.84, re-
spectively. The root-mean-squared error across all subjects was 6.46 
apneas per hour. Using a cutoff AHI of 5, 7 out of the 8 subjects were 
correctly diagnosed as being positive or negative for sleep apnea when 
averaging across all nights of in-home AHI-LC data. Six subjects were 
correctly identified as having sleep apnea using the average AHI-LC, 
and 1 subject was correctly classified as not having sleep apnea. One 
misclassified subject had mild sleep apnea, but AHI-LC > 5 for only 1 
of 7 nights (average AHI-LC = 2.13).
Conclusion: This data demonstrates that load cells can be used within 
subjects’ own homes to detect sleep apnea over multiple nights. More 
research is needed to improve deployment for different bed types. This 
application might improve apnea testing by avoiding sleep disruption 
from sensors and providing assessment of many nights without patient 
interaction or contact with sensors.
Support (If Any): This project was supported by Grant Number 
R01HL098621 from the National Heart, Lung and Blood Institute. The 
content is solely the responsibility of the authors and does not necessar-
ily represent the official views of the National Heart, Lung and Blood 
Institute or the National Institutes of Health.

0482
CORRELATION BETWEEN THE FRIEDMAN STAGING 
SYSTEM AND THE UPPER AIRWAY VOLUME IN 
PATIENTS WITH OBSTRUCTIVE SLEEP APNEA
Rodrigues MM1, Passeri L2, Gabrielli MR 3, Pereira Filho VA3

1University of Araraquara, Araquara, Brazil, 2Department of Surgery, 
School of Medical Sciences, School of Medical Sciences - Unicamp, 
Brazil, 3Department of Diagnosis and Surgery, Division of Oral and 
Maxillofacial Surgery, Dental School at Araraquara - Unesp, Dental 
School at Araraquara - Unesp, Araraquara-SP, Brazil

Introduction: This study was designed to evaluate the correlation 
between CT findings and data from the physical examination and the 
Friedman Staging System (FSS) in patients with obstructive sleep ap-
nea (OSA).
Methods: This study was designed to evaluate the correlation between 
CT findings and data from the physical examination and the Friedman 
Staging System (FSS) in patients with obstructive sleep apnea (OSA).
Results: Patients were divided into two groups according to the FSS. 
Group A patients contained FSS I and II and group B FSS III. A posi-
tive relationship by Fisher’s exact test between the FSS and Apnea-Hy-
popnea Index (AHI) (p = 0.011) and between SEF and BMI (p = 0.012) 
was found. There was no correlation between age (p = 0.55) and gender 
(p = 0.53) with the FSS. The ANOVA test comparing the volume of the 
airway between the two groups showed p = 0.018.
Conclusion: In this sample the Friedman Staging System and volume 
of upper airway show inverse correlation and are useful in analyzing 
the mechanisms of airway collapse in patients with obstructive sleep 
apnea.
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INCORPORATING BODY-TYPE (APPLE VS. PEAR) IN 
STOP-BANG QUESTIONNAIRE IMPROVES VALIDITY 
OF THE TEST TO DETECT OSA
Sangkum L1, Klair I1, Limsuwat C1, Myers L2, Bent S1, 
Thammasitboon S1

1Tulane University School of Medicine, New Orleans, LA, 2Tulane 
School of Public Health and Tropical Medicine, New Orleans, LA

Introduction: The STOP-BANG questionnaire is a well-validated 
screening tool for Obstructive Sleep Apnea (OSA). The type of body fat 
distribution (Apple vs. Pear) has different effects on the presence and 
severity of OSA. Some components of the questionnaire (age, gender, 
and BMI) are associated with different body types. We hypothesized 
that adding body type to STOP-BANG questionnaire may improve its 
predictive parameters.
Methods: This is a prospective observational study of subjects who 
were referred for an evaluation of OSA and received polysomnogram 
(PSG) at Tulane Sleep Center. STOP-BANG questionnaire and body 
types were obtained during the clinic visit. STOP-BANG and STOP-
BANG-Apple (Apple: 1 point, Pear/Indeterminate: 0 point) scores were 
calculated. Using an Apnea/Hypopnea Index (AHI) cut-off of ≥ 5, we 
compared the statistical parameters and plotted the ROCs for both 
screening methods.
Results: A total of 134 subjects (35% males) were included. The av-
erage age was 52.6 ± 12.6. The mean AHI and BMI was 27.7 ± 13.5 
events/hour and 37.1 ± 10 kg/m2, respectively. The sensitivity/speci-
ficity/PPV/NPV of STOP-BANG was 98%/17%/81%/71%. Whereas, 
those predictive parameters for STOP-BANG-Apple with cut-off score 
of ≥ 3 and ≥ 4 were 99%/14%/80%/80% and 91%/31%/83%/50%, re-
spectively. Applying body type (Apple vs. Pear) sequentially to those 
identified as high risk (for OSA) per STOP-BANG questionnaire led to 
an improved net specificity of 65%. The presence of Apple body type 
increased the risk of having PSG-confirmed OSA with the odds ratio 
of 2.49. Adding body type to STOP and STOP-BANG questionnaires 
improved the test performances over the range of possible values via 
the ROC curves compared to without body type (STOP AUC differ-
ence p = 0.0563, STOP-BANG AUC difference p = 0.6492).
Conclusion: In the setting of in-laboratory PSG testing, applying body 
type to STOP-BANG questionnaire leads to a net gain in specificity. 
The presence of Apple body type increases the probability of having 
PSG-confirmed OSA.

0484
CORRELATION BETWEEN RESPIRATORY 
RESISTANCE MEASUREMENTS AND APNEA-
HYPOPNEA INDEX
Walter R1, Sheikh K1, Pham A1, Irvine R1, Ephrem D1, Vossoughi J2, 
Dietsch A1, Solomon N1, Johnson A 2, Holley A1

1Walter Reed National Military Medical Center, Bethesda, MD, 
2University of Maryland, College Park, MD

Introduction: Due to increasing demand, many sleep centers experi-
ence prolonged wait times before patients can be evaluated for obstruc-
tive sleep apnea (OSA) using polysomnography (PSG). Establishing an 
accurate means of screening in the office is essential for prioritizing 
studies. We sought to determine whether measurements of respiratory 
resistance at the initial office visit could predict the presence and sever-
ity of sleep apnea.
Methods: The airflow perturbation device (APD) is a handheld unit 
that provides measurements for both inspiratory and expiratory resis-
tance. Along with baseline demographic factors, we measured inspira-
tory and expiratory resistance in both the upright and supine positions 

prior to PSG. Resistance values were correlated with the apnea hypop-
nea index (AHI) on PSG.
Results: We enrolled 63 patients in our study. Mean age and BMI were 
40.6 ± 8.0, and 28.7 ± 4.6 respectively, and median AHI was 10.6 (IQR: 
5.7-23.4). Intra-class correlation coefficients across trials were excel-
lent (0.63–0.89). At baseline, the average inspiratory and expiratory 
resistances were 3.1 ± 0.9 and 3.5 ± 1.2 cmH20/L/s respectively in the 
sitting position. Age (p = 0.01), hypertension (p = 0.01), and change 
in inspiratory (p = 0.01) and mean (p = 0.06) respiratory resistance 
going from sitting to supine were all associated with AHI. Logistic 
regression analysis using these variables demonstrated that the change 
in inspiratory respiratory resistance going from sitting to supine (OR: 
4.7, 95% CI: 1.2–18.2; p = 0.03) was independently associated with an 
AHI ≥ 15 on PSG.
Conclusion: Resistance values measured in the office using a hand-
held device were independently associated with AHI and the presence 
of moderate OSA. Along with known predictors of OSA, the APD can 
be used in the office to help clinicians predict which patients will need 
PSG.

0485
PRE OPERATIVE STOP BANG SCREENING PREDICTS 
POST OPERATIVE PAIN AND OPIOID USE
Gordon V, Chhina A, Bradley P, Bazan L, Mordis C, Roth T, Roehrs T
Henry Ford Health System, Detroit, MI

Introduction: An estimated 22 million Americans have moderate-
severe sleep apnea (OSA) with 80% being undiagnosed. Among surgi-
cal patients the presence of untreated OSA may increase postoperative 
morbidity. We assessed whether pre surgery identification of risk for 
OSA with the STOP-BANG (SB) questionnaire is predictive of post 
surgery pain and opioid use.
Methods: We performed a retrospective review of 115 consecutive 
Henry Ford Hospital patients,18–65 yrs old, undergoing elective sur-
geries (from 1-2014 to 5-2014) who completed the SB before surgery. 
We excluded patients with NYHA III-IV heart failure, severe COPD, 
neuromuscular disorder, history of drug/alcohol abuse or undergoing 
ophthamological or cardiovascular surgery. Endpoints were: hourly 
post-operative visual analog pain scores in recovery and during in-
patient post operative day 1 and 2 and total morphine mg equivalents 
(corrected for BMI) in recovery and during the two-day inpatient hos-
pitalization
Results: SB scores of ≥ 2 and ≥ 4 were not predictive of any post sur-
gery outcomes. SB scores ≥ 6 (n = 14) were associated with greater 
overall use of opioids (total morphine mg equiv) than SB < 6: (367.6 
vs 151.9 mg, p < 0.002). Compared to SB < 6, SB ≥ 6 was associated 
with greater daily average pain ratings on day 1 and day 2 (5.9 vs 4.9, 
p < 0.03). In SB question-by-question analyses; reporting Tiredness 
(yes n = 33 vs no n = 82) was associated with greater recovery opioid 
use (30.3 vs 13.3 mg; p < 0.04) and total opioid use (282.3 vs 135.9 mg; 
p < 0.004) and greater inpatient daily pain ratings (5.6 vs 4.7; p < 0.06). 
No other single question was predictive of post surgery outcomes.
Conclusion: STOP-BANG scores ≥ 6 are predictive of patient opioid 
use and pain reports post-operatively. Reporting Tiredness (yes-no) 
alone was associated with greater opioid use and pain ratings
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CHART-REVIEW VERSUS CLINIC-VISIT FOR INITIAL 
EVALUATION WHEN ORDERING UNATTENDED SLEEP 
STUDIES
Alsharif AM1, Potts M2, Laws R 2, Freire AX1,2, Sultan-Ali I1,2

1University of Tennessee Memphis, Memphis, TN, 2VAMC, Memphis, 
TN

Introduction: Obstructive sleep apnea (OSA) is a prevalent disorder 
that is associated with multiple medical consequences. While in-lab 
polysomnography is the gold standard for its diagnosis, portable moni-
tors have been developed and studied to help increase efficiency and 
ease of diagnosis as well decrease cost. We aimed to describe the 
adequacy of a sleep medicine specialized mid-level provider to risk 
stratify patients for OSA and determine their appropriateness for unat-
tended sleep studies. Patient selection and outcomes in patients who 
underwent testing with unattended polysomnograms after chart review 
versus clinic visit were compared.
Methods: This study involved a retrospective chart review of all pa-
tients who received a modified non-monitored sleep study performed 
at the Memphis VA Sleep Health Center during the first 13 months of 
the program (5/1/2011 to 5/31/2012). 205 patients were included in the 
data analysis.
Results: Analysis shows no statistically significant difference between 
chart review and clinic visit groups (p value = 0.54). Although not sta-
tistically significant, the analysis shows a trend towards higher mean 
age (50.3 vs 47.4), higher mean incidence of hypersomnia (80.0 vs 74.6), 
and lower mean BMI (34.4 vs 36.0) in those who were evaluated by a 
clinic visit. A statistically significant difference is seen in terms of the 
pre-test clinical probability of OSA being moderate or high in 62.2% 
of patients in the clinic visit group and 95.7% in the chart review group 
with a χ2 p-value ≤ 0.0001.
Conclusion: When ordering portable polysomnograms for the diagno-
sis of obstructive sleep apnea, a high pretest probability is needed. In 
the Veterans Health Administrations system, if an adequate amount of 
information is available through the patient charts, the assessment of 
pretest probability may be determined by a mid-level provider using 
chart review or clinic visit with no significant difference appreciated 
in diagnosis.

0487
CORRELATION BETWEEN TONGUE FAT, SEVERITY OF 
OSA AND METABOLIC SYNDROME
Chiba S1, Yagi T1, Onda N2, Watanabe S2, Moriwaki H2

1Ota Memorial Sleep Center, Kawasaki, Japan, 2Jikei University 
School of medicine, Tokyo, Japan

Introduction: Obstruction sleep Apnea (OSA) is the multifactorial dis-
ease. The upper airway lumen is narrower in patients with obstructive 
OSA than normal subjects Dr.Tsuiki et al. hypothesized that anatomi-
cal imbalance between the upper airway soft-tissue volume and the 
craniofacial size may result in pharyngeal airway obstruction during 
sleep, and therefore development of OSA. Tongue is the biggest soft-
tissue in the oral cavity. Both its structural and functional side, Tongue 
would have some effects to the OSA. In this study, we examined cor-
relation between tongue fat, severity of OSA and metabolic syndrome.
Methods: We conducted this study in Ota Memorial Sleep Center, Ja-
pan ,from from February 2007 to August 2010. 89 patients who sus-
pected as OSA were included in this prospective study. As control 
group, 22 healthy volunteer. All participants underwent polysomnog-
raphy and cephalometry and upper airway and abdomen CT which 
were analyzed by some soft wares. We calculate square of the neck fat 
and square of the abdomen visceral fat and square of the abdomen sub-

cutaneous fat, and the mean of tongue CT value. We define the mean of 
tounge CT value as tougue fat. Also All participants underwent blood 
test CBC and Biochemistry including adipocytokines and physical ex-
amination.
Results: 1 Tongue fat is relaed to some parameters. 2 Tongue fat can be 
expected by Square of abdomen visceral fat and Age. (multiple regres-
sion analysis, R2 = 0.490). 3 PAS can be expected by Size of jaw bone 
and tongue fat. (multiple regression analysis, R2 = 0.426). 4 Severity of 
OSA can be expected by Tongue fat and neck circumstance and MPH. 
(multiple regression analysis, R2 = 0.322). 5 Square of abdomen vis-
ceral fat > 100 cm2 (one of the diagnostic criteria of the metabolic 
syndrome in japan) can be expected by Square of Neck fat (OR = 1.127) 
and Tongue fat (OR = 0.920), and AHI (OR = 1.043).
Conclusion: Tongue fat is related to severity of OSA and Metabolic 
syndrome. Measurement of the Tongue fat can especially be useful for 
diagnosis of severe OSA as a new key point.

0488
NON-BENZODIAZEPINE SEDATIVE HYPNOTICS 
REDUCE THE OCCURENCE OF THE LOW AROUSAL 
THRESHOLD PHENOTYPE OF OSA
Smith P, Forsthoefel D, Sheikh K, Bridges E, Andrada T, Hostler J, 
Holley AB
Walter Reed National Military Medical Center, Bethesda, MD

Introduction: Zolpidem and eszopiclone are non-benzodiazepine sed-
ative hypnotics (NBSH) that improve sleep onset latency and efficiency. 
Several studies have shown that neither drug affects the apnea-hypop-
nea index (AHI) in unselected patients undergoing polysomnography 
(PSG). In patients with the ‘low arousal threshold phenotype’ of ob-
structive sleep apnea (OSA), NBSHs may actually improve the AHI.
Methods: We abstracted demographic and PSG data for patients un-
dergoing studies at our sleep center. It is common practice for physi-
cians to prescribe a NBSH to be used during PSG, and administration 
of drug is recorded by our technicians. We used a recently defined 
clinical definition, > 58.3% hypopneas, O2 nadir > 82.5% and mild-
to-moderate OSA on PSG, to identify the low arousal phenotype of 
OSA. Patients who met all three criteria were labeled as having this 
phenotype.
Results: A total of 489 patients had data available for analysis. Mean 
age was 41.4 ± 10.1 and the median AHI was 11.0 (5.7–18.8). There 
were 363 (75.7%) patients who received a NBSH (83 eszopiclone and 
280 zolpidem) and 118 (24.5%) who took no medication prior to PSG. 
There was no significant difference in pre-test probability for OSA, 
using a score that incorporated snoring, hypertension, age and neck 
circumference, when comparing those who received a NBSH and 
those who did not (p = 0.12). The majority of patients in the group (304 
(63.2%)) met criteria for having the low-arousal phenotype. There was 
no difference in the number who met these criteria when comparing 
those who received a NBSH (227 (62.5%)) versus those who did not (77 
(65.3%)), p = 0.60.
Conclusion: Administration of a NBSH did not decrease the likeli-
hood of having a low arousal phenotype for OSA. Prescribing a NBSH 
for the night of PSG should not reduce the sensitivity for detecting 
OSA. Our study was limited in that the patients had an average AHI 
that was very low which likely hurt the discriminatory capacity of the 
variables used to define the low arousal threshold.
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SLEEP DISORDERED BREATHING BEFORE AND 
AFTER CARDIOVASCULAR SURGERY
Penzel T, Schoebel C, Renelt M, Garcia C, Fietze I
Charite University Hospital, Berlin, Germany

Introduction: Sleep disordered breathing (SDB) is highly prevalent 
in patients with cardiovascular diseases. SDB could ameliorate after 
cardiovascular surgery with improved cardiac function. Analysis of 
cardiopulmonary coupling (CPC) offers new diagnostic approach with 
one-channel electrocardiography (ECG) by integrating heart rate vari-
ability (HRV) and ECG-derived respiration. Resulting spectrogram 
can distinguish between ‘stable’ (high-frequency coupling [HFC] 0.1–
0.4 Hz) and ‘instable’ sleep (low-frequency coupling [LFC] 0.01–0.1 
Hz). SDB lead to higher percentage of instable sleep with LFC-narrow 
band pattern in periodic breathing (Cheyne-Stokes-Respiration = CSR) 
and LFC-broad band pattern in obstructive sleep apnea.
Methods: In this prospective monocentric clinical study patients with 
indication for coronary artery bypass graft surgery (CABG) have un-
derwent pre-and post-surgery portable monitoring (ApneaLink plus: 
nasal flow, snoring, breathing effort, oximetry, pulserate) and CPC-
investigation by one-channel-ECG (M1) for prevalence and changes of 
SDB. Furthermore validity of CPC-analysis was compared with por-
table monitoring for SDB.
Results: 38 patients have been investigated pre- and post-surgery 
(mean duration: 9 days post-surgery). Pre-surgery portable monitoring 
detected relevant SDB (mean apnea-hypopnea-index AHI = 15.1/h  ±  
10.8/h) in 31 patients (82%) with mainly CSR in 14 patients (45%). 
Post-surgery measurement revealed an elevated mean AHI of 25.7/h  ±  
17.3/h with higher portion of CSR in 66% of all patients (n = 25). In 
those patients we could detect a shorter cycle length post-surgery.
Conclusion: With an elevated AHI with higher portion of CSR in post-
surgery setting, a cardio-depressive effect of cardiovascular surgery 
with usage of extracorporal circulation has to be discussed. Contrary, 
the elevated AHI could be explained by a shorter cycle length in pa-
tients with CSR which could be associated with an improved cardiac 
function after surgery. Nocturnal CPC-analysis by one-channel ECG 
could be discussed as more tolerable diagnostic device for detection 
of SDB especially with patients having undergone surgery with tho-
racotomy.

0490
EVOLUTION OF SLEEP DISORDERED BREATHING 
IN PATIENTS WITH DOWN SYNDROME: 
POLYSOMNOGRAPHIC FINDINGS
Fan Z, Roth H, Vaughn B
University of North Carolina at Chapel Hill, Chapel Hill, NC

Introduction: Patients with Down syndrome are at risk for both ob-
structive and central sleep apnea. This study aims to explore changes 
in apnea in this population. We hypothesized that obstructive apnea se-
verity increases with increasing age in patients with Down syndrome.
Methods: A total of 171 polysomnographic reports were identified: 55 
in G1; 46 in G2; 42 in G3 and 28 in G4; and the ten most recent studies 
in each group were selected for analysis. Findings for G1, G2, G3 and 
G4 respectively showed: mean obstructive apnea indexes of 4.4, 4.2, 
8.9, and 30.1 and mean central apnea indexes of 1.92, 1.20, 0.68, and 
0.36. Mean z- scores of BMI were +2.5, +1.7, and +2.1 for G2, G3 and 
G4 respectively. There was a greater degree of obstructive breathing 
in G4 than other groups (p < 0.05); in contrast, the central apnea and 
z-score of BMI did not show a statistical difference between groups.
Results: A total of 171 polysomnographic reports were identified: 55 in 
G1; 46 in G2; 42 in G3 and 28 in G4; and the ten most recent studies in 

each group were selected for analysis. Findings for G1, G2, G3 and G4 
respectively showed: mean obstructive apnea indexes of 4.4, 4.2, 8.9, 
and 30.1 and mean central apnea indexes of 1.92, 1.20, 0.68, and 0.36. 
Mean z- scores of BMI were +2.5, +1.7, and +2.1 for G2, G3 and G4 
respectively. There was a greater degree of obstructive breathing in G4 
than other groups (p < 0.05); in contrast, the central apnea and z-score 
of BMI did not show a statistical difference between groups.
Conclusion: In patients with Down syndrome, obstructive breathing 
increases with age but does not appear to be associated with increasing 
BMI. Central apnea did not show a statistical difference but the mean 
of central apnea decreased over time. The reported data is currently 
limited by a small sample size, but in the next phase of this study we 
plan to perform longitudinal analyses in larger sample.

0491
THE PREVALENCE OF SLEEP DISORDERS IN 
CHILDREN FOLLOWING LUNG TRANSPLANTATION
Sagar M, Ebenbicler MS, Smith OE, Kancherla BS
Baylor College of Medicine, Houston, TX

Introduction: Sleep disorders have a prevalence of 4–10% and are as-
sociated with a high morbidity in the pediatric population. Lung Trans-
plantation is a life-saving modality for children with end stage lung 
disease. There is limited data available regarding sleep disorders after 
lung transplantation in children. We hypothesized that the prevalence 
of sleep disorders is higher in post lung transplant patients when com-
pared to healthy pediatric patients.
Methods: This was a cross-sectional study performed at Texas Chil-
dren’s Hospital. We utilized the Pediatric Daytime Sleepiness Scale 
(PDSS), Pediatric Sleep Evaluation Questionnaire and sleep surveys 
routinely used at our center. Inclusion criteria included pediatric pa-
tients who had undergone lung transplantation and are at least 3 months 
post-transplant. Fisher-exact test and t-tests was used for comparing 
sleep disorders and PDSS respectively between transplant patients and 
previously reported controls.
Results: Data from 10 patients was available at the time of analysis. 
Mean age was 12.3 ± 5.1. Overall, 7 patients reported insomnia and 4 
patients reported snoring. There were significant differences in preva-
lence of snoring and insomnia between transplant patients and prior re-
ports in controls with p = 0.024, 0.002 respectively. Polysomnography 
(PSG) data was available for 2 patients. PSG revealed sleep disordered 
breathing in both patients. Four patients reported excessive daytime 
sleepiness, PDSS > 15. Mean PDSS in patients was 13.2 ± 6.1 (95% CI 
9.42–16.98). Out of the 7 patients who responded, nightmares and sleep 
talking were reported in 3 and 2 patients respectively.
Conclusion: The prevalence of snoring and insomnia in children who 
had undergone lung transplant was higher, while the prevalence of 
other sleep disorders was similar as compared to previous reports in 
healthy pediatric patients. Hence, it is important to screen children 
post-lung transplant for sleep disorders. Future studies include enroll-
ment of further subjects and evaluation of polysomnographic data.
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IMPACT OF A CUSTOM-MADE MANDIBULAR 
REPOSITIONING DEVICE ON BLOOD PRESSURE 
IN OBSTRUCTIVE SLEEP APNEA PATIENTS 
NONCOMPLIANT WITH CONTINUOUS POSITIVE 
AIRWAY PRESSURE
Vecchierini M1, d’Ortho M2, Leger D1, Monaca C3, Monteyrol P4, 
d’Ortho M2, Morin L5, Mullens E6, Pigearias B7, Meurice J 8

1AP-HP, Hôtel Dieu University Hospital, Paris, France, 2AP-HP, 
Bichat-Claude Bernard University Hospital, Paris, France, 3Roger 
Salengro University Hospital, Lille, France, 4Polyclinic du Tondu, 
Bordeaux, France, 5ResMed Science Center, Saint-Priest, France, 
6Foundation Bon Sauveur, Albi, France, 7Sleep Laboratory, Nice, 
France, 8University Hospital of Poitiers, Poitiers, France

Introduction: Guidelines recommend mandibular repositioning de-
vices (MRDs) as second-line therapy for obstructive sleep apnea (OSA) 
pts noncompliant with continuous positive airway pressure (CPAP). 
The prevalence of arterial hypertension (HTN) is high in patients with 
OSA and MRD therapy may improve blood pressure (BP). ORCADES, 
a French prospective multicenter cohort study, is evaluating the clinical 
benefits of a custom-made MRD over 5 years in OSA pts who refused 
or did not tolerate CPAP. Interim 3-month follow-up data are presented.
Methods: Sleep data, OSA symptoms, BP, quality of life, side effects 
and MRD compliance were evaluated in OSA pts fitted with a CAD/
CAM MRD (Narval CC™). HTN was defined as systolic (SBP) and/or 
diastolic BP (DBP) of ≥ 140 and ≥ 90 mmHg, respectively. Treatment 
success was defined as a ≥ 50% decrease from baseline in the apnea-
hypopnea index (AHI).
Results: 299 OSA patients treated with MRD were analyzed: 222 (74%) 
without HTN (non-HTN; SBP 122 ± 9 mmHg, DBP 74 ± 8 mmHg) and 
77 (26%) with HTN (SBP 140 ± 8 mmHg, DBP 89 ± 8 mmHg). Sex 
ratio (75% male), age (53 ± 11 y) and baseline AHI (29 ± 15/h) were 
similar in both groups. In the HTN group, body mass index, neck and 
waist circumferences were higher and nadir SpO2 was lower. MRD 
treatment success rate was higher in non-HTN group (84% vs. 66%, 
p = 0.0012). Improvements in oxygen saturation, symptoms and quality 
of life were similar in the two groups and weight was unchanged. In 
the HTN group, MRD therapy significant reduced SBP and DBP, by 

−7.6 ± 12.7 and −6.8 ± 10.2 mmHg, respectively (p < 0.0001 vs. baseline 
and p < 0.0001 vs. non-HTN group); BP was normalized in 59% of 
patients. There was no change in SBP or DBP in the non-HTN group. 
There was a significant correlation between DBP decrease and baseline 
AHI. Only 25 patients (8%) stopped MRD therapy due to side effects 
and mean usage was similar in both groups (6.7 hours/night).
Conclusion: Custom-made CAD/CAM MRD is effective in OSA pts 
noncompliant with CPAP and may also have beneficial effects on car-
diovascular parameters.

0493
ASSOCIATION BETWEEN PAIN AND DIFFICULTY 
SETTING UP POSITIVE AIRWAY PRESSURE DEVICE 
AMONG COMMUNITY-DWELLING OLDER ADULTS 
WITH SLEEP-DISORDERED BREATHING
Rodriguez Tapia JC1,2, Cathy A1, Martin JL1, 
Dzierzewski JM1, Jouldjian S3, Josephson K 3, Song Y3, Col N4, 
Hays RD1, Patterson ES5, Fung CH1,3

1Department of Medicine, University of California Los Angeles, Los 
Angeles, CA, 2Pontificia Universidad Catolica de Chile, Santiago, 
Chile, 3Geriatric Research, Education and Clinical Center, Veteran 
Affairs Greater Los Angeles, Los Angeles, CA, 4University of New 
England, Main, ME, 5Oregon State University, Corvallis, OR

Introduction: Sleep-disordered breathing (SDB) is prevalent among 
older adults. Positive airway pressure (PAP) nonadherence is problem-
atic in SDB treatment, including among older adults. Prior research has 
not adequately addressed whether upper extremity problems, such as 
pain, contribute to difficulty getting PAP equipment ready for use (i.e., 
assembling and putting it on) among older adults. We hypothesized 
that upper extremity pain is associated with more difficulty getting 
PAP equipment ready for use among older adults.
Methods: We mailed 1,803 surveys to community-dwelling older 
adults (≥ 65 years) prescribed PAP over a 36-month period. Bivariate 
analyses were performed between upper extremity pain (single item; 
none, mild, moderate, severe or extreme), depressed mood (single 
item; present versus absent), and health perception (single item; excel-
lent, very good, good, fair or poor) and self-reported difficulty getting 
PAP equipment ready for use (single item; difficulty vs. no difficulty). 
A multivariable logistic regression model assessed the relationship be-
tween upper extremity pain and difficulty getting PAP ready for use, 
adjusted for age, race, ethnicity, gender, education, health perception, 
and mood.
Results: 585 patients returned a survey (32% response rate; mean age 
71.7[SD 8.6] years, 85% male, 60% non-Hispanic white). 28% of re-
sponders reported difficulty getting PAP ready for use, 62% reported 
upper extremity pain, 36% reported depressed mood, and 33% re-
ported fair or poor health. In bivariate analyses, upper extremity pain 
(p < 0.001) and depressed mood (p = 0.017), but not health perception 
(p = 0.056) were associated with more difficulty getting PAP ready for 
use. In the multivariable model, only upper extremity pain was associ-
ated with difficulty getting PAP ready for use (OR 1.5; p = 0.001).
Conclusion: Upper extremity pain is frequent among older adults pre-
scribed PAP, and is associated with difficulty getting PAP equipment 
ready for use. Pain may be a modifiable factor contributing to adher-
ence problems in older patients prescribed PAP.
Support (If Any): Research reported in this publication was supported 
by the National Institute On Aging of the National Institutes of Health 
under Award Number K23AG045937 and The Beeson Career Devel-
opment in Aging Research Award Program (supported by NIA, AFAR, 
The John A. Hartford Foundation, and The Atlantic Philanthropies). 
The content is solely the responsibility of the authors and does not nec-
essarily represent the official views of the National Institutes of Health.



SLEEP, Volume 38, Abstract Supplement, 2015 A176

B. Clinical Sleep Science I. Sleep Disordered Breathing

0494
RESPIR@DOM - A RANDOMIZED CONTROLLED TRIAL 
OF TELEMEDICINE IN SLEEP APNEA PATIENTS
Escourrou P1, Durand-Zaleski I 2, Agostini H3, Arnoux A4, 
Charrier N5, Maoulida H6, Martin F7, Alfandary D 8, Philippe C 9, 
Moncelly L10, Soyez F11, RESPIR@DOM G12, Puisais N13, Royant-
Parola S14

1Hopital Antoine Beclere, Clamart, France, 2APHP, URC-ECO, 
France, 3APHP, APHP - URC Hopital Kremlin-Bicetre, France, 
4APHP, APHP - URC Hopital Kremlin Bicetere, France, 5APHP, 
APHP - URCO-ECO ILE De France Paris, France, 6APHP, APHP 
- URC-ECO Hopital d L’Hotel Dieu, France, 7Hopital De Compiegne-
Noyon, France, 8Polyclinique Chantemerle, Polyclinique Chantemerle 

– Corbeil-Essonnes, France, 9AA, APHP – Hopital Pitie-Salpetriere, 
France, 10AA, Hopital De Meaux, France, 11AA, Clinique Du Plateau-
Clamart, France, 12Reseau Morphee Garches, Reseau Morphee 
Garches, France, 13Hopital Antoine Beclere Clamart, Hopital Antoine 
Beclere Clamart, France, 14Reseau Morphee, Reseau Morphee – 
Garches, France

Introduction: Medico-economic evaluation of OSAS (Obstructive 
Sleep Apnea Syndrome) treatment by telemonitored PAP (Positive 
Airway Pressure) in comparison with the routine care without tele-
monitoring.
Methods: This study involved 201 patients M/F (M = 66%) 18–75 years 
with an AHI ≥ 30/hr, in France (Paris region), 12 sites (7 hospitals and 
5 private medical centers). Three randomizations have been applied: 
telemonitoring using GSM technology, device (RESMED/PHILIPS), 
auto-adjusted vs. constant PAP set at the P90 value measured at D7. 
After the setup of PAP, follow-up visits at D7, M1, M3 were done by the 
home-care provider and at M1 and M3 by the physicians. Data were 
fed into an electronic sleep medical record (DMS) everyday for review 
and alarms on compliance, leaks and residual index were set up for the 
HCP and the physicians. Patients had access to the dedicated site www.
respiradom.fr, including the serious game “Inspiratio” and to their dai-
ly data in the DMS. Resource utilization was collected prospectively 
and valued from the viewpoint of the healthcare payer.
Results: At inclusion both telemonitored and non-telemonitored arms 
were identical: age = 51.9 ± 11 years, BMI = 33.3 ± 0.5 kg/m2, Ep-
worth = 12 ± 5.5, AHI = 52.8 ± 20.3/hr on average. Residual AHI at 
M3 were not significantly different between the two arms: 2.6 ± 3.1/
hr. Compliance with treatment at M3 was high and identical in both 
arms: 5.25 ± 1.97 hr with telemonitoring vs. 5.31 ± 2.09 hr without. As-
sociated costs were 360€/3 months with telemonitoring and 320€ with-
out (P < 0.0001). Cost-efficacy analysis showed that telemonitoring is 
more expensive but associated with a slightly better outcome. Quality 
of life scores (SF36, FOSQ) were not significantly different. Patient 
satisfaction scores were positive with telemonitoring. Telemonitoring 
increased the physicians’ workload, nevertheless they wished to con-
tinue its use.
Conclusion: Telemonitoring is as efficient as routine care. It is more 
expensive but tends to be more effective. Patients and physicians are 
satisfied.
Support (If Any): DGCIS and ARS Ile de France.

0495
BLOOD PRESSURE CHANGE IN PATIENTS NEWLY 
STARTING CPAP THERAPY FOR MODERATE TO 
SEVERE OBSTRUCTIVE SLEEP APNEA: CLINIC-BASED 
COHORT STUDY
Im K, Maurer RE, Dyken ME
The University of Iowa, Iowa City, IA

Introduction: Although it is widely believed that continuous positive 
airway pressure CPAP) therapy reduces blood pressure (BP) in hyper-
tensive patients with obstructive sleep apnea (OSA), published stud-
ies show only a small decrease in systolic blood pressure (SBP) and/
or diastolic blood pressure (DBP), with recent research showing only 
a 3.1 mmHg and 3.2 mmHg decrease in SBP and DBP respectively in 
94 subjects. To address this controversy we propose comparing SBP 
and DBP changes between individuals with uncontrolled BP at base-
line versus subjects with well-controlled BP at baseline prior to CPAP 
therapy.
Methods: A clinic-based cohort study of fifty subjects, newly diag-
nosed with moderate-to-severe OSA (AHI ≥ 15) was conducted in a 
University hospital based sleep disorders center. Subjects were clas-
sified as either, uncontrolled hypertensives (SBP ≥ 140 mmHg or 
DBP ≥ 90 mmHg) or ontrolled BP patients (SBP < 140 mmHg and 
DBP < 90 mmHg). The baseline BP (average of two readings prior to 
CPAP therapy for SBP and DBP respectively) and BP at 3 months-fol-
low-up visit after CPAP initiation (average of two readings) was used 
to calculated interval change in SBP and DBP.
Results: Thirty-three subjects were classified as controlled BP pa-
tients (3 with normal BP, 9 borderline-normal BP, 21 with controlled 
hypertension) and 17 individuals were classified as uncontrolled hy-
pertensives. At the 3 month follow-up, uncontrolled hypertensives had 
very significant decreases in both SBP (−15.6 mmHg vs −1.1 mmHg; 
p < 0.005) and DBP (−9.6 mmHg vs. −3.2 mmHg; p < 0.01) compared 
to the controlled BP individuals when adjusting for age, sex and CPAP 
adherence.
Conclusion: Although CPAP therapy for moderate-to-severe OSA 
decreased both the SBP and DBP, individuals with uncontrolled hy-
pertension at baseline showed significantly greater reductions in both 
SBP and DBP. These findings support aggressively addressing the pos-
sibility of OSA in patients with uncontrolled hypertension as success-
ful treatment with CPAP may reduce blood pressure and long term 
morbidity and mortality.

0496
MOTIVATIONAL ENHANCEMENT AS A MEANS OF 
INCREASING ADHERENCE TO CPAP IN CLINICAL 
TRIAL SETTINGS: A RANDOMIZED CONTROLLED 
TRIAL
Bakker JP1, Wang R1, Weng J1, Aloia MS2, Toth C1, Morrical M1, 
Gleason KJ1, Rueschman M1, Dorsey C3, Ware JH4, Mittleman MA5, 
Redline S1

1Brigham and Women’s Hospital & Harvard Medical School, Boston, 
MA, 2National Jewish Health, Denver, CO, 3McLean Hospital & 
Harvard Medical School, Boston, MA, 4Harvard School of Public 
Health, Boston, MA, 5Beth Israel Deaconess Medical Center, Boston, 
MA

Introduction: The use of motivational enhancement (ME) shows 
promise as a means of increasing adherence to continuous positive air-
way pressure (CPAP). However, the value of ME in relation to CPAP 
use in clinical trials investigating cardiovascular disease (CVD) in ob-
structive sleep apnea is not known.
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Methods: We performed a 6-month, parallel-arm, randomized trial of 
conservative management, sham-CPAP, CPAP-only, or CPAP+ME; 
results reported here are from the latter two arms. Subjects aged 45–75 
with obstructive sleep apnea (apnea hypopnea index ≥ 15 events/hour) 
without marked sleepiness and either established CVD or at risk for 
CVD were recruited from three sites. All patients received standard 
clinical care alongside CPAP; those randomized to CPAP+ME were 
also scheduled two 45–60 minute appointments and five phone calls 
with a trained therapist spaced over six months. Mixed effect mod-
els with subject-specific intercepts and slopes over time were fitted to 
compare nightly adherence between arms, adjusting for follow-up du-
ration, randomization stratification factors, and device manufacturer.
Results: Overall, 83 patients (n = 42 CPAP-only; n = 41 CPAP+ME) 
contributed 14,273 nights of data. Patients were predominantly male 
(67%), mean ± SD age 63.9 ± 7.4 years, BMI 31.1 ± 5.2 kg/m2, AHI 
26.2 ± 12.9 events/hour, and Epworth Sleepiness Scale 8.0 ± 4.5/24. 
Average nightly CPAP adherence was 3.3 ± 2.7 hours/night and 
4.4 ± 2.9 hours/night in the CPAP-only and CPAP+ME arms, respec-
tively. In our fully adjusted model, average nightly adherence adher-
ence was 99.0 minutes higher with CPAP+ME compared to CPAP-only 
(p = 0.003).
Conclusion: Motivational enhancement delivered during brief ap-
pointments and phone-calls resulted in a clinically-significant increase 
in CPAP adherence compared with CPAP alone. This strategy may 
be a useful addition to future large-scale CPAP efficacy studies as a 
means of ensuring a maximal treatment effect and improving statisti-
cal efficiency.
Support (If Any): NIH-U34-HL105277

0497
UPPER AIRWAY STIMULATION FOR OBSTRUCTIVE 
SLEEP APNEA: PATIENT REPORTED OUTCOMES 
AFTER 30 MONTHS OF FOLLOW-UP
Strollo PJ1, Badr M2, Feldman N3, Randerath W4, Strohl KP5

1University of Pittsburgh, Pittsburgh, PA, 2Wayne State University, 
Detroit, MI, 3Sleep Disorders Center, St Petersburg, FL, 4Klinik-
Bethanien, Solingen, Germany, 5VA Medical Center, Cleveland, OH

Introduction: Upper airway stimulation has been shown to be safe 
and effective in participants with moderate-to-severe obstructive sleep 
apnea in a large cohort study (STAR Trial) after 12 months of follow-
up1. This current study aimed to assess patient reported outcomes after 
30 months of follow-up.
Methods: A total of 126 participants received an implanted upper air-
way stimulation system (Inspire Medical Systems, Minnesota, USA) 
in a prospective phase III trial1. The co-primary outcomes were the 
AHI and ODI. The secondary outcome measures included patient re-
ported outcomes: Epworth Sleepiness Scale (ESS) and the Functional 
Outcomes of Sleep Questionnaire (FOSQ). Patient reported outcomes 
were reassessed at 30 months post-implant.
Results: A total of 124 participants completed follow up at 12 months 
and 111 participants at 30 months. ESS was reduced significantly from 
11.6 (5.0), mean (SD), at baseline to 7.0 (4.3) at 12 months (p < 0.001) 
and 6.7 (4.0) at 30 months (p < 0.0001). Similarly, FOSQ improved 
significantly from 14.3 (3.2) at baseline to 17.3 (2.9) at 12 months 
(p < 0.001) and 17.6 (2.7) at 30 months (p < 0.001).
Conclusion: Upper airway stimulation via cranial nerve XII main-
tained a sustained benefit on patient reported outcome measures (ESS 
and FOSQ) after 2.5 years of follow-up.

0498
EFFECTS OF EXERCISE TRAINING AND CPAP IN 
PATIENTS WITH HEART FAILURE AND OBSTRUCTIVE 
SLEEP APNEA
Bittencourt L1, Servante D1, Javaheri S2, Tufik S1

1UNIFESP, Sao Paulo, Brazil, 2University of Cincinnati College of 
Medicine, Cincinnati, OH

Introduction: Exercise training in patients with heart failure (HF) has 
been associated with improved functional class, exercise capacity and 
quality of life. Since obstructive sleep apnea (OSA) is common in pa-
tients with HF, and exercise could improve OSA, we hypothesized that 
the noted improvement in HF patients could be in part due to improve-
ment in OSA.
Methods: This was a prospective randomized controlled trial. Patients 
with HF ranging from 30–70 years of age , NYHA II-III, ejection frac-
tion < 40%, and OSA were randomized to: Group 1 (control), Group 
2 (exercise training), Group 3 (CPAP t) and Group 4 (exercise train-
ing with CPAP t). Full night attended polysomnography, cardiopul-
monary exercise testing, isokinetic strength and endurance tests were 
performed at baseline and 3 months. Patients also completed quality 
of life (SF 36 and Minnesota living with heart failure), Epworth sleepi-
ness scale and sexual function questionnaires.
Results: 70 patients were randomized and 65 completed the protocol. 
Mean AHI did not change significantly in the control group. AHI (n/
hour of sleep) decreased significantly with exercise (28 ± 17 to 18 ± 12), 
CPAP (32 ± 25 to 8 ± 11) and CPAP with exercise (25 ± 15 to 10 ± 16). 
Similar to CPAP intervention exercise improved sleepiness, NYHA 
class and quality of life. Only exercise training improved muscle 
strength. The combination of exercise and CPAP treatment improved 
cardiopulmonary performance and increased sexual function.
Conclusion: In patients with stable HF and OSA exercise training 
significantly decreased the severity of sleep apnea, improved exces-
sive daytime sleepiness, New York heart class and quality of life. Im-
portantly, only when exercise was combined with CPAP intervention 
significant improvement in cardiopulmonary performance, muscle en-
durance, and sexual function were noted. Exercise training has impor-
tant therapeutic benefits when added to CPAP therapy for the treatment 
of OSA in patients with HF and reduced ejection fraction.
Support (If Any): AFIP, FAPESP, CNPq

0499
THE CHANGING FACES OF OBSTRUCTIVE SLEEP 
APNEA: 2-YEAR FOLLOW-UP OF A CLUSTER ANALYSIS 
IN THE ICELANDIC SLEEP APNEA COHORT
Pien GW1, Ye L2, Keenan B3, Pack AI3, Benediktsdottir B4, 
Gislason T4

1Johns Hopkins University School of Medicine, Baltimore, MD, 
2Boston College William F. Connell School of Nursing, Boston, 
MA, 3University of Pennsylvania Center for Sleep & Circadian 
Neurobiology, Philadelphia, PA, 4Landspitali University Hospital, 
Reykjavik, Iceland

Introduction: We identified 3 distinct phenotypic presentations of 
OSA using cluster analysis in 822 Icelandic individuals with newly 
diagnosed OSA: “disturbed sleep” (DS), “minimally symptomatic” 
(MS), and “excessive daytime sleepiness” (EDS) phenotypes. We com-
pared CPAP adherence and changes in symptoms among the clusters 2 
years after treatment initiation.
Methods: Adherence was compared among clusters using chi-square 
or Kruskal-Wallis tests. Changes in symptoms were compared using 
linear mixed models (continuous variables) or generalized estimating 
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equation (GEE) models (binary outcomes). If a difference was seen 
among groups, we performed pairwise comparisons between clusters.
Results: There was a borderline (p = 0.060) difference in the propor-
tion of CPAP users among the clusters; the EDS group had the highest 
proportion (68.8%), compared to the DS (60.2%, p = 0.035) and MS 
(60.5%, p = 0.062) groups. There were significant differences in hours 
(p = 0.036) and nights (p = 0.015) of use, with the EDS having more 
use (median [range]: 5.0 [0.0–10.4] hours/night) compared to the MS 
(2.3 [0.0–9.7]; p = 0.010), and more median nights used (22 vs. 5.5; 
p = 0.005). The proportion of participants in each cluster endorsing in-
dividual sleep-related symptoms fell over 2 years, with few exceptions. 
The EDS cluster had the most improvement, with significantly greater 
reductions in symptom proportions compared to the MS (13/19 symp-
toms) and DS groups (11/19 symptoms). Despite dramatic improve-
ments in the DS and EDS clusters, the MS cluster generally remained 
least symptomatic. However, after controlling for baseline differences, 
there were significant differences among clusters in the proportion 
of patients with hypertension (p = 0.048) and cardiovascular disease 
(CVD) (p = 0.005) at follow-up. Rates of both hypertension (+4.2%) 
and CVD (+4.8%) increased in the MS group compared to minimal 
changes in the DS (p = 0.045 and p = 0.013) and EDS (p = 0.097 and 
p = 0.079) groups.
Conclusion: There are clinical subtypes of OSA. Patients with these 
different subtypes have different outcomes of treatment. Further clini-
cal trials need to consider subtypes.
Support (If Any): NIH grants HL072067 and P01 HL094307, Eim-
skip Fund of the University of Iceland, Landspitali University Hospital 
Research Fund

0500
INTERVENTIONAL DRUG-INDUCED SLEEP 
ENDOSCOPY: A NOVEL TECHNIQUE TO GUIDE 
SURGICAL PLANNING FOR OBSTRUCTIVE SLEEP 
APNEA
Victores AJ, Olson K, Takashima M
Baylor College of Medicine, Houston, TX

Introduction: One of the challenges of surgery for obstructive sleep 
apnea (OSA) is identifying the correct surgery for the appropriate pa-
tient. Most OSA patients have multiple sites of upper airway obstruc-
tion. Some clinicians believe that correcting a single level of obstruction 
will reduce negative pharyngeal pressure and thereby improve other 
sites of collapse. The difficulty lies in identifying those patients who 
will improve with a less extensive surgical approach. The objective of 
this study was to use drug-induced sleep endoscopy (DISE) and na-
sopharyngeal airway (trumpet) placement to determine the effect of 
eliminating palatal collapse on the other segments of the upper airway.
Methods: Forty-one OSA patients were enrolled in this prospective 
study. All patients had a polysomnogram followed by DISE. DISE 
findings were recorded and compared with and without placement of 
a nasopharyngeal airway. Obstruction was graded with a scale that in-
corporates location, severity, and interval of obstruction.
Results: Most patients (83%) demonstrated multilevel obstruction on 
initial DISE. With the nasopharyngeal airway in place, many patients 
with multilevel obstruction had at least a partial improvement (74%) 
and some a complete resolution (35%) of collapse (P < 0.05). Reduction 
in collapse was observed at the lateral walls (86%), epiglottis (55%), 
and tongue base (50%). Nasopharyngeal airway placement did not sig-
nificantly alter upper airway morphology of patients with incomplete 
palatal obstruction or mild OSA.
Conclusion: To our knowledge, this is the first study to evaluate the 
effect of soft palatal stenting on downstream pharyngeal obstruction 
during DISE. Our study provides evidence that reducing soft palatal 

collapse can reduce negative pharyngeal pressure and thereby alleviate 
other sites of upper airway obstruction. Taken together, these findings 
provide a means to identify appropriate candidates for isolated palatal 
surgery and better direct a minimally invasive approach to the surgical 
management of OSA.

0501
CLINICAL PREDICTION RULE FOR PATIENT 
SELECTION IN HOME MANAGEMENT PATHWAYS FOR 
OBSTRUCTIVE SLEEP APNEA
Shetty S, Fernandes A, Patel S, Parthasarathy S
University of Arizona, Tucson, AZ

Introduction: Home-based “alternate” management pathways for 
sleep-disordered breathing generally do not address the additional 
need for oxygen (O2) supplementation during home-based treatment 
initiation of auto-titrating positive airway pressure (PAP) therapy. The 
availability of a clinical prediction tool that helps exclude patients need-
ing O2 supplementation in addition to PAP therapy would be useful.
Methods: In 200 sleep laboratory patients, we measured postural oxy-
gen desaturations between upright and reclining positions during calm 
wakefulness. Patients who were already hypoxic at their physician’s 
office or who were already on supplemental O2 were excluded.
Results: During wakefulness, by design, oxygen saturation of patients 
eventually needing O2 supplementation in addition to PAP therapy 
(median 96%; inter-quartile range [IQR] 95, 97; n = 50) and patients not 
requiring O2 supplementation (95%; IQR 93, 97; n = 150) did not re-
veal evidence for hypoxia. Postural change in oxygen saturation during 
calm wakefulness, however, was greater in patients who eventually re-
quired oxygen supplementation in addition to PAP therapy (5%; IQR 2, 
7) than those who needed PAP therapy alone (3%; IQR 1, 4; P < 0.0001). 
The presence of COPD (Odds ratio 6.0; 95% confidence interval [CI] 
2.1, 17.5; P = 0.001), morbid obesity (3.6; 95% CI 1.9, 7.0; P < 0.0001) 
and age > 50 years (OR 2.8; 95% CI 1.3, 5.9; P = 0.007) were associated 
with the need for O2 supplementation. A clinical prediction rule of < 2 
of the following factors—age, morbid obesity, COPD, and postural ox-
ygen desaturation > 5%—had excellent negative predictive value (0.92; 
95% CI 0.85, 0.96) and Likelihood Ratio of negative test (LR-) (0.08; 
95% CI 0.04, 0.16).
Conclusion: A clinical prediction rule based on the degree of postural 
oxygen desaturation, clinical history of COPD, older age, and morbid 
obesity can help exclude patients from inappropriately entering alter-
nate management pathway because they likely need O2 supplementa-
tion in addition to PAP therapy.
Support (If Any): PCORI (IHS-1306-2505)

0502
CONCORDANCE BETWEEN THERAPEUTIC 
PRESSURE DETERMINED DURING TITRATION 
POLYSOMNOGRAPHY WITH THREE PREDICTIVE 
EQUATIONS IN SLEEP APNEA
Bazurto MA, González M
Fundación Neumológica Colombiana, Bogotá, Colombia

Introduction: The most effective treatment of obstructive sleep apnea 
(OSA) is the continuous positive airway pressure (CPAP). The pres-
sure required to eliminate the obstructive events is usually determined 
by polysomnography. It has been proposed alternative methods as ti-
tration with automatic devices and predictive equations. The aim was 
to establish the correlation between three formulas with the pressure 
found by PSG in a population at an altitude of 2,640 meters.
Methods: Study of concordance in patients with OSA referred to PSG 
titration. We compare the PSG pressure with three equations: 1. Hoffs-
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tein: (0.16 x BMI) + (0.13 x NC) + (0.04 x AHI) – 5.12; 2. Series: (0.193 
x BMI) + (0.077 x NC) + (0.02 x AHI) – 0.611; 3. Stradling: (0.048 x DI) 
+ (0.128 x NC) + 2.1. BMI: body mass index; NC: neck circumference; 
AHI: apnea-hypopnea index; DI: desaturation index. Calculation of the 
coefficients of concordance and limits of agreement (LOA).
Results: 171 patients with successful titration were included, 37.4% 
women, age 57 ± 11.9 years, BMI 31.8 ± 6.2 kg/m2, neck circumference 
42.0 ± 4.1 cm, DI 55.7 ± 40. 96.5% had AHI > 15/h. The coefficients 
of concordance (IC 95%) and LOA were: Hoffstein: 0.29 (0.19 a 0.38), 
LOA: −2.77 to 6.79; Series: 0.33 (0.21 a 0.45), LOA −4.98 to 4.60; Stra-
dling: 0.40 (0.28 a 0.51), LOA −4.98 to 4.07 (p < 0.001).
Conclusion: The correlation between the values estimated by three 
formulas with the value found by PSG in this population was low, so it 
is not recommended as a method for establishing the therapeutic pres-
sure in patients with OSAS.

0503
AUTOMATED GRADUATED CPAP (AGPAP) FOR 
IMPROVED ADHERENCE IN NEWLY DIAGNOSED OSA 
PATIENTS - MULTICENTER TRIAL
Lankford A1, Muehlbach M2, Donikyan M3, Powell E4, Chang S5, 
Zammit G3, Wylie P6, Kirsch D7, Pregram Jr G 8

1Sleep Disorders Center of Georgia, Atlanta, GA, 2Clayton Sleep 
Institute, Maplewood, MO, 3Clinilabs, New York, NY, 4Sleep Therapy 
and Research Center, San Antonio, TX, 5Delta Waves, Colorado 
Springs, CO, 6Arkansas Center for Sleep Medicine, Little Rock, AR, 
7Sleep HealthCenters, Brighton, MA, 8Sleep Disorders Center of 
Alabama, Birmingham, AL

Introduction: Although PAP is a highly effective treatment for sleep 
apnea, adherence to therapy remains an obstacle. AGPAP is an ex-
tended duration ramp, where the patient receives pressure below their 
prescription during an acclimation phase. The algorithm gradually in-
creases pressure to therapy level based on usage. The aim of this study 
was to determine the effectiveness of the AGPAP acclimation period 
and its impact on short term adherence.
Methods: Newly diagnosed OSA patients who were prescribed CPAP 
(≥ 10 cmH2O) were enrolled into this multicenter, randomized, double-
blind, controlled trial. Participants were randomized to either the AG-
PAP or the control group (standard CPAP therapy). Treatment efficacy 
was determined by comparing the AHI obtained from the PAP devices 
during the acclimation period to the diagnostic PSG baseline AHI. Ad-
herence was monitored remotely. Continuous variables were compared 
with an independent samples t-test. Differences in proportions were 
tested using the Fisher’s exact test.
Results: The AHI was reduced by 92% and 97% by day 2 and day 7 
respectively during the acclimation period. After three months aver-
age hours of use for all days tended to favor participants in the AGPAP 
group (4.0 ± 2.3 vs. 3.6 ± 2.5 hrs, p = 0.23, n = 95) and for all days 
where the device was used (4.95 ± 1.7 vs. 4.62 ± 2.1 hrs, p = 0.20) when 
compared to the control group (n = 120). The AGPAP group trended to-
ward a higher percentage of nights with ≥ 4 hours of use (54.3 ± 33.4% 
vs. 48.3 ± 35.1% , p = 0.20) and a higher percentage of participants with 
adherence meeting CMS criteria (62.1% vs. 52.5% , p = 0.17). Male 
participants assigned to the AGPAP group (n = 71) were significant-
ly more compliant than those assigned to the control group (n = 59) 
(4.3 ± 2.4 vs. 3.4 ± 2.4 hrs, p = 0.04).
Conclusion: AGPAP is effective in treating OSA and may facilitate 
treatment compliance in newly diagnosed OSA patients, especially in 
males, requiring moderate to high PAP pressures.
Support (If Any): This study was sponsored by Philips Respironics.

0504
CAN AUTO CPAP REPLACE CPAP TITRATION OF 
SPLIT-NIGHT POLYSOMNOGRAPHY?
Cho J, Kim D
Pusan National University Yangsan Hospital, Yangsan, Korea, 
Republic of

Introduction: Traditional approach to the diagnosis of obstructive 
sleep apnea (OSA), and appliance of continuous positive airway pres-
sure (CPAP) is undergoing a change. Although home-based titration 
has many advantages, there are still concerns that it will not be as good 
as it is with sleep laboratory-based PSG and CPAP titration. To find out 
better evidence supporting home based auto-titration, we performed 
auto-titrating CPAP at home for patients who were positive for OSA 
on a sleep laboratory-based diagnostic polysomnography followed by 
a CPAP titration.
Methods: Ninety three patients were enrolled. They all have under-
gone in-lab split night polysomnography with CPAP titration, and 
home auto CPAP for more than 7 days. CPAP titration was performed 
during the latter part of PSG. Then we selected patients with success-
ful titration at both situations. Successful titration criteria was, i) in-lab 
titration, AHI < 5 and sleeping time more than 15 minutes at optimal 
air pressure, ii) home auto titration, usage date should be more than 7 
days. Finally, 35 patients were included. We compared optimal titra-
tion pressure and AHI between in-lab titration and auto CPAP titration.
Results: Average age of 35 patients was 52.5. Mean AHI during split 
night PSG was 57.0 ± 25.64/hr, and optimal pressure was 7.57 ± 2.45 
mmH2O with decreasing AHI to 1.29 ± 2.24/hr. The patients used 
home-autotitration for 15.24 days, and the rate of usage more than 
4 hours was 69.8%. Optimal pressure of the home-autotitration was 
8.03 ± 2.16 mmH2O, and the mean AHI was 1.65 ± 3.51/hr at optimal 
pressure. Comparing the optimal pressure and AHI at that pressure, 
there was no difference between them. p value was 0.09 for the pres-
sure, and 0.16 for AHI respectively.
Conclusion: CPAP titration results did not differ between those in-lab 
studies vs. home-based autotitration. Spilt-night PSG is not necessary 
because autotitration at home offers similar titration results.

0505
IMPACT OF NASAL MASK CHOICE FOR CONTINUOUS 
POSITIVE AIRWAY PRESSURE THERAPY IN PATIENTS 
WITH OBSTRUCTIVE SLEEP APNOEA
Morin L1, Neuzeret P2

1ResMed Science Center, Saint Priest Cedex, France, 2ResMed 
Science Center, Saint Priest, France

Introduction: The mask is an essential element for Continuous Posi-
tive Airway Pressure (CPAP) therapy and mask discomfort is recog-
nised as an important contributor to CPAP discontinuation. In addition, 
the choice of mask is critical to avoid repeated interface changes that 
may impact motivation of Obstructive Sleep Apnoea (OSA) patient and 
increase therapy costs. Relatively few trials have investigated the influ-
ence of mask choice on CPAP therapy for OSA. This French multicen-
tre study compared outcomes in OSA patients treated by CPAP using 
different nasal masks as first-line therapy.
Methods: Newly-diagnosed OSA patients were randomised to receive 
CPAP (S9 AutoSet®) via different nasal masks (MFX group: ResMed 
Mirage FX®; Control group: Fisher&Paykel Zest®or HC407®; or 
Philips EasyLife®). Mask acceptability (defined as patients’ continued 
use of randomised mask), CPAP compliance, and Home Care Provider 
(HCP) interventions were compared at 3-months in the intent-to-treat 
(ITT) and on-treatment (OT; CPAP adherent) populations. Logistic re-
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gression analysis was used to determine factors associated with nasal 
mask failure.
Results: 285 patients were enrolled; 90 required a full-face mask due 
to mouth leaks and were excluded. 195 (ITT) and 151 (OT) patients 
were included in the analyses. More patients in MFX vs. Control 
showed mask acceptance (ITT: 79% vs 68%, p = 0.067; OT: 90% vs 
76%, p = 0.022). The number of additional HCP visits as a result of 
nasal mask issues was lower in MFX vs. Control (ITT: 4.5% vs 14.5%, 
p = 0.025); time for initial mask training was similar. Compliance 
with CPAP was higher in MFX vs. Control (ITT: 5.1 ± 2.4 vs 4.7 ± 2.0 
p = 0.13; OT: 5.9 ± 1.8 vs 5.1 ± 1.6 h/night, p = 0.011). In the ITT popu-
lation, nasal mask failure was significantly associated with more mask 
leaks (OR 1.18, 95% CI 1.06,1.32, p = 0.002) and lower pressure therapy 
(OR 0.83, 95% CI 0.69,0.99, p = 0.042).
Conclusion: The initial choice of nasal mask may have a significant 
impact on compliance and ongoing management of CPAP therapy. Un-
intentional leaks seem to be related to mask design and are a strong 
predictive factor of nasal mask failure.
Support (If Any): ResMed

0506
XEROSTOMIA AND PAP USE
Molina C, Kelley DM, Smyers S, Strohl KP, Rosenberg CE
Louis Stokes Cleveland VA Medical Center, Cleveland, OH

Introduction: The complaint of dryness with PAP use is common; 
however its cause and impact are poorly understood. We hypothesized 
that PAP patients on higher pressures would complain more of dryness 
than patients on lower pressures.
Methods: We created a final 25 item questionnaire relating to aver-
age pressure, mask type, PAP type, % days used, average hours used, 
severity of dryness, use of a heated humidifier, description/symptoms 
of dryness, use of supplemental oxygen, large leak, AHI, dryness af-
fecting use of PAP, and medications causing dryness.
Results: Of 87 patients (85 males and 2 females), 29 (33%) had no 
complaint of dryness, while 59 (67%) did. Overall, a complaint of dry-
ness did not affect use. In the 59 patients, 15.5% reported that dryness 
did affect use of PAP. There was no difference in mean PAP pressure 
in those with dryness vs those without dryness (11.1 ± 2.9 vs 11.5 ± 3.6 
cmH2O; M ± SD; p > 0.05). Those wearing a full face mask were more 
likely to complain of dryness than those wearing other masks (66.7% 
vs 33.3%; p < 0.004). No other factors were significant.
Conclusion: A complaint of dryness is more common in those using 
full face masks. Complaints of dryness did not affect PAP adherence.
Support (If Any): VA Medical Center

0507
THE INFLUENCE OF RACE ON THE TRAJECTORY 
OF CPAP USE DURING THE FIRST 12 WEEKS OF 
TREATMENT: STANDARDIZING BY SLEEP DURATION
Wallace DM1, Sierra L2, Lopez A 2, Alert M3, McNutt MD3, 
Chirinos D3, Wohlgemuth WK1

1Miami VA Healthcare System, Miami, FL, 2Nova Southeastern 
University, Ft. Lauderdale, FL, 3University of Miami, Miami, FL, 
4Miami VA Healthcare System, Miami, FL

Introduction: Studies have shown that blacks use CPAP 1 hour less 
than whites. However blacks also, on average, sleep less than whites. 
Limited research has examined the trajectory of CPAP use that is stan-
dardized for habitual sleep duration. Our aim was to determine if racial 
differences in CPAP adherence remained when CPAP use is standard-
ized for self-reported total sleep time (TST).

Methods: Consecutive CPAP-naïve OSA patients (n = 315, 43% black) 
attended the Miami VA sleep clinic to receive CPAP and complete 
baseline questionnaires. Patients returned for follow-up and adherence 
download. Outcomes were weekly averages of CPAP use both in raw 
minutes and standardized by baseline self-reported TST. Models were 
fitted for the first 12 weeks of treatment. We used longitudinal mixed-
effects modeling to characterize the influence of race on the trajectory 
of these two outcomes. Models were fully adjusted for relevant 
covariates.
Results: With raw CPAP use (min), the estimated conditional model 
with race as a level 2 predictor is (a = p < 0.05): CPAP Use = 251a −70a 
(race) −5 (weeks) −7 (weeks*race) + 0.08 (weeks2) + 0.44 (weeks2*race). 
Black race predicted less CPAP use (min) at week 1 compared to 
whites. However, there were no significant racial differences in the rate 
of change of CPAP use over the 12 weeks. With standardized CPAP 
use (%), the estimated conditional model with race as a level 2 predic-
tor is: CPAP Use = 80.8a −15.8 (race) −1.9 (weeks) −3.0 (weeks*race) 
+ 0.03 (weeks2) + 0.20 (weeks2*race). In this model, CPAP use (%) in 
blacks did not differ significantly from whites during week 1, nor did 
the rate of change differ between races.
Conclusion: These analyses replicate previous findings demonstrating 
that blacks use CPAP for, on average, an hour less than whites. How-
ever, when CPAP use is standardized by TST, this difference is no lon-
ger evident. Interventions targeting sleep duration may be an important 
addition to comprehensive care for sleep apnea.

0508
RESIDUAL EVENTS DURING USE OF CPAP: PREVALENCE, 
PREDICTORS, AND DETECTION ACCURACY
Zleik B1, Reiter J2, Thomas R1

1Beth Israel Deaconess Medical Center, Boston, MA, 2Hadassah 
Hebrew University Medical Center, Jerusalem, Israel

Introduction: Residual events during use of CPAP: prevalence, pre-
dictors, and detection accuracy.
Methods: The BIDMC Encore Anywhere database was queried for 
data between 1/1/2013 to 6/30/2013. The entry criteria: 3 months or 
greater use of 4 hours or greater. The most recent high-resolution flow 
data samples (transmitted weekly) was printed and manually scored 
using modifications of standard criteria (AHIFlow). Statistical analysis 
included summary measures, Bland-Altman plots, correlation coeffi-
cients, logistic regression for prediction of high residual AHIFlow.
Results: 156 subjects were studied, mean age was 53.3 ± 13.8; BMI 
was 33.4 ± 7.6; 58 were women (37%), 98 were men (63%); duration of 
use was 6.3 ± 1.5; 120 were white and 36 were non-white; automated 
AHIFlow was 4.87 ± 3.8 and Manual AHIFlow was 8.2 ± 5. Automated 
AHIFlow scoring showed that 54 patients of 156 (35%) had an AHIFlow 
of > 5, 16 patients (10%) had an AHIFlow > 10, and 4 patients (2%) had 
an AHIFlow > 15. Manual scoring showed that 112 of 156 patients 
(72%) had AHIFlow > 5, 39 patients (25%) had an AHIFlow > 10, and 
14 patients (8%) had an AHIFlow > 15. Both in the multiple regression 
and logistic regression, the central apnea index was the only predictor 
for a manual scored AHIFlow > 5 with a p of 0.02 after adjusting for 
age, sex, and BMI. BA plots showed the Limits of agreement: −10.604 
to 3.095, a mean difference: −3.754 (CI −4.424 to −3.085), and range: 
1.000 to 11.688 for those with an auto AHIFlow < 5/hour of use. When 
the AHIFlow > 5, Limits of agreement: −13.832 to 8.968, mean differ-
ence: −2.432 (CI −3.988 to −0.876), range: 4.018 to 21.364.
Conclusion: Residual events on stable compliant CPAP use are fre-
quent. Central apneas on the baseline assessment are a risk factor. 
Auto-detection is variably and unpredictably accurate, and may reflect 
both device algorithms and changes in time constants of respiratory 
flow change on treatment (vs. diagnostic assessments).
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Support (If Any): Beth Israel Deaconess Medical Center Chief Aca-
demic Officer’s Research Innovation Initiative

0509
IMPROVING APAP COMPLIANCE: THE IMPORTANCE 
OF INDIVIDUALIZED PRESSURE RANGES AND EARLY 
FOLLOW-UP
Bos T, Low A, Emsellem H
The Center for Sleep & Wake Disorders, Chevy Chase, MD

Introduction: Positive airway pressure is an effective treatment for 
obstructive sleep apnea (OSA), but compliance with therapy is often 
low. This may be more true of auto-titrating devices (APAP), when set 
to a wide range of pressures. The hypothesis that individually tested 
pressure ranges with intensive patient education and rapid follow-up 
after therapy initiation can improve compliance was tested.
Methods: Data were collected by a chart review of eligible patients 
over a year. Participants were newly diagnosed with OSA by polysom-
nogram and were scheduled to try APAP. Patients visited the sleep 
laboratory to try CPAP at various pressures, and APAP machines were 
ordered for each patient for their range of tolerable pressures. Each 
patient’s compliance data was downloaded at follow-up. The sample 
was split based on number of days to follow-up. Average usage time for 
days used, percent of days with usage, and compliance failure rates as 
assessed by CMS were compared.
Results: The overall success rate was 76.92%. Of 78 patients who 
received APAP, median time to follow-up was 29 days. For individu-
als following-up earlier than 29 days, the nightly average number of 
hours of device usage was 5.399 compared to 5.264 for individuals 
following-up later (t = 1.0001, p = 0.160). In the earlier follow-up group, 
the average percentage of days with device usage was 91% compared 
to 84.84% in the late follow-up group (t = 1.806, p = 0.037). The fail-
ure rate for the early follow-up group was 13.15% compared to 32.5% 
for patients following up later. Of the compliance failures in the late 
follow-up group, 69.23% would have been detected had they followed 
up within two weeks of receiving APAP.
Conclusion: An introductory visit to determine tolerable levels of pres-
sure leads to higher levels of compliance. Additionally, rapid follow-up 
assures better compliance and is able to assess and mitigate potential 
problems adapting to APAP.

0510
A NEW APPROACH FOR PATIENT PAP COMPLIANCE: 
CENTRALIZED COMPLIANCE MONITORING
Boota A1, Clark K 2, Lee C3

1Saint Francis Sleep Disorders Center, Greenville, SC, 2SleepWorks, 
Greenville, SC, 3Medbridge Home Medical, Atlanta, GA

Introduction: PAP compliance remains the biggest challenge in pa-
tients with sleep disordered breathing. Therefore patient’s compli-
ance rates were compared using two different monitoring approaches. 
Standard methods based on scheduled manual calls, and Central Team 
method based on live calls and automated text/email notification.
Methods: All patients were monitored via wireless modem for data 
transfer. The standard care process consists of manual calls at sched-
uled intervals. Patients are followed by one local therapist who has 
multiple scheduled daily activities. Follow up with patient compliance 
can often be pushed back causing the compliance process to fall behind. 
The Centralized compliance team utilizes a software program that pro-
vides text and email alerts in combination with live phone support and 
local branch support. The texts and emails are sent to notify patients of 
issues and offer suggestions to correct the issues on their own and feel 
more empowered. Patients are monitored on usage < 4 hours per night, 

modem connection, high leak, high AHI, and central apnea index. Pa-
tients are managed by exception instead of being generalized which 
allows for specific issue identification and focused patient coaching.
Results: A total of 384 patients were monitored using the standard 
care model for monitoring over a 10 month period. 152 patients were 
compliant during that period which resulted in a 60.4% Medicare de-
fined compliance rate. A total of 701 patients were monitored using the 
centralized compliance model for monitoring over a 10 month period. 
609 patients were compliant during that period which resulted in an 
86.8% Medicare defined compliance rate. Statistical analysis using the 
two-sided and one-sided tests revealed essentially the same p-value 
of < 2.2e-16 indicating a statistical significant difference.
Conclusion: Using a centralized compliance team approach utilizing 
software allows the specialized team to identify patients at risk earlier 
and provide appropriate intervention which subsequently improved our 
compliance significantly.

0511
LONG TERM IMPACT OF TREATMENT OF OSA ON 
METABOLIC PROFILE IN VETERANS
Olaoye O, Behal A, Kogan D, Ratarasarn K
Medical College of Wisconsin, Milwaukee, WI

Introduction: Obstructive Sleep Apnea (OSA) is associated with im-
paired glucose tolerance, elevated blood pressure (BP), dyslipidemia 
and elevated body mass index (BMI). Positive airway pressure (PAP) 
is the recommended treatment. This study examines effect of initial 
adherence to treatment of OSA on metabolic parameters over five years.
Methods: Single center retrospective study. Inclusion criteria were (1) 
confirmed sleep apnea (2) PAP initiation between 1/2008–12/2009 & 
(3) objective PAP adherence data. Good adherence (GA) defined as us-
age for ≥ 4 hours for ≥ 70% of nights at initial download. Demograph-
ics of the GA group were compared with poor adherence (PA) group. 
SBP, DBP, BMI, HbA1c, LDL, HDL, TG were compared at baseline 
(0–1 year prior to PAP) and 5 years after treatment. Within GA and 
PA, a 2-tailed paired t-test was used to compare baseline values with 
the 5 year values.
Results: 148 charts were reviewed, 55 patients qualified for inclusion 
in the study. 18 had good and 37 poor adherence. Both groups were pri-
marily Caucasian males. Prominent differences in baseline character-
istics were: GA was older (Median age 61.5 vs 58), had higher baseline 
AHI (51.9 vs 34.8), higher prevalence of HTN (78% vs 57%), higher 
baseline BMI (36.7 vs 34.9), lower prevalence of psychiatric comor-
bidities (27% vs 11%). Baseline prevalence of DM, CAD, other sleep 
disorders or arrhythmias was similar between 2 groups. Within GA, 
HDL increased from 40.7 to 49.7 mg/dl (p 0.046). Within PA, SBP in-
creased from 130.4 to 139 mmHg (p 0.003), BMI decreased from 34.9 
to 33.3 kg/m2 (p 0.03).There was no statistically significant difference 
in other parameters
Conclusion: At 5 years, good PAP adherence was associated with im-
provement in HDL and poor adherence was associated with increase in 
systolic BP and decrease in BMI.

0512
IMPACT OF OSA TREATMENT ON 5 YEAR 
HOSPITALIZATION AND MORTALITY RATES IN 
THE VETERAN POPULATION: A SINGLE CENTER 
EXPERIENCE
Behal A, Olaoye O, Kogan D, Ratarasarn K
Medical College of Wisconsin, Milwaukee, WI

Introduction: Obstructive Sleep Apnea (OSA) is associated with high-
er morbidity and mortality rates. Studies have revealed improvement 
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in mortality with treatment of OSA with PAP therapy. There are no 
studies that look at difference in outcomes based on PAP adherence as 
defined by Medicare on morbidity and mortality. This study examines 
the impact of good vs poor PAP adherence on hospitalization and mor-
tality rates over five years in a Veteran population.
Methods: This is a single center retrospective study. Inclusion crite-
ria were: (1) Confirmed sleep apnea (2) PAP initiation between Janu-
ary 2008–December 2009 (3) Objective PAP adherence data. Good 
adherence was defined as usage for ≥ 4 hours for ≥ 70% of nights at 
initial download. Demographics of good adherence (GA) group were 
compared with poor adherence (PA) group. Number of admissions and 
deaths within 4.5–5.5 yrs after PAP prescription were reviewed.
Results: Of 148 charts identified, 55 qualified for inclusion in this 
study. Of these 18 had good adherence (GA) and 37 had poor adher-
ence (PA). Both groups were composed primarily of Caucasian males. 
Prominent differences in baseline characteristics were: GA was older 
(Median age 61.5 vs 58), had higher baseline AHI (51.9 vs 34.8), higher 
prevalence of HTN (78% vs 57%), higher baseline BMI (36.7 vs 34.9) 
and lower prevalence of psychiatric comorbidities (27% vs 11%). Base-
line prevalence of DM, CAD, arrhythmias and other sleep disorders 
was similar between 2 groups. Within GA, 6 patients were hospitalized 
(33%) and 2 died (11%) during the study period. Within PA, 16 patients 
were hospitalized (43.2%) and 6 died (16.2%). The frequency of repeat 
admissions was lower in GA, with a maximum of 2 admissions vs 8 
admissions in PA.
Conclusion: Good PAP adherence was associated with lower mortal-
ity, a lower hospitalization rate and a lower risk of multiple admissions 
over a 5 year period in the Veteran population.

0513
INACCURATE CPAP-DERIVED AHI IN CPAP 
COMPLIANT PATIENTS EXPERIENCING OSA 
SYMPTOMS
Lown JS, Nuzio K, Feigenbaum, A, Raffele D, Karnavar M
Delta Sleep Center of Long Island, Commack, NY

Introduction: Obstructive sleep apnea (OSA) is a prevalent disease, 
potentially affecting over 40 million Americans. CPAP (continuous 
positive airway pressure), the gold standard treatment, is sometimes 
cumbersome and challenging. Long term compliance rates as low as 
30% −40% have been reported. Poor mask fit, emergence of complex 
apnea, under or over titration, claustrophobia, improper humidifica-
tion, and overall sleep fragmentation from CPAP itself, may account 
for poor compliance. However, in some cases a failure of the device 
itself may contribute to CPAP difficulties. Compliance and efficacy of 
CPAP is commonly derived from downloaded data indicating pressure, 
leak flow , flow limitation, time of use, AHI, as well as in some cases 
central apnea detection. We suggest that machine failure that was un-
detectable and misleading in the CPAP download may affect CPAP 
compliance and success.
Methods: We employed the Watch Pat 200 (Itamar) as a test for the 
validity of CPAP data. This recorder has been shown in a number of 
studies to accurately assess sleep apnea in patients with OSA, in com-
parison to PSG, and the concomitant use of CPAP with Watch PAT 
testing has been described previously. Adult patients, at our CPAP 
clinic,used their CPAP machine while wearing the watch Pat 200 on 
their non- dominant wrist with pulse oximetry and PAT probe in place. 
Patients with no complaints relative to CPAP use and good CPAP com-
pliance, served as internal controls to determine the agreement of the 
recorder data with the CPAP data.
Results: Watch PAT AHI values in 7 patients with complaints of CPAP 
difficulties was abnormal, despite relatively normal CPAP down-
loads. Results were not unique to one brand of CPAP machine. In all 

7 cases the downloaded CPAP AHI was in the normal range. One pa-
tient, in particular, had a discrepancy of more than 40 for AHI (CPAP 
AHI = 0.5; Watch PAT AHI = 45). The internal controls had reproduc-
ible download data which agreed closely with the Watch Pat results.
Conclusion: We report that in that a small number of patients having 
complaints of continued fatigue, despite using CPAP, therapeutic fail-
ure was undetected by the CPAP machine download. Most estimates 
of CPAP efficacy and compliance are derived from information gener-
ated from CPAP machine downloads, and our findings raise concerns 
about the validity of this practice. CPAP, machine failure, such as that 
described here, may be under-appreciated and may contribute to CPAP 
noncompliance, and lack of therapeutic benefit.

0514
PROMOTING ADHERENCE TO CPAP WITH TAILORED 
EDUCATION AND FEEDBACK: A RANDOMIZED 
CONTROLLED CLINICAL TRIAL
Tatousek J, Lacroix J, Visser T, Teuling N
Philips Research, Eindhoven, Netherlands

Introduction: Educating people about the benefits of a medical treat-
ment and feeding back personal results have been shown promising 
in improving adherence to medical treatments. Currently, most of the 
interventions to promote CPAP adherence take a one-size-fits-all ap-
proach. An enhanced impact is expected by tailoring the information 
style to the information processing characteristics of the patient. The 
study aims to compare the efficacy of tailored and untailored education 
and feedback with standard of care.
Methods: This randomized, controlled multicenter clinical study re-
cruited 150 patients diagnosed with mild to severe OSA and prescribed 
to start CPAP treatment. Three groups were included: a Standard of 
Care (SoC) group, a Tailored Intervention group (TI) receiving in ad-
dition to SoC tailored education and feedback, an Untailored Inter-
vention group (UI) receiving untailored education and feedback. The 
intervention groups received 2 educational leaflets in week 1 and 2 of 
their treatment followed by 7 weekly feedback reports about CPAP us-
age and recommendations for improvement.
Results: We present the preliminary results of the first 100 patients that 
completed the study. Given the preliminary nature, we refrain at this 
moment from statistical testing and report here the observed means. 
Average minutes of CPAP use declined for all three groups in the first 
two months of treatment, but was smaller for TI (4%) and UI (2%) than 
for SoC (19%). 59.2% of participants in the TI group subjectively re-
ported an intention to increase their CPAP use compared to 39.5% in 
the UI group.
Conclusion: Education and feedback were effective in preventing a 
decline in CPAP use in the first two months of CPAP treatment. While 
comparable effects were observed on CPAP use for the tailored and 
untailored education and feedback, a higher impact of tailored materi-
als on the subjectively reported intention to use CPAP was observed.

0515
INCREASED ENGAGEMENT AND ADHERENCE IN 
ADULTS WITH OBSTRUCTIVE SLEEP APNEA
Rodgers B1, Brown LK1, Lopez S2, Glasser J2

1University of New Mexico, Albuquerque, NM, 2University of New 
Mexico Hospital, Albuquerque, NM

Introduction: Adherence to PAP therapy is a profound challenge in 
management of OSA. Self management approaches have been success-
ful in the treatment of a variety of chronic conditions, yet there is lim-
ited documentation in regard to OSA. This study was designed to test 
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the effect of a self-management approach including instruction on data 
access and monitoring in adults new to PAP therapy for OSA.
Methods: A randomized controlled two-group design was used to test 
the effects of an intervention that included instruction to access and 
monitor therapy data on adherence, Patient Activation (PAM), Ep-
worth Sleepiness score, subjective well-being, and satisfaction with the 
PAP experience. A diverse sample of 38 adults newly diagnosed with 
moderate to severe OSA and for whom APAP was prescribed was re-
cruited. Following informed consent, each was set up with a DeVilbiss 
IntelliPAP and given identical educational information. Those in the 
experimental group also were taught how to access and monitor thera-
py data using the device’s SmartCode. All setup and follow-up appoint-
ments were conducted by the PI. At the conclusion of participation, an 
interview was conducted by a research assistant to explore perceptions 
of the intervention and the initial PAP experience.
Results: Adherence rates for those taught to access their data surpassed 
88%. All participants showed a substantial decrease in ESS, increase 
in PAM score, and reported overall satisfaction with the intervention 
and the PAP therapy. The ability to access and understand therapy data 
was described as an important component of satisfaction for some, and 
many without such instruction indicated they would have liked access 
and instruction.
Conclusion: A comprehensive and supportive program of education 
including easy access to therapy data and instruction on data interpre-
tation can lead to high levels of adherence and overall satisfaction with 
therapy in people new to OSA and PAP therapy.
Support (If Any): This study was funded by DeVilbiss Healthcare.

0516
IMPROVEMENT IN PHYSICAL ACTIVITY IN PATIENTS 
WITH OBSTRUCTIVE SLEEP APNEA (OSA) TREATED 
WITH CONTINUOUS POSITIVE AIRWAY PRESSURE
Jean R
Mount Sinai St Luke’s & Roosevelt Hospitals, New York, NY

Introduction: The quality of life and physical activities among patients 
with obstructive sleep apnea (OSA) are poor due to daytime sleepiness, 
fatigue, and impaired concentration. Very little is known about the ef-
fect of continuous positive airway pressure (CPAP) treatment on physi-
cal activity (PA). The aim of this study was to prospectively evaluate 
the effect of CPAP on PA.
Methods: We performed a prospective longitudinal study, in which 
patients with a recent diagnosis of OSA by polysomnography (PSG) 
and an apnea/hypopnea index (AHI) > 5 were studied between Mar 
2012 – July 2014, from a sleep clinic, in New York City. Demographics, 
anthropometric data, PA, sleep questionnaires, and pedometer steps 
were evaluated on 3 visits: before and after CPAP: median 3 months 
(visit 1) and 7.4 months (visit 2).
Results: 62 patients were prospectively enrolled. Mean age was 
53 ± SD 13 yrs, and the study cohort comprised of 42% women, had 
mean BMI 38 ± SD 11 kg/m2, and had moderate to severe obstructive 
sleep apnea (AHI ≥ 15 = 86% and Epworth score ≥ 10 = 60%). Base-
line PA was 2828 ± SD 2700 steps/day, with 26 (42%) classified as 
having low activity by International Physical Activity Questionnaire 
(IPAQ). Overall, 73% of the pts were compliant with CPAP, defined as 
CPAP use > 4 hrs/day. Worse sleep quality was correlated with lower 
PA (R = 0.36; p = 0.004). At follow-up, significant improvement was 
seen in sleep quality from baseline to first visit (−2.63 ± SD 3.4) and 
from first to second visit (−3.5 ± SD 3.8) in PSQI questionnaire scores, 
p < 0.001. The same improvement was also seen in PA (840 ± SD 1313 
and 1431 ± 1419 steps/day, respectively p < 0.001. On multivariate 
analyses, patients with higher waist circumference were more likely to 
have higher increase in steps from baseline (R = 0.30; p = 0.018).

Conclusion: Treatment of OSA with CPAP has a progressive incre-
mental improvement in PA and sleep quality that can be seen as early 
as 3 months. The treatment effect did not correlate with compliance or 
severity of OSA. Future studies are needed to determine whether long 
term impact of CPAP on physical activity is an independent factor for 
improvement in metabolic syndrome.

0517
PREDICTION OF CONTINUOUS POSITIVE AIRWAY 
PRESSURE IN OBSTRUCTIVE ALEEP APNEA
Kirtane SK
Kirtane Associates, Longwood, FL

Introduction: Researcher was interested in finding out if there is a 
significant relationship between the BMI and CPAP required and also 
between AHI and CPAP needed. Continuous positive airway Pressure 
(CPAP) prediction formulas are difficult to derive and validate since 
the variation can depend on different factors like age, sex , BMI, Ep-
worth sleepiness scale and many other factors.
Methods: 126 patients , who were diagnosed to have OSA (AHI > 5),un-
derwent CPAP titration in a sleep lab.BMI and CAPAP pressure need-
ed to correct OSA was recorded. Researcher tested a statistical method 
to find the correlation between CPAP and BMI and CPAP and AHI in 
this sample of 126 patients.
Results: Correlation coefficient using Excel program revealed r be-
tween BMI and CPAP as 0.25154 and between AHI and CPAP as 
0.4283 which suggested that there may be linear relationship between 
the two variables. So Linear regression was performed which result-
ed the following multiple regression equation as y = 8.66+0.030 X1 
+0.029 X2 where Y is the CPAP predicted value using X1 as the BMI 
and X2 as the AHI score. The std error was 2.60 which represents the 
std deviation of the observed values from the predicted values. Coeffi-
cient of determination R^2 was 0.1564 which expresses the 15% varia-
tion due to BMI and AHI, while 85% variation is due to unexplained 
factors. F value of 11.408
Conclusion: Though this equation is not a perfect formula for predic-
tion of the CPAP needed, to correct OSA, this will help to set higher 
and lower limits on AUTO PAP.

0518
ADHERENCE TO POSITIVE AIRWAY PRESSURE 
THERAPY IN U.S. MILITARY PERSONNEL WITH SLEEP 
APNEA IMPROVES SLEEPINESS, SLEEP QUALITY AND 
DEPRESSIVE SYMPTOMS
Capaldi VF1, Mysliwiec V2, Gill J3, Baxter T 2, Roth BJ2, 
Matsangas P4

1Walter Reed Army Institute of Research, Silver Spring, MD, 
2Madigan Army Medical Center, Tacoma, WA, 3National Institutes 
of Health, Bethesda, MD, 4Naval Postgraduate School, Department of 
Operations Research, Monterey, CA

Introduction: Obstructive sleep apnea (OSA) is frequently diagnosed 
in U.S. Military Personnel. OSA is associated with sleepiness, poor 
sleep quality and service-related illnesses of insomnia, depression, 
post-traumatic stress disorder (PTSD) and traumatic brain injury.
Methods: Design: Observational study. Setting: Sleep Clinic. Partici-
pants: Active duty military personnel recently returned from combat, 
diagnosed with OSA by an attended overnight polysomnogram. Inter-
vention: Usual clinical care of positive airway pressure (PAP) therapy.
Measurements: Adherence to PAP assessed with smart chip technol-
ogy. Validated clinical instruments assessed sleep quality, sleepiness, 
depression, PTSD and quality of life.
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Results: Fifty-eight men with mean age 36.2 ± 7.7 y, mean BMI 
31.4 ± 3.7 were diagnosed with OSA, mean apnea-hypopnea index 
19.1 ± 19.0. Twenty-three (39.7%) participants were adherent (AD) to 
PAP and thirty-five (60.3%) were non-adherent (NAD). There were 
no significant differences in baseline demographics, apnea-hypopnea 
index, service-related illnesses or clinical instrument scores. Mili-
tary personnel adherent to PAP had significantly improved sleepiness 
(p = 0.007), sleep quality (p = 0.013), depressive symptoms (p = 0.01), 
energy/fatigue (p = 0.027) and emotional well-being (p = 0.024). Par-
ticipants with moderate to severe OSA were more likely to be in the 
AD group when compared with participants diagnosed with mild OSA.
Conclusion: Military personnel with OSA have low adherence to PAP. 
Adherence is associated with improved depressive symptoms, sleepi-
ness, sleep quality, energy/fatigue, emotional well-being and social 
functioning. Future research should focus on interventions to improve 
the management of OSA in military personnel.

0519
OBSTRUCTIVE SLEEP APNEA (OSA) REMAINS 
EFFECTIVELY TREATED IN MORE THAN A THIRD OF 
PATIENTS WHEN SKIPPING NASAL CPAP FOR THREE 
NIGHT
Alhanoun E1, Kodali L2, Cunningham J3, Weingarten J3, Spielman A4

1University Hospitals, Case Medical Center, Cleveland, OH, 2Cayuga 
Medical Center, Ithaca, NY, 3New York Methodist Hospital, New 
York, NY, 4Weill Cornell Medical College, New York, NY

Introduction: Continuous Positive Airway Pressure (CPAP) is the 
most effective treatment for OSA but is not acceptable to a substantial 
proportion of patients. As an alternative to nightly CPAP we explored 
intermittent CPAP (4 nights/week) on an acute basis for one week, 
which may be a more acceptable regimen to some patients.
Methods: Fifteen (13 Male) patients with moderate to severe OSA 
(AHI: mean = 32.9, range, 16.6 to 53.6) on chronic CPAP treatment 
skipped CPAP for 3 nights and were re-assessed. The mean interval 
between the diagnostic and re-assessment studies was 7.3 months and 
BMI did not differ between the two studies (n = 13, BMI: diagnostic vs. 
re-assessment, 28.95 vs. 28.56, NS).
Results: Skipping CPAP for 3 nights: OSA severity was reduced by 
more than half when skipping CPAP for 3 nights (n = 15, mean AHI: 
diagnostic vs. re-assessment, 32.9 vs. 16.2, p < 0.005). Three of the 15 
patients had an AHI < 5, and 3 patients had an AHI > 5 to < 10. AHI re-
duction was also significant when analyzing AHI for supine (p < 0.01), 
non-supine (p < 0.05) and NREM sleep (p < 0.01). REM AHI reduction 
approached significance (p < 0.052). In one patient studied on 4 occa-
sions, AHI on the diagnostic study (27.8) was reduced when skipping 
CPAP for 3 nights on two studies (3.3 and 2.3) but not when CPAP was 
skipped for 3 weeks (27.4).
Conclusion: It has been previously shown that skipping CPAP for 1 
night reduces Respiratory Disturbance Index. Nightly CPAP use has 
been shown to reduce edema and increase upper airway caliber in OSA. 
It is likely that these changes in the airway are not reversed when skip-
ping CPAP for 1 to 3 nights and is the mechanism of the sustained 
improvement in OSA.

0520
A NEW PARADIGM FOR TREATMENT OF THE CPAP 
INTOLERANT
Keropian BN1, Murphy NC2, Nahed R 3, Spriggs B4

1None, Woodland Hills, CA, 2Case Western Reserve, Case Western 
Reserve Dental School, OH, 3None, Mission Hills, CA, 4None, 
Bellingham, WA

Introduction: For patients with obstructive sleep apnea (OSA) whom 
are CPAP intolerant, dental oral appliances have provided the num-
ber one non-surgical alternative treatment. A 2007 study by Victor 
Hoffstein, Medical Director of the University of Toronto Sleep Center, 
showed in a review of the literature of 3027 appliances that the initial 
apnea-hypopnea index (AHI) was reduced 42%. In our research and 
studies we utilized an FDA approved oral appliance that serves as an 
intermediary medical device to deliver oxygen from a concentrator to 
the oropharynx. The appliance also comfortably depresses the tongue 
and opens the oropharyngeal airway similarly to the method employed 
by an MD with a tongue depressor.
Methods: 22 patients were fitted with this O2 appliance. They had pre-
treatment (tx) baseline PSGs and post-tx PSGs with the oral appliance. 
In the post-tx PSG their appliance was connected to an oxygen concen-
trator that delivered 92% O2 at 1.5 LPM
Results: Post-tx PSGs showed an apnea-hypopnea index (AHI) reduc-
tion of 65% from the baseline AHI’s. 21 of the 22 had final mean SpO2 
of 95%-99%. The 22nd had a final mean SpO2 of 94%. 12 of the 22 
(54%) had final AHI of 4 or < 4. The other 10 had AHI above 8.7, with 
9 of the 10 having mean SpO2 of 95% or > 95. The 10th had the 94% 
mean SpO2. 22 patients pre-tx mean AHI 33.5,  ± St Dev 25.8. Post-tx 
mean AHI 11.4. ± St Dev 15.6. Pre-tx mean SpO2 91.1%, ± St Dev 3.33 
Post-tx mean SpO2 96.5% ± St Dev 1.46
Conclusions: Based on this initial study, O2 delivery via an oral ap-
pliance that opens the oropharyngeal airway by depressing the tongue 
can successfully treat CPAP intolerant patients with OSA, improving 
AHI and hypoxemia. Further studies are needed to corroborate these 
findings.

0521
RACE DIFFERENCES IN PREDICTORS OF CPAP USER 
PROFILES AMONG VETERANS
McNutt M1, Alert M1, Chirinos D1, Lopez A 2, Sierra L2, Wallace D3, 
Wohlgemuth W3

1University of Miami, Department of Psychology, Miami, FL, 2Nova 
Southeastern University, Department of Psychology, Ft Lauderdale, 
FL, 3Miami VA Sleep Center, Miami, FL

Introduction: Previous studies have shown that continuous positive 
airway pressure (CPAP) adherence among African Americans is lower 
than other racial groups. Recent findings identified three subgroups of 
CPAP user profiles (non-adherers, attempters, and adherers), as well 
as predictors of the CPAP subgroup membership. The current study 
examined differences in the prevalence and predictors of these three 
CPAP use profiles between African Americans and other racial groups.
Methods: This cross-sectional, retrospective study consisted of 206 
veterans who returned to clinic for CPAP download. At this this follow-
up visit, subjects completed questionnaires on daytime sleepiness, in-
somnia, and self-efficacy for using CPAP. Demographics, AHI, CPAP 
pressure, and psychiatric and medical comorbidities were collected 
from patient medical record.
Results: A multi-group (by race) latent profile analysis model was used 
to extract latent classes of CPAP users with covariates. Regarding the 
prevalence of latent classes, African Americans were more likely to be 
non-adherers (48%) and attempters (36%), than adherers (16%) than 
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Caucasians and Hispanics. Regarding the covariates, and similar to 
our previous findings, more insomnia and decreased self-efficacy sig-
nificantly predicted being a non-adherer vs. an adherer for both racial 
groups. However, unlike Caucasians and Hispanics, we observed in 
African Americans that the absence of depression, less daytime sleepi-
ness, and lower CPAP pressure significantly predicted being a non-
adherer vs. an adherer.
Conclusion: Insomnia and self-efficacy were found to predict the like-
lihood of non-adherence to CPAP, irrespective of race. However, in 
African Americans, in addition to insomnia and self-efficacy, those 
without depression, with less daytime fatigue and with lower CPAP 
pressure were more likely to be non-adherers. These results indicate 
that more specific interventions may be needed to improve CPAP use 
in African Americans.

0522
EFFECTIVENESS OF POSITIVE AIRWAY PRESSURE ON 
SLEEPINESS IN TYPE 2 DIABETES AND OBSTRUCTIVE 
SLEEP APNEA VARIES BY GLYCEMIC CONTROL
Donovan LM1, Nuzhad A1, Basu N1, Seiger AN2, Choi A1, 
Rueschman M2, Bakker JP2, Bertisch SM1, Patel SR1

1Beth Israel Deaconess Medical Center, Boston, MA, 2Brigham and 
Women’s Hospital, Boston, MA

Introduction: Obstructive sleep apnea (OSA) is extremely common in 
type 2 diabetes (T2DM). The effectiveness of positive airway pressure 
(PAP) in a diabetic population has not been well studied.
Methods: We established a program at our hospital-based primary 
care practice to screen and treat patients with T2DM for OSA. T2DM 
patients underwent screening with the STOP-BANG questionnaire and 
those scoring ≥ 3 (/8) were invited to undergo a sleep study. Patients 
with an apnea hypopnea index 4% (AHI) ≥ 5 events/hour were offered 
treatment. Sleepiness was assessed using the Epworth Sleepiness Scale 
(ESS), and adherence to PAP was monitored for 3 months.
Results: Of the 190 patients who underwent sleep studies, OSA 
was present in 84% (45% mild, 18% moderate, and 21% severe). In 
the 91 patients who accepted PAP and have already progressed to 3 
month follow up, baseline hemoglobin A1c (HbA1c) was 6.5–7.9% in 
69%, 8.0–9.9% in 20% and ≥ 10.0% in 11%. Baseline AHI and ESS 
did not differ across HbA1c categories (AHI 25.5 ± 24.4, 21.4 ± 15.0, 
23.4 ± 18.1 p = 0.72; ESS 8.5 ± 4.4, 9.2 ± 5.7, 8.0 ± 6.0, p = 0.78). Over 3 
months of PAP, ESS improved to a greater extent in those with HbA1c 
of 8.0–9.9%. The change in ESS by HbA1c category was −1.1 ± 3.6, 

−3.7 ± 4.2, −1.3 ± 3.5 (p = 0.04). PAP adherence was also greatest in 
the intermediate HbA1c group (3.6 ± 2.6, 3.8 ± 2.6, 3.1 ± 2.1 hrs/night) 
although this difference was not statistically significant.
Conclusion: In a cohort of patients with T2DM, OSA severity was 
similar across categories of glycemic control; however improvement 
in sleepiness was greatest in those with HbA1c of 8.0–9.9%. One hy-
pothesis for this finding is that the HbA1c 8.0–9.9% group may have 
experienced greater sleepiness improvements due to effects of PAP on 
glycemic control in addition to direct effects of apnea reduction.
Support (If Any): This study was supported by the ResMed Founda-
tion.

0523
A COMPARISON OF REMOTE FOLLOW UP WITH 
GROUP FOLLOW UP ON PAP ADHERENCE
Rodgers M, Holley A, Sheikh K
Walter Reed National Military Medical Center, Chevy Chase, MD

Introduction: At our center the first follow up visit after PAP initia-
tion can be performed individually, in a group, or remotely utilizing 

compliance downloads. Remote follow up saves time and decreases 
overall costs, but it is not known if quality of care suffers. This was a 
retrospective, performance improvement project comparing the effects 
of remote and group follow up on PAP adherence.
Methods: We collected data on patients who initiated PAP and had at 
least one follow-up encounter, either remotely or in the clinic. Outcome 
of interest was compliance at 37 days (7 days for adjustment to changes 
followed by 30 days to assess effect) after first follow-up post PAP ini-
tiation. Data was analyzed using SPSS 21.0.
Results: There were 34 and 31 patients followed up remotely and in the 
clinic respectively. There was no significant difference in age (p = 0.55), 
BMI (p = 0.28) or AHI (p = 0.59) at baseline. There was no difference 
in percentage nights used (p = 0.54) or nights greater than four hours 
(p = 0.36) at first follow-up. At 37 days post follow-up appointment 
there was no difference between remote and in clinic visits in hours 
per night used or nights greater than four hours, 90.1 ± 12.6% versus 
92.7 ± 10.2% (p = 0.36) and 77.0 ± 21.6% versus 76.3 ± 23.2% (p = 0.91) 
respectively. Median increases in hours per night (0.0% (IQR: −7.5 to 
13.3) versus +3.3% (IQR: −6.7 to 12.5); p = 0.67) and nights greater 
than four hours (+5.1% (IQR: −16.7 to 33.5) versus +6.3% (IQR: −8.4 to 
45.0); p = 0.53) for remote versus in clinic follow-up were not statisti-
cally different.
Conclusion: Both remote and group follow up patients showed im-
provement in PAP adherence and efficacy without statistical sig-
nificance between groups. This suggests that remote follow up is not 
inferior to traditional care. Mid-level providers can effectively assist in 
remote management of follow up appointments which increases clinic 
efficiency and decreases healthcare costs.

0524
ACHIEVING 90% POSITIVE AIRWAY PRESSURE (CPAP) 
ADHERENCE
Sangal RB
Sleep & Attention Disorders Institute, Sterling Hts, MI

Introduction: According to the Cochrane Database, with usual care, 
CPAP adherence rates are 57–59%, with increase to 70–75% with edu-
cational intervention or supportive ongoing intervention.
Methods: Patients with symptoms of OSA were tested using PSG or 
OCST. After testing, patients with OSA (AHI ≥ 15/h sleep, and AHI 
5–14.9/h sleep with sleepiness or comorbidities) were educated about 
OSA risks and treatment options with focus on CPAP. Patients were 
titrated on CPAP during a PSG or treated with APAP. Unlimited mask 
exchanges were allowed in the first 30 days. Patients with concomitant 
insomnia were offered H1/5HT2A antagonist medicines (trazodone, 
doxepin or mirtazapine). Patents were seen at least once 30–90 days 
after. If data download revealed lack of adherence (defined as CPAP 
use ≥ 4 h/night for ≥ 70% nights), there were continuing visits with 
supportive intervention, and H1/5HT2A antagonists for PAP related 
sleep difficulties. Resmed Easycare Online (but not Respironics En-
core Anywhere) allows adherence data of all patients to be output into 
a spreadsheet. Data from all patients set up on Resmed PAP devices 
from January 1, 2013 to August 1, 2014 was output.
Results: Of 87 new patients set up on CPAP, 1 was excluded as the data 
could not be downloaded. 4 did not return and were considered non-
adherent. 82 returned with data downloads. 77 (90% of 86 patients) 
achieved ≥ 70% adherence. There were no significant differences be-
tween adherent and non-adherent patients in age, BMI, AHI, lowest 
saturation, ESS, General Wake Inability/Fatigue or Driving Wake/
Inability Fatigue scores, or CPA pressure. Ten patients needed treat-
ment with H1/5HT2A antagonists and 9 became adherent. Without 
treatment, if these 9 had been non-adherent, only 68 (79%) of patients 
would have been adherent.
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Conclusion: Adding H1/5HT2A antagonists to patients who need them, 
along with educational and ongoing supportive intervention, increases 
PAP adherence rates. 90% adherence rates are achievable.

0525
EFFICACY OF AUTOADJUSTING PAP (APAP) 
TREATMENT WITH DIFFERENT TECHNOLOGIES 
OF EXPIRATORY PRESSURE RELIEF: A BENCH 
EVALUATION
Zhu K1, Aouf S1, Roisman G2, Escourrou P2

1Air Liquide Healthcare, Gentilly, France, 2APHP Antoine-Beclere 
Hospital, Clamart, France

Introduction: The technology of pressure relief during expiration 
(PRE) is aimed at improving the patient comfort during the CPAP 
treatment for obstructive sleep apnea (OSA). However, the effect of 
PRE on the efficacy of APAP treatment is not well determined.
Methods: Five modes of PRE applied by three APAP devices were 
included in our study (A-Flex3, P-Flex for PR1 Remstar Auto, Philips-
Respironics, denoted as D1; EPR3 for S9 Autoset, Resmed, denoted as 
D2; SoftPAP2 and SoftPAP3 for Prisma 20A, Weinmann, denoted as 
D3). Each APAP device was subjected to a 30-minute bench-simulated 
breathing sequence of obstructive apnea (initial AHI = 48/h). For each 
device, the bench-assessed residual AHI and treatment pressure, and 
device-reported pressure were compared with and without PRE.
Results: Except SoftPAP2, bench-assessed residual AHI increased 
with all the PRE modes. For D1, residual AHI and mean pressure 
changed from 20/h and 8.2 cmH2O, without PRE, to 43.3/h and 7 cm-
H2O with A-Flex3, and to 48/h and 6 cmH2O with P-Flex (p < 0.001 
each). For D2, residual AHI and median pressure changed from 10/h 
and 10.8 cmH2O without PRE, to 12/h (p < 0.01) and 10.2 cmH2O 
(p < 0.001) with EPR3. For D3, residual AHI and median pressure 
changed from 35.3/h and 9.3 cmH2O without PRE, to 30.7/h (p < 0.05) 
and 8.6 cmH2O (p < 0.001) with SoftPAP2, and to 45.3/h (p < 0.05) 
and 8.1 cmH2O (p < 0.001) with SoftPAP3. The device-reported treat-
ment pressures were overestimated by 20% and 30% with A-Flex3 and 
P-Flex respectively for mean pressures, and by 28%, 10%, and 17% 
with EPR3, SoftPAP2 and SoftPAP3 respectively for median pressures 
(p < 0.001 each).
Conclusion: With most modes of PRE, our bench evaluation showed 
reduced efficacies of APAP treatment for OSA, owing to ineffective 
treatment pressure which was overestimated in the APAP device re-
ports.
Support (If Any): Paris-Sud University; Air Liquide Healthcare; 
French Ministry of Higher Education and Research.

0526
RESOLVING FLOW-LIMITATION AND PERIODIC 
BREATHING CONFLICTS IN AN AUTO CPAP 
ALGORITHM
Thomas RJ1, Biber MP2, Boring J3, Martens W4, Knepper M5

1Beth Israel Deaconess Medical Center, Boston, MA, 2Neurocare, 
Inc, Neurocare, Inc, MA, 3DeVilbiss Healthcare, Inc, Somerset, PA, 
4Martens Beheer, B.V., Gemert, Netherlands, 5DeV, Somerset, PA

Introduction: Upper airway narrowing and flow-limitation frequently 
co-exist with periodic breathing (PB), challenging automated algo-
rithms, such as that in positive pressure devices, to accurately quantify 
and respond to the various respiratory phenotypes.
Methods: PB detection sensitivity was developed using over 200 hours 
of high altitude polysomnogram/respiration data. If patterns at sea 
level are similar to those at high altitude, high loop gain sleep apnea 
can be inferred and identified. The DeVilbiss auto-CPAP algorithm we 

have developed uses parallel and independent event detection of PB 
versus discrete respiratory events, allowing simultaneous generation 
of all data types. Pressure response decisions are prioritized, with peri-
odic breathing taking precedence. A clinical assessment of 28 subjects 
with a spectrum of sleep apnea phenotypes used a primary endpoint of 
expert human reviewer agreement, every 20 minutes, with decisions 
made by the device (increase, decrease, no change).
Results: 16/28 were male, mean age of 54.2 years (range: 27–75), mean 
BMI 35.0 kg/m2 (range 19.6 to 53.3 kg/m2). Entry minimum diagnostic 
AHI4% was 15. On the test device, mean PSG vs. machine AHI3% or 
arousal for all subjects was not significantly different, 15.9 ± 10.6 vs. 
15.8 ± 9.7. Time in none, and grades 1–3 periodic breathing were 11768, 
820, 242, and 29 minutes respectively (91.5, 6.4, 1.9 and 0.2%). Detec-
tion of obstructive and central apnea were at the level of 87–88% sensi-
tivity and specificity. Overall, 630 pressure response determinations at 
20-minute intervals for 28 subjects were recorded and reviewed by an 
expert reviewer. In 581 decision points (92.2%, 95% CI 89.9%–94.2%), 
the reviewer agreed with the algorithm’s decision.
Conclusion: It is possible to algorithmically reconcile the conflict be-
tween periodic breathing and flow limitation, with a clinically effective 
pressure response. Prospective clinical evaluation will be required to 
assess performance of the algorithm in treatment naïve patients, espe-
cially those with high loop gain coexisting with obstructive features, 
and over the long term.
Support (If Any): DeVilbiss Healthcare

0527
THE RELATIONSHIP BETWEEN NIGHTLY HOURS 
OF CPAP USE AND BLOOD PRESSURE RESPONSE IN 
PATIENTS WITH OBSTRUCTIVE SLEEP APNEA AND 
HYPERTENSION
Lacy JA1, Greenough G2, Munson J1

1Dartmouth-Hitchcock Medical Center, Lebanon, NH, 2Geisel School 
of Medicine, Lebanon, NH, 3Dartmouth-Hitchcock Medical Center, 
Lebanon, NH

Introduction: Obstructive sleep apnea (OSA) is an independent risk 
factor for hypertension; however, the blood pressure response to CPAP 
is not clear. We aim to analyze the relationship between nightly hours 
of CPAP use and ambulatory blood pressure measurements in patients 
with OSA and hypertension.
Methods: We performed a retrospective chart review of patients at an 
academic sleep center between 2011 and 2013. The electronic medical 
record was used to identify patients with both hypertension and OSA 
who initiated CPAP and returned for follow-up after 10 weeks. Patients 
were aged 18–75, with a desaturation-based AHI > 5 and an arousal-
based AHI > 15. Subjects were excluded for CPAP use under 70% of 
nights or for any change in blood pressure medications. Blood pressure 
measurements from two visits prior to CPAP initiation were averaged 
and compared with the measurement taken at the follow-up visit. A 
linear regression analysis was performed to compare average hours of 
CPAP use with the change in diastolic (DBP) and systolic blood pres-
sure (SBP) measurements.
Results: The search criteria yielded 296 charts; 41 subjects were in-
cluded. Subjects used CPAP 94% of nights with average use of 6.4 
hours/night (SD ± 1.8). The mean change in SBP and DBP was −3.9 
mmHg (p-value 0.03) and −2.9 mmHg (p-value 0.02), respectively. Re-
gression analysis showed a drop of 0.97 in SBP and a drop of 0.74 in 
DBP for every hour of CPAP use. However, the correlation coefficients 
were low indicating that the hours of CPAP use explains very little of 
the observed variation in blood pressure.
Conclusion: A small improvement in blood pressure was seen in our 
subjects with hypertension and OSA who were initiated on CPAP. 
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With increasing hours of CPAP use, small incremental improvements 
in blood pressure were seen; however, the effect is weak.

0528
COMPARISON OF THE UPPER AIRWAY DYNAMICS 
OF ORONASAL AND NASAL MASKS WITH POSITIVE 
AIRWAY PRESSURE TREATMENT USING CINE 
MAGNETIC RESONANCE IMAGING
Ebben MR1, Milrad S1, Dyke JP1, Phillips CD1, Krieger AC1

1Weill Cornell Medical College, New York, NY, 2Weill Cornell 
Medical College, New York, NY

Introduction: It is known that oronasal masks are not as effective at 
opening the upper airway compared to nasal only continuous posi-
tive airway pressure (CPAP) masks in patients with sleep disordered 
breathing. However, the physiological mechanism for this difference 
in efficacy is not known; although, it has been hypothesized to involve 
the retroglossal and/or retropalatal region of the upper airway. The 
objective of this study was to investigate differences in retroglossal 
and retropalatal anterior-posterior space with the use of oronasal vs. 
nasal CPAP masks using real-time cine Magnetic Resonance Imaging 
(cMRI).
Methods: 10-Subjects (8-men, 2-women) with obstructive sleep apnea 
(OSA) were given cMRI with both nasal and oronasal CPAP masks. 
Each subject was imaged with each interface at pressures of 5, 10 and 
15 cm of H2O, while in the supine position along the sagittal plane.
Results: The oronasal mask produced significantly less airway open-
ing in the retropalatal region of the upper airway compared to the na-
sal mask interface at CPAP of 10 and 15 cm of H2O. P-values of the 
significant paired t-tests ranged from 0.016 to 0.001 depending on the 
pressure and the point of measurement in the respiratory cycle. No dif-
ferences were found in the retroglossal region between mask styles at 
any tested pressure.
Conclusion: Our study confirmed previous findings showing differ-
ences in treatment efficacy between oronasal and nasal mask styles. 
We have shown anatomic evidence that the nasal mask is more effec-
tive in opening the upper airway compared to the oronasal mask at 
CPAP of 10 and 15 cm of H2O.

0529
DOES POSITIVE AIRWAY PRESSURE ADHERENCE 
REFLECT MEDICATION COMPLIANCE?
Walter RJ, Lettieri C, Sheikh K, Rodgers M, Capaldi VF
Walter Reed National Military Medical Center, Bethesda, MD

Introduction: Positive airway pressure (PAP) therapy is the first-line 
treatment for obstructive sleep apnea (OSA). Despite evidence that 
treatment improves sleep quality, enhances quality of life, and assists 
in mitigating the increased risk for cardiovascular events, adherence 
remains poor. It is unclear if non-adherence is a result of the treat-
ment modality itself or if it is reflective of overall compliance (or lack 
thereof) with general medical therapy. The purpose of this study is to 
determine if there is a correlation between PAP and general medical 
therapy adherence as measured by outpatient medication compliance.
Methods: We conducted a retrospective review of patients newly di-
agnosed with OSA initiating PAP therapy in the Walter Reed Sleep 
Disorders Clinic. Baseline demographic, polysomnographic data, and 
PAP adherence for the first six months of use were recorded. Outpa-
tient medications were reviewed manually within our closed electronic 
medical record system for the six months following the initiation of 
PAP treatment. Investigators were blinded to the polysomnographic 
results and PAP adherence data at the time of medication data retrieval.

Results: One-hundred consecutive patients were included in the study. 
Of these patients, 62% were prescribed chronic medications and were 
included in the final analysis. Seventy-six percent of the cohort were 
male with an mean age of 42.5 ± 13.5. The mean body mass index and 
apnea-hypopnea index were 28.5 ± 5.0 kg/m2 and 18.1 ± 6.2 events/
hour, respectively. Overall, PAP and medication adherence for the co-
hort was 75.4% and 56.9%, respectively. There was a significant corre-
lation between medication compliance and PAP adherence (r2 = 0.724). 
Patients non-adherent with PAP therapy were more likely to be non-
compliant with outpatient medications (71.4% vs. 26.7%, p = 0.01).
Conclusions: In our cohort, PAP adherence and outpatient medication 
compliance were closely related. This suggests that PAP adherence 
may be indicative of overall compliance with general medical therapy. 
Further studies are necessary to better characterize this association.

0530
LONG-TERM THERAPY ADHERENCE TO UPPER 
AIRWAY STIMULATION IN A CPAP INTOLERANT OSA 
STUDY COHORT
Strohl K1, Cornelius J2, Goetting M3

1Case Western Reserve University, Cleveland, OH, 2Minneapolis 
Clinic of Neurology, Golden Valley, MN, 3Borgess Research Institute, 
Kalamazoo, MI

Introduction: Upper airway stimulation (UAS) using implantable 
cranial nerve XII neurostimulation is a safe and effective therapy for 
obstructive sleep apnea (OSA) patients unable to use CPAP. We pres-
ent 24- and 30-month UAS therapy adherence, and compared this with 
the usage and to historical yearly estimated adherence to prior therapy 
over the prior 3 years.
Methods: In the STimulation for Apnea Reduction (STAR) trial, sub-
jects with moderate to severe OSA and CPAP intolerance received an 
UAS system (Inspire Medical Systems, Minneapolis, MN). Self-report 
historical CPAP (n = 126) and oral appliance therapy (OAT; n = 24) start 
and last use dates and estimates of yearly use over the past 36 months 
were collected at the time of enrollment. Self-reported UAS nightly us-
age was collected at ~6 month intervals starting at 12-months after im-
plant through the 30-month follow-up (last available complete dataset).
Results: All STAR subjects (83% male, 55 ± 10 years old; M ± SD) 
were CPAP intolerant or non-compliant, by study design. All had at-
tempted CPAP for 3.5 ± 4.1 years. OATs were attempted by 25%, and 
used for 0.8 ± 1.4 years. Historical self-report adherence to CPAP was 
73% at 12-, 54% at 24-, and 47% at 36-months. In the smaller group try-
ing OAT, adherence was 42% at 12-, 23% at 24-, and 10% at 36-months. 
In comparison, UAS daily usage was 86% at 12-, 81% at 24-, and 81% 
at 30-months after implantation. The remaining 19% used the therapy 

~2.7 ± 1.9 nights per week from 12- to 30-months.
Conclusion: Retrospective patient history showed lower rates of CPAP 
and OAT use and higher rates of abandonment estimated over 3 prior 
years vs. therapy adherence to UAS over 30-months of follow-up after 
implantation.
Support (If Any): Study was sponsored by Inspire Medical Systems
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0531
UPPER AIRWAY STIMULATION FOR OBSTRUCTIVE 
SLEEP APNEA: CORRELATION OF OBJECTIVE AND 
SUBJECTIVE OUTCOMES
Strollo PJ1, Badr M2, Feldman N3, Randerath W4, Strohl KP5

1University of Pittsburgh, Pittsburgh, PA, 2Wayne State University, 
Wayne State University, MI, 3Sleep Disorders Center, St Petersburg, 
FL, 4Klinik-Bethanien, Solingen, Germany, 5VA Medical Center, 
Cleveland, OH

Introduction: Upper airway stimulation has been shown to improve 
both objective and subjective outcomes in participants with moder-
ate-to-severe obstructive sleep apnea in a large cohort study after 12 
months of follow-up1. It is unclear if there is correlation between the ob-
jective and subjective measures, and whether therapy non-responders 
reported subjective improvement. This report explores these interac-
tions.
Methods: A total of 126 participants received an implanted upper air-
way stimulation system (Inspire Medical Systems, Minnesota, USA) in 
a prospective phase III trial1. The objective outcome of the apnea hy-
popnea index (AHI) was measured and averaged from in-lab PSG stud-
ies at 12 and 18 months. The subjective outcome measures included 
Epworth Sleepiness Scale (ESS) and the Functional Outcome of Sleep 
Questionnaire (FOSQ) were also measured and averaged from 12 and 
18 months post-implant follow-up. Data are presented as mean (SD).
Results: A total of 124 participants completed follow up at 12 months 
and 121 participants at 18 months. Among therapy responders (N = 78) 
with AHI less than 20 and ≥ 50% reduction from baseline, the AHI 
was reduced from 30.3 (11.2) to 6.8 (4.1), with an increase of the FOSQ 
of 2.6 (2.8) and decrease of the ESS of 4.2 (4.4) from baseline. Among 
non-responders (N = 46), AHI was reduced from 34.1 (11.9) to 28.4 
(14.6), with an increase of the FOSQ of 3.4 (3.7) and a decrease of the 
ESS of 5.0 (5.6). The correlation coefficient between AHI reduction 
(%) and FOSQ and ESS change was 0.08 and 0.02, respectively, among 
all participants.
Conclusions: Subjective outcomes improved consistently among par-
ticipants that received upper airway stimulation for OSA, with or with-
out objective improvement in AHI.

0532
DURABILITY OF STIMULATION THRESHOLDS 
AND AMPLITUDES AT 24 AND 30-MONTHS OF 
UNILATERAL CRANIAL NERVE XII STIMULATION 
FOR OBSTRUCTIVE SLEEP APNEA
Cornelius J1, Strohl KP2, Vanderveken O3, Lee K4, Coleman M4, 
Ni Q4

1Minneapolis Clinic of Neurology, Golden Valley, MN, 2Case Medical 
Center, Cleveland, OH, 3Antwerp University Hospital, Antwerp, 
Belgium, 4Inspire Medical Systems, Maple Grove, MN

Introduction: Upper airway stimulation (UAS) using an implant-
able cranial nerve XII neurostimulation system is a safe and effective 
therapy for CPAP-intolerant patients with obstructive sleep apnea 
(OSA). Long-term stability of stimulation amplitudes is of potential 
concern for any neurostimulation therapy. Patient-specific stimulation 
thresholds at 12-months and 18-months post implant were previously 
reported, and stable. We present the stimulation durability at 24 and 
30-months after implantation.
Methods: In the Stimulation for Apnea Reduction (STAR) trial, 126 
subjects with moderate to severe OSA and CPAP intolerance received 
an implantable neurostimulation system (Inspire Medical Systems, 
Minneapolis, MN), with a programmable stimulation amplitude be-
tween 0 and 5 volts in 0.1 V increments. Patient-specific stimulation 

thresholds were categorized as sensation threshold  when stimulation is 
first felt, functional threshold when bulk tongue motion was achieved, 
and sub-discomfort is the highest comfortable amplitude while awake. 
Therapeutic stimulation amplitude was last titrated (if needed) dur-
ing the 18-month PSG, within a patient-controllable therapeutic range. 
Subjects were followed in-office at 6-month intervals after 18-months.
Results: At the 24-month follow-up, 115 subjects were seen, and at the 
30-month follow-up, 112 subjects. The 18-month sensation, functional, 
and sub-discomfort thresholds were: 1.1 ± 0.6 volts; 1.8 ± 0.7; 2.7 ± 1.0, 
respectively. At the 24-months, thresholds were 0.9 ± 0.5; 1.5 ± 0.7; and 
2.3 ± 0.9. At 30-months, thresholds were 0.9 ± 0.5, 1.5 ± 0.7, 2.3 ± 1.0. 
The 18-month therapeutic amplitude was 1.8 ± 0.9 Volts. The ampli-
tude at 24-months was 1.8 ± 0.7 volts, (p = 0.10 vs. 18-month), and 
at 30-months, 1.7 ± 0.7 volts (p = 0.05 vs. 24-month). From 18 to 30 
months, 78% of subjects had programmed amplitude within 3 steps (± 
0.3 volts) of the amplitude programmed at the 18 month visit.
Conclusion: UAS stimulation thresholds and amplitudes continue to 
be stable after 2.5 years of follow-up. Long-term management in the 
absence of symptoms may require only an annual follow-up for ampli-
tude assessments.
Support (If Any): Study was sponsored by Inspire Medical Systems

0533
NASAL STRIP IS AN EFFECTIVE PLACEBO 
TREATMENT IN SEVERE OBSTRUCTIVE SLEEP APNEA
Yagihara F1, Lorenzi-Filho G1, Santos-Silva R1,2

1Faculdade de Medicina da Universidade de São Paulo, Heart Institute 
(InCor), Pulmonary Division, Sleep Laboratory, São Paulo/SP, Brazil, 
São Paulo, Brazil, 2Núcleo Interdisciplinar da Ciência do Sono 
(NICS), São Paulo/SP, Brazil, São Paulo, Brazil

Introduction: The aim of this study was to compare polysomno-
graphic (PSG) parameters without and with nasal strip and the effect 
on symptoms after one month of nasal strip treatment in patients with 
severe obstructive sleep apnea (OSA).
Methods: Nine consecutive out-patients (mean ± standard error) (1 
female; age = 49.9 ± 2.9 years; body mass index = 31.3 ± 1.6 kg/m2; 
Epworth Sleepiness Scale score = 15.8 ± 1.4) with severe OSA were 
evaluated. Paired T test (1,000 bootstrapped samples) was used. Pa-
tients underwent two full night PSG evaluations: without nasal strip 
(before beginning treatment with nasal strip) and with nasal strip (first 
night of treatment with nasal strip). Epworth Sleepiness Scale (ESS), 
Beck Depression Inventory (BDI), and Functional Outcomes of Sleep 
Questionnaire (FOSQ) were applied before and after one month of 
wearing nasal strip during sleep. A Satisfaction Treatment Question-
naire (STQ) was also applied after treatment.
Results: No statistically significant differences were found between 
PSG evaluations: apnea-hypopnea index (mean ± standard error; 95% 
Confidence Interval) (69.2 ± 5.2; 59.2–77.9 vs. 56.5 ± 7.3; 42.3–69.6) 
(p = 0.09), respiratory disturbances index (69.2 ± 5.2; 59.2–77.9 vs. 
56.7 ± 7.4; 43.3–69.9) (p = 0.09), oxyhemoglobin saturation nadir 
(72.4 ± 2.6; 67.3–77.1% vs. 72.0 ± 4.4; 62.8–77.8%) (p = 0.9), and all 
other objective sleep parameters (p ≥ 0.12). ESS (15.8 ± 1.4; 13.3–
18.1 vs. 13.4 ± 2.2; 9.4–17.4) (p = 0.12), BDI (10.8 ± 2.9; 6.2–16.7 vs. 
8.5 ± 3.2; 3.2–14.9) (p = 0.24), and FOSQ scores (12.6 ± 0.9; 10.9–14.2 
vs. 13.7 ± 1.3; 11.3–16.0) (p = 0.35) were also similar between evalua-
tions. According to STQ, patients found no improvement in quality of 
sleep and life, daily activities, and daytime sleepiness after a month of 
the nasal strip treatment, but stated that the use and adherence were 
very easy.
Conclusion: Nasal strip was not effective in reduce objective sleep pa-
rameters and complaints (daytime sleepiness, depression complaints, 
and quality of life) of patients with severe OSA but wearing nasal strip 
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and treatment adherence were very easy to be achieved. Nasal strip 
could be considered as an effective placebo treatment in those patients.
Support (If Any): Fundação de Amparo a Pesquisa do Estado de São 
Paulo - FAPESP (#13/12301-5; #13/14025-5) and Núcleo Interdisciplin-
ar da Ciência do Sono - NICS

0534
NON INVASIVE ORAL PRESSURE THERAPY FOR 
OBSTRUCTIVE SLEEP APNEA: A CASE SERIES AT AN 
ACADEMIC SLEEP CENTER
Sevilla Berrios RA1, Rishi MA 2, Morgenthaler TI2

1Mayo Clinic, Rochester, MN, 2Mayo Clinic, Mayo Clinic, MN

Introduction: Recently an innovative noninvasive oral pressure thera-
py (OPT; Winx®, ApniCure) was approved as an alternative treatment 
of Obstructive Sleep Apnea (OSA). The concept of OPT is to apply 
negative intraoral pressure that reduces intraoral volume thereby stabi-
lizing the velopharynx. We describe our experience at the Mayo clinic 
Sleep Center since the FDA approval of OPT in July 2012.
Methods: At a quaternary teaching medical center, we reviewed all 
patients that received a trial of the OPT device. All patients underwent 
an attended polysomnography using a split-night protocol, (initial di-
agnostic study and subsequent OPT trials on the same night.) We de-
fined treatment success as tolerating treatment with a residual AHI < 5. 
Results were reported using means and proportions. Non-parametric 
testing (Wilcoxon rank test and Fisher’s exact test) were used as ap-
propriated.
Results: A total of 9 patient received an OPT trial. OPT success was 
observed in 33% of the patients. Patients with OPT success were sig-
nificantly younger (54.3 ± 4.5 vs 66 ± 2.1, p = 0.02), and tended to have 
a lower AHI (19.6 ± 16 vs 32.8 ± 26, p = 0.6). There was no difference 
between those with successful and unsuccessful trails when compar-
ing gender (male; 66% vs 66%), BMI (31.8 ± 6.4 vs 32.4 ± 8.4, p > 0.99), 
comorbidities (DM2, HTN, CHF, CAD) or medication usage (Opioids, 
Benzodiazepines, sleep aids). Of those with OPT failure, 5 (83%) were 
due to lack of OSA control and 1 patient with a history of high fre-
quency radioablation had severe soft palatal bleeding.
Conclusion: In this small series, few patients achieved treatment suc-
cess with OPT. Treatment success was associated with younger age. 
Severe soft palate bleeding can be experienced by patients with oral 
surgeries.

0535
ORAL APPLIANCE AND PHARMACOLOGIC AGENTS 
IN TREATMENT OF OBSTRUCTIVE SLEEP APNEA: A 
PILOT CLINICAL STUDY
Galang-Boquiren MS, Stache R, Viana G, Prasad B, Herdegen J, 
Carley DW
1University of Illinois at Chicago, Chicago, IL

Introduction: Oral appliances such as the mandibular advancement 
device (MAD) have not been deemed fully therapeutic in moderate to 
severe obstructive sleep apnea (OSA). As such, we conducted a pilot 
study to investigate augmentation of the MAD by pharmacotherapy in 
these patients. The objectives of this study were: 1) to investigate the 
feasibility of combined treatment by MAD with pharmacotherapy in 
patients with moderate to severe OSA; 2) to estimate the treatment ef-
fects of MAD only and MAD with pharmacotherapy; and 3) to differ-
entiate these treatment effects according to respiratory event frequency 
(apnea-hypopnea index).
Methods: A prospective, placebo-controlled, blinded crossover study 
of 11 subjects with moderate- severe OSA was conducted. Treatment 
was a MAD plus placebo medication for two weeks, followed by a 

combination regimen of ondansetron (24 mg/day) and fluoxetine (10 
mg/day) with continued use of the MAD for another two weeks. The 
primary outcome measure was Apnea-Hypopnea Index (AHI).
Results: Paired samples t test indicated: AHI MAD (19.1 ± 4.8) was 
significantly lower than the AHI baseline (33.4 ± 3.3) and AHI MAD 
+ Drug (14.4 ± 3.0) was significantly lower than the AHI baseline. Spe-
cifically, NREMAHI MAD (13.9 ± 4.1) was significantly lower than 
the NREMAHI baseline (29.8 ± 3.5) and NREMAHI MAD + Drug 
(9.6 ± 2.3) was significantly lower than the NREMAHI baseline. Al-
though not statistically significant, AHI MAD + Drug was lower than 
AHI MAD. Both variables AHI MAD and AHI MAD + Drug were 
highly correlated r = 0.8, p < 0.05. No significant differences among 
treatment modalities were found when assessing AHI in various sleep 
positions and REM stage sleep.
Conclusion: Combination of pharmacotherapy and oral appliance may 
be a viable option in treating patients with moderate-severe OSA.
Support (If Any): University of Illinois at Chicago Chancellor’s Dis-
covery Fund for Multidisciplinary Research (IRB protocol: 2011-0629)

0536
INDICATION CRITERIA OF ORAL APPLIANCE FOR 
OSA IN JAPAN-RETROSPECTIVE STUDY
Arisaka T1, Chiba S1, Takakura I2, Yagi A1, Chiba S1, Tonogi M3, 
Ota F1

1Ota Memorial Sleep Center, Sleep Surgery Center, Kawasaki City, 
Kanagawa, Japan, 2Department of Dentistry, Jikei University School 
of Medicine, Tokyo, Japan, 3Department of Oral and Maxillofacial 
Surgery, Nihon University School of Dentistry, Tokyo, Japan

Introduction: Obstructive Sleep Apnea (OSA) is known as a common 
disease. It develops Cardiovascular disease, endocrine disease, meta-
bolic disease and more by disordered breathing during sleep. Continu-
ous Positive Airway Pressure (CPAP) and Oral Appliance (OA) is the 
standard for the treatment of OSA. OA is usually used for mild to mod-
erate cases. It has been adapted for some severe cases of OSA when 
CPAP cannot be used because of discomfort for the patient. However, 
Indication criteria of OA is not clear. In this study, we examined the 
indication criteria of OA from the database retrospectively.
Methods: We enrolled consecutive 427 OSA patients who diagnosed 
by Polysomnography (PSG) and treated by OA, from July 2004 to 
December 2011 in Ota memorial sleep center (Kawasaki, Japan). Suc-
cess criteria are less than 50% reduction after treatment in mild group 
(baseline AHI < 20) and AHI < 20 and less than 50% reduction after 
treatment in moderate-severe group (baseline AHI ≥ 20). Response 
variable was success and non-success. Explanatory variables were age, 
BMI, result of cephalometric analysis and AHI. Then, we analyzed us-
ing multiple logistic regression.
Results: In mild group, Success rate of OA is 50.3% And 61% in mod-
erate-severe group. SNB angle of cephalometric analysis (Cut off < 79°, 
Odds ratio 3.05) and BMI (Cut off < 26 kg/m2, Odds ratio 2.75) are 
independent factors in mild group. And facial axisis of cephalometric 
analysis (Cut off < 86°, Odds ratio 2.02), AHI (Cut off < 60/h, Odds 
ratio 3.19) and age (Cut off < 70, Odds ratio 2.24) in moderate-severe 
group.
Conclusion: OA treatment has been shown to be effective to case of 
small lower jaw, non-obese, non-elderly and non-severe OSA.
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0537
CHRONIC EFFECTS OF RAMELTEON ON SLEEP 
DISORDERED BREATHING IN PATIENTS WITH OSA 
AND INSOMNIA: A PRELIMINARY STUDY
Yamauchi, M.·Kumamoto, M.·Fujita, Y.·Uyama, H.·Koyama, 
N.·Yoshikawa, M.·Kimura, H
Department of Respiratory Medicine, Nara Medical University, 
Kashihara, Japan

Introduction: Obstructive sleep apnea (OSA) combined insomnia can 
be encountered in clinical practice. In such a case, we need to be care-
ful about prescribing hypnotics since upper-airway muscle relaxation 
due to hypnotics may worsen OSA. In the current study, we investi-
gated the chronic effects of Ramelteon, which is a selective MT1/MT2 
melatonin receptor agonist, on sleep disordered breathing (SDB) in 
patents with OSA and insomnia.
Methods: So far 5 patients with OSA and insomnia participated in a 
randomized, double-blinded, placebo-controlled, crossover trail. Inclu-
sion criteria for patient’s enrollment were that patients with suspected 
OSA and suffering from insomnia including a difficulty of falling and/
or staying asleep were eligible. The patients who have been already 
treated with hypnotics were excluded, but patients who agreed with 
the cessation of current hypnotics for 2 weeks were eligible to enroll in 
this study. Participants took Ramelteon (8 mg/day) or placebo before 
sleep for 3 weeks, and then diagnostic PSG was performed taking the 
same agent. For the next 3 weeks, the same protocol was repeated using 
another agent.
Results: The age and body mass index (BMI) of the enrolled 5 patients 
were 66.6 ± 14.2 yr. and 28.6 ± 3.5 kg/m2, respectively. The apnea-
hypopnea index (AHI) was not different between under taking Ra-
melteon and placebo (26.2 ± 17.7, 22.9 ± 12.1, p = 0.74, respectively). 
Regarding the sleep structure, 3 weeks of administration of Ramelteon 
did not affect sleep latency, sleep efficiency, and sleep stages. However, 
all participants wanted to continue the treatment of Ramelteon for their 
insomnia.
Conclusion: Current preliminary study demonstrated that chronic ad-
ministration of Ramelteon did not affect SDB, which implies Ramelt-
eon would be one of the candidates as a safety treatment for patients 
with OSA and insomnia. Even though sleep parameters did not im-
proved with Ramelteon, all participants have been still taking Ramelt-
eon by their own intention.

0538
SLEEP APNEA MANAGEMENT EFFECT SIZES: 
OBJECTIVE VS. SUBJECTIVE MEASURES
Stepnowsky C, Sarmiento K, Zamora T, Smales C
VA San Diego Healthcare System, San Diego, CA

Introduction: It is well known that objective measures of sleep apnea 
severity only correlate modestly with self-reported measures of sleep 
apnea symptoms at baseline. This has been thought to be largely a 
function of issues associated with self-reported questionnaires. What 
has not been examined to date is the extent of this discrepancy over 
time while on treatment.
Methods: Data from an existing clinical trial on a positive airway pres-
sure (PAP) therapy adherence were examined. Baseline AHI was ob-
tained from diagnostic sleep testing. Follow-up AHI was an average 
of the residual AHI provided by the PAP device over the treatment 
period. Epworth Sleepiness Scale was used as a proxy for sleep apnea 
symptoms and was self-reported. Effect size (ES) was calculated using 
Cohen’s d.
Results: Baseline AHI was 28.0 (SD = 7.5) and residual AHI was 1.9 
(SD = 1.3). The effect size for AHI reduction was 4.85. Baseline ESS 

was 10.7 (5.2) and follow-up was 8.4 (4.9). The effect size for ESS re-
duction was 0.45. There are a number of ways to interpret effect size 
with one being to put it in terms of the correlation coefficient: an ES 
of 0.45 is equivalent to an r correlation of 0.22 while an ES of 4.85 is 
equivalent to an r correlation of 0.92.
Conclusion: In this sample of OSA patients, sleep apnea was very well 
controlled (with mean residual AHI of 2.5). However, while the effect 
size for change in AHI is extremely large, the effect size for change in 
sleepiness level is modest in comparison. A number of reasons might 
account for this difference, including the time period over which the re-
sidual AHI applies and the baseline self-report response bias in sleep-
deprived patients. Future research should determine the factors and 
their contribution in helping to explain this discrepancy in effect sizes.
Support (If Any): Veterans Affairs

0539
MANDIBULAR ADVANCEMENT DEVICE (MAD) 
TREATMENT OF SLEEP APNEA IN CPAP-INTOLERANT 
MILITARY VETERANS IMPROVES SLEEPINESS, 
QUALITY OF LIFE AND PTSD SYMPTOMS
Chan MP1, Naik S1, Kreinin I1, Meiers J2, Kryger M1

1Yale School of Medicine, New Haven, CT, 2VA Connecticut 
Healthcare System, West Haven, CT

Introduction: CPAP (continuous positive airway pressure) non-ad-
herence hinders adequate treatment of obstructive sleep apnea (OSA). 
Although adverse consequences of untreated OSA are numerous and 
well-known, discomfort from CPAP limits its use. Adherence is espe-
cially reduced in the military veterans due to high incidence of post-
traumatic stress disorder (PTSD) and claustrophobia. The purpose of 
this study is to assess whether veterans that cannot tolerate CPAP will 
tolerate MADs, and whether their OSA can be effectively treated with 
MADs.
Methods: A non-randomized, prospective, cohort study was per-
formed with subjects who were non-adherent with CPAP by the CMS 
definition (4 hours per night greater than 70% of nights). After dental 
evaluation, they were fitted with MADs which were advanced to a goal 
protrusion. “Elbow sign”, which is a bed-partner reported presence 
of snoring/apnea, Epworth Sleepiness Scale (ESS) and Sleep Apnea 
Quality of Life Index (SAQLI) were recorded at baseline and 6–12 
weeks after MAD use. Improvement in PTSD symptoms was also as-
sessed after MAD use.
Results: In this ongoing study, 14 patients completed repeat question-
naires after device use. All 14 subjects who were non-adherent with 
CPAP were adherent with MAD by CMS criteria. All 14 had posi-
tive “Elbow sign,” prior to MAD, which disappeared in 13 subjects 
with MAD. Subjective sleepiness improved from ESS mean ± SD of 
10.4 ± 5.6 to 5.1 ± 2.8 (p = 0.0005). Quality of life by Short SAQLI 
mean ± SD improved from 2.7 ± 1.6 to 6.0 ± 0.9 after MAD (p < 0.0001). 
Of the patients with PTSD (n = 11), 64% (n = 7) of patients reported im-
proved PTSD symptoms, 36% (n = 4) were unchanged. None reported 
worsening PTSD or claustrophobia with MAD.
Conclusion: Treating CPAP-intolerant OSA patients with MAD im-
proves symptoms and quality of life. MADs are well-tolerated by vet-
erans with PTSD, and their use in patients with OSA may improve 
PTSD symptoms.
Support (If Any): ResMed for Narval Device and SomnoMed for 
SomnoDent Device.
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0540
THE EFFECT OF DONEPEZIL ON SLEEP APNEA IN 
PATIENTS WITH OBSTRUCTIVE SLEEP APNEA AND 
SYMPTOMS OF INSOMNIA
LI Y1, Owens RL2, Smales ET 2, beauregard J2, DeYoung P2, Jen R 3, 
Malhotra A 2

1Beijing Tongren Hospital, Capital medical university, Beijing, China, 
2University of California at San Diego, Division of Pulmonary 
and Critical care medicine, San Diego, CA, 3University of British 
Columbia, Vancouver, BC, Canada

Introduction: Donepezil is an acetylcholinesterase inhibitor com-
monly used to treat Alzheimer ś disease. Some previous studies have 
shown that donepezil might improve obstructive sleep apnea (OSA) 
and decrease sleep efficiency. The changes of arousal threshold and/or 
muscular compensation are possible mechanisms that Donepezil affect 
sleep apnea. The hypothesis of this study is a single dose of donepezil 
10 mg might lower apnea hypopnea index (AHI) in OSA patients with 
symptoms of insomnia, whom are considered to be hyperarousal.
Methods: In a randomized, double blind cross-over study, five par-
ticipants with OSA underwent two overnight polysomonograms 14 
days apart. All of them frequently/always have difficulty falling asleep, 
staying asleep or feel that their sleep is unrefreshing in the past one 
month. Either 10 mg of donepezil or placebo (in blinded, arbitrary or-
der) were received.
Results: AHI changed from 43.5 to 27.3, 116.9 to 89.5, 35.2 to 55.7, 
19.0 to 18.8 and 9.9 to 28.5 events/hr in the five subjects respectively. 
The nadir SpO2% were 78% and 82%, 80% and 71%, 81% and 82%, 
79% and 76%, 90% and 89%. Percentage of rapid eye movement stage 
changed from 8.1 o 8.9%, 3.1 to 11.6%, 21.5 to 27.8%, 20.6 to 22.9%, 
29.8 to 18.6%. Sleep efficiencies were 56.6 and 46.5, 42.2 and 54.5%, 
65.5 and 70.7%, 71.4 and 76.0%, 76.1 and 81.8% respectively.
Conclusion: Donepezil may impact OSA severity and sleep efficiency 
in patients with symptoms of Insomnia, but further data are required 
to determine whether association between severity of the symptoms 
of insomnia and treatment outcomes. Whether donepezil is a viable 
approach to therapy in selected groups of OSA patients need be inves-
tigated.
Support (If Any): This study was funded by NIH K24HL093218 
(PI:Malhotra), 1P01HL095491 (PI:Malhotra). Dr. Yanru Li is support-
ed by The National Natural Science Foundation of China (81200735)

0541
EFFECTS OF ONE WEEK TONGUE ELEVATION-TASK 
TRAINING ON SLEEP APNEA SEVERITY: A PILOT 
STUDY
Sériès F, Gakwaya S, Rousseau É
IUCPQ, Quebec, QC, Canada

Introduction: Sleep disordered breathing improve following daily 
exercise involving upper airway muscles. Genioglossus corticomotor 
excitability has been found to enhance following tongue task training 
(TTT) where subjects are asked to develop low intensity (1 N) protru-
sion efforts for 1.5 s every 10 s for 1 hour daily during 1 week. Prelimi-
nary results from our laboratory demonstrate that such TTT decreases 
AHI by 23%, with a 48% decrease in AHI in REM sleep. AHI de-
creased from the moderate to mild range in 40% of patients. The aim of 
the present study was to assess if the completion of such task training 
using tongue elevation efforts (TTTe) would provide similar improve-
ments in sleep disordered breathing.
Methods: TTTe was performed with the same algorithm as described 
above but elevation replaced protrusion efforts by pushing the tongue 
against the hard palate. The target effort intensity corresponded to ≈ 

4% of maximal voluntary contraction force (MVCF). It was assessed 
by changes in palatal pressure measured with a plastic bulb positioned 
on the hard palate. The proportion of time where subjects actually 
maintained the force inside the target window in relation to the total 
tongue elevation task time was defined as the success rate. An ambula-
tory polysomnographic recording was completed immediately before 
and the day following TTTe. Genioglossus muscle mechanical perfor-
mances were assessed before and after TTTe by measuring MVCF and 
completing a fatigue protocol assessing endurance time and time for 
force recovery.
Results: Five sleep apnea male subjects (age 56 ± 12 y, BMI: 28.0 ± 1.5 
kg/m2) participated in the study. TTTe success rate increased from the 
first to the last day of the training program (21 ± 9% to 48 ± 16%). AHI 
did not change following TTTe (24.6 ± 12.6/h to 25.4 ± 12.7/h). Sleep 
efficiency, arousal index and SaO2 features (oxygen desaturation index, 
% sleep below 90% SaO2) were not improved following TTTe. How-
ever, AHI during REM improved from 24.6 ± 21.3/h to 18.0 ± 12.4/h. 
TTTe did not influence baseline MVCF but endurance improved from 
5.2 ± 2.6 min to 8.6 ± 3.4 min with no difference in time for force 
recovery.
Conclusion: A 1-week TTT program consisting in tongue elevation 
improves genioglossus endurance and REM-related breathing disor-
ders. The present results differ from those obtained with a protrusion 
TTT. These ones could be accounted for by differences in success rate 
between the two TTT programs.
Support (If Any): Canadian Institutes of Health Research, Grant 
89985

0542
CAN UPPER AIRWAY SURGERY FOR OSA PROTECT 
AGAINST CARDIOVASCULAR SEQUELAE VIA 
EFFECTS ON COAGULATION?
Zhan X1, Li L1, Wang N1, Ge X1, Pinto JM2, Wu X 3, Wei Y1

1Department of Otolaryngology Head & Neck Surgery, Beijing, 
China, 2The University of Chicago, Chicago, IL, 3Department of 
Cardiology, Beijing, China

Introduction: OSA is associated with prothrombotic effects, poten-
tially explaining its association with cardiovascular complications. 
Surgery is an important method to treat OSA, but whether it results in 
improvements in coagulation is unknown.
Methods: We studied adult patients with OSA who underwent upper 
airway surgery (nasal or uvulopalatopharyngoplasty [UPPP]) at a ma-
jor, urban, academic hospital in Beijing from 2012–14. We compared 
coagulation parameters before and after surgery, and examined im-
provement in polysomnography (PSG).
Results: We enrolled 62 subjects (56 men, 6 women; mean age 
39.8 years [SD 10.9]) with median follow-up of 5.15 ± 1.47 months 
(range 3–7 months). The apnea-hypopnea index improved after sur-
gery (from 39.83 ± 24.49 to 25.97 ± 18.53, P < 0.01). After surgery, 
basic coagulation parameters improved: prothrombin time (from 
10.62 ± 0.62 to 10.68 ± 0.70, P = 0.01; activated partial thromboplastin 
time (from 26.52 ± 4.94 to 27.78 ± 3.02, P = 0.05) and thrombin time 
(from 19.53 ± 0.84 to 20.11 ± 1.31, P < 0.01). Additionally we observed 
postoperative decreases in serum platelet count (from 242.5 ± 52.6 
to 230.9 ± 40.7, P = 0.01) and fibrinogen level (from 262.5 ± 52.5 to 
247.3 ± 44.4, P = 0.02). Type of surgery did not affect these results and 
there were no changes in BMI or medication use after surgery.
Conclusion: This pilot study suggests that upper airway surgery is as-
sociated with small but salutary effects on the coagulation character-
istics of OSA patients, a benefit that may be protective against cardiac 
and cerebrovascular morbidity and mortality.



SLEEP, Volume 38, Abstract Supplement, 2015 A192

B. Clinical Sleep Science I. Sleep Disordered Breathing

Support (If Any): The Capital Health Research and Development 
Special Grant, Government of China. JMP received funding from the 
National Institute on Aging.

0543
THE EFFECT OF ACUPUNCTURE ON UPPER AIRWAY 
FUNCTION AND PHYSIOLOGY AND SUBJECTIVE 
OUTCOMES IN OBSTRUCTIVE SLEEP APNOEA
Thornton T1, O’Donoghue F2, Rochford P3, Cori J1, Xue C 4, 
Trinder J1, Jordan A1

1The University of Melbourne, Parkville, Australia, 2The Institute 
for Breathing and Sleep, Melbourne, Australia, 3The Institute for 
Breathing and Sleep, Heidelberg, Australia, 4RMIT University, 
Bundoora, Australia

Introduction: Obstructive sleep apnoea (OSA) involves repetitive ob-
struction of the upper airway during sleep. Continuous positive airway 
pressure (CPAP) is the most common treatment, however, many pa-
tients cannot tolerate CPAP and adherence rates are low. Recent re-
search has suggested that acupuncture can reduce the severity of OSA. 
The aim of the present study was to determine whether acupuncture is 
an effective alternative treatment, and to identify any underlying physi-
ological changes occurring in the upper airway as a result of acupunc-
ture treatment.
Methods: Twenty OSA patients were randomly assigned to receive 12 
weeks of active acupuncture (n = 10 (3 F); mean AHI = 23.38 events/
hour; mean age = 56.3 years) or placebo acupuncture (n = 10 (3 F); 
mean AHI = 20.89 events/hour; mean age = 45.3 years) treatments. 
Prior to and following the treatment period subjects underwent de-
tailed polysomnography, including measurement of epiglottic pres-
sure, calibrated airflow and genioglossus muscle activity. In addition, 
subjective health and wellbeing, sleepiness and mood were assessed. 
AHI, waking nasopharyngeal resistance, arousal threshold and genio-
glossus muscle activity were analysed while blinded to treatment type 
and study time.
Results: As data analysis is not complete, physiological data has not yet 
been unblinded. There were no significant differences within the active 
treatment or placebo treatment groups, nor between groups across time 
on the Functional Outcomes of Sleep Questionnaire (active: p = 0.086; 
placebo: p = 0.187; between: p = 0.913), the Epworth Sleepiness Scale 
(active: p = 0.115; placebo: p = 0.320; between: p = 0.861), the Short 
form 36 (active: p = 0.065; placebo: p = 0.989; between: p = 0.143) or the 
Profile of Mood States (active: p = 0.844; placebo: p = 0.695; between: 
p = 0.951).
Conclusion: The preliminary data analysis shows that there are no 
differences between active- versus placebo-acupuncture in subjective 
health and wellbeing, sleepiness, or mood. Further data analysis of ob-
jective changes in AHI and upper airway physiology is in progress.
Support (If Any): Eirene Lucas Foundation Philanthropic Grant

0544
TEMPERATURE CONTROLLED RADIOFREQUENCY 
ABLATION AT DIFFERENT SITES FOR TREATMENT 
OF OBSTRUCTIVE SLEEP APNEA SYNDROME: A 
SYSTEMATIC REVIEW AND META-ANALYSIS
Baba RY, Mohan A, Metta V, Mador M
University at Buffalo- State University of New York, Buffalo, NY

Introduction: Obstructive Sleep Apnea (OSA) is an increasingly prev-
alent condition that remains underdiagnosed and undertreated. Our 
objective was to determine the efficacy of temperature controlled ra-
diofrequency tissue ablation (TCRFTA) to alleviate symptoms of OSA 
and reduce polysomnographic measures of OSA post-treatment.

Methods: We performed two independent searches of MEDLINE, 
EMBASE bibliographic databases and Evidence Based Medicine 
Reviews to identify publications relevant to OSA and TCRFTA. Ef-
fectiveness of TCRFTA was measured separately for application of 
TCRFTA at the base of tongue (BOT), soft palate and for multilevel 
intervention using the Respiratory disturbance index (RDI), lowest 
oxygen saturation (LSAT), Epworth sleepiness scale (ESS) and bed 
partner’s rating of snoring using a visual analogue scale (VAS snor-
ing). The most recent search was conducted in April 2013. Statistical 
analysis was performed using Review Manager Version 5.2 using a 
relative measure of effect i.e., ratio of means (RoM). We pooled data 
using inverse variance weighting and random effects model. The over-
all quality of evidence was graded using the Grading of Recommenda-
tions Assessment, Development and Evaluation (GRADE) approach.
Results: Our initial search resulted in 29 eligible studies, and sub-
sequently 20 studies were included in the meta-analysis. Significant 
improvement in polysomnography and subjective outcomes were ob-
served post-TCRFTA in the BOT and multilevel surgery groups only. 
Application of TCRFTA at the BOT was associated with a significant 
reduction in RDI (RoM 0.60, CI 0.47–0.76), ESS (RoM 0.59, CI 0.51–
0.67), VAS snoring (RoM 0.48, CI 0.37–0.62) and increase in lowest 
oxygen saturation (RoM 1.05, CI 1.01–1.10). Similarly, a significant 
reduction in RDI (RoM 0.61, CI 0.47–0.80) and ESS (RoM 0.79, CI 

−0.71 to 0.88) was observed after multilevel TCRFTA, but substantial 
heterogeneity between these studies was noted.
Conclusion: TCRFTA is clinically effective in reducing RDI levels 
and symptoms of sleepiness in patients with OSA syndrome when di-
rected at the base of tongue or as a multilevel procedure.

0545
COMPLIANCE, EFFECTIVENESS, SIDE EFFECTS AND 
CONTINUOUS POSITIVE AIRWAY PRESSURE (CPAP) USE 
WITH MANDIBULAR ADVANCEMENT SPLINT (MAS) 
THERAPY FOR OBSTRUCTIVE SLEEP APNOEA (OSA) AND 
SNORING
Lee P1, Field P2, Gano C1, Ng A1

1St George Hospital and University of New South Wales, Sydney, 
New South Wales, Australia, 2Somnomed Ltd, NSW, Australia

Introduction: MAS therapy is a well recognised treatment option for 
OSA and snoring, which is often preferred over CPAP. Effectiveness 
may be comparable between these two treatments with some patients 
using both therapies, although data on this is sparse. MAS compliance 
data is also limited. We examined MAS compliance, effectiveness, 
side effects and combined use with CPAP in patients with sleep dis-
ordered breathing.
Methods: A questionnaire-based survey was sent (via mail or email) 
to 1460 patients who had used MAS for the management of OSA or 
snoring.
Results: There were 403 respondents (total response rate was 28%: 
mail response rate 33.6% and email response rate 25.0%). Median MAS 
usage was 1.6 years (range 0.5 to 9.0 years) with 82% of respondents 
still using the device for > 6 hours/night. Baseline polysomnography 
revealed mild OSA in 29.3%, moderate OSA in 42.0%, severe OSA in 
21.5%, primary snoring in 0.6% and 6.6% not specified. MAS therapy 
resulted in overall improvements with the majority of patients (55.2%) 
having only mild OSA. Eighty-nine percent of patients felt the MAS 
was comfortable and improved sleep quality, 24.8% had minor side ef-
fects (temporomandibular joint discomfort being the commonest) and 
only 1.4% had major adverse events. Thirteen percent of patients used 
the combination of MAS and CPAP, generally choosing MAS therapy 
when travelling and using CPAP when at home. Only rarely were both 
treatments used simultaneously.
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Conclusion: This is the largest study to examine MAS compliance, 
effectiveness, side effects and combination therapy with CPAP. Com-
pliance in respondents was high and side effects were low. A subset of 
MAS patients also used CPAP therapy.
Support (If Any): Mr. Peter Field is an employee of Somnomed Ltd. 
The MAS device is supplied by Somnomed Ltd.

0546
CO-ADMINISTRATION OF CPAP AND GAL-160 AT SUB-
THERAPEUTIC LEVELS DECREASES OBSTRUCTIVE 
APNEA SEVERITY IN RATS
Hewitt MM, Golder FJ, Schemm T, Mardirosian S, Peng S, 
MacIntyre DE
Galleon Pharmaceuticals Inc, Horsham, PA

Introduction: GAL-160 is being developed as a new treatment for 
sleep apnea. Previously, we demonstrated that GAL-160 (> 100 ng/mL 
plasma) or CPAP (≥ 4 cmH20) alone were efficacious at decreasing 
obstructive apnea (OA) severity in rats. Here, we evaluated sub-thera-
peutic levels of GAL-160 (40 ng/mL plasma) and CPAP (1 cmH2O) to 
determine if their effects in combination on OA are superior to either 
agent alone.
Methods: Urethane anesthetized supine rats were instrumented to 
record ventilation, trans-esophageal pressure, arterial blood pressure, 
pulse rate, genioglossus EMG (EMGGG), and transcutaneous pulse ox-
imetry. Rats expressed spontaneous intermittent OAs (frequency: 30 
hr-1; apnea duration: 11 sec) with clinically meaningful (> 10%) de-
creases in oxy-Hb saturation (SpO210% = 20 hr-1). First, we adminis-
tered CPAP (1 cmH2O) or GAL-160 (15-min @ 0.005 then 60-min @ 
0.003 mg/kg/min IV; 40 ng/ml plasma) alone to separate groups of rats. 
Thereafter, the sub-therapeutic modalities were co-administered to a 
separate group of rats.
Results: Single mode therapy: CPAP did not decrease apnea frequency, 
apnea duration, or SpO210% frequency. GAL-160 also did not reduce 
apnea frequency or SpO210% frequency but did decrease apnea dura-
tion (baseline 11 ± 1 sec; GAL-160: 7 ± 1 sec; means ± SEM). De-
creased apnea duration may reflect GAL-160-mediated augmentation 
of EMGGG responses to OAs (60% larger cf. baseline). Combined mode 
therapy: GAL-160+CPAP reduced apnea frequency (Baseline 23 ± 4 
hr-1; GAL-160+CPAP: 7 ± 4 hr-1), apnea duration (Baseline 12 ± 1 sec; 
GAL-160+CPAP: 5 ± 1 sec), and SpO210% frequency (Baseline 15 ± 3 
hr-1; GAL-160+CPAP 3 ± 2 hr-1). GAL-160 augmented the EMGGG re-
sponse to apnea as described above.
Conclusions: When sub-therapeutic levels of GAL-160 and CPAP are 
co-administered to rats they interact to become superior to either ap-
proach alone in decreasing OA severity. Further studies are required to 
determine whether this interaction is additive or synergistic.

0547
AIRWAY ANALYSIS AND MANDIBULAR 
ADVANCEMENT TREATMENT IN OBSTRUCTIVE 
SLEEP APNEA
Mostafiz W1, Viana G1, Kusnoto B1, Ma S2, Darendeliler M2, 
Carley DW3, Galang-Boquiren MT1

1University of Illinois at Chicago College of Dentistry, Chicago, IL, 
2University of Sydney, Sydney, Australia, 3University of Illinois 
College of Nursing, Chicago, IL

Introduction: Obstructive Sleep Apnea (OSA) is an extensive public 
health problem that imposes considerable morbidity. While nasally 
applied Continuous Positive Airway Pressure (CPAP) is highly effica-
cious, its effectiveness in practice is limited by problems with treat-
ment adherence. One well-tolerated alternative involves the use of oral 

appliance therapy, such as a mandibular advancement splint (MAS), 
but success rates are difficult to predict. Our objective was to investi-
gate the associations between oropharyngeal airway dimensions, den-
tal protrusion with MAS, sleep characteristics, and treatment response 
in an OSA patient sample.
Methods: Thirty-three adults were assessed retrospectively. Pre-treat-
ment CBCTs were used to measure the airway. Airway volume, length, 
and minimal cross-sectional area (CSA) were calculated, as well as 
transverse and A-P dimensions and minimal CSA location. Pre- and 
post-treatment polysomnograms (PSGs) assessed OSA severity via 
RDI, and changes in minimal SaO2, supine and non-supine RDI, and 
NREM and REM RDI.
Results: This study included 23 males and 10 females. Ten, fifteen, 
and eight initially presented with mild, moderate, and severe OSA, re-
spectively. Oropharyngeal 2D and 3D airway variables were associ-
ated with treatment response. Multivariate models explained treatment 
response, wherein initial OSA severity was a primary predictor in four 
models, and the combination of total airway volume and initial BMI 
were predictors in two models.
Conclusion: Patients with higher initial OSA severity and smaller air-
way volumes may have increased response to MAS therapy. Decreases 
in airway volume due to skeletal rather than soft tissue obstruction 
may enable better MAS treatment response. Since MAS targets upper 
airway, patients with superior airway constriction illustrate increased 
treatment response potential as well as decreased titration to achieve 
desirable outcome.
Support (If Any): UIC College of Dentistry

0548
SELECTION OF PATIENTS FOR ORAL APPLIANCE 
THERAPY USING AN AUTO-TITRATING MANDIBULAR 
POSITIONER IN THE HOME
Remmers JE1, Topor ZL1, Grosse J3, Zareian Jahromi S1, D’Andrea J3, 
Charkhandeh S5, Bruehlmann S3, Vranjes N5

1University of Calgary, Calgary, AB, Canada, 2University of Calgary, 
Calgary, AB, Canada, 3Zephyr Sleep Technologies, Calgary, AB, 
Canada, 4University of Calgary, Calgary, AB, Canada, 5Snore Centre, 
Calgary, AB, Canada

Introduction: We have recently described a test that predicts outcome 
with oral appliance therapy therapy using a mandibular positioner un-
der technician remote control in a polysomnographic setting. The pres-
ent study evaluated the accuracy of a comparable, but unattended, test 
using an auto-titrating mandibular positioner in the home.
Methods: Of 151 patients with OSA (AHI > 10 hr-1) enrolled in 
the study, 9 discontinued participation and 14 are currently in prog-
ress. The remaining 128 had a broad range of severity of OAS (mean 
AHI = 24.7 ± 12.9 hr-1). Each participant was studied for two nights 
at home using a temporary dental appliance attached to a computer-
controlled actuator. Apneas and hypopneas were identified in real-time 
from respiratory airflow and oxyhemoglobin saturation. The first study 
involved continuous repositioning of the mandible driven by the oc-
currence of respiratory events. In the second, the mandible was held at 
a position predicted to be efficacious by the first study and protruded 
only when the AHI exceeded 10 hr-1. Using prospectively rules, each 
study predicted therapeutic outcome (therapeutic success: outcome 
AHI < 10 hr-1 & 50% of baseline AHI). Studies predicting success 
were assigned an effective protrusive position (EPP) derived from 
the study, and those predicting failure received a sham value of 70% 
maximal protrusion. Each participant received a custom appliance (G2, 
Somnomed) which was set to EPP or the sham value. Baseline and 
outcome AHI values were the mean of two nights each of home sleep 
testing.
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Results: The overall therapeutic success rate with oral appliance ther-
apy was 74%. Using prospective prediction rules, sensitivity and spec-
ificity were 82% and 76%. Taken together these yielded statistically 
significant predictive accuracy (P < 0.001) with an overall incorrect 
prediction rate of 19%. Of the 83 participants predicted to be therapeu-
tic successes, 75 were therapeutically successful (PPV 90%; NPV 61%), 
and this occurred at the predicted EPP in 71 cases (PPV: 95%). A ret-
rospective classification tree analysis with two derived predictors and 
an imposed trunk branch criterion (baseline AHI = 16.7 hr-1) reduced 
the incorrect prediction rate to 11%, and yielded positive and nega-
tive predictive values of 91% and 82%, respectively, and sensitivity and 
specificity of 93% and 77%.
Conclusion: We conclude that mandibular protrusion titration with a 
home-based auto-adjusting mandibular positioner predicts outcome 
with oral appliance therapy with substantial accuracy. A retrospective 
classification decision tree analysis shows higher predictive accuracy.
Support (If Any): This research was supported by grants from NRC-
IRAP, Alberta Innovates-Technology Futures, and Zephyr Sleep Tech-
nologies.

0549
DOCUMENTATION OF WEIGHT REDUCTION 
INTERVENTION AT EVALUATION OF OBESE PATIENTS 
WITH OBSTRUCTIVE SLEEP APNEA
Sevilla Berrios RA, Irfan M, Nannapaneni S, Rishi MA, 
Morgenthaler TI
Mayo Clinic, Rochester, MN

Introduction: Obesity is a modifiable risk factor for OSA, and it is 
well recognized that weight reduction is a valid intervention with thera-
peutic and prognostic benefits for patients with OSA. Physician coun-
selling has been shown to increase the likelihood of weight loss, but 
may be underutilized.
Methods: As part of a quality improvement (QI) project at a quater-
nary academic medical center, we aim to determine the frequency 
and degree of assessments/interventions performed by sleep medicine 
fellows to promote weight reduction in patients with a new diagnosis 
of OSA and concomitant obesity. Results are reported using mean (± 
standard deviation), median (interquartile range, IQR) and proportions.
Results: Fifty of 86 patients seen for initial consultation for suspected 
OSA were diagnosed with OSA (Apnea/hypopnea index AHI ≥ 5) and 
had a body mass index (BMI) ≥ 30. Average age was 61 ± 12 years, 
68% were males, and the BMI was 36.4 ± 4.9. The median AHI was 22 
[12–49], and 92% were treated with Positive Airway Pressure (PAP). 
Sixteen of the 50 patients with diagnosis of OSA, had documentation 
of weight reduction counseling at the initial consultation or at the re-
turn visit after undergoing polysomnography. Weight reduction inter-
ventions were instituted in 8 of these patients: nutrition evaluation (2), 
endocrine evaluation (2), bariatric surgery (2) and exercise prescription 
(1); however none of these interventions were initiated by physicians.
Conclusion: There is a low level of engagement of the sleep medicine 
physicians regarding weight reduction strategies in spite of the knowl-
edge about the impact of weight reduction in patients with obesity and 
OSA. Based on the baseline data, interventions utilizing evidence 
based methodologies will be developed and implemented to standard-
ize the process of managing weight reduction protocols for our patients.

0550
OUTPATIENT DELIVERY OF BI-MAXILLARY 
ADVANCEMENT AS A FIRST CHOICE FOR THE 
TREATMENT OF MODERATE TO SEVERE OSA
Taylor CO
Surgical Sleep Solutions, Missoula, MT

Introduction: Bi-Maxillary Advancement has traditionally been re-
served for patients who suffer from severe OSA and have failed treat-
ment with traditional Stage 1 Procedures. Over the past 10 years we 
have perfected a delivery system for outpatient Bi-Maxillary Advance-
ment, with over 500 patients having been treated successfully with a 
return to normal activities within 7–10 days. No unplanned hospital ad-
missions have been experienced and our success in eliminating symp-
toms and need for CPAP is over 95%. We propose that Bi-Maxillary 
Advancement be considered as a treatment of first choice for those pa-
tients desirous of CPAP elimination, or those whom are non-compliant. 
Traditional Stage 1 procedures are reserved as secondary interventions.
Methods: We retrospectively evaluated all patients over a 10 year time 
frame who underwent Orthognathic or Telegnathic Surgery with our 
outpatient delivery model. All surgical treatment was delivered in a 
Certified Office Based Ambulatory Surgical Facility with overnight 
observation, and discharge the following morning. Patients were evalu-
ated pre and post op with 3D airway CT, pre and post op symptom 
assessment, attended sleep studies pre op and in most cases at home 
studies postop. Follow up ranged from 3 months to 10 years.
Results: No unplanned hospital admissions were experienced. Over 
95% of patients experienced complete improvement in symptoms, and 
none were using CPAP. 5 patients exhibited home sleep parameters 
that show mild residual OSA, but no symptoms, snoring or witnessed 
apnea or hypopnea by sleep partners. all patients exhibited subjective 
satisfaction and improvement.
Conclusion: Bi-Maxillary Advancement should be considered as a 
surgical option of first choice in those patients who are CPAP depen-
dent and wish to eliminate such, or are non-compliant. The high suc-
cess rates of this operation render it a “curative” procedure. Long term 
results of up to 10 years show no recurrence of symptoms suggestive 
of OSA.
Support (If Any): Bi-Maxillary Advancement is recognized by the 
AASM as acceptable for the treatment of OSA, and the procedure is 
well documented in the scientific literature with success rates of 85–
99%. The barriers to recommending the procedure have to do with 
the long postop recovery, morbidity and expense. Our delivery model 
addresses these barriers allowing us to promote consideration of this 
procedure in all cases of CPAP dependent OSA where elimination of 
CPAP is desired

0551
EFFECTS OF COMBINED MAXILLO-MANDIBULAR 
ORAL APPLIANCE THERAPY IN ADULTS WITH MILD 
TO MODERATE OSA
Singh GD1, Cress S2

1BioModeling Solutions, Inc., Beaverton, OR, 2Craniofacial and 
Dental Sleep Medicine, Sugar Land, TX

Introduction: Mandibular advancement devices (MADs) have been 
deployed for the management of mild to moderate OSA, but there are 
some concerns about bite changes. Biomimetic oral appliance thera-
py (BOAT) differs from MAD as it aims to correct the nasal airway 
through midfacial redevelopment in combination with mandibular re-
positioning. In this investigation, we tested the hypothesis that mild to 
moderate cases of OSA can be addressed using a combined maxillo-
mandibular oral appliance protocol.
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Methods: We included 19 consecutive adults aged > 21 yrs that had 
been diagnosed with mild to moderate OSA, following an overnight 
home sleep study that had been interpreted by a Medical physician. 
Each subject in this pilot study was treated by a dentist with advanced 
training in dental sleep medicine. At each monthly follow-up visit, ex-
amination for progress and adjustments of the devices were performed. 
The mean apnea-hypopnea index (AHI), respiratory disturbance index 
(RDI) and oxygen desaturation index (ODI) of the study sample was 
calculated prior to and after BOAT. The findings were subjected to sta-
tistical analysis.
Results: Prior to treatment the mean AHI of the study subjects was 
12.8 ± 5; the mean RDI was 18.6 ± 8.2, and the ODI was 6.3 ± 3.5. A 
further follow home sleep study was done 9 mos. after BOAT. At this 
time, the AHI decreased significantly (p < 0.001) to a mean value of 
6.2 ± 2.9, which represents a fall in the mean AHI by 51.5% for the 
study sample. The mean RDI fell to 12.3 ± 6.9 (p < 0.001), and the ODI 
was improved to 2.6 ± 1.7 (p < 0.001).
Conclusion: A combined maxillo-mandibular oral appliance protocol 
may be useful for managing mild to moderate cases of OSA in adults, 
and represents an alternative to MAD and CPAP therapy, where there 
might be compliance issues.

0552
DURATION FOR OPTIMIZING ORAL APPLIANCES FOR 
THE TREATMENT OF OBSTRUCTIVE SLEEP APNEA
Nichols D1, Griffin K 2, Miller RA3, Benca RM4, Kuna ST5, Redline S 6, 
Mignot E3, Pack A7, Yang P8, Hyde PR 3, Walsh J2, Kushida C3

1Stanford University, Eagle, ID, 2St. Luke’s Hospital, Chesterfield, 
MO, 3Stanford University, Redwood City, CA, 4University of 
Wisconsin-Madison School of Medicine, Madison, WI, 5Philadelphia 
VA Medical Center, Philadelphia, PA, 6Brigham and Women’s 
Hospital, Boston, MA, 7University of Pennsylvania School of 
Medicine, Philadelphia, PA, 8Stanford University, Stanford, CA

Introduction: The practice parameters for the treatment of obstructive 
sleep Apnea (OSA) with oral appliances do not include guidelines for 
the amount of time needed to fit, acclimate, or determine the optimal 
mandible advancement (MA) setting. During the multicenter Compar-
ative Outcomes Management with Electronic Data Technology (COM-
ET) Study, the conventional practices of dentists were assimilated for 
optimizing the oral appliance (OA) for each participant. The variability 
in duration for optimization is investigated.
Methods: The COMET Study was conducted at four institutions (Har-
vard, University of Madison-Wisconsin, University of Pennsylvania, 
and Stanford) to compare the treatment of OSA with positive airway 
pressure and OA therapy. The number of days from the date of regular 
use to the date of optimal MA setting of the OA was compared based 
on institution and baseline characteristics (sex, age, body mass index 
[BMI], apnea hypopnea index [AHI], and Epworth Sleepiness Scale 
[ESS]).
Results: Data were available for 41 of the 98 participants that were 
randomized to OA. There was a statistically significant difference be-
tween institutions (F = 3.0, P < 0.05), but not for sex (F = 0.45, P = 0.51). 
Correlations for continuous variables revealed a statistically significant 
correlation between BMI and days to optimization (r = 0.37, p < 0.05). 
However, there were no correlations for age, ESS, or AHI.
Conclusion: Variation within clinical practices at institutions is likely 
the largest determinant for duration from regular use of an OA to the 
time in which the dental professional subjectively concludes treat-
ment is optimal. However, further exploration is merited to determine 
whether BMI is a factor in obtaining an optimal MA setting.
Support (If Any): COMET is funded by grant 1-RO1-HS-019738 from 
the Agency for Healthcare Research and Quality (AHRQ).

0553
FUNCTIONAL RESPIRATORY IMAGING TO 
PREDICTION TREATMENT OUTCOME OF FIXED 
MANDIBULAR ADVANCEMENT IN OSA PATIENTS
Vos W1, Vanderveken O2, De Backer J1, Wouters K 2, De Backer W2, 
Dieltjens M2, Braem M2

1Fluidda, Kontich, Belgium, 2University Hospital Antwerp, Antwerp, 
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Introduction: The severity of obstructive sleep apnea (OSA) corre-
lates with the morphology of the patient’s upper airway (UA) lumen 
and skull. Furthermore, the response to a given treatment has been 
reported to correlate with gender, baseline OSA severity and UA 
morphology. Finally, both changes in upper airway lumen and boney 
structures do correlate with changes in OSA severity. In spite of such 
correlations until now no single parameter was reported that predicts 
the outcome of a given treatment. This work aims to develop and test 
a binomial linear model to predict treatment response to mandibular 
advancement in a large population of OSA patients.
Methods: 100 OSA patients were consecutively enrolled (83% male; 
age: 47.4 ± 11.5 years; BMI: 26.9 ± 3.3 kg/m²; apnea/hypopnea-index 
(AHI) at inclusion, 21.0 ± 11.2 events/hour) and started oral appliance 
treatment with mandibular advancement (OAm) in a fixed mandibular 
protrusion of 75% of the individual maximal advancement. 77 patients 
had both functional CT scan analysis (FRI) without and with OAm, 
and polysomnography at baseline and with OAm. From the polysom-
nography data baseline OSA severity (AHI and oxygen desaturation 
index) was used for the analysis. From the FRI analysis upper air-
way collapsibility (collapse without or with MRA), lumen (change in 
UA volume and resistance) and skeletal response (movements of the 
mandible and hyoid bone) were analysed. Treatment was considered 
positive (response = 1) when the AHI decreased with at least 50%, or 
if the post-OAm AHI was below 5 (with a baseline AHI of at least 5). 
Statistical analysis was performed in R. A binomial generalized linear 
(bgl) model predicting response by all aforementioned parameters and 
the patient’s gender was constructed using a bidirectional stepwise ap-
proach considering each parameter separately and the interaction be-
tween each parameter and the baseline AHI. Fitted response values of 
at least 0.5 were considered to result in a positive response.
Results: The success rate in terms of AHI of the OAm treatment in 
the 77 patients used for model building was 47%. The fitted bgl model 
was significantly (p < 0.05) better predicting treatment outcome as 
compared to no prediction. The model has a positive predictive val-
ue = 0.82; negative predictive value = 0.81; accuracy = 0.82; sensitiv-
ity = 0.78 and specificity = 0.85.
Conclusion: A combination of OSA severity, gender, UA collapsibility, 
and the lumen and skeletal response to mandibular advancement can 
be used to predict the outcome of OAm treatment with an accuracy 
above 80%.
Support (If Any): study funded by IWT (Flemish government)
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TREATMENT EFFECT OF FIXED MANDIBULAR 
ADVANCEMENT IN OSA PATIENTS
Vanderveken O1, Vos W2, De Backer J2, Wouters K1, De Backer W1, 
Dieltjens M1, Braem M1

1University Hospital Antwerp, Antwerp, Belgium, 2Fluidda, Kontich, 
Belgium

Introduction: The severity of obstructive sleep apnea (OSA) corre-
lates with the morphology of the upper airway (UA). However, the UA 
collapsibility does not respond to mandibular advancement in an ho-
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mogeneous way. This study investigates the regional effects in the UA 
of therapy with a mandibular repositioning appliance (MRA) and its 
correlation with MRA treatment response.
Methods: One hundred OSA patients were consecutively enrolled in 
the study (83% male; age: 47.4 ± 11.5 years; BMI: 26.9 ± 3.3 kg/m²; 
AHI at inclusion: 21.0 ± 11.2 events/hour sleep) and started MRA ther-
apy in a fixed mandibular protrusion of 75% of the individual maxi-
mal advancement. In patients with residual OSA under MRA therapy 
in this protrusion, the MRA was titrated until 90% of the maximal 
advancement. For 84 out of 100 patient, functional CT scan analysis 
(FRI) is performed without and with MRA in the fixed 75% protrusion 
of the mandible. UA volume (iVua), resistance (iRua) and the minimal 
area (Amin) are assessed, for the top (velopharynx), central (orophar-
ynx) and bottom (hypopharynx) part of the UA. Statistical analysis was 
performed to test the correlation between FRI and effect of MRA on 
AHI as compared to baseline AHI.
Results: The results of the FRI analysis showed a significant effect of 
the MRA on the total iVua (p = 0.0001), the effective iVua (p = 0.0008) 
and more in detail of the upper part (velopharynx) of the UA (effective 
iVua top, p < 0.0001). In addition, the MRA does increase the minimal 
area of the UA (p = 0.0342). In 67 patients, the results of both the CFD 
and a polysomnography with the MRA in situ in the 75% protrusion 
were available. A simple linear regression model in those patients re-
vealed that the difference in UA volume at the level of the velophar-
ynx (iVua top) was significantly correlated with the decrease in AHI 
(R = −0.18 and p = 0.0421). In the 31 patients that underwent additional 
titration to 90% protrusion, the correlation between iVua top and de-
crease in AHI became more significant (R = −0.31 and p = 0.0014).
Conclusion: MRA therapy does increase the UA volume, especially at 
the level of the velopharynx, as well as the minimal area of the UA. The 
difference in UA volume at the level of the velopharynx is significantly 
correlated with the decrease in AHI under MRA therapy in both 75% 
and 90% of the individual maximal mandibular advancement.
Support (If Any): Study funded by IWT (Flemish government)

0555
ADAPTIVE SERVO VENTILATION (ASV) FOR 
MANAGEMENT OF TREATMENT-EMERGENT AND 
PRIMARY CENTRAL SLEEP APNEA
Kutscher S, Andry J, Bagai K
Vanderbilt University Medical Center, Nashville, TN

Introduction: The evidence to confirm the superior efficacy of Adap-
tive Servo Ventilation (ASV) in the treatment of complex sleep apnea 
(i.e. treatment-emergent central sleep apnea), relative to other treatment 
modalities, has been limited by the heterogeneity of the syndrome.
Methods: In this retrospective case series, we identified 220 adult pa-
tients who underwent baseline polysomnogram (PSG) and CPAP ti-
trations that were diagnostic of either primary central sleep apnea or 
treatment-emergent central sleep apnea. The patients were treated with 
either ASV (n = 120) or other non-ASV alternatives (n = 76), such as 
BiPAP-ST, BiPAP, or CPAP. ASV and non-ASV groups were followed 
at a median interval of 3 months.
Results: Primary endpoints analyzed were compliance rate (defined as 
percentage of days with PAP use ≥ 4 hours at initial follow up), change 
in Epworth Sleepiness Scale (ESS), and change in apnea-hypopnea in-
dex (AHI). Paired t-test demonstrated statistically significant improve-
ment in AHI and ESS for patients in both treatment groups. Adherence 
rates were 63.0% and 59.6% for ASV and non-ASV groups, respective-
ly, at time of follow up. There were no statistically significant differ-
ences among the two treatment groups for any primary endpoint alone, 
although the patients treated with ASV had a significantly higher rate 

of treatment success (defined as both compliance rate ≥ 70% and re-
sidual AHI ≤ 10).
Conclusion: Both ASV and the non-ASV modes of positive airway 
pressure (PAP) were effective for our group of patients with both com-
plex sleep apnea and primary central sleep apnea. However, there was a 
higher rate of treatment success in the patients treated with ASV.

0556
SLEEP DISORDERED BREATHING IN PATIENTS WITH 
HEART FAILURE WITH PRESERVED EJECTION 
FRACTION (HFPEF)
Schoebel C, Klaar W, Garcia C, Renelt M, Fietze I, Penzel T
Charité - University Medicine Berlin, Berlin, Germany

Introduction: Patients with chronic heart failure frequently suffer 
from sleep disordered breathing (SDB). Obstructive sleep apnea (OSA) 
as well as central sleep apnea with Cheyne-Stokes pattern (CSR) have 
been observed, even though quite often these patients do not show typi-
cal symptoms of SDB. Most studies were conducted on patients with 
heart failure with reduced ejection fraction (HFREF). As there are few 
evidence based options for treating patients with HFPEF, we want to 
investigate if therapy of SDB has a benefit regarding HFPEF.
Methods: We screened 98 patients with HFPEF by portable monitor-
ing for SDB (ApneaLink plus, ResMed). Patients with suspicious find-
ings underwent polysomnographic examination. We are aiming at a 
total of 50 patients (so far n = 33). If they show relevant SDB, we will 
initiate positive airway pressure (PAP) therapy or oxygen treatment 
if PAP-intolerance occurs. Furthermore we perform physical exercise 
testing, echocardiographic examination of diastolic parameters (E/A-
ratio, E/E’-ratio, left atrial volume), measurement of NT-pro-BNP and 
use several questionnaires. Patients are followed up after 6 months per-
forming all mentioned examinations again.
Results: So far 33 patients underwent polysomnographic examination, 
7 did not show relevant SDB, 17 showed OSA and 9 CSR. Of those 
patients, 20 now receive PAP therapy and 6 oxygen treatment. The first 
follow-up patient showed promising results (e.g. relevant changes in 
NT-pro-BNP). More results will be available at Sleep congress 2015.
Conclusion: We hope to show that therapy of SDB in patients with HF-
NEF does not only better sleep disordered breathing, but also improve 
parameters concerning underlying HFPEF.

0557
ADAPTIVESERVOVENTILATION (ASV): A 
COMPARISON OF THE TWO COMMERCIALLY 
AVAILABLE DEVICES
Inam N1, Alhanoun E2, Krishnan V3, Shaman Z3

1University Hospitals/Case medical center, Cleveland, OH, 2University 
Hospitals, Case Medical Center, Cleveland, OH, 3MetroHealth, 
Cleveland, OH

Introduction: Adaptive Servo-Ventilation (ASV) is an advanced mode 
of non-invasive ventilator support that provides variable pressure sup-
port in response to the patient’s breathing. ASV is indicated for condi-
tions associated with central sleep apnea (CSA) of various etiologies. 
The two commercially available devices (Resmed S9 VPAP Adapt ™, 
ASV1 and Respironics BiPAP autoSV Advanced, ASV2) have differ-
ent proprietary algorithms for patient respiration detection. We com-
pared the two available ASV devices for control of central sleep apnea.
Methods: Retrospective chart review study was performed at an urban 
academic AASM-accredited sleep center. Medical charts and poly-
somnograms of all patients titrated with ASV between 2010 and 2011 
were reviewed. ASV choice was based on the sleep lead technologist or 
the ordering physician, and titration was guided by manufacturer pro-
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tocols. Successful titration was defined as reduction in AHI by 50% or 
more and residual AHI ≤ 10. Differences in patient and study charac-
teristics were compared by t-tests, Chi-squared tests, or Fisher’s exact 
tests, as appropriate.
Results: Of 68 patients who underwent ASV studies, average age 60 
years (SD 12), primarily male (61.8%), and BMI 36.0 kg/m2 (SD 10). 
Primary indication for the majority of patients was for treatment emer-
gent CSA (TECSA) 59%; CheyneStokes respiration (CSR) 19%; nar-
cotic related CSA (NCSA) 1.3%; primary central sleep apnea (PCSA) 
20.5%. Five out of 68 patients were studied using both ASV devices 
on different occasions. For the 73 studies, both ASV devices had com-
parable success rate (ASV1 [N = 37] 73% and ASV2 [N = 36] 69%, 
p = 0.80). Mean residual AHI was similar between both groups (ASV1: 
9 vs. ASV2: 11 p = 0.52) When compared by individual indications, 
results were comparable.
Conclusion: Comparison of the control of sleep disordered breathing 
treatment of the two commercially available ASV devices show com-
parable efficacy to control CSA across all conditions.

0558
SERUM POTASSIUM LEVELS MAY INFLUENCE 
THE SLEEP ARCHITECTURE IN PATIENTS WITH 
HYPERTENSION
Shao L, Li N, Yao X, Heizhati M, Wang Y, Li J
Hypertension Institute of Xinjiang, Urumqi, China

Introduction: Hypokalemia (serum potassium < 3.5 mmol/L), result-
ing from multiple causes such as excessive aldosterone secretion, di-
uretic use and low potassium (K+) intake, is common in hypertensive 
patients. A few data have proposed changes in serum K+ levels may in-
fluence sleep architecture and REM sleep homeostasis, though to date 
the emollient direct proof to prove the case is still lacking.
Methods: A retrospective cross-sectional study was performed in 753 
hypertensive individuals who underwent polysomnography (PSG) ex-
amination. The serum K+, Na+, Cl-, Ca2+, Mg2+ and CO2CP were mea-
sured. The relationship between PSG-related sleep parameters and 
serum electrolytes levels were discussed.
Results: 111 patients (14.74%) were diagnosed as hypokalemia, the 
mean BMI was 28.04 kg/m2 and the age was 46.42 yr. Patients with 
hypokalemia showed significantly higher Na+ [(141.97 ± 2.09) mmol/L 
vs. (141.41 ± 2.22) mmol/L, P = 0.015], CO2CP [(25.27 ± 2.43) mmol/L 
vs. (24.64 ± 2.79) mmol/L, P = 0.027] but lower Mg2+ [(0.87 ± 0.07) 
mmol/L vs. (0.92 ± 0.10) mmol/L, P < 0.001]. As to the OSA-related pa-
rameters, the sleep stage 1 [(7.53 ± 5.2)% vs (9.39 ± 8.68)%, p < 0.001] 
and stage 2 [(63.54 ± 8.97)% vs (65.76 ± 8.58)%, p = 0.027] in hypoka-
lemia group were significantly higher, but sleep stage 3 [(4.08 ± 3.23% 
vs 2.95 ± 2.64%, p < 0.001) and stage 4 [(6.77 ± 6.72% vs 5.39 ± 5.9%, 
p = 0.027] decreased greatly when compared to normakalemic group. 
The correlation analysis showed weak but significant correlationship 
between serum K+ and sleep latency (r = 0.095, p = 0.009), light sleep 
stage (r = 0.134, p < 0.001), deep sleep stage (r = −0.114, p = 0.002) and 
REM sleep (r = −0.075, p = 0.04). Multiple liner regression analyses 
revealed that the serum K+ level was associated with light sleep stage 
and REM sleep, even after adjusting for age, BMI, smoking history, 
AHI, systolic blood pressure, diastolic blood pressure, Na+, Cl-, Ca2+, 
Mg2+and CO2CP as potential confounders.
Conclusion: The association between serum K+ and light sleep stage 
and REM sleep suggested that hypokalemia may disturb sleep archi-
tecture and REM sleep homeostasis in hypertensive individuals.

0559
SLEEP DISORDERED BREATHING, OBESITY AND 
POST-CARDIAC SURGERY ATRIAL FIBRILLATION
El Zarif S1, Wang L2, Kaw R 3, Mehra R1, Bena J2

1Sleep Disorders Center, Cleveland Clinic, Ceveland, OH, 
2Quantitative Health Sciences, Cleveland Clinic, Cleveland, OH, 
3Hospital Medicine, Cleveland Clinic, Ceveland, OH

Introduction: Sleep disordered breathing (SDB) appears to be relat-
ed to post-cardiac surgery atrial fibrillation (PCSAF), however, prior 
studies have not incorporated objective sleep testing nor taken into 
consideration obesity. We hypothesize that SDB is associated with PC-
SAF and that obesity modifies this relationship.
Methods: In this case control study, patients with cardiac surgery 
(coronary artery bypass surgery and/or valvular surgery) between 
January 2009 and January 2014 and polysomnography (PSG) within 3 
years were identified excluding those with known AF. Logistic models 
were used to determine the association between SDB defined by apnea 
hypopnea index (AHI) and PCSAF. Alternative predictors were cen-
tral sleep apnea (CSA) (central apnea index > 5) and obstructive sleep 
apnea (OSA, obstructive apnea hypopnea index > 5). Models were 
adjusted for age, sex, race, body mass index (BMI) and self-reported 
positive airway pressure use. Interaction with and stratification by me-
dian BMI was performed. Odds ratios and 95% confidence intervals 
are presented.
Results: 190 patients comprised the analytic sample; age: 60.6 ± 11.4 
years, 36.1% females, 80% white, BMI 33.3 ± 7.5 kg/m2. 177 (93.2%) 
had an AHI > 5. PCSAF occurred in 57 patients (30%). SDB was as-
sociated with a 6% increased odds of PCSAF for every 5 unit AHI 
increase: OR = 1.06 (1.01, 1.12). After adjustment, this relationship was 
slightly attenuated: OR 1.05 (0.98, 1.12). Neither CSA nor OSA alone 
was associated with PCSAF. A significant interaction with median 
BMI was noted (p = 0.015). Effect modification by median BMI (32 
kg/m2) was observed such that those with a higher BMI (but not lower 
BMI) had an 11% increased odds of PCSAF for every 5 unit AHI in-
crease: OR = 1.11 (1.04, 1.20).
Conclusion: SDB was significantly associated with PCSAF and this 
relationship was slightly mitigated after obesity consideration. Those 
with both SDB and obesity may represent a vulnerable subgroup to 
target in order to reduce PCSAF and its associated morbidity.

0560
PREVALENCE OF CARDIAC ARRHYTHMIAS 
AMONGST PATIENTS WITH OBSTRUCTIVE SLEEP 
APNEA IN THE ASIAN CONTEXT: A SINGAPORE SLEEP 
CENTRE STUDY
Neo W, Ng A, Rangabashyam M, Hao Y, Ho K, Bte Senin S, Toh S
Singapore General Hospital, Singapore, Singapore

Introduction: Obstructive sleep apnea (OSA) is a prevalent sleep-dis-
ordered breathing. The most significant medical consequence of OSA 
is its association with raised cardiovascular morbidity and mortality. 
Cardiac arrhythmias are common in OSA patients but the true preva-
lence and clinical relevance of cardiac arrhythmias remains to be deter-
mined. The prevalence and incidence of cardiac arrhythmias in Asian 
OSA patients are not well studied and this study offers a broad perspec-
tive of OSA patients with arrhythmias in the Asian context. The aim 
of this study was to determine the prevalence of cardiac arrhythmias 
in OSA patients in an Asian context and to evaluate factors that may 
predispose patients with existing OSA to arrhythmias.
Methods: A retrospective study of 2,025 patients was carried out in 
patients during in-laboratory overnight polysomnogram from January 
2011 to December 2012 at a Sleep Centre in a tertiary academic medi-
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cal center. 1,457 patients were found to have OSA. 144 patients were 
found to have cardiac arrhythmias [atrial & ventricular]. Data collected 
included patient demographics [age, gender, race, BMI, neck circum-
ference] Epsworth Sleepiness Score (ESS), Apnea-Hypopnea Index 
(AHI), Oxygen Desaturation Index.
Results: The prevalence of cardiac arrhythmias in our OSA population 
is 8.0%, compared to primary snorers of 4.8% (p = 0.01). The preva-
lence of cardiac arrhythmias in mild, moderate and severe category 
of OSA are 6.23%, 7.86% and 11.1% respectively. Amongst the car-
diac arrhythmias, ventricular ectopics were the most common (50.7%), 
junctional ectopics (16.7%), followed by heart blocks (8.33%), sinus 
arrhythmia (7.64%) and atrial fibrillation (6.25%). The univariate 
analysis showed that older age, higher BMI, and severity of OSA are 
statistically correlated with a higher incidence of cardiac arrhythmias 
(p < 0.05).
Conclusion: Our study demonstrated that cardiac arrhythmias are 
common in patients with OSA in the Asian context, and is correlated 
to the severity of OSA, older age and higher BMI.

0561
INTRA-INDIVIDUAL AND ETHNIC VARIABILITY OF 
THE EPWORTH SLEEPINESS SCALE ON PATIENTS 
EVALUATED IN A TERTIARY SLEEP CLINIC
Lin D, Mercado E, Garcia-Anton DF, Akinnifesi D, Ramos AR, Dib S, 
Shafazand S, Ali-Dinar T, Abreu AR
UHealth Sleep Medicine Program, Miami, FL

Introduction: The aim of this study was to evaluate differences be-
tween self- and physician completed Epworth sleepiness scales (ESS) 
in a diverse race-ethnic sample of patients in South Florida.
Methods: The sample consisted of 197 consecutive patients referred 
to an academic sleep center for evaluation of sleep disorders from Sep-
tember to November 2014. The patients self-completed a ESS handed 
out as a questionnaire in the waiting room and a physician-taken ESS 
was then obtained during a face-to face clinic visit. Demographic data, 
in-lab polysomnography and self-reported race-ethnicity information 
were determined. Race-ethnicity was categorized into Hispanic/La-
tino, non-Hispanic white and non-Hispanic black. We compared the 
scores of the self-reported ESS and the physician-taken ESS and then 
compared the ESS scores across race-ethnic groups with chi-square 
and ANOVA for proportions and means.
Results: The mean age was 55 ± 14 years with 55% males. The sample 
consisted of 66% Hispanic/Latinos, mainly of Cuban descent, 20% non-
Hispanic whites and 12% non-Hispanic blacks. The mean BMI was 33 
(kg/m2). The majority of the participants had sleep apnea (85.1%), with 
a mean apnea-hypopnea index of 42.4 per hour sleep. There were dif-
ferences in ESS with a mean self-completed ESS of 7.4 ± 5.8 and mean 
physician-taken ESS of 6.7 ± 5.6 (p < 0.01). Self-completed excessive 
daytime sleepiness (ESS ≥ 10) differed among the race-ethnic groups 
with sleepiness reported by 27% of non-Hispanic whites, 59% of His-
panics and 14% of non-Hispanic blacks (p = 0.02). The physician-taken 
ESS did not statistically differ across the ethnic groups with lower 
number of Hispanics (53%) endorsing sleepiness.
Conclusion: We observed lower mean scores on the physician-taken 
Epworth sleepiness scale compared to self-completed ESS. This dis-
crepancy could partly explain the significant race-ethnic differences 
observed in the ESS scores in Hispanic/Latinos.

0562
COMPARISON OF SCREENING TOOLS USED IN A 
SLEEP LABORATORY REFERRAL POPULATION
Gjevre J, Rai M, Karunanayake C, Dosman J, Pahwa P
University of Saskatchewan, Saskatoon, SK, Canada

Introduction: Obstructive sleep apnea (OSA) is a major public health 
problem in North America. Epworth Sleepiness Score (ESS) and Ber-
lin questionnaire (BQ) have been used to identify high risk population 
for OSA. This study aimed at comparing these two questionnaires used 
in sleep laboratory with the polysomnography (PSG) data.
Methods: A chart review was conducted at a regional sleep lab to col-
lect the data. It involved a sleep study questionnaire, sleep study report, 
physicians’ report and technologists’ worksheet. Information including 
ESS, Berlin, physician diagnosed OSA, history of snoring, sex, blood 
pressure, body mass index and occupation was extracted from these 
charts. Study population consisted of patients who were older than 18 
years and who were referred for a PSG by a pulmonologist. A total 
of 1000 charts was extracted, of which 870 met the inclusion criteria. 
Logistic regression analysis was conducted to examine the relationship 
between OSA and other covariates.
Results: Out of 870 adults, 86.3% had physician diagnosed OSA. ESS 
screened 41.7% of adults at higher risk as compared to BQ i.e. 74.4% 
(Men (M): 41.9% and 75.1%; Women (W): 41.3% and 73.2 respectively). 
After adjusting for individuals’ smoking status and high blood pressure, 
for men and women, OSA diagnosis was statistically significantly as-
sociated with BMI, age, snoring, ESS and Berlin score. The odds ratio 
(95% CI) is as follows: ESS > 10: [M: 1.32 (0.58, 3.03), W: 2.61 (1.21, 
5.63)], Reference: ESS ≤ 10; Berlin: High risk [M: 3.69 (1.86, 7.30), W: 
3.40 (1.88, 6.15)], Reference: Low risk.
Conclusion: In this referral population, the Berlin questionnaire was 
better in predicting OSA than ESS.

0563
EFFICACY OF SCREENING FOR OBSTRUCTIVE SLEEP 
APNEA IN A GENERAL DENTAL PRACTICE
Riar R1 Al Fouzan W2 Altememi N3 Cohen 2 Diaz-Abad M3 
Scharf SM3

1Sleep Disorders Center, Baltimore, MD, 2University of Maryland 
School of Dentistry, University of Maryland School of Dentistry, MD, 
3Sleep Disorders Center, University of Maryland School of Medicine, 
MD

Introduction: Obstructive sleep apnea (OSA) is a highly prevalent and 
underdiagnosed disorder. Various questionnaires have been used and 
validated across different patient populations and in various health care 
settings. One health care setting that could be a potential source of 
screening is a dental office which receives and cares for patients with a 
variety of co-morbidities.
Methods: The purpose of this study was to determine whether the de-
tection rate for OSA in a general dental practice is great enough to 
warrant further investigation as whether this setting is a practical for 
screening. Fifty-seven patients (32 female, 25 male; BMI 28.4 ± 5; age 
53.3 ± 15.3; median neck size [in]: women 14, men 16) in the general 
dental clinic in the University Of Maryland School Of Dentistry were 
asked to fill out the two OSA screening questionnaires: 1) Apnea risk 
evaluation system (ARES), and 2) STOP-BANG. Patients were catego-
rized into no risk, low risk and high risk categories per ARES, and Low 
and High risk according to the STOPBANG questionnaire.
Results: Sixteen patients (28%) were found to be high risk accord-
ing to ARES. Twenty-five (43%) were high risk by STOPBANG (Chi 
square p < 0.01). All high risk by ARES were high risk by STOPBANG. 
However, among 11 low risk by ARES, 9 were high risk by STOP-
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BANG. Six patients (all high risk by both) had polysomnographically 
confirmed OSA. The others did not undergo sleep testing.
Conclusion: Administration of OSA screening questionnaires is prac-
tical and of high yield in a general dental practice. Future studies should 
include validation by polysomnography and comparison of sensitivity 
and specificity of the 2 questionnaires in this setting.

0564
INCREASED BODY MASS INDEX FOLLOWING 
INITIATION OF CPAP USE
Reese EE1, Gleason KJ2, Wang R 2, Cailler M2, Rueschman M2, 
Weng J2, Ware JH3, Gottlieb DJ4,2,5, Mehra R6,7, Patel SR 2,1, 
Punjabi NM 8, Quan SF2,5, Mittleman MA1,3,5, Redline S2,1,5

1Beth Israel Deaconess Medical Center, Boston, MA, 2Brigham and 
Women’s Hospital, Boston, MA, 3Harvard School of Public Health, 
Boston, MA, 4VA Boston Healthcare, Boston, MA, 5Harvard Medical 
School, Boston, MA, 6Sleep Disorders Center, Neurologic Institute, 
Cleveland Clinic, Cleveland, OH, 7Cleveland Clinic Lerner College of 
Medicine of Case Western Reserve University, Cleveland, OH, 8Johns 
Hopkins School of Medicine, Baltimore, MD

Introduction: Treatment for obstructive sleep apnea (OSA) with con-
tinuous positive airway pressure (CPAP) can improve alertness, mood, 
and vigor. These effects are commonly assumed to positively influ-
ence physical activity and caloric expenditure, and thus, can reduce 
body weight. However, it is plausible that CPAP use may reduce energy 
expenditure during sleep due to reduced work of breathing or unan-
ticipated changes in appetitive behaviors. We explored the association 
between CPAP use and change in BMI using data from two random-
ized clinical trials comparing CPAP with alternative treatments.
Methods: Analyses were performed on data from the Best Apnea In-
terventions in Research (BestAIR) and Heart Biomarker Evaluation 
in Apnea Treatment (HeartBEAT) clinical trials (169 and 212 partici-
pants, respectively). Participants had either established or significant 
risk factors for cardiovascular disease and moderate to severe OSA. 
Subjects were randomized to active CPAP or a control treatment (sham 
CPAP; healthy lifestyle education) over durations from 3 to 12 months. 
BMI was calculated from weight and height measured at baseline and 
follow-up. Change in BMI was analyzed by trial using linear mixed 
effects models.
Results: Baseline characteristics were similar for the CPAP and control 
groups. In both trials, mean BMI increased from baseline to follow-up 
in the CPAP group but remained nearly unchanged in the control group. 
The difference in treatment effect by arm (CPAP – controls) on change 
in BMI from baseline was 0.34 kg/m2 (95% CI: 0.05, 0.62) for Heart-
BEAT at 3-month follow-up and 0.41 kg/m2 (0.03, 0.79) for BestAIR 
(mean of 6- and 12-month follow-ups), suggesting BMI increases over 
time with CPAP treatment.
Conclusion: The increase in BMI with use of CPAP supports the value 
of nutritional and exercise interventions to be implemented along with 
CPAP therapy. Furthermore, increased BMI may alter PAP pressure 
requirements, suggesting a role for ongoing monitoring of body weight 
and PAP needs.
Support (If Any): NIH/NHLBI (U34105277); NIH/NHLBI 
(1RC2HL101417-01)

0565
AGGRESSIVE MONITORING OF CONTINUOUS 
POSITIVE AIRWAY PRESSURE COMPLIANCE IN 
PATIENTS WITH OBSTRUCTIVE SLEEP APNEA
Singhi S
Piedmont Medical Center, Rock Hill, SC

Introduction: Obstructive sleep apnea (OSA) is a common sleep dis-
order that is characterized by episodes of interrupted breathing during 
sleep. OSA exhibits several comorbidities including inflammation, in-
sulin resistance, dyslipidemia, high blood pressure, and potential heart 
failure. To date, the administration of continuous positive airway pres-
sure (CPAP) remains the gold standard treatment for OSA as it utilizes 
positive air pressure to maintain patency of one’s airways. Despite its 
beneficial use, long term compliance for CPAP users ranges from only 
40–60%. Patients cite various reasons for noncompliance including a 
lack of understanding of OSA, claustrophobia, and reluctance to wear 
the CPAP interface. The goal of our study was to determine if more fre-
quent monitoring of CPAP users would help to improve patient compli-
ance as well as understanding of OSA and its associated complications.
Methods: A prospective study was conducted at a sleep center in 
South Carolina. The study was composed of 234 patients with a history 
of obesity (BMI > 30 kg/m2) and a diagnosis of moderate to severe OSA 
(apnea-hypopnea index ≥ 15). After the initiation of CPAP therapy, pa-
tients were followed by certified sleep medicine specialists and poly-
somnographic technologists. Follow up was conducted after one week 
of therapy and then monthly for twelve months. Data from the CPAP 
machine was analyzed at each visit. Cognitive behavioral therapy and 
desensitization protocols were initiated, as needed, to improve patient 
compliance. All patients were educated on OSA and the importance of 
CPAP compliance at each visit.
Results: CPAP compliance rate was found to be 92% after twelve 
months (n = 234). Compliance criteria were defined as a minimum us-
age of 70% over a twelve-month period for greater than 4 hours/night. 
Additionally, patients’ blood pressures were recorded at each follow up 
visit. We noted an average reduction in mean arterial pressure (MAP) 
of 4 mmHg over twelve months.
Conclusion: We conclude that for our patient population of 234 with 
a history of obesity and diagnosis of moderate to severe OSA, CPAP 
compliance was 92% over a 12-month period. Additionally, we noted 
an average reduction in MAP of 4 mmHg. In summary, the combi-
nation of aggressive monitoring and patient education including CBT 
and desensitization protocols resulted in a significant improvement of 
CPAP compliance and reduction in mean arterial pressure. Further ran-
domized trials are recommended to assess the significance of possible 
confounding variables such as improved exercise regimen, dietary 
modifications, and reduction in mean arterial pressure.

0566
PREDICTING CPAP COMPLIANCE BASED ON SLEEP 
ARCHITECTURE
Helou G1, Jain A 2, Jain V1, Ahari J1

1The George Washington University, Washington, DC, 2Thomas 
Jefferson High School of Science and Technology, Alexandria, VA, 
3The George Washington University, Washington, DC

Introduction: CPAP therapy has been shown to be effective in treat-
ing sleep-disordered breathing. However, compliance with CPAP is 
disappointingly low, with studies showing variable results related to 
patient characteristics and psychological factors. Predicting CPAP 
compliance has proven problematic. We aimed to create a model for 
predicting CPAP compliance based on sleep architecture characteris-
tics of baseline PSG (study 1) and CPAP titration PSG (study 2) and 
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difference (diff) between the 2 studies (study 2 – study 1), along with 
patient demographics.
Methods: Demographics and sleep architecture data from study 1 and 
2 for 100 patients were correlated with CPAP compliance. A binary 
low-compliance outcome variable was created from compliance data at 
1, 3 and 6 months. Logistic regression was used to examine multivari-
ate models predicting low compliance. Sleep variables with univariate 
p < 0.15 were included. Univariate associations of all sleep variables 
with compliance were examined using chi-square or t-tests.
Results: The following variables had p-values < 0.15, suggesting an 
association with CPAP compliance: sleep-onset latency [sol] (study 1 
and 2), NREM-AHI (study 1), N1 percent time (study 2), N2 absolute 
time (diff), N3 absolute time (diff), Total AHI (diff), and Average, oxy-
gen saturation in NREM (diff). The final prediction model, based on 
logistic regression, was highly significant (p = 0.0012): Risk of low 
compliance = 3.6242 – 0.0379*Age – 0.5967*NREM AHI (study1) – 
0.5394*sol(study 2) – 0.4472*N2 absolute time (diff), with moderate, 
prediction accuracy (c = 0.75).
Conclusion: Sleep architecture characteristics and patient demo-
graphics may be of clinical value in predicting compliance with CPAP. 
Predicting low compliance probability can help allocate more time in 
educating patients at risk and help improve their compliance rate. Larg-
er, prospective randomized controlled trials will be needed to validate 
our prediction model.

0567
PREDICTION OF EARLY CPAP COMPLIANCE
Altememi N, Assefa S, Riar R, Diaz-Abad M, Scharf SM
University of Maryland School of Medicine, Baltimore, MD

Introduction: Continuous Positive Airway Pressure (CPAP) is the 
most effective treatment for patients with Obstructive Sleep Apnea 
(OSA). However, CPAP effectiveness depends on patients’ adherence 
to treatment. The aim of this study was to determine if there are any 
factors that predict patients’ compliance to CPAP on the first follow-up 
visit.
Methods: Patients’ medical records from the University of Maryland 
Sleep Disorders Center were retrospectively analyzed from 2012–2014. 
All patients were diagnosed with OSA and were given CPAP coun-
seling prior to prescription of therapy. A follow up visit 6–8 weeks 
later was done to review compliance over the initial treatment period 
measured from adherence cards. We examined whether demographic, 
or polysomnographic factors, as well as scores on standard question-
naires would predict compliance on the initial follow-up visit.
Results: We reviewed records from 30 patients—17 men, age 57.3 
± 11.3 (9 ≥ 65), 14 Caucasians (C), and 16 African-Americans (AA). 
Only 46.7% were compliant (≥ 4 hours per night for 70% of nights). At 
initial follow-up 81.2% AA were non-compliant compared with 21.4% 
C (P = 0.004). Factors not predicting initial compliance included: age, 
sex, neck-circumference, Epworth Scale, BMI, STOP-BANG pretest 
probability, apnea-hypopnea index, CPAP pressure, mask type, and 
expressed post CPAP titration willingness to use CPAP. Further, no 
polysomnographic variables (sleep efficiency, slow wave sleep, REM 
sleep) on diagnostic or CPAP titration predicted early compliance.
Conclusion: Initial adherence to CPAP therapy (CMS criteria) was 
poor among AA despite prior extensive education and counseling. Ef-
forts to ensure compliance should explore the role of socio-economic 
status, education, and medical co-morbidities in determining early 
CPAP compliance and its relationship to long-term compliance.

0568
POSITIVE AIRWAY PRESSURE ADHERENCE IN 
PATIENTS WITH OBSTRUCTIVE SLEEP APNEA AND 
SYMPTOMATIC BPH
Metta V, Zaka A, Lee VC, Mador MJ
University at Buffalo, Amherst, NY

Introduction: To determine the 3-month and 1-year adherence rates 
with Positive Airway Pressure (PAP) therapy in sleep apnea patients 
with Benign Prostatic Hyperplasia (BPH) compared to matched con-
trols.
Methods: A case-control retrospective analysis was performed in a 
Veterans Affairs hospital. All symptomatic patients with BPH (n = 269) 
ever started on PAP therapy between 2006–2012 were compared with 
controls matched for severity of sleep apnea (AHI), BMI & age at the 
time of diagnosis. Compliance measures were obtained at the third and 
twelfth month visits. The cases included symptomatic BPH patients 
on active medical therapy. Diuretic use among cases and controls and 
severity of nocturia among the cases were also obtained.
Results: In the BPH group, mean AHI among cases and controls was 
37 ± 27.3 and 36.7 ± 28.4 (p = 0.94), mean BMI 35 ± 6 and 36.7 ± 6.5 
(p = 0.06) and mean age at diagnosis 64 ± 9.7 and 62 ± 7 (p = 0.12) 
respectively. The population was predominantly male and Caucasian.
There was no statistically significant difference in PAP use between 
symptomatic BPH patients and controls at 3 month (percent days de-
vice use > 4 hrs. 54.9 ± 38.7 vs. 52.7 ± 34.8; p = 0.72) and 1 year (per-
cent days device use > 4 hrs. 61 ± 42.6 vs. 67.9 ± 30.7; p = 0.28) visits. 
Analysis of variance (ANOVA) based on diuretic use (p = 0.10) and 
severity of nocturia (p = 0.5) did not influence compliance with PAP 
therapy.
Conclusion: BPH or diuretic use does not affect compliance with PAP 
therapy in obstructive sleep apnea. Severity of nocturia did not have 
any influence on compliance among the cases. BPH, regardless of the 
severity of nocturia, and diuretic use does not influence CPAP adher-
ence in patients with OSA.

0569
POSITIVE AIRWAY PRESSURE ADHERENCE IN 
PATIENTS WITH OBSTRUCTIVE SLEEP APNEA WITH 
DEPRESSION OR ANXIETY
Metta V, Patel SM, Singh H, Mador MJ
University at Buffalo, Buffalo, NY

Introduction: To determine the 3-month and 1-year adherence rates 
with Positive Airway Pressure (PAP) therapy in sleep apnea patients 
with depression or anxiety compared to matched controls.
Methods: A case-control retrospective analysis was performed in a 
Veterans Affairs hospital. All symptomatic patients with depression or 
anxiety ever started on PAP therapy between 2006–2012 were com-
pared with controls matched for severity of sleep apnea (AHI), BMI & 
age at the time of diagnosis.
Results: In the depression group (n = 263), mean AHI among cases and 
controls was 37.6 ± 26.5 and 36.02 ± 28 (p = 0.64), mean BMI 35.2 ± 6.7 
and 35.5 ± 6.2 (p = 0.83) and mean age at diagnosis 56.8 ± 11.3 and 
58.4 ± 11.7 (p = 0.21) respectively. In the anxiety group (n = 166), mean 
AHI among cases and controls was 29 ± 22 and 29.9 ± 23.8 (p = 0.80), 
mean BMI 34.1 ± 6.2 and 34.4 ± 6.1 (p = 0.75) and mean age at diagno-
sis 56.8 ± 13.6 and 55.6 ± 11.6 (p = 0.54) respectively. The population 
was predominantly male and Caucasian.There was no statistically sig-
nificant difference in PAP use between depressed patients and controls 
at 3 months (percent days device use > 4 hrs. 51.6 ± 33.8 vs. 48.5 ± 35.2; 
p = 0.51) and 1 year (percent days device use > 4 hrs. 62.7 ± 35.9 vs. 
64 ± 30; p = 0.77) visits. Patients with anxiety had similar adherence 
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rates compared to controls at 3 month (percent days device use > 4 
hrs. 51.2 ± 35 vs. 43.8 ± 33.6; p = 0.23) and 1 year (percent days device 
use > 4 hrs. 61.6 ± 33.9 vs. 57 ± 34.8; p = 0.49) visits.
Conclusion: PAP adherence is not significantly different among pa-
tients with anxiety or depression on active medical therapy compared 
to matched controls. Depression and anxiety do not influence CPAP 
compliance.

0570
NIGHT TO NIGHT VARIABILITY OF APNEA HYPOPNEA 
INDEX IN PATIENTS TREATED WITH POSITIVE 
AIRWAY PRESSURE THERAPY
Agrawal R1, Lalani IA 2, Doshi N3, Wang JA3, Ko AG3, Getsy JE3

1Baylor College of Medicine, Houston, TX, 2School of Public Health, 
Drexel University, Philadelphia, PA, 3College of Medicine, Drexel 
University, Philadelphia, PA

Introduction: The current study is aimed to look at the short term 
night-to-night variability (NNV) in residual apnea hypopnea index 
(rAHI) after the initiation of positive airway pressure (PAP) therapy. 
Variability has been investigated in other chronic diseases such as hy-
pertension. Short and long-term variability in blood pressure measure-
ments in patients with hypertension has been shown to independently 
increase cardiovascular disease. The NNV patterns of patients with ob-
structive sleep apnea (OSA) after PAP therapy initiation are unknown.
Methods: Retrospective study at a university sleep center between 
August 2013 and March 2014. Statistical analysis included baseline 
descriptive characteristics, Spearman’s correlation and logistic regres-
sion.
Results: Of 201 patients, 88 patients (BMI 37.7 ± 8.7, Age 53.4 ± 13.2, 
baseline polysomnography [bPSG] AHI 37.3 ± 29.3, lowest desatura-
tion, bPSG 79.7 ± 12, male 45.4% ) were included. The mean number 
of days PAP device used was 60.6 ± 20.5 (minimum 20) days, mean 
daily usage was 228.9 ± 103.1 minutes. Coefficient of variation (CV) 
was calculated to identify the variability in the rAHI. The CV ranged 
from 31.9 to 462.8 and the mean ± SD was 85.3 ± 55.6. The Spearman 
correlation of CV with minutes of usage (rho = 0.14, p = 0.2), number 
of days of usage (rho = −0.09, p = 0.4) average nightly leak (rho = −0.07, 
p = 0.5), age (rho = −0.12, p = 0.2), BMI (rho = −0.04, p = 0.6) and 
bPSG AHI (rho = 0.03, p = 0.8) was not statistically significant. The 
probability of high CV decreases with age (beta = −0.0620 p = 0.015) 
and increases in African American race vs Caucasian (our reference 
class) (beta = 1.79, p = 0.016) as well as those with COPD or asthma 
(beta = 2.18, p = 0.005).
Conclusion: These data demonstrate that among OSA patients treated 
with PAP therapy, a wide range of inter-individual NNV in rAHI is 
present. The high NNV cannot be correlated to daily patient usage 
factors or baseline demographics and is likely an independent factor. 
Further studies are needed to understand the prognostic significance 
of NNV of rAHI.

0571
ESZOPICLONE VERSUS ZOLPIDEM FOR 
POLYSOMNOGRAPHY
Londeree WA, Sheikh K, Andrada TF, Hostler JM, Khramtsov AN, 
Holley AB
Walter Reed National Military Medical Center, Bethesda, MD

Introduction: Several studies and a recent meta-analysis have shown 
that non-benzodiazepine sedative hypnotics (NBSH) do not alter the 
apnea hypopnea index (AHI). Both eszopiclone and zolpidem have 
been studied but they have not been directly compared to each other. 

Our goal was to compare the effect that these two drugs have on posi-
tive airway pressure (PAP) titration and subsequent compliance.
Methods: Providers at our clinic frequently provide NBSHs to patients 
for their diagnostic polysomnogram (PSG). We abstracted data for all 
patients who had PAP started during the 2nd half of their PSG. We 
also obtained 30-day PAP compliance data for all patients. We com-
pared results by the medication they received during their PSG. Mann-
Whitney U, Fisher’s Exact and Independent sample t-tests were used as 
appropriate with SPSS 20.0.
Results: A total of 56 patients had split night PSG and 30 day adher-
ence data available for analysis, 44 took zolpidem and 12 took eszopi-
clone. During the diagnostic portion the mean apnea hypopnea index 
(AHI) for all patients was 42.7 ± 23.1 and there was no significant dif-
ference in AHI, age, total sleep time (TST) or sleep efficiency (SE) 
between groups. During the PAP portion there was no significant dif-
ference in TST, SE, percentage REM sleep or AHI in supine REM. 
At 30 days post PAP initiation there was no difference in percentage 
days greater than four hours or hours per nights used. At 30 days 8/36 
(18.2%) and 3/12 (25.0%) used PAP for > 4 hours for > 70% of nights in 
the zolpidem and eszopiclone groups respectively (p = 0.69).
Conclusion: There is no difference in the diagnostic and PAP-titration 
portions of the PSG when eszopiclone is given instead of zolpidem. 
There is also no difference in PAP compliance at 30 days.

0572
SLEEP APNEA RISK, DAYTIME SLEEPINESS, AND 
FATIGUE IN AN URBAN HIV CLINIC
Goswami U1, Baker JV2, Wang Q3, Khalil W1, Kunisaki KM4

1Division of Pulmonary, Allergy, Critical Care & Sleep Medicine, 
University of Minnesota, Minneapolis, MN, 2Division of Infectious 
Diseases, Hennepin County Medical Center, Minneapolis, MN, 
3Biostatistical Design and Analysis Center, University of Minnesota, 
Minneapolis, MN, 4Pulmonary Section, Veterans Affairs Medical 
Center, Minneapolis, MN

Introduction: Fatigue is common among persons living with HIV 
(PLWH). Although reasons for fatigue may be multifactorial, PLWH 
are increasingly developing risk factors for obstructive sleep apnea 
(OSA) such as older age and obesity. Studies regarding OSA in PLWH 
are largely lacking, so we aimed to estimate the relationship between 
fatigue and OSA in PLWH.
Methods: Self-administered surveys were mailed to PLWH receiving 
care at an urban clinic. The questionnaires included snoring, witnessed 
apneas, estimated sleep duration, Epworth Sleepiness Score (ESS), and 
FACIT-Fatigue score. Clinical and demographic data were extracted 
from the electronic medical record. Multivariable linear regression 
models were created to study relationships between FACIT-Fatigue 
scores, clinical variables, and OSA symptoms.
Results: Of 530 surveyed patients, 203 (40%) responded. Respondent 
mean age was 47 years, 80% were males, 41% African-American 
and 48% Caucasian. Mean BMI was 26.7 kg/m2; 21% were > 30 kg/
m2. Mean duration of HIV diagnosis was 11.7 years, and 93% were on 
antiretroviral treatment. Eight patients (4%) had known OSA. Among 
those without known OSA, mean FACIT-Fatigue score was 32.5 ± 12.6, 
which is worse than the general population mean of 40.1 ± 10.4. 27% 
reported snoring, 24% reported witnessed apneas, and ESS > 10 was 
present in 41%. In stepwise multivariable linear regression, witnessed 
apnea was the strongest independent predictor of increased fatigue 
(β = −6.49; p < 0.001). Other predictors of increased fatigue included 
opioid use (β = −5.53; p < 0.001), depression (β = −4.18; p = 0.02), an-
tidepressant use (β = −4.25; p = 0.02), and self-reported sleep dura-
tion < 6 hours (β = −3.42; p = 0.02). Age and BMI were not related to 
fatigue.
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Conclusion: Among an urban cohort of PLWH, fatigue, excessive day-
time sleepiness and OSA symptoms were highly prevalent. Witnessed 
apnea was the strongest independent predictor of fatigue in this pop-
ulation. Our data support the need for more research regarding OSA 
screening and treatment in PLWH.

0573
SLEEP ARCHITECTURE CORRELATES OF 
SUBJECTIVE SLEEP QUALITY PERCEPTION
Helou G1, Jain A 2, Jain V1, Ahari J1

1The George Washington University, Washington, DC, 2Thomas 
Jefferson High School of Science and Technology, Alexandria, VA, 
3The George Washington University, Washington, DC

Introduction: Assessment of sleep architecture with polysomnogra-
phy (PSG) is often used to grade the severity of the breathing disorder, 
and assess sleep quality. We studied the correlation between changes 
in sleep architecture with CPAP treatment, and changes in subjective 
sleep quality as assessed by a questionnaire (Post PSG Sleep Assess-
ment; PPSA).
Methods: We prospectively analyzed the sleep architecture variables 
of a cohort of 100 patients with OSA, and compared them with changes 
in PPSA between baseline (night 1) and CPAP titration (night 2) PSG. 
General linear models were used to examine prediction models for 
PPSA for night 1 and 2, and the improvement from night 1 to night 2. 
Predictors having p > 0.10 were removed at each step. A CPAP sleep 
quality risk score was computed using a final regression model.
Results: The final regression model predicting night 2 self-reported 
sleep quality was significant (p = 0.0001) with R2 = 0.20. Predictors 
included African American race, N3 percent, and the night 2 Quality 
composite [Total Sleep Time + Sleep Efficiency – WASO + N2abs_
time]. Based on the regression parameters the following risk model 
was used to calculate each subject’s risk of having poor sleep qual-
ity on night 2: risk = round(1.3 −0.3123*N3pct_time1 + 0.0662*qual2 
+ 0.86*AA, 0.1). The odds of having self-reported sleep problems on 
night 2 were 5.07 (95% confidence interval: 2.13–12.06) for those with 
high, compared to low, risk scores (p = 0.0002). The model predicting 
change in sleep quality was significant (p = 0.0007) with R2 = 0.14. 
The predictors in the final model were improved SE (p = 0.0011) and 
increased N1 percent time (p = 0.036) where risk = 21.22 + 0.21 * in-
crease in SE + 0.127 * increase in N1 percent time.
Conclusion: In our model, we were able to predict perceived sleep 
quality based on variables objectively measured in the sleep lab. Future 
studies are needed to validate this model in different sleep disorders.

0574
NASAL CYCLE DURING SLEEP
Isaka N, Chiba S, Watanabe S, Moriwaki H, Onda N
JIKEI University School of Medicine, Tokyo, Japan

Introduction: The phenomena of periodic cycles of vascularengorge-
ment on the nasal cavity mucosa that alternate between right and left 
sides are termed the “nasal cycle.”The physiologic mechanisms under-
lying this cycle have not been entirely clarified, even more so during 
sleep. In this study, we measured the periodic patterns of the normal 
nasal cycle, not only during wakefulness but also during sleep.
Methods: Our team utilized a method for functional rhinologic assess-
ment, the portable rhinoflowmeter (Rhinocycle, Rhinometrics, Lynge, 
Denmark), measuring airflow independently through each nostril dur-
ing 24 hours on 20 healthy subjects aged 20 to 56 years, and without 
any nasal pathology or diagnosed medical, psychiatric, or sleep dis-
orders. In addition, a nocturnal polysomnogram was simultaneously 
performed during sleep.

Results: Nineteen of 20 subjects showed a detectable nasal cycle, and 
16 of 19 subjects presented a change of the cyclic phase during sleep. 
The mean nasal cycle duration was 234.26282.4 minutes (median, 164.1 
minutes), although variation was considerable. The mean cycle dura-
tion time during sleep was significantly longer than that in wakefulness 
(P < 0.005). The reversal of cyclic phase during sleep tended to be asso-
ciated with REM sleep (68.8%) and postural changes (18.8%). It never 
occurred in slow-wave sleep.
Conclusions: Nasal cycle duration during sleep is longer than in wake-
fulness. Changes in laterality of nasal cycle frequently coincide with 
switches in posture, tend to occur in REM sleep, never occur in slow-
wave sleep, and may be absent in subjects with severe nasal septal de-
viations.

0575
HYPERTENSION AND OBSTRUCTIVE SLEEP 
APNEA:DOES OBJECTIVE SLEEPINESS MODIFY THE 
ASSOCIATION?
Ren R1, Zhou J1, Li Y1, Tan L1, Liang B1, Zhang J2, Tang X1

1West China Hospital, Sichuan Unversity, Chengdu, China, 2The 
Chinese University of Hong Kong, Hong Kong, China

Introduction: Obstructive sleep apnea (OSA) patients with subjec-
tive sleepiness are at a greater risk of hypertension, but little is known 
about the relationship between objective sleepiness and hypertension. 
We aimed to determine whether objective sleepiness modifies the rela-
tionship between OSA and prevalent hypertension.
Methods: A total of 2035 patients with apnea-hypopnea index 
(AHI) ≥ 5/h and 319 patients with habitual snoring but an AHI < 5/h 
as control were recruited into this study. Overnight polysomnography 
(PSG) and the following Multiple sleep latency test (MSLT) were con-
ducted. Epworth Sleepiness Scale (ESS) was also collected.
Results: Hypertension was found in 7.5% of control group and 26.3% 
of OSA patients. After controlling for age, BMI, AHI, neck circumfer-
ence, waist circumference, drinking, and smoking in logistic regression 
model, we found that the odd ratio (OR) for hypertension significantly 
increased across the different groups as divided by ESS total score, 
(1.0 for control; OR (95% CI) = 2.30 (95% CI: 1.37–3.85) for ESS 0–4; 
2.90 (95% CI: 1.75–4.82) for ESS 5–8; 1.88 (95% CI: 1.08–3.22) for 
ESS 9–13; 3.02 (95% CI: 1.76–5.17) for ESS 14–24). In addition, we 
also found a dose-response association between mean sleep latency 
(MSL) and hypertension in OSA patients when reference to control 
group (1.0 for control; OR (95% CI) = 1.77 (95% CI: 1.02–3.08) for 
MSL < 5 min;1.88 (95% CI: 1.10–3.23) for MSL 5–8 min; 2.33 (95% CI: 
1.40–3.87) for MSL8–13 min; 2.89 (95% CI: 1.74–4.79) for MSL 13–20 
min) in the fully adjusted model.
Conclusion: We found that OSA patients with a higher ESS score are 
at a higher risk for hypertension. However, longer MSL but not shorter 
MSL was associated with increased risk of hypertension, which indi-
cated that hyperarousal rather than objective sleepiness plays a role in 
the occurrence of hypertension in patients with OSA.
Support (If Any): Supported by the National Natural Science Foun-
dation of China (81170072 and 81328010) and by the National Basic 
Research Program of China (2015CB856400).
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0576
SLEEP APNEA RISK AND SUBCLINICAL 
ATHEROSCLEROSIS IN FORMER NATIONAL 
FOOTBALL LEAGUE PLAYERS
Luyster FS1, Dunn RE2, Lauderdale D3, Tucker AM4, Vogel RA5, 
Lincoln AE6, Strollo PJ 7

1University of Pittsburgh School of Nursing, Pittsburgh, PA, 2Sports 
Medicine Research Center, Medstar Research Institute,University of 
Maryland School of Medicine, Baltimore, MD, 3Department of Public 
Health Sciences, University of Chicago, Chicago, IL, 4Medstar Union 
Memorial Sports Medicine, Union Memorial Hospital, University 
of Maryland, Baltimore, MD, 5VA Eastern Colorado Health Care 
System, Denver, CO, 6Sports Medicine Research Center, Medstar 
Research Institute, University of Maryland School of Medicine, 
Baltimore, MD, 7Department of Medicine, University of Pittsburgh, 
Pittsburgh, PA

Introduction: Limited data from former National Football League 
(NFL) players suggest that obstructive sleep apnea (OSA) may be more 
prevalent after retirement. It remains unclear whether the high preva-
lence of OSA in retired players is comparable to similarly obese non-
athletes. This study compared sleep apnea risk in former NFL players 
to community controls, the Coronary Artery Risk Development in 
Young Adults (CARDIA) ancillary sleep study, and examined associa-
tions between sleep apnea risk and cardiovascular risk factors, includ-
ing subclinical atherosclerosis.
Methods: Former NFL players (n = 140) were matched on age ± 2 
(45.4 ± 4.4 years) and BMI ± 2 (30.5 ± 3.9). Cardiovascular risk factors 
including blood pressure, lipids, fasting glucose, and sleep apnea risk 
(Berlin Questionnaire) were assessed during screening visit. Subclini-
cal atherosclerosis was measured by computed tomography as coro-
nary artery calcium (CAC). The presence of CAC was defined as an 
Agatston score > 0. Comparisons between groups were performed us-
ing Student’s t test or chi-square test. The association of sleep apnea 
risk with cardiovascular risk factors among the players was examined 
using linear and logistic regression adjusted for age, BMI, and race.
Results: Former NFL players had a greater prevalence of high sleep 
apnea risk than the matched CARDIA sleep cohort (34.3% vs 10%, 
p < 0.001). Compared to the CARDIA sleep cohort, former players had 
fewer smokers, higher blood pressure, lower fasting glucose levels, and 
lower prevalence of diabetes (p’s < 0.05). There was no difference in 
the prevalence of detectable CAC (33.6% vs 34.3%, p = 0.90). In former 
NFL players, sleep apnea risk was not significantly associated with any 
of the cardiovascular risk factors after controlling for age, race, and 
BMI.
Conclusion: Despite being former elite athletes, former NFL players 
have similar risk for subclinical atherosclerosis but greater risk for 
sleep apnea compared to a well matched community cohort.
Support (If Any): National Football League; PO1 AG011412; The 
CARDIA study was supported by US Public Health Service contracts 
NO1-HC-48047, NO1-HC-48048, NO1-HC-48049, NO1-HC-48050, 
and NO1-HC-95095 from the National Heart, Lung, and Blood Insti-
tute. Dr. Luyster’s work is supported by NIH K23 HL105887.

0577
RESEARCH ON MENTAL CHARACTERISTICS OF 
CHINESE PATIENTS WITH OBSTRUCTIVE SLEEP 
APNEA HYPOPNEA SYNDROME
Wang W, Li Y, Lu H, Lin P
Tianjin First Central Hospital, China, Tianjin, China

Introduction: Most of the studies on patients with obstructive sleep 
apnea hypopnea syndrome focus on the quality of sleep and life. Re-

search on mental characteristics were rarely. This study was design To 
explore the personality and character of obstructive sleep apnea hypop-
nea syndrome (OSAHS) patients.
Methods: Subjects were divided to the severe OSAHS group (50 cases), 
mild-moderate OSAHS group (53 cases) according to apnea hyponea 
index (AHI). 42 nomal people were acted as contrast group. The Min-
nesota multiphasic personality inventory (MMPI) were used to evalu-
ate the psychological aspects of subjects.
Results: Comparing OSAHS group and the contrast group, 6 clini-
cal scales depression (D), hysteria (Hy), masculinity (Mf), paranoia 
(Pa), anxiety (A), ego strength (Es) were different significantly (t value 
was respectively 2.609, 2.133, 2.294, 2.520, 2.041, 2.675, all P < 0.05).
The score of OSAHS group are higher than the contrast group on 
five clinical scales, including depression (D), hysteria (Hy), paranoia 
(Pa), anxiety (A), ego strength (ES). The score of OSAHS group are 
lower than the contrast group on clinical scale masculinity (Mf). Fur-
ther comparing of severe OSAHS group and mild-moderate OSAHS 
group disclosed that differences of 6 clinical scales depression (D), 
paranoia (Pa), psychasthenia (Pt), anxiety (A), manifest anxiety scale 
(MAS), dependency (Dy) were significantly (t value was respectively 
2.460, 2.086, 2.181, 2.121, 2.954, 1.982). Especially the scores of severe 
OSAHS group are all higher than the mild-moderate OSAHS group on 
these six clinical scales.
Conclusion: Comparing with healthy people, OSAHS patients have 
special personality and character. The degree of OSAHS can infects 
the personality and character of OSAHS patients, such as depression, 
discomfort, somatopsychic, extrasensitivity and nervous. It was related 
with the severe of OSAHS.

0578
LONG DURATION OF LONGEST OBSTRUCTIVE SLEEP 
APNEA AND POLYCYTHEMIA AMONG HIGHLANDERS
Tan L1, Zhou J1,2, Li Y1, Ren R1, Yang L1, Zhang J2, Wing Y2, Tang X1

1Sleep Medicine Center, West China Hospital, Sichuan University, 
Chengdu, China, 2Department of Psychiatry, Faculty of Medicine, 
The Chinese University of Hong Kong, Hong Kong, China

Introduction: The duration of the longest sleep apnea (LSA) is rou-
tinely determined in polysomnography (PSG) examinations in screens 
for obstructive sleep apnea (OSA) patients, but we presently have no 
real understanding of clinic significance of longer LSA.
Methods: We report an OSA patient case with an extremely long dura-
tion LSA and a retrospective analysis of LSA in 7352 OSA patients.
Results: 1) A 34-years-old-highland man with chief complaints of 
chronic headache and dizziness was found having a 6.3 min long dura-
tion LSA with severe polycythemia. During three months of follow-up 
continuous positive airway pressure (CPAP) therapy, the headaches, 
dizziness and polycythemia disappeared. 2) Of 7352 OSA patients we 
examined, none had LSA longer than 4 min; for four LSA durations 
of 3–4 and 2–3 min, the significant rankings in the percentage were 
Tibetan (6%, 15%) > Han highlanders (0.7%, 4.2%) = sea level Han 
(0%, 4.7%)) respectively; for 1–2 min, Tibetan (37%) > Han highland-
ers (34%) > sea level Han (27%); and for < 1 min, Tibetan (40%) < Han 
highlanders (60%) < sea level Han (67%). 3) Seven patients were found 
with LSA of 3–4 min; all were highlanders. Five had blood routine test 
records at the time of PSG and four (80%) had polycythemia.
Conclusion: Highland OSA patients, particularly Tibetan highlanders, 
have a much greater proportion of long LSA and as well as polycythe-
mia. Our study suggests that the relationship of the duration of LSA 
and polycythemia should be critically evaluated in OSA patients.
Support (If Any): Supported by the National Natural Science Foun-
dation of China (81170072 and 81328010) and by the National Basic 
Research Program of China (2015CB856400).
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0579
THE INCIDENCE OF RIGHT TO LEFT SHUNTING IN 
PATIENTS WITH SLEEP APNEA
Gevorgyan R, Bokhoor P, Mojadidi M, Wen E, Aysola R, Tobis J
UCLA, Los Angeles, CA

Introduction: The most common cause of right to left shunting (RLS) 
is due to intermittent flow through a patent foramen ovale (PFO). PFO 
occurs more frequently in patients with obstructive sleep apnea (OSA), 
and may be involved in the exacerbation of OSA in some patients. The 
goal of this study was to assess the presence of RLS in patients with 
OSA, and compare clinical characteristics and parameters of the sleep 
studies of patients with and without RLS.
Methods: Patients with an abnormal polysomnogram seen at UCLA-
Santa Monica Sleep Medicine Clinic were enrolled. A diagnosis of 
RLS was made using a transcranial Doppler (TCD) bubble study. Gen-
der and age-matched controls were drawn from patients referred for 
cardiac catheterization who underwent a TCD. The frequency of RLS 
in OSA patients and the controls was evaluated. Clinical character-
istics and polysomnogram parameters were compared between OSA 
patients with and without a RLS.
Results: A total of 100 OSA patients and 200 controls participated 
in the study. The prevalence of RLS was higher in patients with OSA 
compared to the control group (42% vs. 19%; p < 0.0001). Patients with 
OSA and a RLS had a lower apnea-hypopnea index (AHI), less ob-
structive apnea and fewer hypopnea episodes than patients with OSA 
without a RLS. The degree of desaturation for a given respiratory dis-
turbance as measured by oxygen desaturation index (ODI)/AHI ratio 
was higher in the OSA group with RLS versus the group without RLS 
(0.85 ± 0.07 vs. 0.68 ± 0.04; p < 0.0001). The baseline and nadir SaO2 
were similar in both groups and did not correlate with the level of RLS 
assessed by TCD.
Conclusion: RLS, most commonly due to a PFO, occurs 2.2 times 
more frequently in OSA patients compared to a control population that 
was matched for age and gender. The severity of sleep apnea is not 
greater in patients with OSA and a PFO. However, patients with OSA 
and PFO are more likely to become symptomatic at a younger age with 
an equivalent decrease in nocturnal SaO2 and greater desaturations in 
proportion to the frequency of respiratory disturbances.

0580
NEUROPSYCHOLOGICAL PERFORMANCE AND 
SERIAL POSITION PROFILES IN OLDER ADULTS WITH 
AHI ≥ 15 AS COMPARED TO AHI < 15
Phelan CH1, Benca RM2

1William S. Middleton Memorial VA Hospital-GRECC, Madison, 
WI, 2Department of Psychiatry, University of Wisconsin-School of 
Medicine and Public Health, Madison, WI

Introduction: The serial position effect occurs when individuals must 
recall a list of words that exceed normal attention span (e.g., 10 words 
over four repeated trials). Examining serial position profiles may pro-
vide insight into whether inefficient processing can adversely affect 
recall. Healthy older adults demonstrate a U-shaped learning curve, 
whereas individuals with neurodegenerative disorders (e.g. Alzheim-
er’s disease) demonstrate prominent recency effect (the preferential 
recall of most recent events over primacy events). Serial position pro-
files were examined in two groups of older adults with different Apnea 
Hypopnea Indices (AHI ≥ 15 and AHI < 15).
Methods: 28 adults with an AHI ≥ 15 (M = 32.87 ± 16.17; mean age 
72.09; n = 11), were compared to those with an AHI < 15 (M = 6.39 ± 3.88; 
mean age 73.47; n = 17) on neuropsychological tests (MMSE, Trails A 
& B, Verbal Fluency, and Repeatable Battery for the Assessment of 

Neuropsychological Status (RBANS)). Serial position scores were cal-
culated (number of items recalled/possible number of items present) for 
three regions in four RBANS List Learning Trials (LLTs). Independent 
sample t-tests were used to test for group differences. 
Results: There were no group differences in age, gender, income, mar-
ital status or years of education. Despite the fact that the AHI ≥ 15 
group showed better cognitive function based on having fewer subjects 
with MCI, they showed the expected primacy effect (p < 0.05) only in 
List Learning Trial 1 but not in the final trial.
Conclusion: Elderly subjects with previously undiagnosed obstructive 
sleep apnea may demonstrate a pattern of list learning, consistent with 
presumed neuropathology frontal/attentional systems.
Support (If Any): Award Number 1K2CX000535 from the Clinical 
Science Research and Development Service of the VA Office of Re-
search and Development; University of Wisconsin Center for Sleep 
Medicine and Sleep Research; Wisconsin Alzheimer’s Disease Re-
search Center’s Clinical, Neuropathology and Biomarkers Cores NIH-
NIA P50-AH033514; and Grant 1UL1RR02511 from the Clinical and 
Translational Science Award (CTSA) program of the National Center 
for Research Resources, National Institutes of Health. The contents do 
not represent the views of the Department of Veterans Affairs or the 
United States Government.

0581
THE PREVALENCE OF SNORING IN FIRST - 
DEGREERELATIVES OF ADULTS WITH OBSTRUCTIVE 
SLEEP APNEA-HYPOPNEA SYNDROME IN THE 
GUANGXI REGION OF CHINA
Pan F, Liu J, Xie Y, Wang W, Lei Z, Liang B, Mo X
Sleep-Disordered Breathing Center of Guangxi, Nanning City, China

Introduction: To investigate the relationship between snoring in first-
degree relatives of adults with obstructive sleep apnea-hypopnea syn-
drome (OSAHS) in the Guangxi Zhuang autonomous region of China.
Methods: A total of 1875 patients with suspected OSAHS (1327 Han 
Chinese, 548 Zhuang Chinese) who underwent in-hospital polysom-
nography between July 2009 and July 2012 were enrolled in the study. 
Snoring of subjects and their first-degree relatives were assessed using 
the Epworth sleepiness scale and Snoring Questionnaire, respectively. 
According to the polysomnography results, 1091 Han Chinese and 431 
Zhuang Chinese subjects with OSAHS and 236 Han Chinese and 117 
Zhuang Chinese without OSAHS were included.
Results: There was a significant difference in the prevalence of snor-
ing in first-degree relatives (PSFDR) between subjects with different 
OSAHS severities (non-OSAHS, mild, moderate, severe OSAHS; 
males, X2 = 29.304, p = 0.000; females, X2 = 9.720, p = 0.045). The 
same trends were observed in Han Chinese (X2 = 27.292, p = 0.000) 
and Zhuang Chinese (X2 = 9.645, p = 0.047) subjects in the OSAHS 
and non-OSAHS groups. PSFDR increased with longer snoring dura-
tion (< 20 years, X2 = 51.723, p = 0.000) in both the Han and Zhuang 
Chinese groups (X2 = 37.658, p = 0.000 and X2 = 14.750, p = 0.011, 
respectively), and in both males and females (X2 = 39.923, p = 0.000 
and X2 = 13.336, p = 0.020, respectively). No difference was observed 
between Han and Zhuang Chinese in each age group for PSFDR when 
the OSAHS group was stratified by snoring duration. We did not find 
a significant difference in PSFDR between Zhuang and Han Chinese 
(p = 0.066) and between snoring males and females among PSFDR 
(p = 0.798). When we stratified the subjects into six groups according 
to snoring duration, there were no differences in snoring PSFDR be-
tween males and females in any subgroups.
Conclusion: Our findings suggest that snoring and OSAHS are geneti-
cally inherited. The first-degree relatives of subjects with OSAHS were 
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more likely to snore, and OSAHS severity and longer snoring duration 
was associated with a higher PSFDR.

0582
LEGAL OUTCOMES OF ADVERSE PERIOPERATIVE 
EVENTS IN OSA PATIENTS: A SURVEY STUDY
Jesudoss R1, Fouladpour N2, Auckley D1

1MetroHealth Medical Center, Case Western Reserve University, 
Cleveland, OH, 2University Hospitals, Case Western Reserve 
University, Cleveland, OH

Introduction: Obstructive sleep apnea (OSA) has been associated 
with adverse perioperative outcomes which has led to an increasing 
number of malpractice lawsuits. We hypothesized that the majority of 
these cases are settled out of court.
Methods: We designed a national survey regarding malpractice claims 
relating to OSA and post-operative complications. The survey was sent 
to members of American Society of Health Risk Managers (ASHRM). 
The survey was emailed to 1000 of members of ASHRM in 3 different 
email blasts. The survey was completed in RED CAP and responses 
were collated and are described.
Results: There were 145 respondents (14.5% response rate) with 4 in-
complete surveys. The majority of respondents were nurses and risk 
managers. 18% (25) reported at least one malpractice case related to 
OSA in the perioperative setting filed at their institution within the 
past 15 years. 80% were filed due to the death of the patient and 16% 
were due to chronic vegetative state. 85% of the lawsuits were settled 
out of court, 10% favored the plaintiff, and none favored the defendant. 
Compensation was mostly in the $100,000–500,000 range (33.3%) and 
$500,000–1,000,000 range (33.3%). Regarding the cases, the majority 
of the lawsuits related to postoperative complications following trans-
ferred to the floor (64%). 79.2% of the patients were taking narcotics at 
the time of complication. Most of the cases involved general (42%) or 
orthopaedic (40%) surgery. The majority of the lawsuits happened in 
community hospitals (72%). 40.4% of respondents reported they have 
an OSA perioperative protocol in place, 39.7% reported no protocol 
was in place and 19.9% were unsure.
Conclusion: This survey study suggests that malpractice suits involv-
ing complications related to OSA in the perioperative time period are 
primarily settled out of court and would not be searchable in legal data-
bases. Settlements carried significant financial penalties.

0583
IS NOCTURNAL GROANING (CATATHRENIA) A 
PARASOMNIA OR SLEEP RELATED BREATHING 
DISORDER?
Muraki H, Okura M, Sugita H, Ohi M, Taniguchi M
Sleep Medical Center, Osaka Kaisei Hospital, Osaka, Japan

Introduction: Sleep related groaning (catathrenia) is characterized by 
episodes of nocturnal groaning (NG) during sleep. Although catather-
enia was classified as a parasomnia in the International Classification 
of Sleep Disorders (ICSD) 2nd edition, catathrenia was re-classified as 
one of normal variants in sleep related breathing disorders in the ICSD 
3rd edition. The aim of this study was to describe incidence and the 
polysomnography (PSG) characteristics of catathrenia patients with 
special emphasis on sleep stages that NG occurs in and temporal rela-
tionship between NG and EEG arousal, and other events of data.
Methods: The subjects were consecutive 23,052 patients who pre-
sented with sleep and/or wake problems at our sleep center from April 
1998 to October 2014. Diagnosis of catathrenia was based on ICSD-2 
criteria.

Results: We found 47 cases (0.20%) with catathrenia. Thirty-three of 
47 cases who presented episode of NG on video-PSG were studied. The 
mean age at presentation in 33 patients (17 men and 16 women) was 
40.0 ± 14.8 years. Number of NG events among patients during PSG 
varied from 1 to 3,490 episodes. In 7 of 33 cases (21.2%), NG was ex-
clusively or predominantly observed during REM sleep (REM sleep 
cluster), but the others showed groaning during stage 1 and 2 (non- 
REM sleep cluster). The relationship between NG and EEG arousal 
was further investigated. More than 50% of the NG episodes occurred 
after arousal in twenty of thirty-three cases, but the causes of arousal 
were heterogeneous.
Conclusion: Our findings suggest that catathrenia is unlikely to be 
caused by a single pathophysiology. Catathrenia may be divided into 

‘REM sleep cluster’ catathrenia and ‘non- REM sleep cluster’ catathre-
nia. Detailed analysis of PSG data and long term follow up of patients 
are needed to clarify the differences of two groups and the pathophysi-
ology of catathrenia.

0584
USING HRV METRICS TO PHENOTYPE OSA PATIENTS 
WHO DEVELOP POSTOPERATIVE RESPIRATORY 
FAILURE
Gopinath R1, ElMoaqet H2, Tilbury D2, Ramachandran SK 3

1University of Michigan Medical School, Ann Arbor, MI, 2University 
of Michigan - Department of Mechanical Engineering, Ann Arbor, 
MI, 3University Hospital - Department of Anesthesiology, Ann Arbor, 
MI

Introduction: Postoperative respiratory failure (PRF) is associated 
with increased mortality and hospital costs. Patients with obstructive 
sleep apnea (OSA) are at an increased risk of PRF requiring reintuba-
tion. OSA is characterized by dysregulation of arousal efferent loops 
associated with underlying autonomic nervous system (ANS) distur-
bances. Heart rate variability (HRV) is a parameter that provides a 
measurement of ANS responses. The aim of this study is to explore the 
value of frequency domain HRV metrics in phenotyping OSA patients 
who develop PRF.
Methods: Frequency domain metrics for normalized low frequency 
(nLF) and high frequency (nHF) were analyzed using a retrospective 
case-control design. HRV metrics were calculated using ECG channels 
from either a preoperative or postoperative overnight polysomnogram. 
The differences in HRV metrics between two groups of patients with 
a diagnosis of OSA were examined in (1) patients who did not have a 
PRF and (2) patients who required reintubation. Patients in (1) were 
case-matched to patients in (2) based on gender, age, OSA severity, and 
surgical service providing procedure.
Results: Each group included 20 patients of whom, 7 were on beta-
blockers. In patients not treated with beta-blockers, the nHF was sig-
nificantly increased for (2) compared to (1) by 11.40 (52.01 ± 9.45 vs. 
63.41 ± 10.55, p-value: 0.01). Additionally, the nLF was significantly 
decreased for (2) compared to (1) by 11.44 (47.81 ± 9.49 vs. 36.37 ± 10.55, 
p-value: 0.01). Furthermore, the ratio of LF and HF power decreased 
for (2) compared to (1) by 0.38 (1 ± 0.61 vs. 0.62 ± 0.25, p-value: 0.04).
Conclusion: Patients with PRF were found to have HRV profiles in-
dicating vagal predominance and decreased sympathetic influences. 
However, there was overlap of metrics, limiting its use as a classifi-
cation tool at this stage. These results suggest that HRV metrics may 
inform development of novel prediction indices for PRF in OSA.
Support (If Any): This study was funded by a CTSA grant U042659 
by the Michigan Institute for Clinical & Health Research.
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0585
OUTCOMES OF INTENSIVE CARE UNIT ADMISSIONS 
WITH OBESITY HYPOVENTILATION SYNDROME
Ayyar L1, Singh S1, Alapat P2, Sharafkhaneh A 2

1Baylor College of Medicine, Houston, TX, 2Baylor College of 
Medicine, Baylor College of Medicine, TX

Introduction: Patients with Obesity hypoventilation syndrome (OHS) 
often present with exacerbations of their respiratory symptoms requir-
ing hospitalization that may require ventilatory support. Tracheostomy 
may be utilized initially for respiratory failure but can also serve as 
therapy for underlying sleep disordered breathing. We sought to de-
termine the outcome of patients with OHS admitted with acute hyper-
capnic respiratory failure in a closed medical intensive care unit (ICU).
Methods: All consecutive patients admitted to the medical ICU at Ben 
Taub General Hospital between 2006–2012 were screened. Patients 
between the ages of 18–64 years with diagnosis of OHS and hypercap-
nic respiratory failure requiring mechanical ventilation for > 24 hours 
were included. A retrospective chart review was conducted.
Results: Primary outcome was defined as time to liberation from me-
chanical ventilation, either by extubation or after tracheostomy. Sec-
ondary outcomes included ICU length of stay (LOS) and total hospital 
LOS. Analysis was performed using two sample t-test and results are 
expressed as ± SEM. After exclusion of patients with other causes, 80 
patients met criteria. 59 patients were included in the mechanical venti-
lation without tracheostomy group. Mean age was 49.7 ± 1.2. The time 
to primary outcome was 4.6 ± 0.48 days. ICU LOS was 6.7 ± 0.77 and 
hospital LOS was 13.8 ± 1.8 days. 19 patients were included in the 
tracheostomy group. Mean age was 43.9 ± 2.1. The time to primary out-
come was 13.8 ± 1.4 days. ICU LOS was 24.2 ± 3.6 and hospital LOS 
37 ± 5.6 days. There were no differences in co-morbid conditions how-
ever, hypotension,vasopressor use and renal dysfunction were worse in 
the tracheostomy group with statistically significant difference noted 
in coagulopathy (p = 0.06) and thrombocytopenia (p = 0.008). Echo-
cardiogram findings showed worsened right side dysfunction in the 
tracheostomy group.
Conclusion: Our data indicates that patients with OHS who underwent 
tracheostomy were younger, more critically ill and had worse right-
sided dysfunction. As no objective data was identified, physician’s 
clinical judgment appears to be a predictor for timing of tracheostomy. 
The tracheostomy group had longer duration of mechanical ventilation, 
ICU and hospital LOS but this could affected by the smaller number 
of patients and the timing of this intervention. A prospective study is 
needed to identify OHS patients in a timely manner to avoid adverse 
outcomes and to evaluate long term outcome after tracheostomy.

0586
ASTHMATIC PATIENTS AND OSAS SHOW HIGHER BLOOD 
PRESSURE IN THE EMERGENCY ROOM
Franzolin C,, Carlos K,, Prado LB,, Martins DT,, 
Carvlaho LB Prado GF
Neuro Sono, Neurology, EPM Unifesp, Sao Paulo, Brazil

Introduction: OSAS and asthma are independent risk factor for high 
blood pressure and both diseases promote inflammation. There is no 
information in the literature about the effect of sleep apnea over pa-
tients with acute asthma in the emergency room. This study aims to 
determine whether OSAS influence the blood pressure in moderate/
severe asthmatic patients during their evaluation and treatment in the 
emergency room.
Methods: 23 patients, age ranged from 21 to 90, mean BMI 28 kg/m², 
with moderate to severe asthma had measured blood pressure at the 
emergency room of the Hospital São Paulo, Escola Paulista de Me-

dicina, and underwent polyssomnography after 15 days of treatment. 
Patients admitted to treatment in the ER received standard procedure 
according to the global initiative for asthma and received corticoste-
roid and bronchodilator drugs. They were followed at least for 4 hours 
in the ER and had their blood pressure measured every 60 minutes.
Results: Eleven patients had OSAS on polysomnography and 12 had 
AHI < 5. Asthmatic patients with OSAS had higher blood pressures 
than asthmatic patients without OSAS in the 4th hour after the begin-
ning of the treatment for his/her asthma crises. OSAS: systolic 132 and 
diastolic 84; non-OSAS: systolic 112 and diastolic 73 (p < 0.05).
Conclusion: Even in this small sample of patients it was possible to 
demonstrate that asthmatic OSAS patients had higher blood pressure 
than those without OSAS, suggesting that OSAS, a frequent co-morbid 
disease in patients with asthma can add an additional and important 
health problem to this population.
Support (If Any): FAPESP: 2009/16758-4; Capes

0587
EVALUATING BASELINE CHARACTERISTICS AND 
RESPONSE TO THERAPY IN HYPOVENTILATION 
SYNDROMES ASSESSED IN THE SLEEP CENTER
Chang J, Hwang D, Liang J, Becker K, Kim jB, French KE, Flores SL, 
Woodrum RR, Vega DT,Farooqi S,
Kaiser Permanente, Fontana, CA

Introduction: Polysomnography is increasingly performed for hy-
poventilation often requiring ventilation during sleep. This study aims 
to characterize different hypoventilation syndromes.
Methods: We retrospectively reviewed hypoventilators that underwent 
PSG at our sleep center (Kaiser Permanente, Fontana), assessing base-
line characteristics and response to therapy.
Results: 116 consecutive hypoventilators (68 male, 48 female) were 
evaluated: 101 obesity hypoventilation syndrome (OHS); 31 COPD, 10 
neuromuscular weakness (NMW); 30 had both OHS and COPD. 4 had 
other causes (ie. Scoliosis.) OHS (age 57.8 ± 13.1, BMI 45.6 ± 10.5): 
Baseline PSG parameters were AHI 45.7 ± 46.4 (P < 0.05 vs COPD 
and NM), T90% 66.3 ± 31.5%, SATmin 68.7 ± 15.0% (P = 0.15 vs. 
COPD, P < 0.001 vs. NM), average sleep CO2 50.1 ± 4.8. Mean FVC 
70.0 ± 20.9%; FEV1/FVC 78.7 ± 14.6%; DLCOadj 64.7 ± 18.8%; 21% 
had CHF. Mean ABG pH 7.39 ± 0.07 and CO2 51.4 ± 15.7. 71.6% 
were prescribed bilevel PAP (primarily AVAPS), 24.2% CPAP and 
4.2% O2; 30 (30%) required addition of O2 to PAP therapy. Serum 
bicarbonate decreased with therapy (30.9 ± 3.4 to 29.6 ± 3.2; P < 0.01). 
COPD (age 62.5 ± 9.1, BMI 39.1 ± 9.3): baseline AHI 28.4 ± 39.1, T90% 
55.15 ± 32.7%, SATmin 72.0 ± 9.9%, average sleep CO2 52.2 ± 4.1. 
FVC 63.1 ± 17.4%; FEV1/FVC 66.3 ± 18.6%; DLCOadj 62.3 ± 19.3%. 
21% had CHF. ABG pH 7.34 ± 0.08 and CO2 63.4 ± 20.8. 70.0% were 
prescribed BPAP (all AVAPS) and 30.0% CPAP; 11 (35.5%) required 
addition of O2. Bicarbonate change was non-significant (32.2 ± 3.8 to 
31.5 ± 3.5; P = 0.06). NMW (age 63.7 ± 8.9, BMI 23.7 ± 5.8): base-
line AHI 17.2 ± 26.0, T90% 58.7 ± 45.6%, SATmin 83.2 ± 8.45%. FVC 
63.7 ± 29.4%; FEV1/FVC 83.9 ± 9.5%; DLCOadj 57.0 ± 32.2%. 10% 
had CHF. ABG pH 7.39 ± 0.05 and CO2 48.6 ± 16.6. 100% were pre-
scribed BPAP (88.9% AVAPS) without requiring O2. Bicarbonate 
change was non-significant (28.2 ± 2.2 to 29.9 ± 2.7; P = 0.10).
Conclusion: COPD hypoventilators at time of initial PSG had the most 
severe baseline pulmonary function abnormalities and more often re-
quired O2 supplementation. Evaluating impact of therapy adherence 
and hospital utilization rates are pending.
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0588
HOME DIM LIGHT MELATONIN ONSETS: IMPROVING 
ACCURACY WITH OBJECTIVE MEASURES OF 
COMPLIANCE
Burgess HJ, Wyatt JK, Park M, Fogg LF
Rush University Medical Center, Chicago, IL

Introduction: The dim light melatonin onset (DLMO) is the gold stan-
dard in the measurement of circadian timing in humans. However, the 
accurate assessment of the DLMO is often limited to the clinic/labo-
ratory setting, where staff has to monitor sample collection. Here we 
tested a novel kit for unattended home saliva sampling, with objective 
measures of compliance to (1) dim light via a photosensor, (2) correct 
sample timing with a monitoring device, and (3) a streamlined labeling 
system to reduce sample labeling errors.
Methods: Thirty-five healthy adults (21–62 years) participated in a 10-
day protocol. Each subject participated in back-to-back home DLMO 
and laboratory DLMO assessments twice, in counterbalanced order, 
with 5-days between the assessments on their usual sleep schedule.
Results: The average light intensity during the home DLMO assess-
ments was 4.5 lux, and subjects received less than 50 lux for more than 
98% of the 8.5 hour home DLMO assessments. Most subjects were 
able to collect half-hourly samples within 5 minutes of the scheduled 
sample times. Cross checking of light recordings and sample times 
with salivary melatonin results revealed 92% of home DLMOs were 
not affected by light or sampling errors. There was no significant dif-
ference between the home DLMOs and laboratory DLMOs (p > 0.05), 
and average home DLMOs occurred only 9.6 minutes before the labo-
ratory DLMOs. The home and laboratory DLMOs were highly cor-
related (r = 0.91, p < 0.001).
Conclusion: People can complete home DLMO assessments with rea-
sonable compliance to the light and sampling requirements. The great 
majority of home DLMOs were unaffected by light or sample errors, 
and they compared favorably with the laboratory DLMOs. These re-
sults suggest that with the addition of objective markers of compliance, 
the accurate assessment of the DLMO outside of the clinic/laboratory 
is possible. This will reduce cost and increase the availability of DLMO 
assessments for clinicians and researchers alike.
Support (If Any): Support:R01 AT007104 to HJB.

0589
GREATER PHASE SHIFTS DURING NIGHT WORK DO NOT 
IMPROVE DAY SLEEP AND VIGILANCE AT NIGHT IN 
EVENING TYPES
Martin J1, Sasseville A1, Alain S1, Bérubé M1, Houle J1, Laberge L2, 
Hébert M1

1Laval University, Quebec, QC, Canada, 2ÉCOBES - Recherche et 
Transfert, Saguenay, QC, Canada

Introduction: Shift workers’ circadian phase does not habitually ad-
just to the night schedule, with consequent reduced sleep and vigilance. 
Chronotype is considered as a potential mediator in shift work adapt-
ability, as eveningness has been suggested as a facilitating factor. As 
part of a naturalistic longitudinal study on shift workers, we compared 
circadian phase, sleep, vigilance, and sleepiness between chronotypes.
Methods: Thirty-three patrol police officers (10 women) aged 22–35 
years on rapidly rotating shift schedules completed the Morningness-
Eveningness Questionnaire. Sleep was monitored with actigraphy 
during 4 consecutive night shifts. To assess circadian phase, salivary 
melatonin was collected hourly between 19:00–01:00 h and 20:00–
04:00 h the night before and the night after the 4 shifts, respectively. 
A 10-min Psychomotor Vigilance-Task (PVT) was administered at the 
beginning (23:00 h) and the end (07:00 h) of each shift. Subjects com-

pleted the Karolinska Sleepiness Scale (KSS) 5 times during each night 
shift (23:00 h, 01:00 h, 03:00 h, 05:00 h, 07:00 h). Mixed models were 
used for statistical analysis.
Results: No subject was categorized as Morning-type. Phase shifts 
ranged from 00:30 h to 06:36 h, with Evening-types (E-types, n = 9) 
having greater phase shifts than Intermediate-types (I-types, n = 24) 
(03:38 ± 01:41 h vs. 02:17 ± 01:14 h; p < 0.05). E-types exhibited lower 
sleep efficiency (81.8% vs 86.1%, p < 0.01) and higher levels of sleepi-
ness (p < 0.01) than I-types, for all 4 nights. No between-groups differ-
ence was found as regard PVT parameters.
Conclusion: Circadian phase was delayed more significantly after 4 
days of night work in E-types than in I-types. Surprisingly, even with 
this seemingly larger circadian phase shift, E-types had lower sleep 
quality and higher sleepiness. These results altogether suggest that im-
proving sleep and waking hours in shift work necessitates more than 
the sole adjustment of the circadian phase to the night shift. Further 
studies are needed to clarify the role of chronotype in shift work adapt-
ability and to specify which other mechanisms are at play.
Support (If Any): This work was supported by CIHR operating grants 
(MOP82707).

0590
THE EFFECTS OF A SCHEDULED NAP ON SELF-
REPORTED SLEEPINESS AND VIGOR DURING THE 
NIGHTSHIFT IN FEMALE NURSES WORKING ROTATING 
8-HR SHIFTS: A PROSPECTIVE FIELD STUDY
Shochat T1, Zion N1,2

1University of Haifa, Haifa, Israel, 2Bnai Zion Medical Center, Haifa, 
Israel

Introduction: Sleepiness during nighttime shift-work in nurses affects 
the safety of nurses and their patients. Evidence suggests that napping 
may be an effective countermeasure for the negative consequences of 
nighttime shift-work on nurses’ functioning, yet few field studies have 
been done. We examined the effectiveness of a scheduled nap during 
the nadir of alertness, for reducing sleepiness and maintaining vigor in 
nurses during night shifts.
Methods: In an experimental field study, 122 female nurses (mean age 
39.04 ± 9.1) working 8-hr rotating shifts were recruited by cluster sam-
pling from two hospitals in Israel. All had an appointment of ≥ 75% 
and worked ≥ 1 night shift per week, were not pregnant, and had no 
diagnosed sleep or chronic medical condition. The protocol was con-
ducted during nurses’ usual work schedule and included two nights 
with and two nights without a scheduled nap, in randomized orders. 
During nap nights, nurses napped in a dark quiet bedroom between 
04:00–04:40. On non-nap nights they worked as usual. Sleepiness was 
evaluated hourly (Karolinska Sleepiness Scale, KSS) and vigor was 
assessed at 03:00, 05:00 and 07:00 (6-item scale). Mixed models tested 
nap condition, time, and nap condition*time interactions, adjusting for 
age and workload.
Results: Nurses slept 29.55 (± 11.73) and 30.47 (± 13.03) minutes with 
79% (± 19) and 76% (± 21) sleep efficiencies on nap nights one and 
two respectively. On nap nights, levels of sleepiness were lower at 
05:00, 06:00 and 07:00 and vigor was higher at 05:00 and 07:00 (all 
p < 0.001), compared to non-nap nights. In the adjusted models, main 
effects for sleepiness and vigor were found for nap condition [F = 41.25, 
F = 60.87], time [F = 119.73, F = 17.82] and nap condition*time interac-
tion [F = 12.07, F = 14.06], respectively (all p < 0.001).
Conclusion: Based on self-report, a planned nap reduces sleepiness 
and maintains vigor during the last hours of the night-shift, and may 
provide an effective, low-cost and simple strategy to improve occupa-
tional functioning of the nursing staff.
Support (If Any): Israel Ministry of Economy, 45715.
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0591
THE SHIFT WORK SLEEP DISORDER DIAGNOSIS : 
WHERE IS INSOMNIA?
Vallieres A1, Simon T1, Bastille-Denis E1, Lamy M1, Roy M1, 
Bastien CH1, Morin CM1, Espie CA 2

1Universite Laval, Quebec, QC, Canada, 2Nuffield Department of 
Clinical Neurosciences/ Sleep & Circadian Neuroscience Institute 
University of Oxford, Oxford, United Kingdom

Introduction: The diagnosis of shift work disorder (SWD) is under-
used in the literature. Insomnia and sleepiness the two main criteria of 
SWD are not clearly distinguished, which creates a lack of clarity in 
the diagnostic process. The present study aims at clarifying SWD di-
agnosis by investigating both insomnia and sleepiness in a shift worker 
population.
Methods: 128 participants (mean age = 38.1, range = 21 to 70 years 
old; women = 78.4%) working in Quebec city hospitals were recruited. 
Among them, 84 were night shift workers and 44 were day shift work-
ers. Night shift workers worked at least five nights out of 14 days and 
day shift workers worked at least seven days out of 14. Participants 
underwent a thorough evaluation including a semi-structured diagnos-
tic interview for sleep disorders. They completed several self-report 
questionnaires, daily sleep diaries, and wore an actigraph for two 
weeks. Diagnoses were based on the clinical interviews and sleep dia-
ries. Participants without diagnosis and those that were satisfied with 
their sleep were considered good sleepers (GS). Participants who were 
satisfied with their sleep but also presented insomnia and/or excessive 
sleepiness as well as participants who were dissatisfied with their sleep 
but did not have insomnia and/or excessive sleepiness, were considered 
in a “grey zone”.
Results: 43 night shift workers met criteria for SWD and 19 day shift 
workers met criteria for insomnia. Six night shift workers and eight 
day shift workers fell into the grey zone. Among night shift workers 
with SWD, 9.3% presented only excessive sleepiness, 53.5% presented 
only insomnia, and 37.2% presented both symptoms. Among day shift 
workers with insomnia, 36.8% presented excessive sleepiness. Insom-
nia related to work schedule appeared during three sleep episodes: the 
main sleep episode, the supplemental sleep episode, and during night 
sleep on days off. 16.3% of night shift workers had the three types of 
insomnia, 39.2% had only two, and 32.6% had only one.
Conclusion: The present results indicate that insomnia is an important 
symptom of SWD that may appear at each sleep episode. This finding 
implies that SWD diagnosis could be refined further by adding which 
type of insomnia is experienced by the night shift worker.
Support (If Any): Research supported by the Canadian Institutes of 
Health Research (191771).

0592
EVALUATING THE PUPILLARY LIGHT RESPONSE IN 
DELAYED SLEEP WAKE PHASE DISORDER
Abbott SM1, Reid KJ1, Weese-Mayer DE1, Stewart TM2, Zee PC1

1Northwestern University Feinberg School of Medicine, Chicago, IL, 
2Center for Autonomic Medicine in Pediatrics (CAMP), Chicago, IL

Introduction: Delayed sleep wake phase disorder (DSWPD) is a disor-
der of sleep timing, where an individual’s preferred sleep window is de-
layed by several hours leading to insomnia and sleepiness. The etiology 
is unclear, though one possibility is an altered circadian sensitivity to 
light. Melanopsin containing retinal ganglion cells (ipRGCs) transmit 
the signal of light to the suprachiasmatic nucleus (SCN) and the func-
tion of these cells can be assessed by evaluating the pupillary response 
to light. The goal of this study was to assess the ipRGC response to 
light in individuals with DSWPD compared to controls.

Methods: Participants with DSWPD (n = 13) based on International 
Classification of Sleep Disorders criteria or intermediate type controls 
(n = 13) were recruited. Chronotype was confirmed by questionnaires, 
actigraphy and clinical history. After five minutes of dark accommo-
dation, pupillary light response was measured using a PLR-200 Pupil-
lometer (Neuroptics Inc, Irvine, CA) using four combinations of light 
intensity and duration (1 μW for 0.987 sec, 1 μW for 23.141 sec, 180 
μW for 0.987 sec, 180 μW for 23.141 sec) each separated by one minute.
Results: There were no significant differences between groups in 
baseline pupil size or pupillary response to dim light. However in re-
sponse to bright light pulses the DSWPD group exhibited a significant 
decrease in the maximal constriction velocity (−4.5 ± 1.0 vs. −5.4 ± 0.7 
mm/sec, p = 0.02).
Conclusion: Individuals with DSWPD exhibited a significantly differ-
ent response to bright, but not dim light pulses compared to intermedi-
ate type controls. Rods and cones have previously been demonstrated 
to be more sensitive to short dim light pulses, while ipRGCs are more 
responsive to prolonged bright light pulses, suggesting the pathophysi-
ology of DSWPD may be related to an altered ipRGC response to light.
Support (If Any): NHLBI R01HL069988, NINDS T32 NS047987 
(SMA)

0593
CIRCADIAN PERIOD LENGTHS OF CORE BODY 
TEMPERATURE AND SALIVARY MELATONIN IN 
DELAYED SLEEP PHASE DISORDER AND NON-24-HOUR 
SLEEP-WAKE DISORDER
Micic G1, Lack LC2, Lovato N2, Gradisar M2, Ferguson S3, 
Burgess H4

1Flinders University of South Australia, Adelaide, Australia, 2Flinders 
University, Adelaide, Australia, 3Appleton Institute, Adelaide, 
Australia, 4Rush University Medical Center, Chicago, IL

Introduction: Delayed Sleep Phase Disorder (DSPD) is defined as an 
abnormally late sleep period (e.g. 3 am–noon) and is associated with 
significant morbidity. Individuals’ and therapy-based attempts to es-
tablish a desired earlier sleep period often fail. Although patients with 
DSPD indicate delayed circadian rhythms, the difficulty advancing the 
sleep period to an earlier time may arise from a longer endogenous 
circadian rhythm period length (i.e., tau). This study therefore aimed 
to measure circadian taus in DSPD disorder relative to normally en-
trained good sleepers.
Methods: Twenty-six DSPD participants and eighteen controls were 
selected on the basis of ICSD-3. An additional four full-sighted pa-
tients displayed instability in their delayed sleeping pattern during 
the screening process. They were diagnosed with Non-24-hour Sleep-
Wake Disorder (non-24), which is thought to be an extension of DSPD 
and were included as a separate study group. Participants’ taus were 
determined from an 80-hour constant laboratory ultradian routine con-
sisting of ultra-short ‘1h-days’, with alternating 20-minute sleep op-
portunities and 40-minutes of wakefulness. To derive taus, core body 
temperature was recorded at minute intervals and salivary melatonin 
was sampled half hourly.
Results: DSPD participants had significantly longer salivary melato-
nin taus (M = 24.56 h, SD = 0.28) than control sleepers (M = 24.35 h, 
SD = 0.25), p = 0.01, d = 0.78. These results were further supported 
by longer temperature rhythm taus in DSPD (M = 24.59 h, SD = 0.66) 
relative to controls (M = 24.24 h, SD = 0.49), p = 0.04 (one-tailed), 
d = 0.59. Non-24-hour patients had even longer taus of core tempera-
ture (M = 25.33 h, SD = 0.50) and melatonin (M = 25.14 h, SD = 0.66) 
than both DSPD and control participants (all ps ≤ 0.006).
Conclusion: These findings may explain the DSPD patients’ persistent 
tendency to delay, along with their frequent failure to respond to treat-
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ment. Outcomes of this study support the use of a vigorous and lengthy 
chronobiologic treatment including early evening exogenous melato-
nin and morning bright light therapy to keep DSPD patients entrained 
at their earlier socially necessary sleep times.
Support (If Any): This project is funded by the Australian Research 
Council.

0594
PREDICTING PHASE TIMING IN DELAYED SLEEP PHASE 
DISORDER: THE ACCURACY OF MELATONIN AND SELF-
REPORTED SLEEP TIMING
Lovato N, Micic G, Lack L
Flinders University, Adelaide, Australia

Introduction: The efficacy of Bright Light Therapy and melatonin ad-
ministration for Delayed Sleep Phase Disorder is contingent upon an 
accurate clinical assessment of circadian phase timing. Although the 
timing of core body temperature provides the most accurate indication 
of circadian phase timing, the process is costly, time consuming and 
not clinically viable. The present study investigates whether more cost-
effective and convenient estimates of circadian phase timing, including 
dim-light melatonin variables and self-reported sleep timing, can be 
used to predict circadian phase derived from core body temperature.
Methods: Twenty-five individuals (male = 17; mean age = 21.8, 
SD = 5.07) with DSPD were selected on the basis of ICSD-3 criteria 
from a community-based sample. Core body temperature minimum 
(cBTmin), dim-light melatonin onset (DLMO), offset (DLMoff) and the 
midpoint of the melatonin secretion period (DLMmid = DLMoff–DLMO) 
were determined from the first 24-hours of a larger 80-hour constant 
laboratory ultradian routine which consisted on ultra-short ‘1hr days’, 
with alternating 20-min sleep opportunities and 40-min of enforced 
wakefulness. Hourly averages of core body temperature were derived 
from minute recordings, while salivary melatonin was sampled at half-
hourly intervals. Subjective sleep timing was assessed using a seven-
day sleep/wake diary kept by participants immediately prior to the 
laboratory session.
Results: Significant associations were observed between cBTmin and 
DLMO (r = 0.66), DLMoff (r = 0.61), DLMmid (r = 0.69), sleep onset 
(r = 0.50), wake up time (r = 0.53) and get up time (r = 0.56), whereby 
later cBTmin was associated with later timing on all other variables. 
cBTmin was not significantly related to bedtime, lights out time, age 
or gender. Regression analyses revealed cBTmin was best predicted by 
dim-light melatonin variables (DLMO B = 0.65; DLMmid B = 0.68; DL-
Moff B = 0.65), but also strongly predicted by get up time (B = 0.58), 
wake up time (B = 0.52) and to a lesser extent sleep onset (B = 0.49; all 
ps < 0.05).
Conclusion: These findings suggest self-reported sleep timing and 
dim-light melatonin variables can be used clinically to predict the tim-
ing of core body temperature minimum in DSPD.

0595
LONGITUDINAL MEASURES OF SLEEP DIARIES CAN 
BE USED CLINICALLY TO ASSESS TASIMELTEON 
EFFECTIVENESS IN NON-24-HOUR SLEEP-WAKE 
DISORDER
Dressman MM1, Zeitzer JM2, Licamele L1, Xiao D1, Olivadoti M1, 
Medicis J1, Baroldi P1, Polymeropoulos MH1

1Vanda Pharmaceuticals, Washington, DC, 2Stanford University, Palo 
Alto, CA

Introduction: SET and RESET trials demonstrated tasimelteon’s 
(HETLIOZ®) effectiveness in treating Non-24-Hour Sleep-Wake Dis-
order (Non-24), by entraining the previously non-entrained rhythm of 

the circadian clock, and improving sleep-wake measures and global 
functioning. Here we examine the changes in sleep in the subset of 
tasimelteon patients who entrained.
Methods: SET and RESET trials were conducted in blind individuals 
with sleep-wake complaints and a Non-24 diagnosis as confirmed by 
urinary aMT6s. Patients received 20 mg tasimelteon or placebo at a 
fixed bedtime. Entrainment (τ of < 24.1 with a 95% confidence interval 
including 24.0) was measured during month one of SET and after one 
month in RESET. Sleep diaries were collected via an Interactive Voice 
Recording System during baseline for a minimum of 6 weeks, and dur-
ing treatment for 3 or 6 months. Sleep measurements included Night-
time sleep on worst nights (LQ-nTST), Daytime Sleep on worst days of 
sleep (UQ-dTSD), Nighttime Total Sleep Time (nTST), Daytime total 
Sleep Duration (dTSD), Sleep Quality (SQ), Number of Daytime Naps 
(DN), Latency (L), and Wake After Sleep Onset (WASO). Clinical 
measures were assessed in 28 individual who entrained with tasimelt-
eon as a change from baseline.
Results: Clinical measures were assessed in 28 individual who en-
trained with tasimelteon treatment. Change from baseline improved 
for all sleep-wake measures (p’s < 0.01, paired t-tests) including 
LQ-nTST (1.44 ± 1.19 hours), UQ-dTST (−1.20 ± 0.93 hours), nTST 
(1.0 ± 0.77 hours), dTSD (−0.49 ± 0.48 hours), SQ (−0.33 ± 0.30), DN 
(−0.30 ± 0.36), L (0.33 ± 0.58 hours), and WASO (−0.34 ± 0.53 hours) 
from an average of every day of data collected for 3 or 6 months.
Conclusion: Robust changes in sleep are observed in entrained pa-
tients treated with tasimelteon. Benefit from daily tasimelteon use, 
however, may take several weeks or months because of individual dif-
ferences in circadian rhythms. Assessment of tasimelteon response is 
easily achieved through individual patient diaries and likely adequately 
assessed through clinician interview.
Support (If Any): Supported by funding from Vanda Pharmaceuticals

0596
PRELIMINARY ASSESSMENT ON THE EFFECTIVENESS 
OF THE LUMINETTE® IN ADOLESCENTS WITH 
A DELAYED SLEEP PHASE SYNDROME (DSPS): 
RANDOMIZED SINGLE BLIND PLACEBO-CONTROLLED 
STUDY
Langevin R1,2, Laurent A 2

1University Alberta, Edmonton, AB, Canada, 2University of 
Sherbrooke, Sherbrooke, QC, Canada

Introduction: The aim of this pilot study was to test the effectiveness 
of a light therapy device (the Luminette®) on the delayed sleep phase 
syndrome (DSPS) in a group of adolescents (n = 10) between 15 and 
18 years old (three girls and seven boys, average age 16.3 years old) af-
fected by this syndrome.
Methods: This study was conducted using an experimental single 
blind placebo-controlled design. The diagnosis of the DSPS among 
participants was established based on the criteria specified in the In-
ternational Classification of Sleep Disorders-Second Edition (ICSD-2). 
The data were collected using two questionnaires: (1) Teen Sleep Diary 
(TSD) and (2) the Pediatric Daytime Sleepiness Scale (PDSS).
Results: The results indicated significant improvements in the experi-
mental group (users of the real Luminette®) compared to the control 
group (users of the placebo Luminette®) with respect to the delay of 
sleep onset, the quality and the daytime sleepiness.
Conclusion: This study underlines the importance of conducting fur-
ther research on the Luminette® with a larger sample of adolescents 
with DSPS: quicker to fall asleep, longer sleep duration, improved 
sleep quality and reduced daytime sleepiness level. This study high-
lights the relevance to undertake later research on treatment using the 
Luminette® with a larger sample of adolescents who have DSPS.
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0597
PHARMACOKINETIC CHARACTERISTICS OF 
TASIMELTEON
Torres R, Dressman MM, Baroldi P
Vanda Pharmaceuticals, Washington, DC

Introduction: Tasimelteon (HETLIOZ®), a melatonin agonist with se-
lective activity at the MT1 and MT2 receptors, has been developed for 
the treatment of Non-24-Hour Sleep-Wake Disorder (Non-24). Non-24 
is a serious chronic circadian rhythm disorder that occurs when indi-
viduals are unable to entrain (synchronize) their endogenous master 
body clock to the 24-hour day-night cycle. Tasimelteon has demon-
strated its ability to entrain the circadian clock and improve sleep-wake 
measures.
Methods: Data from 115 subjects from 5 phase I studies was analyzed 
to determine the pharmacokinetics of tasimelteon. Additionally, the 
absolute bioavailability of tasimeteon was determined in an open-label 
cross-over study. In this study, all 14 volunteers received a 20 mg cap-
sule administered orally or a 2 mg IV dose infused over 30 minutes in 
a random order. Volunteers were treated with the alternate route after a 
5 ± 2 days wash-out period. Blood samples for pharmacokinetic analy-
sis were collected during each administration. Safety measures were 
also assessed.
Results: The Cmax, Tmax, AUC(inf), and t½ among the five studies 
analyzed were similar. Tasimelteon is rapidly absorbed with an aver-
age Cmax (± SD) of 235 ± 128 ng/mL occurring at a median Tmax of 
0.50 hours. The average AUC (± SD) is 411.4 ± 327.8 h×ng/mL, and 
the average t½ (± SD) is 1.32 ± 0.431 hours. Tasimelteon’s absolute 
bioavailability was 38% and the total clearance from plasma after IV 
administration was 505 ± 135 mL/min. The mean t½ was similar for 
the oral and IV administration. The oral-to-IV exposure ratios for the 
most abundant metabolites were higher than 100%, suggesting presys-
temic or first-pass metabolism.
Conclusion: Low bioavailability could lead to variable therapeutic 
responses due to systemic exposure’s variability. Tasimelteon has a 
higher absolute bioavailability than other melatonin agonists which 
combined with its short half-life supports its profile as an effective 
treatment for Non-24.
Support (If Any): Vanda Pharmaceuticals Inc.

0598
PSYCHOLOGICAL CONDITIONS OF CIRCADIAN 
RHYTHM SLEEP DISORDER PATIENTS AND 
COMPARISON BETWEEN SUCH PATIENTS AND HEALTHY 
ADULTS USING MULTIPLE SLEEP LATENCY TEST AND 
POLYSOMNOGRAPHY
Hashizume Y
Kurume University, Kurume, Japan

Introduction: Circadian rhythm sleep disorder (CRSD) is caused by 
the malfunctioning of the biological clock, or a difference between the 
intrinsic circadian rhythm and external environmental factors that reg-
ulate the duration of sleep. CRSD is divided into several types, such as 
the delayed sleep-phase, irregular sleep-wake, and free-running types.
Methods: From 2010 through 2013, we had CRSD outpatients (male 13, 
female 16, average age; 17.8 ± 5.7 years old) attached Epworth sleepi-
ness score (ESS), self depression scale (SDS), POMS wore actiwatchs. 
Some of them were conducted PSG after admission. Some patients 
were admitted our psychiatry ward. We analyzed ESS, SDS, PSG com-
paring with healthy adults machined age and sex. We used one factor 
subject analysis of variance as a statistical analysis.
Results: The following results were obtained: 1) PSG revealed that 
there was no significant difference in sleep latency, sleep efficiency, or 

REM sleep latency between CRSD patients and healthy individuals; 
2) POMS revealed that CRSD patients showed lower-level vigor (V) 
as well as higher-level fatigue (F) and confusion (C) compared with 
healthy individuals; and 3) according to the multiple sleep latency test 
(MSLT), CRSD patients showed a significantly longer sleep latency 
and significantly higher sleep efficiency compared with those with in-
sufficient sleep syndrome.
Conclusion: These findings suggest that the sleep-wake rhythm of 
CRSD patients was normalized by the enhancement of synchronizing 
factors, which was achieved through hospitalization.

0599
CATARACT SURGERY , OBJECTIVE SLEEP QUALITY, AND 
COGNITION IN THE GENERAL ELDERLY POPULATION: A 
CROSS-SECTIONAL STUDY OF THE HEIJO-KYO COHORT
Miyata K, Obayashi K, Saeki K, Tone N, Nishi T, Kurumatani N, 
Ogata N
Nara Medical University School of Medicine, Nara, Japan

Introduction: Sleep quality and cognition are both influenced by en-
vironmental light information to the retina. Cataract decreases light 
transmission to the retina and may cause circadian misalignment. Cat-
aract surgery (CS) drastically increases the capacity for light reception 
and may improve sleep quality and cognition. However, the associa-
tions between CS, sleep quality, and cognition remain unclear.
Methods: In this cross-sectional study comprising 934 elderly individ-
uals (mean age, 71.7 years), we evaluated the status of CS using a self-
reported questionnaire and measured objective sleep quality using an 
actigraph over two consecutive nights. In addition, cognitive function 
was evaluated using the Mini-Mental State Examination (MMSE) by 
trained clinical psychologists, and cognitive impairment was defined 
as an MMSE score < 27.
Results: The mean age in the CS group (n = 154) was 6.3 years old-
er than that in the no CS group (n = 780). Cognitive impairment was 
observed in 311 participants. Multivariate linear regression models 
adjusted for age, gender, body mass index, and sleep medication re-
vealed that the CS group showed significantly higher sleep efficiency 
(SE) and shorter wake after sleep onset (WASO) than the no CS group 
(SE, 85.9% vs. 84.4%, P = 0.030; WASO 45.3 vs. 50.7 min, P = 0.039; 
respectively). Sleep onset latency did not significantly differ between 
the two groups. Furthermore, multivariate logistic regression models 
adjusted for age, gender, body mass index, and SE revealed that the CS 
group showed significantly lower odds ratio for cognitive impairment 
than the no CS group (odds ratio, 0.67; 95% confidence interval, 0.45 
to 0.99; P = 0.047).
Conclusion: Our study demonstrated that receiving CS is significantly 
associated with better objective sleep quality and cognitive function in 
the general elderly population. The association between CS and cogni-
tive function was independent of objective sleep quality.

0600
HIGHER WRIST SKIN TEMPERATURE IN EVENING TO 
INITIAL NIGHT-TIME AND BETTER ACTIGRAPHIC SLEEP 
QUALITY IN REAL LIFE: HEIJO-KYO STUDY
Saeki K, Obayashi K, Tone N, Kurumatani N
Nara Medical University School of Medicine, Nara, Japan

Introduction: Previous experimental studies showed increase of distal 
skin temperature is associated with shorter sleep onset latency. In ad-
dition, intervention to warm distal skin region improved sleep quality. 
However, the association between distal skin temperature and sleep 
quality in real life situation remains unclear. We simultaneously mea-
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sured wrist skin temperature and actigraphic sleep among 590 elderly 
in colder season from October to April.
Methods: Wrist skin temperature and physical activity were measured 
at 1-min interval for 48 hours using a temperature data logger 
(Thermochron iBotton, Maxim, USA) fixed at wrist near the radial 
artery and actigraph worn on the non-dominant arm. Sleep onset 
latency and sleep efficiency were calculated from 1-min epoch physical 
activity, and bedtime and rising time according to self -administered 
sleep diary.
Results: Of 590 participants (71.0 ± 7.54 (SD) years) , male was 279 
(47.3%). Outdoor and living room temperature in evening (2 h be-
fore bedtime) were 6.1 ± 4.5°C, 16.3 ± 4.1°C, respectively. Wrist skin 
temperature in evening and initial-nighttime (2 h after bedtime) were 
33.0 ± 1.6°C, and 34.4 ± 1.3°C, respectively. A multivariate mixed lin-
ear regression model revealed that higher evening wrist temperature is 
significantly associated with shorter log-transformed sleep onset laten-
cy (β = −0.052, P = 0.048). Furthermore, higher wrist skin temperature 
in initial night-time is associated with shorter log-transformed sleep 
onset lateny (β = −0.25, P < 0.01), and higher sleep efficiency (β = 1.26, 
P < 0.01) independent of potential confounders such as age, gender, 
current smoking, alcohol intake (> 30 g), body mass index, house hold 
income (> 4 million JPY), education (≥ 13 year), insomnia medication, 
depression medication, diabetes, and bedtime.
Conclusion: We found significant association between higher wrist 
temperature in evening to initial night-time and better sleep quality in 
real life situation.

0601
ASSOCIATION OF CLOCK 3111T/C POLYMORPHISM 
WITH DIURNAL PREFERENCE AND SLEEP QUALITY IN 
KOREAN ADULTS
Kim S1, Lee S2, Suh I3, Lee J2,4

1Department of Psychiatry, Naeane Hospital, Wonju, Korea, Republic 
of, 2Department of Psychiatry, Kangwon National University 
Hospital, Chunchon, Korea, Republic of, 3Department of Laboratory 
Medicine, Kangwon National University Hospital, Chunchon, Korea, 
Republic of, 4Division of Sleep & Circadian Disorders, Department 
of Medicine, Brigham & Women’s Hospital, Harvard Medical School, 
Boston, MA

Introduction: It was originally reported that CLOCK 3111T/C poly-
morphism was associated with evening preference, but most of the fol-
lowing studies did not replicate the original finding. This discrepancy 
might be resulted from the difference in study population. Although 
several studies suggested that the sleep quality was also influenced by 
genetic factors, such a relationship of CLOCK 3111T/C polymorphism 
has not been identified in general population. We aimed to examine 
whether there is a difference in CLOCK 3111T/C polymorphism ac-
cording to the morningness-eveningness in Korean adults, and to find 
a difference in sleep quality according to this polymorphism.
Methods: The Korean version of the Morningness-Eveningness Ques-
tionnaire was administered and buccal DNA samples were obtained 
from visitors to the Chunchon National Museum in Korea. Forty four 
morning type (MT) (age: 44.20 ± 12.52 yrs, M:F = 14:30), 59 neither 
type (NT) (age: 35.20 ± 9.53 yrs, M:F = 20:39), and 48 evening type 
(ET) (age: 28.79 ± 8.15 yrs, M:F = 13:35) subjects were finally selected 
after excluding those with sleep disorders or shift work. The CLOCK 
3111T/C was analyzed by DNA sequencing or SNaPshot assay.
Results: The genotype, allele frequency, and proportion of C allele 
positive subjects were significantly different between the MT, NT and 
ET groups, and those of ET subjects were significantly higher com-
pared to the combined group of MT and NT subjects from a post hoc 
test. There was no significant difference in PSQI scores between the 

subjects with TT genotype and those with TC genotype (n = 16 for each 
group, paired t-test, p > 0.05).
Conclusion: It is difficult to say that our result replicates the previ-
ous finding that showed an association of CLOCK 3111C allele with 
evening preference, for there was no subject with CLOCK 3111CC 
homozygote in our study. And the hypothesis that CLOCK 3111T/C 
polymorphism may be associated with sleep quality was not supported 
by our study.
Support (If Any): Basic Science Research Program through the Na-
tional Research Foundation of Korea (NRF) funded by the Ministry of 
Education, Science and Technology (2010-0003160).

0602
LIGHT EXPOSURE AT NIGHT INCREASES THE RISK 
OF ABDOMINAL OBESITY: EFFECT INDEPENDENT OF 
MELATONIN SECRETION IN THE HEIJO-KYO COHORT
Obayashi K, Saeki K, Tone N, Kurumatani N
Nara Medical University School of Medicine, Nara, Japan

Introduction: Modern human life is accompanied by increased light 
exposure at night (LAN) because of artificial lighting use. Increased 
nighttime light levels may disturb circadian biological rhythmicity 
and its misalignment may cause metabolic abnormalities. Previous 
epidemiological studies have suggested a cross-sectional association 
between LAN exposure and obesity; however, a longitudinal effect of 
LAN on obesity has never been explored in humans.
Methods: This longitudinal study was conducted in the HEIJO-KYO 
cohort. At baseline survey among 1127 elderly individuals, we mea-
sured bedroom light intensity at 1-min intervals, waist circumference, 
actigraphic physical activity, and overnight urinary melatonin excre-
tion (UME). Of these, waist circumference in 769 participants was fol-
lowed up (median duration, 21 months). Association between bedroom 
light intensity at baseline and changes in waist circumference was 
evaluated with multivariate linear regression models.
Results: Compared with the dim group (average < 5 lux; n = 632), the 
LAN group (average ≥ 5 lux; n = 137) showed significant waist circum-
ference gain (adjusted gain, 1.0 cm; 95% confidence interval, 0.1 to 1.9; 
P = 0.037), independently of potential confounding factors such as age, 
gender, waist circumference at baseline, duration in bed, actigraphic 
physical activity, day length, and UME. We observed consistent as-
sociations between LAN exposure and waist circumference gain in 
different cutoff values (i.e., 3 and 10 lux: adjusted gain, 0.8 and 1.3 cm; 
P = 0.046 and 0.017, respectively). Moreover, UME was significantly 
and inversely associated with waist circumference gain in these regres-
sion models (P < 0.05).
Conclusion: In the general elderly population, LAN increases the risk 
of abdominal obesity. The effect of LAN on waist circumference gain 
was independent of several potential confounding factors including 
melatonin secretion.

0603
EFFECTS OF NIGHTTIME LIGHT RADIANCE ON THE 
SLEEP OF THE GENERAL POPULATION
Ohayon MM1, Milesi C2

1Stanford University, Palo Alto, CA, 2NASA Ames Research Center, 
Moffett Field, CA

Introduction: The objectives of this study is to verify if the exposure 
to greater nighttime radiance is associated with changes in the sleep/
wake schedule and with greater sleep disturbances.
Methods: The target population was the adults (18 years and older) 
living in California, USA. This represents 24 million of inhabitants. 
A total of 3,104 subjects participated in the survey (participation rate 
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85.6%). The participants were interviewed by telephone using the 
Sleep-EVAL system. The interviews covered several topics including 
sleeping habits, sleep quality, sleep disturbances, physical symptoms 
related to menopause. Chronic insomnia was defined as difficulty initi-
ating or maintaining sleep for at least 3 months. Global nighttime light 
emissions have been collected by the Defense Meteorological Satellite 
Program’s Operational Linescan System (DMSP/OLS) sensors. We ex-
tracted the radiance calibrated nighttime lights corresponding to the 
date of the interviews for a three by three window centered on each 
coordinate corresponding to an interview address.
Results: Dissatisfaction with sleep quantity and/or quality was associ-
ated with with an increased nighttime radiance (p = 0.02). Similarly, 
excessive sleepiness accompanied with impaired functioning was sig-
nificantly associated with an increased nighttime radiance (p < 0.0001). 
The association remained significant after controlling for age, gender 
and use of a night lamp in the bedroom. Confusional arousals were 
also significantly associated with an increased nighttime radiance 
(p < 0.0001). Bedtime hour was linearly increasing with the intensity 
of nighttime radiance: the later the bedtime, the greater the nighttime 
radiance (p < 0.0001). Similarly, wakeup time became progressively 
later as the nighttime radiance increased (p < 0.0001). Both associa-
tions remained significant after controlling for age, gender and use of 
a night lamp in the bedroom. Circadian Rhythm Disorders were the 
only sleep disorder significantly associated with increased nighttime 
radiance (p < 0.0001).
Conclusion: Exposure to increased nighttime light radiance appeared 
to cause a shift in the sleep/wake schedule, excessive sleepiness and 
Circadian Rhythm Disorders.

0604
LIGHT EXPOSURE, CHRONIC FATIGUE, AND SLEEP 
BETWEEN WORKING AND OFF DAYS AMONG NURSES 
UNDER FIXED SHIFTS
Liao W1, Kuo C1, Chung S2

1Chun Shan Medical University, Taichung, Taiwan, 2College of 
Medicine, School of Nursing, Chang Gung University, Taoyuan, 
Taiwan

Introduction: Fixed rotation shift has been suggested as a better way 
for nurses’ health and performance. Light is important zeitgeber for the 
circadian system. This study investigated light exposure and sleep pat-
terns for consecutive 6 days in nurses under fixed shifts.
Methods: Sixty female nurses (day shift DS = 18, evening shift ES = 21, 
night shift NS = 21) with a mean age of 31.0 ± 5.2 years completed 
sleep diary and actigraphy with light meter for 6 days. Mean acitgraph-
ic sleep with light exposure during sleeping time was calculated for 
working and off days, respectively. Standard shiftwork index chronic 
fatigue scale and Pittsburg Sleep Quality Index were filed.
Results: 76.7% of nurses complained poor sleep (PSQI ≥ 5) with the 
worse sleep reported from NS nurses (F = 3.256, p = 0.046). Light ex-
posure during sleeping time (LEST) was 6.1, 13.5, and 12.2 lux in DS, 
ES, and NS, respectively. No differences were found in chronic fatigue 
among nurses under three shifts. Compare their actigraphic sleep be-
tween working and off days, NS nurses spent less time in bed during 
working days (6.4 hrs vs. 7.0 hrs in DS and 7.6 hrs in ES; F = 4.38 
p = 0.017) but slept more during off days (7.4 hrs vs. 5.7 hrs in work-
ing days; paired t = 2.79, p = 0.012). LEST in off days was associated 
with wake after sleep onset (r = 0.299, p = 0.033) and sleep efficiency 
(r = −0.306, p = 0.029).
Conclusion: Nurses under night shift sleep more during off days to 
compensate their less sleep during working days and to maintain their 
energy. More light exposure during sleeping time is associated with 
less sleep efficiency and more awakening time after sleep.

Support (If Any): This study was supported by the Taiwan National 
Science Council NSC 98-2314-B040-015-MY2.

0605
THE SLEEP QUALITY AND OCCUPATIONAL STRESS OF 
SHIFT WORKING AND REGULAR WORKING NURSES
Kim T, Lim H, Seo H, Jeong J, Han J, Hong S
St. Vincent’s Hospital, College of Medicine, Catholic University of 
Korea, Suwon, Korea, Republic of

Introduction: The aim of this study is to investigate the sleep qual-
ity, depressive symptoms and occupational stress of registered nurses 
by comparing the shift working and regular working registered nurses.
Methods: 265 shift working registered nurses and 73 regular work-
ing registered nurses were recruited at St. Vincent’s hospital. All sub-
jects fulfilled the questionnaires about demographic data, sleep quality, 
daytime sleepiness, mood and occupational stress. We used Pittsburgh 
Sleep Quality Index, Epworth Sleepiness Scale, Beck Depression In-
ventory and Korean Occupational Stress Scale.
Results: Results indicated that shift work group showed significantly 
worse subjective sleep quality, total PSQI score, and more severe day-
time sleepiness than regular work group. Depressive symptoms were 
not significantly different between groups. Shift work group showed 
significantly higher score in total occupational stress. Occupational 
stress due to physical environment, due to job demand, due to job in-
security, due to lack of reward were significantly higher in Shift work 
group.
Conclusion: Shift working nurses showed poorer sleep quality, more 
severe daytime sleepiness, and higher occupational stress than Regular 
working nurses. Poor sleep quality of shift working nurses would de-
crease the inner energy and concentration on work, which might lead 
them to suffer from higher occupational stress and lower their resil-
ience to the occupational stress.

0606
THOUGHTS AND COGNITIVE ACTIVATION AMONG 
NIGHT SHIFT WORKERS
Roy M1, Bastille-Denis E1, Espie C2, Bastien C1, Morin C1, 
Vallières A1

1École de psychologie, Université Laval, Québec, QC, Canada, 
2University of Glasgow Sleep Research Laboratory, Glasgow, United 
Kingdom

Introduction: Studies have shown that nearly 32% of night shift work-
ers, 10% of day shift workers, and 8% to 26% of rotating shift work-
ers suffer from Shift Work Disorder (SWD). Insomnia and excessive 
sleepiness are the two main criteria of SWD. Cognitive activation and 
certain thoughts are known to contribute to insomnia. Moreover, very 
few studies have compared shift workers suffering from SWD with day 
shift workers suffering from insomnia. Therefore, the present study 
investigated whether similar thoughts patterns phenomena were also 
present among night shift workers with SWD.
Methods: 114 participants were recruited in Québec city hospitals 
(mean age = 38.1, range between 21 to 70 years old). 78 of them were 
night shift workers, of which 43 met the criteria for SWD according 
to the ICSD-II. Among the 36 day workers, 19 of them met criteria for 
insomnia. The Dysfunctional Beliefs and Attitudes about Sleep scale 
(DBAS-16), the Predisposition Sleep Arousal Scale (PSAS), and the 
Glasgow Content of Thoughts Inventory (GCTI) were completed by 
participants in order to assess cognitive activation.
Results: Anovas revealed that night shift workers with SWD and day 
shift workers with insomnia endorsed more dysfunctional beliefs and 
attitudes about sleep (p = 0.0001). They also presented more intrusive 
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thoughts at the time of falling asleep (p = 0.0001) and had more cogni-
tive activation (p = 0.0001) than good sleepers. In addition, there was 
a significant interaction in DBAS-16 scores between insomnia symp-
toms and work schedule (p = 0.011), whereby day shift workers with in-
somnia had significantly more dysfunctional beliefs and attitudes than 
good sleepers (p = 0.0001). Furthermore, insomnia sufferers had sig-
nificantly higher DBAS-16 scores than workers with SWD (p = 0.002).
Conclusion: This study shows that intrusive thoughts before falling 
asleep, dysfunctional beliefs and attitudes about sleep, and cogni-
tive activation are related to insomnia symptoms regardless of work 
schedule. However, these variables seem more present among day shift 
workers. The next step is to evaluate how cognitions and cognitive 
activation are related to sleep variables among night shift workers by 
comparing them to day shift workers.
Support (If Any): Research supported by the Canadian Institutes of 
Health Research (191771).

0607
SOCIAL JET LAG SLEEP DISORDER: PREVALENCE STUDY 
IN SOUTH KOREA
Song P1, Joo E2, Chu M3

1Ilsan Paik Hospital, Inje University College of Medicine, Goyang-
si, Korea, Republic of, 2Neurology, Samsung Medical Center, 
Sungkyunkwan University School of Medicine, Seoul, Korea, 
Republic of, 3Neurology, Sacred Heart Hospital, Hallym University 
College of Medicine, Anyang, Korea, Republic of

Introduction: To investigate the prevalence of social jet lag sleep dis-
order in Korean adults and to find related characteristics.
Methods: A total of 2,762 participants from 2011 to 2012 completed 
questionnaire about the sleep-wake habit and sleep quality. Social jet 
lag is defined as ≥ 2 h differences in sleep between weekdays and week-
ends, in terms of total sleep time (TST). The subjects were divided into 
group of social jet lag (SJ), and non-social jet lag (NSJ).
Results: 512 subjects (18.9%) were in SJ, and 2241 subjects (81.1%) 
in NSJ group. SJ subjects revealed significant late bedtime and short 
TST during weekdays (bedtime; 0.1 ± 1.8 in SJ vs. 23.5 ± 1.9 in NSJ 
and TST; 6.7 ± 1.2 in SJ vs. 7.2 ± 1.3 in NSJ, p < 0.001) and weekends 
(bedtime; 0.3 ± 2.2 in SJ, vs. 23.7 ± 2.2 in NSJ and TST; 9.4 ± 1.4 in 
SJ, vs. 7.4 ± 1.3 in NSJ, p < 0.001). SJ subjects slept about 2.7 h lon-
ger during weekends. There was more frequent reports of moderate 
to severe daytime sleepiness (Epworth Sleepiness Scale > 10, 18.23% 
in SJ, 16.37% in NSJ), and poor sleep quality (Pittsburgh Sleep ques-
tionnaire index > 5, 52% in SJ, 43.9% in NSJ), but not much trouble 
sleeping (Insomnia severity scale) in SJ subjects. Shift work schedule 
had no significant association with social jet lag. White collar occu-
pations compare to other occupation (white collar vs. other occupa-
tion, p < 0.001), higher monthly income (3 million won or more per 
month vs. less than 3 million, p < 0.001), and age less than 50 years old 
(p < 0.001) were more frequently seen in SJ subjects. The sex distribu-
tions, and place of residence, were not different in SJ, and NSJ.
Conclusion: 18.9% of Korean adults sleep ≥ 2 h less during weekdays 
than weekends. These subjects also report poor sleep quality along 
with daytime sleepiness. The social jet lag was highly prevalent in ac-
tive working age of < 50 years, in-door occupational environment and 
higher work load measure by monthly incomes.

0608
SOCIAL JETLAG AND EVENINGNESS ARE ASSOCIATED 
WITH POOR ACADEMIC PERFORMANCE AND HEALTH 
IN ADOLESCENTS
Baddam S1, Seddighzadeh F2, Williams J3, Olvera R 2, Williamson D4

1Yale University, New Haven, CT, 2University of Texas Health Science 
Center at San Antonio, San Antonio, TX, 3University of Texas San 
Antonio, San Antonio, TX, 4UTHSCSA, University of Texas Health 
Science Center, TX

Introduction: Social Jetlag is the misalignment between sleep tim-
ing on weekdays and weekends. In previous studies, Social Jetlag was 
associated with obesity, depression and poor academic performance 
in adults. Here in this study, we evaluated the relationship between so-
cial jetlag, chronotype and grades at school and health in an adolescent 
population.
Methods: Subjects were adolescents (M:F = 123:113; Age 
M:F = 14.4 ± 2.2: 14.6 ± 2.0) recruited from the greater San Antonio 
area. Subjects filled out the School Sleep Habits Survey and question-
naires of anxiety, depression and childhood trauma. Social jetlag, chro-
notype, health and school grades were extracted from the School Sleep 
Habits Survey. Social jetlag was quantified by the difference between 
midsleep on weekends and weekdays. Multivariate analyses were con-
ducted to identify the association between social jetlag and grades and 
health.
Results: There were no significant gender differences in Social jetlag 
duration and Chronotype scores. As observed in previous studies, so-
cial jetlag was positively correlated with evening type sleep patterns 
in both males (r = 0.298, p = 0.001) and females (r = 0.317, p = 0.001). 
Social jetlag was significantly associated with poor grades and poor 
health status. On further analyses in females, Social jetlag was associ-
ated with poor grades in school (F (1,106) = 3.38, p = 0.012) and poor 
state of health (F (1,106) = 4.39, p = 0.015) whereas chronotype was 
not associated with either grades or health in females. Interestingly, in 
males, Social jetlag (F (1,113) = 2.61, p = 0.021) and eveningness prefer-
ence (F (1,113) = 2.98, p = 0.010) were associated with poor grades but 
not state of health.
Conclusion: The results suggest higher social jetlag in adolescents af-
fects grades at school and health. Future research should focus on the 
independent role of social jetlag vs chronotype on health and academic 
performance in adolescence. The differential effects of social jetlag 
in male and female adolescents are interesting and will need further 
exploration.
Support (If Any): This research was supported by National Institutes 
of Health RO1AA01627 and the Baptist Health Foundation.
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0610
PROSPECTIVE STUDY OF INSOMNIA WITH 
OBJECTIVE SHORT SLEEP DURATION AND RISK 
OF INCIDENT CARDIOVASCULAR DISEASE: SLEEP 
HEART HEALTH STUDY
Bertisch S1, Gottlieb D2, Buysse D3, Rueschman M2, Wang R 2, 
Redline S2

1Beth Israel Deaconess Medical Center, Boston, MA, 2Brigham and 
Women’s Hospital, Boston, MA, 3University of Pittsburgh, Pittsburgh, 
PA

Introduction: Insomnia with objective short sleep duration has been 
associated with incident hypertension,diabetes, and mortality, suggest-
ing it represents a more deleterious insomnia phenotype. We sought to 
quantify the association between insomnia symptoms with objective 
short sleep duration and incident cardiovascular disease (CVD).
Methods: We conducted a time-to-event analysis of Sleep Heart 
Health Study data. Baseline sleep questionnaires were administered 
and at-home polysomnography was performed between 1994 and 1998. 
Participants without CVD were followed a median 11.4 years (IQR 
8.8–12.4 years) until first nonfatal or fatal CVD event (i.e., myocardial 
infarction, revascularization procedure, or stroke), death, or date of last 
contact. The primary exposure was insomnia with short sleep duration 
defined as: self-report of difficulty falling asleep, getting back to sleep, 
early morning awakenings, or use of a sleeping pill for 16–30 nights/
month; and total sleep time of < 6 hours on polysomnography. We used 
proportional hazards models to determine the cause-specific associa-
tion between insomnia with short sleep duration and time to CVD.
Results: Among 4,496 participants (mean age 63.3 ± 11.1 years, 55.9% 
female), 14.1% reported insomnia, and 48.2% of these slept < 6 hours on 
at-home polysomnography. A total of 821 CVD events and 537 deaths 
(competing risk) were observed. In an unadjusted analysis, insomnia 
with short sleep duration was significantly associated with CVD (HR 
1.5; 95% CI, 1.1–1.8) relative to other participants. After adjustment 
for age, sex, race, smoking, apnea hypopnea index, and antidepressant 
medications, insomnia with short sleep duration remained significantly 
associated with CVD (HR 1.3; 95% CI, 1.0–1.6). Results did not differ 
substantively with additional adjustment for hypertension.
Conclusion: Insomnia with objective short sleep duration conferred 
elevated risk for CVD, suggesting a biologically vulnerable phenotype. 
Future work is needed to elucidate mechanisms linking insomnia with 
short sleep duration to CVD.

0611
THE ASSOCIATION BETWEEN OBJECTIVE SLEEP 
DURATION AND SUBJECTIVE REPORTS OF 
NIGHTTIME AND DAYTIME INSOMNIA SYMPTOMS
Jarrin DC, Rochefort A, Lamy M, Ivers H, Morin CM
Université Laval, Québec, QC, Canada

Introduction: Objective sleep duration has been proposed as a bio-
logical marker of insomnia severity, with two phenotypes derived from 
this conceptualization. Associated with higher physiological hyper-
arousal, a more persistent course and increased morbidity, insomnia 
with short sleep duration is thought to represent a more severe pheno-
type. Conversely, insomnia with near-normal sleep duration appears to 
be associated with increased psychological symptoms and more likely 
to remit over time. Given the importance of subjective symptoms in 
the assessment and diagnosis of insomnia, there is a need to examine 
potential differences in these symptoms across phenotypes.
Methods: Participants were 159 adults (Mage = 50.3, SD = 10.1; 39.4% 
men) who met diagnostic criteria for persistent insomnia (Mdura-
tion = 16.4, SD = 13.7). Objective sleep duration was based on total 

sleep time averaged across two consecutive nights of polysomnograph-
ic evaluation. The sample was divided into two groups based on total 
sleep time shorter (n = 50) or longer (n = 109) than 6 hours. Participants 
also completed daily sleep diaries for two weeks, the Insomnia Sever-
ity Index (ISI), Dysfunctional Beliefs and Attitudes about Sleep Scale, 
the Beck Depression and Anxiety Inventories, and the Multidimen-
sional Fatigue Inventory.
Results: Individuals with insomnia and short sleep duration reported 
more severe complaints related to early morning awakenings on the 
ISI (p = 0.028), more time awake after sleep onset (p = 0.011), short-
er subjective total sleep time (p = 0.061), and lower sleep efficiency 
(p = 0.080) compared to those with near-normal sleep duration. How-
ever, no significant group differences were observed for the additional 
individual ISI items (e.g., worry/distress), beliefs and attitudes about 
sleep, depression, anxiety, or fatigue.
Conclusion: While the results indicate objective sleep duration can 
differentiate groups on subjective measures of sleep duration and 
awakenings, there is less support in differentiating groups on psycho-
logical variables prototypical of insomnia. Further research is needed 
to test the validity of objective sleep duration for insomnia subtyping.
Support (If Any): Supported by grants from the National Institute of 
Mental Health (MH60413) and the Canadian Institutes of Health Re-
search (B0512201).
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0613
DAILY STRESS, PRE-SLEEP AROUSAL, AND SLEEP 
IN INDIVIDUALS WITH DIFFERENT LEVELS OF 
VULNERABILITY TO INSOMNIA
Chen IY1,2, Jarrin DC1,2, Ivers H1,2, Morin CM1,2

1École de Psychologie, Université Laval, Quebec, QC, Canada, 
2Centre d’étude des troubles du sommeil, Institut Universitaire en 
Santé Mentale de Québec, Quebec, QC, Canada

Introduction: Stress and hyperarousal contribute to insomnia. Evi-
dence also suggests that sleep reactivity, a trait-like vulnerability, 
increases the risk of insomnia under stressful conditions. While the im-
pact of sleep reactivity has been demonstrated under laboratory stress 
paradigms, additional studies are needed to replicate these findings in 
more naturalistic conditions. The aim of the study was to examine the 
influence of daily stress and pre-sleep arousal on sleep among indi-
viduals with different levels of vulnerability to insomnia.
Methods: Participants were 43 adults (24.9 ± 4.9 years; 72.1% women) 
without insomnia complaints. Based on the median score on the Ford 
Insomnia Response to Stress Test (FIRST = 20), age- and sex-matched 
participants were classified into high (HV; n = 21) and low vulnerabil-
ity (LV; n = 22) groups. Participants wore an actigraph and completed 
daily questionnaires for 2 weeks. The Daily Stress Inventory assessed 
the frequency of stressful events and perceived impact. The Pre-Sleep 
Arousal Scale assessed somatic and cognitive arousal experienced at 
bedtime. Sleep efficiency (SE), deriving from sleep diaries and actigra-
phy, was used as an indicator of sleep disturbance.
Results: Correlational analyses between stress and arousal revealed 
that higher frequency and impact of stress were associated with higher 
cognitive and somatic arousal in LV group (rave = 0.18); only the fre-
quency of stressful events, but not stress impact was positively associ-
ated with cognitive arousal in HV group (r = 0.17). Analyses between 
arousal and SE revealed that higher cognitive and somatic arousal were 
associated with reduced subjective SE (rave = −0.39, rave = −0.24, re-
spectively) in both groups and with objective SE (r = −0.15) only in 
HV group.
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Conclusion: Results suggest that greater daily stress is associated with 
elevated pre-sleep arousal, which in turn is associated with increased 
sleep disturbances. The significant association between impact of 
stress and arousal was observed only in LV group. These preliminary 
findings warrant further research on the potential effect of sleep reac-
tivity on sleep disturbance as a function of stress and arousal.
Support (If Any): Research supported by the Canadian Institutes of 
Health Research (MOP42504 and B0512201).

0614
INSOMNIA IN THE MILITARY: PREVALENCE AND 
COMORBIDITIES
Taylor DJ1, Pruiksma KE2, Kelly K 3, Maurer D4, Litz B5, 
Peterson AL2, Mintz J2, Williamson DE2

1University of North Texas, Denton, TX, 2UT Health Science Center 
at San Antonio, San Antonio, TX, 3Carl R. Darnall Army Medical 
Center, Fort Hood, TX, 4Madigan Army Medical Center, Tacoma, 
WA, 5Boston University, Boston, MD

Introduction: The objectives of this study were to examine the preva-
lence of insomnia in a large sample of active duty service members 
using a more rigorous definition of insomnia than previously reported 
and to comprehensively assess potential comorbidities as recommend-
ed by leaders of the field of insomnia research.
Methods: A total of 3763 active duty service members at the United 
States Army Post at Fort Hood in Killeen, TX were included in this 
study. Participants were included if they were scheduled for deploy-
ment in support of Operation Iraqi Freedom (OIF) or Operation Endur-
ing Freedom (OEF) and completed the 7-item Insomnia Severity Index 
(ISI).
Results: Clinically significant insomnia was reported by 19.7% in this 
sample of active duty service members preparing for deployment. The 
insomnia group also reported greater levels of PTSD, depression, anxi-
ety, anger, alcohol use problems, psychosomatic symptoms, history 
of stressful events, childhood trauma, and stress reactivity, and lower 
levels of social support and unit cohesion than the no insomnia group.
Conclusion: This study is consistent with previous research that in-
dicates high rates of insomnia, although using the 7-item ISI to mea-
sure insomnia resulted in a lower prevalence rate than in studies using 
single self-report items. Insomnia is significantly related to numerous 
comorbidities and further research is needed to determine the preva-
lence of other sleep disorders and the efficacy of sleep interventions.
Support (If Any): Funding for this work was made possible by the 
U.S. Department of Defense through the U.S. Army Medical Research 
and Materiel Command, Congressionally Directed Medical Research 
Programs, Psychological Health and Traumatic Brain Injury Research 
Program awards W81XWH-08-2-0110 (Dr. Douglas Williamson), 
W81XWH-08-02-109 (Dr. Alan Peterson), and W81XWH-10-1-0828 
(Dr. Daniel Taylor).
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0616
ASSOCIATION BETWEEN VULNERABILITY TO 
STRESS-RELATED INSOMNIA AND INSOMNIA 
SEVERITY MAY BE MODERATED BY 5HTTLPR 
GENOTYPE
Barclay NL1, Akram U1, Archer SN2

1Northumbria University, Newcastle upon Tyne, United Kingdom, 
2Department of Biochemistry & Physiology, University of Surrey, 
Guildford, United Kingdom

Introduction: Serotonin is implicated in the control of sleep-wake be-
haviour. A functional polymorphism in the serotonin transporter gene 
(5HTTLPR) has previously been associated with insomnia, although 
results are mixed. The present study aimed to determine whether al-
lelic variation in 5HTTLPR was associated with insomnia severity in 
the general population, and whether the association between vulner-
ability to stress-related insomnia and insomnia severity was moderated 
by 5HTTLPR genotype.
Methods: DNA from buccal swabs was genotyped for the 5HTTLPR 
polymorphism using polymerase chain reaction from 95 individuals 
from the general population. Of these, 77 also provided data on in-
somnia severity (Insomnia Severity Index) and vulnerability to stress-
related insomnia (Ford Insomnia Response to Stress Test) (mean age: 
25.79 years [SD = 9.22 years]; 76.6% female). High and low vulnerabil-
ity groups were determined based on a median split of FIRST scores.
Results: There was no main effect of genotype on insomnia sever-
ity. However, the interaction between 5HTTLPR genotype and vul-
nerability to stress-related insomnia on insomnia severity showed a 
trend towards significance (F(1,73) = 2.93,  p = 0.09). Follow-up t-tests 
revealed that individuals homozygous for the ‘short’ allele who also 
were categorised as high vulnerability to stress-related insomnia dem-
onstrated greater insomnia severity compared to those categorised as 
low vulnerability to stress-related insomnia (mean insomnia severity 
scores for low vulnerability SS genotypes: 4.09 [SD = 4.66] and high 
vulnerability SS genotypes: 11.07 [SD = 6.04], t(23) = −3.16, p.00); 
whereas there were no significant differences in insomnia severity for 
individuals carrying at least one ‘long’ allele categorised as high or 
low vulnerability to stress-related insomnia (mean insomnia severity 
scores for low vulnerability SL+LL genotypes: 6.20 [SD = 5.56] and 
high vulnerability SL+LL genotypes: 8.86 [SD = 5.30], t(50) = −1.56, 
p.13).
Conclusion: The association between vulnerability to stress-related 
insomnia and insomnia severity appears to be moderated by 5HTTLPR 
genotype. Individuals carrying at least one ‘long’ allele appear to be 
protected from experiencing more severe insomnia despite possessing 
a trait-like vulnerability to insomnia.
Support (If Any): Northumbria University Faculty of Health and Life 
Sciences

0617
INSOMNIA AND ITS ASSOCIATION TO DEPRESSED 
MOOD IN A COMMUNITY SAMPLE OF POSTPARTUM 
WOMEN
Gencarelli AM1, Smith SM1, Nash CO2, Kloss JD1

1Drexel University, Philadelphia, PA, 2Geisinger Medical Center, 
Danville, PA

Introduction: Sleep disturbance during the postpartum confers risk 
for postpartum depression (PPD). Less well established are the types 
of sleep disturbance that contribute to PPD. The present study sought 
to examine the degree of insomnia severity among postpartum women 
(PPW) and to qualify for whom (based on demographics) and when 
(based on time post-delivery) insomnia was most pronounced.
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Methods: Data for the present analyses were extracted from a larger 
study on sleep disturbance, physical activity, and PPD. Using online 
data capture from a community sample of women (n = 108; 6 weeks 
to 6 months postpartum), demographic information (SES and financial 
status, age, race), insomnia severity (insomnia severity index; ISI), and 
time since delivery (less than or greater than 12 weeks postpartum) 
were examined in association with PPD (Edinburgh Postnatal Depres-
sion Scale).
Results: 19% of PPW had moderate to severe insomnia; 35% had 
subthreshold insomnia. Insomnia severity was higher in early PPW 
(M = 9.9, SD = 5.6) compared to later PPW (M = 7.7, SD = 5.3), p = 0.04. 
Racial differences emerged with ISI scores higher among Asian and/
or Indians compared to Caucasians (M = 10.7 , SD = 5.2 vs. M = 7.6, 
SD = 5.5). While age and SES were not associated with insomnia se-
verity, endorsement of financial difficulties was associated with in-
somnia severity. ISI scores accounted for PPD, even when controlling 
for demographics and time since delivery, r2 change = 0.33, p < 0.001, 
β = 0.61.
Conclusion: Our findings are consistent with other studies that show 
an association between sleep disturbance and PPD, and further qualify 
that insomnia symptoms, in specific, warrant attention during this 
transition, particularly among early PPW. While the cross-sectional 
data preclude causal interpretation, prospective data that carefully as-
sess insomnia throughout the postpartum in relation to depression are 
needed.

0618
PSYCHOMETRIC EVALUATION OF THE FORD 
INSOMNIA RESPONSE TO STRESS TEST (FIRST) IN 
EARLY PREGNANCY
Gelaye B1, Zhong Q1, Barrios YV1, Redline S2, Williams MA1

1Harvard School of Public Health, Boston, MA, 2Department of 
Medicine, Brigham and Women’s Hospita, Boston, MA

Introduction: The Ford Insomnia Response to Stress Test (FIRST) 
questionnaire is a widely used instrument that assesses an individual’s 
vulnerability to experience situational insomnia under stressful condi-
tion. The present study aimed to evaluate the construct validity and 
factor structure of the Spanish language version of FIRST question-
naire (FIRST-S) in early pregnancy.
Methods: A cohort of 647 women were interviewed at ≤ 16 weeks of 
gestation. The factorial structure of the FIRST-S was tested through 
exploratory and confirmatory factor analyses (EFA and CFA). Internal 
consistency and construct validity were also assessed by evaluating 
the association between the FIRST-S with symptoms of depression, 
anxiety and sleep quality (using the Pittsburgh Sleep Quality Index). 
To complement classical test theory (CTT) approaches item response 
theory (IRT) analyses were conducted.
Results: The mean score of the FIRST-S was 13.8 (range: 9–33). The re-
sults of the EFA showed that the FIRST-S contained a one factor solution 
which accounted for 69.8% of the variance. The FIRST-S items showed 
good internal consistency (Cronbach’s alpha = 0.81). The CFA results 
corroborated the EFA with good comparative fit index (0.902) and ac-
ceptable root mean square error value (0.057), indicators of goodness of 
fit and reasonable error of approximation. Sleep disturbance after get-
ting bad news during the day (r = 0.62) and after an argument (r = 0.62) 
were the two items with the largest item-total correlation while the 
smallest component-total correlation were noted for sleep disturbance 
after watching a frightening movie or TV show (r = 0.33) and before 
having to speak in public (r = 0.35). The FIRST-S had good construct 
validity as demonstrated by its statistically significant associations with 
sleep quality, antepartum depression and anxiety symptoms. Finally the 
IRT methods suggested excellent item infit and outfit measures.

Conclusion: The FIRST-S was found to have good construct validity 
and internal consistency for assessing vulnerability to insomnia during 
pregnancy
Support (If Any): National Institutes of Health (R01-HD-059835)

0619
DEMOGRAPHIC DIFFERENCES IN INSOMNIA 
IMPACT SEVERITY ACROSS DOMAINS OF DAYTIME 
FUNCTIONING
Tutek J1, Emert S1, Lichstein KL1, Taylor DJ2, Riedel BW3, Bush AJ4

1University of Alabama, Tuscaloosa, AL, 2University of North Texas, 
Denton, TX, 3Shelby County Schools, Memphis, TN, 4University of 
Tennessee, Memphis, TN

Introduction: The Insomnia Impact Scale (IIS) is a self-report ques-
tionnaire assessing the impact of poor sleep on several discrete do-
mains of daytime functioning. Little research is available on whether 
demographic factors are differentially relevant to specific types of 
daytime impairment elicited by insomnia. The present study seeks to 
determine whether the association of gender, age, and race to insomnia 
impact severity varies across physical, cognitive, occupational, social, 
emotional, and general functioning.
Methods: In a randomized survey, 772 individuals completed the IIS 
and a demographic questionnaire on which they specified their gender, 
age, and race. Final analysis included 762 individuals (390 females; 
M age = 53.98, SD age = 19.78), who self-identified as either White or 
African American (223 African Americans). Six multiple regression 
models, each comprising the three demographic variables, predicted 
daytime insomnia impairment severity across six domains of function-
ing.
Results: Female gender and younger age were associated with great-
er physical (β = 0.13, p < 0.001; β = −0.21, p < 0.001) and cognitive 
(β = 0.17, p < 0.001; β = −0.15, p < 0.001) insomnia impairment. Young-
er age (β = −0.10, p < 0.01) and African American race (β = −0.11, 
p < 0.01) were associated with greater social impairment. Only African 
American race was associated with greater occupational (β = −0.12, 
p < 0.01) and emotional (β = −0.17, p < 0.001) impairment. Finally, fe-
male gender (β = 0.13, p < 0.001), younger age (β = −0.12, p < 0.01) and 
African American race (β = −0.09, p < 0.05) were all associated with 
general daytime impairments not otherwise specified.
Conclusion: Women, younger adults, and African Americans exhibit 
increased vulnerability to specific domains of daytime impairment 
from insomnia. Demographic differences may also influence whether 
individuals attribute impaired functioning to sleep difficulties or other 
factors.
Support (If Any): Research supported by National Institute on Aging 
grants AG12136 and AG14738.

0620
REGISTERED NURSES WORKING 12 HOURS SHIFTS: 
STUDY OF SLEEP, MOOD AND PHYSICAL STATUS
Caldwell BA
Rutgers School of Nursing, Newark, NJ

Introduction: Purpose of the Study: The purpose of the study is to in-
crease understanding of the impact of 12 hour work shifts of registered 
nurses on objective and subjective sleep, physical and psychological 
patterns. Disturbances in sleep are derived from multi-dimensional 
bio-behavioral processes. Sleep is affected by circadian rhythms, 
hours awake, and ability to control the desire to sleep or change our 
day and night patterns.
Methods: We are using a descriptive study design. Registered nurses 
wore wrist-like instrument (Actiwatch, Respironics, Inc) and com-
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pleted sleep diaries for seven days and nights to record sleep patterns 
and complete Pittsburgh Sleep Quality Idex, Insomnia Severity Index, 
Epworth Sleepiness Scale, Multidimensional Assessment of Fatigue 
Scale, Centers for the Epidemiological Studies of Depression Scale, 
Beck Anxiety Inventory, Health and Well Being Scale and a demo-
graphic questionnaire. Using flyers, acute care nurses were recruited 
from medical centers. After obtaining consent, participants received a 
packet of materials and the watch.
Results: In a sample of 42 registered nurses, 39 women and 3 males 
completed the study; mean age was 41 years with 20 on the day shift 
and 22 on the night shift. There was a significant difference between 
work and night off sleep scores. The off night scores for Time in Bed, 
and Total Time in Bed were all significantly higher than the corre-
sponding work night scores. The Epworth Sleepiness score was a sig-
nificant predictor of Beck Anxiety Score (p = 0.06); Insomnia Severity 
Index score was a significant predictor of the Health and Well Being 
Scale (p = 0.02); Insomnia Severity Index score was a significant pre-
dictor of CES Depression Score. The Insomnia Severity Index and the 
Epworth scores were significant predictors of the Multidimnensional 
Assessment of Fatigue Scale.
Conclusion: Poor sleep quality was reported in both day and night 
shift registered nurses with mean scores on Pittsburgh Sleep Quality 
Index of 14; night shift had nigher Insomnia Severity Index scores than 
the day shift (6.7 versus 9.45); higher Multidimensional Assessment of 
Fatigue Scale scores (42.55 versus 55.64);Sleep efficiency has similar 
means for work night and night off (84.6% versus 82.4% respectively). 
Total sleep time for the day shift versus the night shift was 6.27 and 
5.82 respectively; total sleep time on work nights was 7.57 and 7.33 
respectively. Overall the sleep quality of nurses who work both shifts 
have poorer quality sleep and it was associated with depressed mood 
and fatigue.

0621
USING ACTIGRAPHY TO DIFFERENTIATE PATIENTS 
WITH INSOMNIA FROM GOOD SLEEPER CONTROLS: 
CAN MACHINE LEARNING TOOLS HELP?
Hall MH1, He F1, Ryan ND1, Krafty RT 2, Strollo PJ1, Buysse DJ1

1University of Pittsburgh, Pittsburgh, PA, 2Temple University, 
Philadelphia, PA

Introduction: Although actigraphy holds potential as an objective tool 
for the diagnosis and clinical management of insomnia, evidence for its 
clinical utility remains lacking. Existing studies have focused on a lim-
ited selection of static, whole-night summary measures, none of which 
take into account the dynamic and multidimensional nature of sleep 
and insomnia. The present study capitalized on powerful discovery-
based computational tools to identify features of the actigraphy time 
series that differentiate patients from controls.
Methods: Participants were from two studies of older adults, both of 
which included patients with insomnia (n = 165, 69.7 ± 7.2 y, 70% F) 
and age-matched good sleeper controls (n = 93, 69.5 ± 6.6 y, 59% F). 
Actigraphy was assessed for 14 days in Study 1 (S1) and 7 days in Study 
2 (S2). Each night was split into four segments to account for possible 
differences across the night and during the hour before sleep onset. For 
each segment, raw actigraphy counts were used to calculate variables 
that we anticipated might differentiate insomnia patients from controls 
(e.g., segment lengths, counts and percentages of activity counts be-
low pre-specified thresholds, counts and lengths of consecutive epochs 
below pre-specified threshold, percentages of activity counts across 
ranges, etc.). Per subject means and standard deviations of the variables 
were computed across all nights. After standardization, we applied ran-
dom forest, J48 tree, support vector machine, naïve Bayes, and other 

machine learning algorithms to these attributes along with age and sex. 
Classifiers were tested with 10-fold cross-validation.
Results: Random forest with adaptive boosting best differentiated pa-
tients from controls in the S1 sample (ROC area = 0.749), with more 
modest results for S2 (ROC area = 0.609). When combining both data 
sets, the ROC area was 0.631. When using only the first 7 nights of data 
in S1, the ROC area dropped from 0.749 to 0.602. Among the 9 most 
informative variables, 7 were within-subject night-to-night standard 
deviations, and 2 were within-subject means.
Conclusion: Preliminary data suggest machine learning approaches 
may be used to discover novel features of the actigraphy time series 
that differentiate patients with insomnia from controls. These data also 
suggest that night-to-night variability is critical for differentiating pa-
tients from controls and that accuracy is improved with more nights 
of data.
Support (If Any): This work was supported by grants from the Ameri-
can Sleep Medicine Foundation #101-SR-13 (PI: Hall) and the National 
Institutes of Health R01 GM113243 (PI: Krafty).

0622
INSOMNIA IS ASSOCIATED WITH INCREASED 
HIGH-FREQUENCY EEG DYNAMICS AS EARLY AS 
ADOLESCENCE
Fernandez-Mendoza J, Li Y, Vgontzas AN, Gaines J, Calhoun SL, 
Bixler EO
Pennsylvania State University, Hershey, PA

Introduction: In adults, insomnia has been associated with cortical 
hyperarousal as measured by spectral EEG dynamics in the high-
frequency range during sleep onset and NREM sleep. Despite the as-
sociation of insomnia with behavioral and neurocognitive functioning 
in adolescents, little is known about its pathophysiology. This is the 
first study to examine the association of insomnia with spectral EEG 
high-frequency dynamics in an adolescent sample from the general 
population.
Methods: We studied a case-control subsample of adolescents who 
participated in the Penn State Child Cohort, a population-based ran-
dom sample of 421 adolescents (17.0 ± 2.3 y). All subjects underwent 
a 9-h polysomnography (PSG), clinical history and physical examina-
tion. We defined high-frequency bands at C3 and C4 during sleep onset 
latency (SOL) and NREM sleep as low-beta (15–25 Hz) and high-beta 
(25–35 Hz). Insomnia was defined as a self-report of difficulty falling 
(DFA) and/or staying (DSA) asleep. Insomniacs (n = 23) and controls 
(n = 21) were absent of sleep disordered breathing or overweight and 
were matched in terms of sex, race, age, Tanner stage, and eveningness.
Results: Insomniacs reported longer SOL and showed longer PSG SOL 
and wake after sleep onset, shorter sleep time, and lower sleep efficien-
cy as compared to controls, while no differences in sleep architecture 
were found. Insomniacs showed significantly greater relative power in 
high-beta during SOL (C4 p = 0.047; C3 p = 0.071; C3-C4 p = 0.027) 
and NREM sleep (C4 p = 0.055) as compared to controls. Marginally 
significant differences were found in low-beta during NREM sleep 
(C3 = p.091; C4 p = 0.084) between insomniacs and controls.
Conclusion: Insomnia in adolescence is associated with increased beta 
power when attempting to fall asleep and during NREM sleep. These 
data suggest that cortical hyperarousal is present in insomnia patients 
as early as adolescence.
Support (If Any): NIH R01 HL63772, R01 HL97165, UL1 RR033184, 
C06 RR16499
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0623
DSM-IV VERSUS DSM-5: ARE WE GOING IN THE RIGHT 
DIRECTION WITH OUR INSOMNIA CLASSIFICATION 
EFFORTS?
Edinger JD1,2, Wohlgemuth WK 3, Wyatt JK4, Krystal AD2

1National Jewish Health, Denver, CO, 2Duke University Medical 
Center, Durham, NC, 3Miami VA Medical Center, Miami, FL, 4Rush 
University Medical Center, Chicago, IL

Introduction: DSM-5 includes an insomnia nosology designed to 
improve upon short-comings noted in DSM-IV. Specifically DSM-
5: (1) replaces “primary” and “secondary” insomnia diagnoses with 
one insomnia disorder diagnosis; (2) combines alcohol and other sub-
stance-related insomnias into one category; and (3) adds a restless legs 
syndrome (RLS) diagnosis. This study used a novel analytic approach 
to compare the reliabilities of the DSM-IV and DSM-5 insomnia no-
sologies.
Methods: Data were obtained from a dual-site study testing the DSM-
IV and ICSD-2 insomnia nosologies. The sample comprised 292 adults 
(69.2% women; MAge = 45.6 ± 13.7 yrs.) who met insomnia RDC. At 
each site, six clinicians interviewed each patient with 2 clinicians us-
ing a structured sleep interview, another 2 using a standard clinical 
interview (CI) and review of patients’ sleep history questionnaires 
(SHQ) and sleep diaries (SD) and the third pair relying on CI, SHQ, SD 
and polysomnographic data. All then rated how well (0 = “not at all”; 
100 = “extremely well”) each DSM-IV and ICSD-2 insomnia diagno-
ses “fit” the patient. Using the 9 most commonly rated DSM-IV di-
agnoses, we constructed a diagnostic profile conveying the composite 
judgment of each diagnostician for each patient. A simulated DSM-5 
profile also was constructed for each diagnostician for each patient by: 
(1) using the highest rating for the primary and secondary insomnias 
to form one insomnia disorder category; (2) similarly forming a com-
bined substance-induced insomnia category (alcohol+other substance 
induced); and (3) forming a separate RLS category (from ICSD-2 rat-
ings). We then conducted a multivariate profile analysis allowing us 
to compute a composite reliability coefficient for each DSM-IV and 
DSM-5 set of diagnoses simultaneously, thus providing a test of the 
diagnostic dependability for each system as a whole rather than for 
separate diagnoses.
Results: The system reliability index for the simulated DSM-5 system 
using one assessment method and one rater was 0.68; the comparable 
index for DSM-IV was 0.53. Using generalizability theory, we estimate 
that the average ratings of 3 raters would be required to obtain a profile 
reliability of 0.80 using the DSM-5 system while the average ratings 
of 9 raters would be required for the DSM-IV system to achieve 0.80 
reliability.
Conclusion: DSM-5 provides a more dependable insomnia classifica-
tion scheme than does DSM-IV. Yet, both systems require multiple di-
agnosticians to obtain optimal diagnostic dependability.
Support (If Any): National Institute of Mental Health, Grant # 
R01MH067057

0624
ITALIAN VALIDATION OF THE SLEEP CONDITION 
INDICATOR A CLINICAL SCREENING TOOL TO 
EVALUATE INSOMNIA DISORDER ACCORDING TO DSM-5 
CRITERIA
Palagini L1, Caccavale L1, Gronchi A1, Mauri M1, Ragno G2, 
Terzaghi M2, Kyle S3, Espie CA4, Manni R 2

1University of Pisa, Italy, Pisa, Italy, 2Unit of Sleep Medicine, 
IRCCS C. Mondino National Neurological Institute Foundation, 
Pavia, Italy, Pavia, Italy, Italy, 3School of Psychological Sciences, 
University of Manchester, UK, Manchester, UK, United Kingdom, 
4Nuffield Department of Clinical Neurosciences/Sleep & Circadian 
Neuroscience Institute, University of Oxford, UK, Oxford, UK, 
United Kingdom

Introduction: Sleep Condition Indicator (SCI) is a eight-item ques-
tionnaire validated as a clinical tool for appraising insomnia according 
to DSM-5 criteria. The aim was to evaluate the validity and reliability 
of the italian version in subjects with insomnia and healthy controls.
Methods: Outpatients attending the Sleep Center, University of Pisa, 
Italy, and the Sleep Medicine Unit, Pavia, Italy, who met diagnostic 
criteria for Insomnia Disorder (ID) according to DSM-5 and a healthy 
controls (H) were recruited. At the first evaluation (T0), SCI and In-
somnia Severity Index (ISI) were administered. ID subjects completed 
the SCI a second time two months later (Time Retest: TR). The SCI 
was translated with the forward-backward procedure in collaboration 
with the authors. Statistical analyzes included descriptive statistics, 
differences in means between ID and H groups using t-test or Mann-
Whitney U/Wilcoxon. Internal consistency was studied calculat-
ing Cronbach’s alpha co-efficient, and stability (test/retest) using the 
Spearman’s correlation. Pearson correlation was performed to study 
convergent validity with ISI.
Results: Eighty-eight ID (37 M, mean age 50.1 ± 15.8) and 35 H (17 
M, mean age 50 ± 2) were recruited at T0. SCI and ISI mean scores 
were significantly higher in ID vs H (respectively 11.2 ± 5.7 vs 30 ± 3.1 
p < 0.001; 10.92 ± 6.1 vs 2.3 ± 1.5 p < 0.001). Sixty-five ID completed 
the re-test part (26 male, mean age 49.6 ± 16.8, SCI: 10.92 ± 6.1). Cron-
bach’s alpha co-efficient was 0.718 at T0 and 0.785 at TR (excellent 
internal consistency). Each SCI item resulted significantly related at 
T0 vs TR (significance for each SCI item p < 0.001). No significantly 
differences were found among SCI items at T0 vs TR (significance 
for each SCI item p = ns) confirming the SCI stability. At T0 Pearson 
correlation analysis showed a convergent negative correlation with ISI 
score (rs = −0,6808 p < 0.01) confirming current validity of SCI.
Conclusion: The Italian version of the Sleep Condition Indicator show 
good internal consistency, stability, current and discriminant validity.

0625
ADDED VALUE OF ACTIGRAPHY FOR PEDIATRIC 
INSOMNIA EVALUATIONS IN CLINICAL PRACTICE
Lewis O1, Morkous S1, Loplumlert J1, Dunbeck K 2, Rosen C3

1University Hospitals Case Medical Center, Cleveland, OH, 2Case 
Western Reserve University, Cleveland, OH, 3Rainbow Babies and 
Children’s Hospital, Cleveland, OH

Introduction: Actigraphy is used for research in pediatric insomnia; 
however, its value in clinical practice has not been established. We hy-
pothesized that actigraphy would improve diagnostic accuracy and ob-
jectively better inform treatment decisions compared to parent report 
of sleep/wake patterns.
Methods: From our sleep center database, we retrospectively identi-
fied all children, ages 5 to 18 yrs, who had 2 weeks of actigraphy as part 
of their evaluation for chronic insomnia over the past year. Insufficient 
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sleep (IS) was defined as total sleep time ≤ 2nd percentile for age. De-
layed circadian rhythm shifts (DCRS) were defined by a ≥ 2 hr shift in 
either estimated sleep onset or wake time on weekend nights vs. week 
nights. Differences between parent report data on initial visit, parent 
log data accompanying actigraphy and actigraphy data were examined 
using paired sample t-tests.
Results: Our sample included 32 children, age 11 ± 4 yrs (mean ± SD), 
56% female, 75% Caucasian and 41% obese. Based on actigraphy, IS 
was present in 72%, DCRS in 28%, and both findings in 25%. Com-
pared to actigraphy, parent report underestimated IS in 63% (p = 0.33) 
and over reported DCRS in 56% (p = 0.01). Parents reliably completed 
quality log data for 72% of actigraphs while the actual use of the de-
vice was higher (90%) for the recording period (p < 0.05). In addi-
tion, compared to actigraphy parent logs over-reported total sleep time: 
(10.7 ± 2.4 vs. 7.4 ± 1.4 hr, p < 0.0001) and underestimated sleep onset 
time (22.01 ± 2.12 vs 22.91 ± 2.22, p = 0.01).
Conclusion: Among school and teen-aged children with chronic in-
somnia, actigraphy identified sleep impairment (IS) and/or DCRS. 
This procedure adds value because parental reports and logs on their 
children’s sleep/wake patterns at times may lead to an inaccurate di-
agnosis.
Support (If Any): University Hospitals Case Medical Center

0626
POLYSOMNOGRAPHIC FEATURES IN INSOMNIACS 
WITH SNORING OR UPPER AIRWAY RESISTANCE 
SYNDROME
Sanchez-Narvaez F, Labra A, Medina-Chavez H, Emma G, Huerta R, 
Haro R
Mexican Institute of Integrative Sleep Medicine, D.F, Mexico

Introduction: Insomnia is a prevalent condition worldwide. In recent 
years, clinicians and researchers have become increasingly aware of the 
frequent comorbidity of insomnia disorder and sleep-related breathing 
disorder but polysomnography (PSG) features still remain unclear.
Methods: The study included 100 insomniacs. Subjects underwent a 
PSG study night. Our objective was to explore different sleep param-
eters in insomniac patients with snoring (I-S) or insomniacs with up-
per airway resistance syndrome (I-UARS). Patients didn’t have sleep 
apnea.
Results: TST h: IS (6.3+0.05) vs. I-UARS (6.3+0.04). SEI%: I-S 
(78.4+0.65) vs. I-UARS (79.8+0.72). SOL min*: I-S (16.2+1.1) vs. 
I-UARS (29.4+1.7); SOREM min*: I-S (118.5+ 3.2) vs. I-UARS 
(102.87+3.1). WASO%*: I-S (21.7+0.6) vs. I-UARS (19.7+0.6). S1%: I-S 
(13.81+0.5) vs. I-UARS (13.4+0.3). S2%*: I-S (60.9+0.83) vs. I-UARS 
(57.1+0.4). S3%*: I-S (4.8+0.3) vs. I-UARS (6.9+0.0.2). S4%*: I-S 
(2.9+0.3) and I-UARS n (6.2+0.2). REM%*: I-S (17.7+0.4) vs. I-UARS 
(16.4+0.4). Arousals n*: I-S (61.8+2.9) vs. I-UARS (47.4+2.3). Awaken-
ings n*: I-S (29.7+1.3) vs. I-UARS (14.7+0.8). *p < 0.05
Conclusion: Our data indicate that there are several significant chang-
es in PSG parameters in insomniac patients with snoring or upper air-
way resistance syndrome.

0627
IS CHRONIC INSOMNIA ASSOCIATED WITH REDUCED 
EEG DELTA POWER?
Delgado Rosado GM1, Wilckens K 2, He F2, Hall M2, Buysse DJ2

1San Juan Bautista School of Medicine, Caguas, PR, 2University of 
Pittsburgh School of Medicine, Pittsburgh, PA

Introduction: Patients with primary insomnia (PI) may have compro-
mised sleep homeostatic systems, but evidence regarding sleep drive 
has been mixed. Homeostatic sleep drive is reflected in the rate of de-

cline of delta power across NREM intervals. The purpose of this study 
was to determine whether delta power is reduced in PI compared to 
good sleepers (GS), and whether delta power changes with behavioral 
treatment. Additionally, we examined whether homeostatic sleep drive 
was associated with clinical characteristics. We hypothesized that the 
decline in delta power across NREM intervals would be diminished in 
PIs compared with GS, and that this effect would be greatest in indi-
viduals with greater insomnia symptoms.
Methods: Participants included 160 PIs (mean age 45, 60%F) and 113 
GS (mean age 45, 45%F). 74 PIs were assessed before and after Cogni-
tive Behavioral Treatment for Insomnia. Average delta power for each 
NREM period was measured using power spectral analysis from the 
C4-A1/A2 derivation. Mixed model analysis was used to test for group 
differences and pre-post treatment differences in delta power, using 
NREM interval as a fixed factor.
Results: Delta power during NREM sleep showed a main effect of 
NREM interval across participants. However, there was no main ef-
fect of group (PI vs. GS) (p = 0.68) and no interaction between group 
and NREM interval (p = 0.87), suggesting a similar delta power time 
course between groups. Time course of delta power across NREM in-
tervals did not significantly correlate with clinical symptom ratings. 
There was no main effect of treatment on delta power and no inter-
action with NREM interval, again suggesting no difference in time 
course.
Conclusion: Homeostatic sleep drive may not be impaired in patients 
with insomnia. Interventions such as CBTI may engage intact homeo-
static sleep mechanisms, rather than correct deficient sleep drive. Other 
factors, such as hyperarousal, may be important treatment targets.
Support (If Any): T32 HL082610, T32 MH019986, AG020677, 
MH24652

0628
DYSFUNCTIONAL BELIEFS ABOUT SLEEP PREDICT 
INSOMNIA-SPECIFIC RUMINATION IN INSOMNIA 
DISORDER.PRELIMINARY DATA
Palagini L1, Gronchi A1, Caccavale L1, Mauri M1, Carney CE2

1University of Pisa, Italy, Pisa, Italy, 2Department of Psychology 
Ryerson University , Toronto, Canada., Torornto, ON, Canada

Introduction: Sleep related cognitions have been shown to play a role 
in perpetuating insomnia. In addition research suggests insomnia-spe-
cific rumination to play a role: repetitive thought process at night can 
occur during the day contributing to perpetuate insomnia. The aim 
was to study the relationships between insomnia specific rumination 
and dysfunctional beliefs about sleep using a set of variables which 
include stress related sleep reactivity and arousability.
Methods: This cross-sectional consisted of 35 subjects who met di-
agnostic criteria for Insomnia Disorder (ID) according to DSM-5 and 
33 healthy controls (H). Instruments included the Daytime Insomnia 
Symptom Response Scale (DISRS), Insomnia Severity Index-(ISI), 
Pittsburgh Sleep Quality Index (PSQI), Dysfunctional Beliefs about 
Sleep scale (DBAS), Ford Insomnia Response to Stress Test (FIRST), 
Arousal Predisposition Scale (APS). Differences in means between ID 
and H groups were assessed using t-test for normally distributed vari-
ables, or Mann-Whitney U/Wilcoxon test for not normally distributed 
variables. Pearson or Spearman Correlation Coefficients to examine 
associations between DISRS and all the variables was performed. A 
multiple linear regression has been built to identify independent pre-
dictors of DISRS.
Results: Subjects with ID (F 20, mean age 47 ± 1.6) presented higher 
DISRS, ISI, PSQI, DBAS, FIRST and APS scores than H (F 18, mean 
age 48 ± 1) (respectively DISRS 60.1 ± 15.4 vs 25 ± 4 p < 0.01; ISI 
17.2 ± 3 vs 6.3 ± 0.5 p < 0.01; PSQI 14.3 ± 3 vs 2.5 ± 1.9 p < 0.01; DBAS 
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75.3 ± 29 vs 5.3 ± 2.3 p < 0.01; FIRS 24.5 ± 5.2 vs 9.1 ± 2.3 p < 0.01; 
APS 40.9 ± 8 vs 18 ± 4 p < 0.01). In ID, elevated DISRS scores were cor-
related with ISI (r = 0.487, p < 0.05), PSQI (r = 0.345, p < 0.05), DBAS 
(r = 0.473, p < 0.01), and APS (r = 0.373, p < 0.05). Multiple linear 
regression demonstrated DISRS, to be best predicted by Dysfunctional 
Beliefs about Sleep score (DBAS B = 0.266, p < 0.05).
Conclusion: Findings suggest potential implications: insomnia-specif-
ic ruminations may be a construct more related to dysfunctional beliefs 
about sleep than to other factors such as sleep reactivity or arousability.

0629
PHENOTYPES OF RESTING-STATE COGNITION IN 
INSOMNIA DISORDERS: MIND WANDERING ACTIVITY 
MAY BE RELATED TO INSOMNIA SEVERITY.A PILOT 
STUDY
Palagini L1, Caccavale L1, Gronchi A1, Mauri M1, Linkenkaer-
Hansen K 2

1University of Pisa, Italy, Pisa, Italy, 2Department of Integrative 
Neurophysiology, VU University Amsterdam, Amsterdam, 
Netherlands

Introduction: The state of wakeful rest—or “resting state”—from a 
cognitive point of view serves as a special model to study stimulus 
independent thought, linked to the default mode network. Investigating 
the mind-wandering experiences in insomnia may be particularly use-
ful. Previous research showed cognitive processes such as a tendency 
toward rumination, dysfunctional beliefs about sleep, and a selective 
attention to sleep to play an important role in perpetuating insomnia. 
The aim was to explore mind wandering in insomnia using the Amster-
dam Resting-State Questionnaire (ARSQ), a validated tool to quantify 
thoughts and feelings during rest.
Methods: The study consisted of 35 subjects who met diagnostic crite-
ria for Insomnia disorder (ID) according to the DSM-5 and 33 healthy 
control (H). In addition to the ARSQ, Insomnia Severity Index (ISI), 
Pittsburgh Sleep Quality Index (PSQI), and Dysfunctional Beliefs 
about Sleep scale (DBAS) were administered. Differences in means 
between ID and H groups were assessed using t-test or Mann-Whitney 
U/Wilcoxon test. Pearson or Spearman Correlation Coefficients to ex-
amine association between variables and ARSQ phenotypes were then 
performed.
Results: Subjects with ID (F 20, mean age 47 ± 1.6) presented high-
er ISI, PSQI, and DBAS scores than H subjects (F 18, mean age 
48 ± 1) (respectively ISI: 16.3 ± 5 vs 3.5 ± 1 p < 0.01; PSQI: 14.5 ± 2.1 
vs 3.5.5 ± 0.5 p < 0.01; DBAS 75.3 ± 29.5 vs 5.3 ± 2.3 p < 0.05). They 
also show higher scores in ARSQ phenotypes: Discontinuity of Mind 
(DoM 6.5 ± 2.1 vs 1.8 ± 0.8, p < 0.05), Health Concern (HC: 3.1 ± 0.3 
vs 2.5 ± 0.5, p < 0.05) and Self (S: 8.8 ± 3.2 vs 2.5 ± 0.5, p < 0.05). DoM 
was correlated with ISI (r = 0.258 p < 0.001) and DBAS scores (r = 0.147 
p < 0.001), S with ISI (r = 0.374 p < 0.05) and PSQI (r = 0.456 p < 0.001) 
scores, HC with ISI (r = 0.140 p < 0.001).
Conclusions: Mind-wandering activity in insomnia resulted to be fo-
cused on thoughts and feelings about self, or worries about their own 
thoughts, feelings and health. These kind of experiences resulted to be 
related especially to insomnia severity and dysfunctional beliefs about 
sleep.The studying of thoughts and feelings during resting state may 
provides additional informations on both cognitive and emotional pro-
cessing related to sleep onset in insomnia disorder.

0630
DOES OBJECTIVE SHORT SLEEP DURATION PREDICT 
A POOR RESPONSE TO COGNITIVE-BEHAVIORAL 
INSOMNIA THERAPY?
Edinger JD1,2, Krystal AD2

1National Jewish Health, Denver, CO, 2Duke University Medical 
Center, Durham, NC

Introduction: Insomnia sufferers with objective short sleep dura-
tion < 6 hours per night seemingly represent a severe insomnia phe-
notype with increased risk for cardio-metabolic morbidity. It has been 
speculated that these patients may respond relatively poorly to cogni-
tive-behavioral insomnia therapy (CBT). This study was conducted to 
test this assumption.
Methods: Data were obtained from a prior study that examined dose-
response effects of CBT. The sample comprised 60 (53% female; 
MAGE = 56.1 ± 10.0 yrs.) patients who completed 1 to 8 therapist-guided, 
individual CBT sessions and nightly actigraphic and sleep diary moni-
toring before, during and 6 months after treatment. The average sleep 
time during the pre-treatment actigraphic monitoring was used to di-
vide the sample into groups with average sleep durations of < 6 hours 
(n = 35) and ≥ 6 hours (n = 25) per night. After pre-treatment assess-
ments, participants were randomized (without regard to their average 
sleep durations) to 1, 2, 4, or 8 CBT sessions delivered over an 8-week 
period. Analyses of variance controlling for treatment dose were used 
to compare the short (SSD) and normal (NSD) duration groups’ re-
sponses to CBT intervention as reflected by diary and actigraphic sleep 
measures. In addition, logistic regression analyses were used to ascer-
tain the groups’ relative odds of meeting study criteria for clinically 
significant improvement.
Results: TheSSD and NSD groups differed significantly (p = 0.0001) 
in their pre-therapy, actigraphic average sleep times (317.7 ± 29.9 min. 
vs. 409.4 ± 79.3 min.) but not in their mean ages or gender compositions. 
The SSD group had significantly (p’s all < 0.0006) lower actigraphic 
sleep times and sleep efficiencies (SEs) and greater amounts of total 
wake time (TWT) at all pre and post intervention assessments than did 
the NSD group. Significant group x time interactions showed that the 
NSD group achieved significantly greater pre-to-post therapy decreas-
es in diary TWT (p = 0.0005) and increases in diary SE (p = 0.0005) 
than did the SSD group. NSD participants also were significantly more 
likely to meet clinical improvement criteria including a post-treat-
ment actigraphy SE of ≥ 85% (OR = 7.165, 95% CI = 1.279–40.135; 
p = 0.0251) and a ≥ 50% reduction in diary TWT (OR = 6.017, 95% 
CI = 1.680–21.556; p = 0.0058) than were the SSD patients.
Conclusion: SSD insomnia patients have a more blunted response to 
CBT than do those with NSD. Studies to determine how to optimize 
the treatment response of SSD insomnia sufferers are warranted.
Support (If Any): National Institute of Mental Health, Grant # R01 
MH48187

0631
APPLICATION OF A LOCATION-SCALE MIXED MODEL 
TO EXAMINE THE STABILITY OF SLEEP DURING 
TREATMENT FOR CHRONIC INSOMNIA
Ong JC1, Hedeker DR 2, Wyatt JK1, Manber R 3

1Rush University Medical Center, Chicago, IL, 2University of Chicago, 
Chicago, IL, 3Stanford University Medical Center, Palo Alto, CA

Introduction: Insomnia treatments improve mean values of sleep 
but the impact of treatment on the stability of sleep remains unclear. 
A novel statistical approach known as a location-scale mixed model 
(LSMM) has been developed to examine within-subject and between-
subject variances. We conducted secondary analyses using LSMM 
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to examine the stability of sleep in a randomized controlled trial for 
chronic insomnia.
Methods: Fifty-four adults (74% female, mean age = 43 years) with 
chronic insomnia were randomized to 1 of 3 arms: 1) 8-week Mind-
fulness-Based Stress Reduction (MBSR; n = 19), 2) 8-week Mindful-
ness-Based Therapy for Insomnia (MBTI; n = 19), or 3) 8-weeks of 
self-monitoring without treatment (SM; n = 16). Participants complet-
ed daily sleep diaries at baseline (7 days), during treatment/monitoring 
(63 days), and at post-week (7 days). The LSMM was conducted on 
sleep efficiency derived from sleep diaries with three time (within-
subject) variables compared to baseline: early treatment (days 1 to 14), 
late treatment (days 15–63), and post-week. The two treatment arms 
(MBSR, MBTI) were compared to SM as between-subject variables.
Results: The LSMM revealed that after adjusting for mean levels, pa-
tients receiving MBSR had significantly less variance (i.e., more stabil-
ity) in sleep efficiency compared to SM during early treatment (SD 
ratio = 0.70, p < 0.01) and late treatment (SD ratio = 0.70, p < 0.01), but 
not at post-week (SD ratio = 0.83, p = 0.20). MBTI was not significantly 
different from SM at early treatment (SD ratio = 0.96, p = 0.72), ap-
proached significance at late treatment (SD ratio = 0.81, p = 0.067), and 
was not significant at post-week (SD ratio = 0.84, p = 0.23).
Conclusion: LSMM appears to be a viable statistical model for exam-
ining within-subject and between-subject variance of sleep parameters 
in randomized controlled trials. These findings indicate that insomnia 
patients report more stable sleep efficiency during MBSR treatment 
compared to SM without treatment.
Support (If Any): National Institutes of Health, Grant number: 
K23AT003678

0632
EXPLORING OUTCOMES OF A SINGLE SESSION GROUP 
COGNITIVE BEHAVIORAL THERAPY FOR INSOMNIA 
INTERVENTION LED BY REGISTERED NURSES IN AN 
ACCREDITED SLEEP CENTER
Moore WR1, Sikkink VK1, Heim-Penokie PC1, Trapp GC1, 
Dierkhising RA 2, Burr LE1, Karls CL1, Ivnik M3, Auger RR1, 
Olson EJ1

1Center for Sleep Medicine, Mayo Clinic College of Medicine, 
Rochester, MN, 2Biomedical Statistics and Informatics, Mayo Clinic 
College of Medicine, Rochester, MN, 3Section of Patient Education, 
Mayo Clinic College of Medicine, Rochester, MN

Introduction: This study explores the impact of a single session, 
group-based CBT-I program provided by registered nurses in an ac-
credited tertiary sleep center.
Methods: Prospective study of patients with insomnia (N = 60, 29 re-
turned follow up measures). Sleep diaries, Pittsburg Insomnia Rating 
Scale (PIRS), and Dysfunctional Beliefs about Sleep (DBAS) ques-
tionnaires were completed at baseline and 2 months after group CBT-I 
participation. Surveys reflecting patient satisfaction and self-efficacy 
outcomes were obtained. Pre and post program outcome scores were 
compared. Associations of intervention use (≥ 3 vs < 3 times/week) 
with outcome differences (pre vs post) were assessed.
Results: Statistically significant (p ≤ 0.05) improvements in outcomes 
were: wake after sleep onset (median decrease 0.6 hours/day); sleep ef-
ficiency (median increase 6.5%); total sleep time (median increase 0.4 
hours,); PIRS (median decrease 8); DBAS (median decrease 0.9); and 
subjective responses to questions regarding quality of sleep. Neither 
sleep latency nor total time in bed changed significantly. The signifi-
cant associations (p ≤ 0.05) of intervention use (≥ 3 vs < 3 times/week) 
with outcome differences (pre vs post) were: restoration/refreshment 
by sleep with relaxation technique use (median decrease 0 vs 0.4); total 
sleep time with worry time use (median increase 0.9 hours vs median 

decrease 0.6 hours); subjective sleep quality with self-talk use (median 
decrease 0.1 vs median increase 0.4); sleep latency (median decrease 
10.7 minutes vs median increase 11.8 minutes): time in bed (median 
decrease 0.3 hours vs median increase 1.2 hours), and DBAS scores 
(median decrease 1.3 vs median decrease 0.7), with stimulus control 
use. 90% felt satisfied or very satisfied with the program. 67–73% indi-
cated the program at least moderately impacted attitude, behavior, and 
ability to manage insomnia.
Conclusion: Participants reported improvements in sleep and high sat-
isfaction with the program, noting positive impact on self-management 
of insomnia.
Support (If Any): Division of Pulmonary/Critical Care, Mayo Clinic

0633
PHARMACOKINETICS OF THE DUAL OREXIN 
RECEPTOR ANTAGONIST E2006: RELATIONSHIP TO 
EFFICACY AND SAFETY
Pastino G1, Murphy PJ1, Bradshaw K 2, Hall N1, Gupta A 2, Aluri J1, 
Moline M1, Beukmann C3, Ueno T3, Ferry J1

1Eisai Inc., Woodcliff Lake, NJ, 2Eisai Ltd., Hatfield, United Kingdom, 
3Eisai Co. Ltd., Tsukuba, Japan

Introduction: E2006 is a novel dual orexin receptor antagonist under 
development for the treatment of insomnia disorder. This report pres-
ents results from an analysis assessing the impact of the PK profile on 
measures of efficacy and safety.
Methods: Two Phase 1 randomized, double-blind, placebo-controlled 
studies determined the PK, PD and safety profile of E2006. E2006-
A001-001 evaluated a single oral dose (1–200 mg) in healthy adult 
subjects (am dosing) and at 2.5, 10, and 25 mg in otherwise healthy 
subjects with primary insomnia (pm dosing). Multiple dose study 
E2006-A001-002 included healthy adult and elderly subjects (2.5–75 
mg). E2006-G000-201 was a US-based Phase 2, randomized, Bayes-
ian adaptive, double-blind, placebo-controlled, parallel group study 
of E2006 efficacy and safety in subjects with insomnia disorder (1–25 
mg). A population PK/PD model was constructed pooling data from 
these studies. Study 201 included objective and self-report measures of 
morning residual sleepiness.
Results: E2006 exhibited linear PK following single dose adminis-
tration. Plasma concentrations were measurable 15 min after dosing, 
peaked by 2 h and decreased to < 13% of Cmax by 9 h postdose at ≤ 10 
mg. The terminal t1/2 following multiple dosing was ~50 h, but accu-
mulation was ~2-fold and consistent with a much shorter effective half-
life (17–24 h). Efficacy by polysomnography and subjective reports was 
demonstrated by significant by decreases in sleep onset latency and 
wake after sleep onset, and increases in sleep efficiency. The popula-
tion exposure-response analysis demonstrated no impact on measures 
of morning residual sleepiness including the Digit Symbol Substitution 
Test, Simple or Choice Reaction Time tests. A higher incidence of som-
nolence and higher positive change on the Karolinska Sleepiness Scale 
were predicted at C9h > 20 ng/mL, but plasma concentrations in most 
of the population fell below this level at doses ≤ 10 mg.
Conclusion: These results demonstrated that the PK of E2006 is com-
patible with a drug for insomnia that improves both sleep onset and 
maintenance without clinically meaningful next-morning residual 
sleepiness.
Support (If Any): These studies and analyses were supported by Eisai 
Inc.
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0634
TRAINED SLEEP PHYSICIANS CAN EFFECTIVELY 
ADMINISTER COGNITIVE BEHAVIORAL THERAPY 
FOR INSOMNIA (CBTI) IN THE CLINICAL SETTING
Peters BR1,2

1Stanford University Department of Psychiatry and Behavioral 
Sciences, Redwood City, CA, 2Pulmonary and Sleep Associates of 
Marin, Novato, CA

Introduction: Psychologists typically conduct cognitive behavioral 
therapy for insomnia (CBTI). Few sleep physicians are formally 
trained and actively practice CBTI. The effectiveness and merits of 
CBTI as administered by a sleep physician in a community-based 
clinic is unknown.
Methods: A retrospective chart review was performed of 110 patients 
presenting with chronic insomnia from October 2013 to October 2014 
who enrolled in CBTI with a formally trained sleep physician at a com-
munity-based clinic. The modified program consisted of 4 to 6 ses-
sions lasting 30 to 60 minutes and emphasized sleep education, sleep 
consolidation, and relaxation training. Subjects were excluded if they 
did not attend at least 4 sessions, inadequately completed sleep logs, or 
if untreated sleep apnea interfered with compliance. The outcomes as-
sessed included changes in sleep-onset latency, wakefulness after sleep 
onset, total sleep time, and sleep efficiency from baseline to conclusion 
of the program.
Results: Of the 110 subjects enrolled, 21 subjects were excluded (13 
didn’t attend at least 4 sessions, 4 inadequately completed sleep logs, 
and 4 had untreated known sleep apnea reducing compliance). The re-
maining 89 subjects were 65% women and 35% men. The average age 
was 60.69 years (ranging from 12 to 90 years). Sleeping pills were used 
at baseline in 74.2% (66 subjects) and obstructive sleep apnea (AHI > 5 
on testing) was identified in 65.2% (58 subjects). Improvements were 
seen in all averaged measures from baseline to program conclusion: 
sleep-onset latency (55.5 to 22.5 minutes), wakefulness after sleep on-
set (45.17 to 25.21 minutes), total sleep time (6.22 to 6.25 hours), and 
sleep efficiency (74.0% to 85.5%).
Conclusion: CBTI is highly effective when administered by a trained 
sleep physician and can be successfully integrated into standard clini-
cal practice. Physicians may be better equipped to taper sleeping pills 
and to identify and treat comorbid sleep conditions.

0635
INSOMNIA IN PEOPLE LIVING WITH HIV/AIDS 
SUCCESSFULLY TREATED BY COGNITIVE 
BEHAVIORAL TREATMENT
Preud’homme XA1, Means M1, Riordan P1, Besnainou S2, Fleenor J1, 
Smith P1, Bridgers J1, Krystal AD1

1Duke University School of Medicine, Durham, NC, 2University of 
Pennsylvania, Philadelphia, PA

Introduction: The triad insomnia-fatigue-depression affects 50 to 
100% of people living with HIV/AIDS (PLWHA), with 1.2 million in 
the US. This study intends to establish the feasibility of allied-health 
personnel administered cognitive behavioral therapy for insomnia 
(CBTI) in PLWHA.
Methods: 27 HIV-seropositive subjects, 11.2% Caucasians and 85.2% 
African-Americans, including 8 females (29.6%), aged 43–59 years, 
with insomnia for at least 3 months and all currently taking HAART 
were enrolled. Screening process included the Duke Structured Inter-
view for Sleep Disorders, to ascertain sleep disorder diagnoses. Last 
observation carried forward (LOCF) and T-test were utilized.
Results: There was no statistical difference between the treatment 
group (n = 15) and the placebo group (n = 12) for age, height, weight, 

gender and race/ethnicity distribution, therapist allocation. There was 
no statistically significant difference across both groups for sleep-
diary derived sleep efficiency—SE (CBTI: 68.5% ± 12.0; Placebo: 
62.7% ± 14.8; p = 0.29), and for the insomnia severity index—ISI 
(CBTI: 16.9 ± 4.6; Placebo: 16.3 ± 7.1; p = 0.8). Blinding was effec-
tive as perceived treatment by subjects was similar regardless of ac-
tual treatment allocation (Chi-squared = 0.675 with 1 df, two-tailed 
p = 0.41). Treatment was effective with a final SE of 85.0% ± 11.2 for 
the CBTI versus 71.8% ± 15.0 for the placebo group (p = 0.02) yield-
ing a number needed to treat (NNT) of 8 and a Cohen’s d effect size of 
0.91; as well as a final ISI of 11.3 ± 6.9 for the CBTI versus 16.6 ± 5.6 
for the placebo group (p = 0.036) yielding a NNT of 19 and an effect 
size of 0.78.
Conclusion: While insomnia is at least twice more prevalent in 
PLWHA than in the general population, we demonstrated that it can be 
effectively treated with a non-pharmacological therapy (CBTI), more-
over when administered by allied-health personnel and over 4 weekly 
sessions.
Support (If Any): The Duke University Center for AIDS Research 
(CFAR), an NIH funded program (5P30AI064518)

0636
DUAL OREXIN RECEPTOR ANTAGONIST E2006 
SHOWS EFFICACY ON SLEEP INITIATION AND 
MAINTENANCE ON SLEEP DIARY MEASURES IN 
PHASE 2 STUDY
Moline M1, Murphy PJ1, Giorgi L2, Bradshaw K 2, Berkman L1, 
Yardley J2, Satlin A1

1Eisai Inc., Woodcliff Lake, NJ, 2Eisai Ltd., Hatfield, United Kingdom

Introduction: Increasing attention has been paid to dual orexin recep-
tor antagonists (DORA) to treat insomnia. This report presents Phase 2 
sleep diary results with E2006, a novel DORA.
Methods: The study was a multicenter (US), randomized, double-
blind, placebo-controlled, parallel group design, enrolling subjects 
with insomnia disorder per DSM-5. A Bayesian adaptive design tested 
6 strengths of E2006 (1, 2.5, 5, 10, 15, 25 mg) or placebo adminis-
tered for 15 nights (30 m before bedtime). Diaries were completed each 
morning. Safety was monitored via treatment-emergent adverse events 
(TEAEs), ECGs, vital signs, chemistries and morning assessments of 
residual sleepiness (in-clinic only). Sleep efficiency (SE), subjective 
Sleep Onset Latency (sSOL) and subjective Wake After Sleep Onset 
(sWASO) from sleep diaries were averaged for Baseline (BL) and dur-
ing treatment (Days 1–7, 8–15).
Results: 616 screened, with 291 randomized (63.5% F, mean age 48 y). 
Mean (SD) BL Insomnia Severity Index was 20 ± 3 (moderate-severe). 
Demographics were similar between treatment groups. Overall mean 
(SD) BL values were SE: 65 ± 11%; sSOL: 59 ± 33 m; sWASO: 110 ± 48 
m. 94.5% of E2006 and 91.1% of placebo subjects completed. Dur-
ing Days 1–7, the LS mean difference (E2006 vs placebo) for change 
from BL in SE was statistically significant for 5–25 mg, increasing 
6–9.4% with overlapping confidence intervals. Except with 1 mg, sSOL 
decreased significantly, with median change from BL from −23 min 
(2.5 mg) to −26 min (25 mg); placebo −10 min. sWASO decreased 
in all treatment groups (significantly for 10 mg: LS mean difference: 

−29 min). Benefits seen for Days 1–7 were maintained for Days 8–15. 
TEAEs were more common with E2006. Somnolence was dose-related. 
There were 2 SAEs (one placebo; one 25 mg [discontinued study]). All 
TEAEs except the SAE at 25 mg were mild or moderate.
Conclusion: These data highlight the potential of E2006 to treat in-
somnia disorder. E2006 was well-tolerated in this study, with mild-
moderate adverse events. Subject-reported efficacy was demonstrated 
for both sleep onset and sleep maintenance.
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Support (If Any): This study was funded by Eisai Inc.

0637
COMPARING OUTCOME AND ADHERENCE DATA 
FOR AN INTERNET-DELIVERED CBT FOR INSOMNIA 
PROGRAM ACROSS 5 DIFFERENT SETTINGS: WHAT 
IMPLICATIONS ARE THERE FOR DISSEMINATION?
Thorndike FP1, Morin C2, Lord H1, Gonder-Frederick L1, 
Ingersoll K1, Quigg MS3, Ritterband LM1

1University of Virginia Health System, Psychiatry and 
Neurobehavioral Sciences, Charlottesville, VA, 2Université Laval, 
Québec, QC, Canada, 3University of Virginia Health System, 
Department of Neurology, Charlottesville, VA

Introduction: Little is known about how outcome and adherence data 
from efficacy trials translate into real-world outcomes when technolo-
gy-delivered interventions are disseminated more broadly. This is also 
true for self-help interventions that have been developed to increase 
access to cognitive-behavioral therapy for insomnia (CBT-I).
Methods: To better understand the translation from clinical trials to re-
al-world use, outcome and usage data will be shared from a self-guided 
(no clinical support) insomnia intervention used in five settings. These 
settings include two pilot RCTs with a single face-to-face assessment; 
one national RCT with a single phone assessment; program evaluation 
conducted by an Employee Assistance Plan; and a commercial entity 
providing access for a fee. In all cases, the intervention is identical—a 
6-week Internet-delivered CBT-I intervention (SHUTi: Sleep Healthy 
Using the Internet). Although the time periods for measurement are not 
identical across settings [e.g., RCTs collected Post data 63 days after 
Pre data collection and non-research settings collected data as it was 
available from start to end of intervention use (possible to be as few as 
35 days), data nonetheless provides useful information about how RCT 
data compares to real-world use.
Results: Pre-Post effect sizes (ES) on the primary sleep variables of 
insomnia severity and the diary-derived variables of sleep onset la-
tency (SOL) and wake after sleep onset (WASO) will be compared. For 
insomnia severity, all ES were large, ranging from d = 1.38 (when in-
tervention was delivered for a fee) to d = 2.34 (when intervention was 
delivered in pilot RCT). ES in WASO ranged from d = 0.55 to d = 1.13, 
and ES in SOL ranged from d = 0.47 to d = 0.83. With respect to adher-
ence (defined as completing all assigned intervention Cores), comple-
tion rates ranged from 51% to 91%. Usage data will also be compared 
across the settings.
Conclusion: Findings are considered in the context of the RE-AIM 
framework, where issues of reach, effectiveness, adoption, implemen-
tation, and maintenance guide translation of research into practice.
Support (If Any): NIMH R34MH70805 and R01MH086758

0638
EVALUATING THE EFFICACY OF INTERNET-BASED 
CBT-I FOR ADULTS WITH INSOMNIA; A RANDOMIZED 
CONTROLLED TRIAL
Hagatun S1, Vedaa Ø2, Nordgreen T3, Havik O3, Bjorvatn B4, 
Pallesen S2, Thorndike F5, Ritterband L5, Sivertsen B1

1National Institute of Public Health, Department of Public Mental 
Health, Bergen, Norway, 2Department of Psychosocial Science, 
Faculty of Psychology, University of Bergen, Bergen, Norway, 
3Department of Clinical Psychology, Faculty of Psychology, 
University of Bergen, Bergen, Norway, 4Department of Public Health 
and Primary Health Care, University of Bergen, Bergen, Norway, 
5Behavioral Health and Technology, Department of Psychiatry and 
Neurobehavioral Sciences, University of Virginia Health System,  
Charlottesville, VA

Introduction: Insomnia is a public health problem in Western coun-
tries; having negative consequences for the individual, as well as lead-
ing to considerable economic costs for the society. CBT-I is an effective 
treatment for insomnia, but due to high economic costs and expertise 
being mainly centered to the largest cities, there is a lack of availability. 
To reduce the gap between high prevalence of insomnia and lack of 
available treatments, the Internet is suggested as a tool for providing 
CBT-I. The aim of the current study was to evaluate the efficacy of an 
Internet-based CBT-I treatment (SHUTi) for adults with insomnia.
Methods: A sample of 203 Norwegian adults with insomnia was ran-
domly assigned into interactive CBT-I treatment (SHUTi) (n = 105) or 
to passive education/sleep hygiene (n = 98) for a six-week period. Both 
groups were assessed at baseline and after the intervention (question-
naires and sleep diary). There was also a six-month follow-up of the 
CBT-I-group.
Results: The Insomnia Severity Index was significantly improved for 
the CBT-I group, from 17.22 to 8.77. The between group effect size 
was d = 1.25. There was also a significant between group effect size 
on Bergen Insomnia Scale (d = 0.87), and Dysfunctional Beliefs and 
Attitudes about Sleep (d = 1.14). The amount of SHUTi-participants 
that met the DSM-IV criteria for insomnia was reduced from 94.8% at 
baseline to 41.0% after treatment. Secondary outcome measures, such 
as Chalder Fatigue Scale and HADS, had between effect sizes from 
d = 0.59 to 0.97. (Results from sleep diary data will be presented at the 
conference).
Conclusion: The results showed that online CBT-I led to significant 
improvements in people’s sleep and daily functioning; hence, the cur-
rent study can contribute to make effective treatment for insomnia 
more widely accessible.

0639
TESTING PARTNER-ASSISTED COGNITIVE 
BEHAVIORAL THERAPY FOR INSOMNIA
Jenkins MM1,2, Nappi CM1,3, Cassidy J2, Khosa V2, Drummond SP4

1Department of Psychiatry, University of California San Diego 
(UCSD), San Diego, CA, 2Research Service, VA San Diego 
Healthcare System, San Diego, CA, 3Psychology Service, VA San 
Diego Healthcare System, San Diego, CA, 4School of Psychological 
Sciences, Monash University, Melbourne, Australia

Introduction: Insomnia affects 10–15% of adults worldwide. Al-
though Cognitive Behavioral Therapy for Insomnia (CBTI) is an estab-
lished treatment for insomnia, not all patients respond optimally. CBTI 
attrition appears higher in clinical effectiveness studies versus RCTs, 
suggesting greater difficultly for less homogenous patient groups 
receiving less intensive support to complete CBTI. Also, treatment 
adherence is important yet often difficult as CBTI strategies require 
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significant behavioral changes (e.g., sleep restriction). Given inclusion 
of partners in other behavioral interventions has effectively promoted 
individual change in patients, we examine adherence and outcomes of 
a new treatment protocol that includes bed partners (Partner-Assisted 
CBTI; PA-CBTI).
Methods: Ten participants with a diagnosis of insomnia were enrolled; 
four have completed treatment to date and six are still in treatment. 
All participants are Veterans with comorbid psychiatric, medical, and/
or sleep apnea (CPAP adherent) diagnoses. Treatment consists of in-
take and 7 PA-CBTI sessions administered to patients and their bed 
partners. Analyses examine adherence in PA-CBTI compared to clinic 
data from traditionally administered CBTI (n = 18). Analyses also ex-
amine pre/post PA-CBTI differences on daily diaries (SE,TST,WASO), 
self-reported sleep (ISI), and relationship functioning (DAS).
Results: Compared to traditional CBT-I, PA-CBTI showed greater 
adherence and similar efficacy. Using deviations in minutes from the 
prescribed sleep/wake times per week as a measure of adherence, PA-
CBTI (M = 45 ± 51.9) demonstrated higher adherence than traditional 
CBT-I (M = 190.2 ± 207.6) post-treatment, d = 0.96. Within subjects, 
PA-CBTI improved SE (Pre:M = 76.7 ± 11.7 vs. Post:M = 88.9 ± 7.6, 
d = 1.3), SL (Pre:M = 23.9 ± 21.6 vs. Post:M = 16.9 ± 8.1, d = 0.73), 
WASO (Pre:M = 57.1 ± 48.4 vs. Post:M = 14.3 ± 23.2, d = 1.2), and ISI 
(Pre:M = 22.3 ± 4.4 vs. Post:M = 10.8 ± 4.9, d = 1.5). Also, PA-CBTI 
increased relationship functioning (Pre-DAS:M = 104.7 ± 11.4 vs. Post-
DAS:M = 112.3 ± 21.5, d = 0.4).
Conclusion: Sleep difficulties have largely been studied and treated 
at the individual level. This is the first pilot test of a new CBTI proto-
col that includes bed partners. Preliminary findings suggest PA-CBTI 
results in increased adherence, decreased insomnia, and improved re-
lationship functioning. This study supports continued testing of PA-
CBTI.
Support (If Any): NIH, grant #: 5T32MH018399-27.

0640
RELATIVE EFFECT OF A SEDATIVE ANTIDEPRESSANT 
AND COGNITIVE BEHAVIORAL THERAPY FOR 
INSOMNIA ON THE HYPOTHALAMIC-PITUITARY-
ADRENAL AXIS: A PILOT STUDY
Vgontzas AN, Fernandez-Mendoza J, Gaines J, Criley C, Cain P, 
Bixler EO
Pennsylvania State University, Hershey, PA

Introduction: Insomnia has been associated with hyperactivity of the 
hypothalamic-pituitary-adrenal (HPA) axis, particularly in the eve-
ning. However, no study to date has examined the relative effect of a 
sedative antidepressant and cognitive-behavioral therapy for insomnia 
(CBT-I) in down-regulating the HPA axis.
Methods: We addressed this question in a sample of 10 middle-aged 
men and women who received either Trazodone (n = 5) or CBT-I (n = 5). 
Severity of insomnia complaints was assessed via the Insomnia Sever-
ity Index (ISI) both at baseline and after 3 months of treatment. Sali-
vary cortisol levels were measured in the morning (8:00 h) and evening 
(18:00 h) both at baseline and after 3 months of treatment. Cohen’s d for 
paired samples assessed the effect size (ES) in change in ISI score and 
cortisol levels within each treatment group.
Results: The ISI score improved largely either with CBT-
I (Δ = −13.2 ± 3.4 ng/mL, t = 8.6, ES = 3.8) or with Trazodone 
(Δ = −12.8 ± 5.0 ng/mL, t = 5.7, ES = 2.6). Both groups moderately 
improved in morning cortisol levels (Δ = −3.3 ± 6.9 ng/mL, t = 1.1, 
ES = 0.5 and Δ = −5.4 ± 9.9 ng/mL, t = 1.2, ES = 0.5 for Trazodone 
and CBT-I, respectively). In contrast, evening cortisol levels improved 
largely with Trazodone (Δ = −8.2 ± 10.8 ng/mL, t = 1.7, ES = 0.8), while 
they did not improve or even increase with CBT-I (Δ = 1.7 ± 3.5 ng/

mL, t = 1.1, ES = 0.5). An analysis of covariance adjusting for base-
line cortisol levels showed a marginally significant effect of Trazodone 
vs. CBT-I in decreasing evening cortisol levels (−6.1 ± 1.8 ng/mL vs. 
−0.4 ± 1.8 ng/mL, p = 0.06).
Conclusion: These pilot data indicate that Trazodone and CBT-I are 
efficacious in improving the subjective complaint of insomnia and that 
Trazodone, but not CBT-I, down-regulates the evening activation of the 
HPA axis. Future studies should examine this effect in larger samples 
and whether the effects of medication vs. CBT-I differ in insomnia 
phenotypes with hypercortisolemia.

0641
LONG-TERM EFFICACY OF COGNITIVE BEHAVIOR 
THERAPY, BEHAVIOR THERAPY, AND COGNITIVE 
THERAPY FOR CHRONIC INSOMNIA
Morin CM1,2, Harvey AG3, Bélanger L1,2, Beaulieu-Bonneau S1,2, 
Fortier-Brochu É1,2, Eidelman P3, Talbot L3, Ivers H1,2

1Université Laval, Québec, QC, Canada, 2Centre de Recherche, 
Institut Universitaire en Santé Mentale de Québec, Québec, QC, 
Canada 3University of California, Berkeley, CA

Introduction: There is strong evidence documenting the efficacy of 
cognitive behavior therapy (CBT) for insomnia but less information is 
available about the unique contribution of its therapeutic components, 
particularly with regard to long-term outcomes. This paper presents 
the 12-month follow up data from a controlled trial assessing the 
relative efficacy of behavior therapy (BT) and cognitive therapy (CT), 
compared to full CBT, on nighttime and daytime insomnia symptoms.
Methods: The sample consisted of 186 adults (117 women; M age = 47.4 
years) with chronic insomnia (average of 14.5 years duration). They re-
ceived an 8-week course of BT (n = 63), CT (n = 65), or CBT (n = 60). 
Main end points were insomnia severity, measured by the Insomnia 
Severity Index (ISI), and several measures of sleep and daytime symp-
toms.
Results: All three treatments produced significant improvements on 
most outcome measures at post treatment, with greater benefits for the 
combined CBT relative to its single BT or CT component. Post-treat-
ment ISI scores were well maintained at 12-month follow up (9.6 for BT, 
9.3 for CT, and 7.5 for CBT). Response and remission rates were also 
well maintained over time in all three conditions, with higher rates at 
follow up assessment for CBT (72% response, 63% remission) relative 
to BT (58% response, 40%remission) and CT (63%, 38% remission). 
Except for sleep efficiency, which was higher for CBT (82%) and BT 
(83%) at follow up relative to CT (77%), all other measures of sleep, 
fatigue, depression, anxiety, and quality of life remained equally im-
proved in all three conditions at follow up.
Conclusion: These results provide further evidence about the long-
term effect of CBT for improving nighttime and daytime symptoms 
of insomnia. Despite the intuitive appeal in clinical practice for using 
tailored interventions, these data suggests that full CBT produces the 
best short- and long-term outcomes.
Support (If Any): Research supported by the National Institute of 
Mental Health (MH79188).



SLEEP, Volume 38, Abstract Supplement, 2015A225

B. Clinical Sleep Science III. Insomnia

0642
COGNITIVE-BEHAVIORAL THERAPY FOR INSOMNIA 
FOR SURVIVORS OF INTERPERSONAL VIOLENCE 
WHO SUBSEQUENTLY RECEIVE COGNITIVE 
PROCESSING THERAPY
Pigeon WR, Cerulli C, Crean H, Gallegos A, Nelson L, Casey C, 
Gorman C, Walsh P, Seehuus M, Hoh B, AKinpelu N, Bui A, Bishop T, 
Heffner K
University of Rochester Medical Center, Rochester, NY

Introduction: Insomnia frequently occurs in the context of posttrau-
matic stress disorder (PTSD) for which evidence-based trauma treat-
ments like cognitive processing therapy (CPT) are efficacious, but do 
not treat insomnia symptoms directly. We sought to test whether de-
livering cognitive behavioral therapy for insomnia (CBT-I) followed 
by CPT, produced greater reductions in PTSD and depression sever-
ity compared to CPT alone. We conducted a planned interim analysis 
from an ongoing clinical trial.
Methods: Subjects, who had all experienced interpersonal violence 
(IPV) in the past year and met diagnostic criteria for PTSD, Major 
Depression (MDD) and insomnia, were randomized to receive either 
individual CBT-I (4 sessions) followed by CPT (12 sessions) or Atten-
tion Control (4 supportive phone calls) followed by CPT. Assessments, 
which occurred at baseline (T1), after CBT-I/Control (T2) and after 
CPT (T3), included the Insomnia Severity Index (ISI), the Clinician-
Administered PTSD Scale (CAPS), and the Hamilton Rating Scale for 
Depression (HRSD). Two sets of general linear models with repeated 
measures were used to test time x group interactions from T1-T2 for 
ISI, CAPS and HRSD total scores and T1-T3 for CAPS and HRSD. 
Subjects were entered if they completed assessments regardless of 
whether they completed treatment; subjects lost to follow-up were ex-
cluded.
Results: The analysis includes N = 46 subjects with a mean (sd) age 
of 35.8 (8.9) who were primarily women and included 32% minorities; 
mean baseline scores were: ISI = 20.1 (4.6); CAPS = 67.6 (13.6) and 
HRSD = 23.4 (4.4). Groups did not differ by demographic factors or 
by clinical severity. CBT-I, compared to attention control, was associ-
ated with a significant reduction in ISI at T2 (F(44) = 46.3; p < 0.001). 
Timexgroup interactions for both CAPS (F(44) = 11.5; p = 0.001) and 
HSRD (F(44) = 24.5; p < 0.001) scores were significantly lower in the 
CBT-I condition at T2. At T3, 27 subjects had completed assessments. 
The time (T1-T3) x group (CBT-I+CPT vs. attention control+CPT) 
interactions for subjects completing the study to date (n = 27) were 
trending towards significance for CAPS (F(25) = 3.7; p = 0.066) and 
HSRD (F(25) = 3.3; p < 0.087) total scores. Notably the mean reduc-
tion in CAPS score was 35.0 (20.9) at T3 for the CBT-I+CPT condition 
compared to 20.2 (17.7) in the CPT only condition.
Conclusion: The findings suggest that CBT-I is an efficacious in treat-
ing insomnia in patients with IPV who have concurrent PTSD and 
MDD. Though not significant at this interim analysis stage, the find-
ings more tentatively suggest that CBT-I may also augment the effects 
of subsequent CPT on PTSD and depression symptoms.
Support (If Any): This work is supported by R01NR013909.

0643
SEQUENCED THERAPIES FOR COMORBID AND 
PRIMARY INSOMNIA: PRELIMINARY FINDINGS OF A 
RANDOMIZED CONTROLLED TRIAL
Morin CM1, Edinger JD2, Krystal AD3, Beaulieu-Bonneau S1, 
Ivers H1, Guay B1, Cartwright A 2, Solano A 2

1Laval University, Québec, QC, Canada, 2National Jewish Health, 
Denver, CO, 3Duke University School of Medicine, Durham, NC

Introduction: There is little information about how best to combine 
or sequence psychological and pharmacological therapies for optimal 
insomnia management. This paper reports preliminary findings from 
a two-site randomized clinical trial that is testing different treatment 
sequences for 224 patients with an insomnia disorder.
Methods: This paper reports on the first 82 participants (46 women; M 
age = 49.7 years old) who have completed treatment. Participants are 
randomly assigned to first-stage 6-week therapy involving either be-
havioral therapy (BT) or zolpidem. After initial therapy, individuals in 
remission are followed for the next 12 months on maintenance therapy. 
Those not achieving remission are randomized to a second, 6-week 
treatment involving either pharmacotherapy (zolpidem or trazodone) 
or psychological therapy (BT or cognitive therapy-CT). Participants 
are re-evaluated after this second treatment and periodically through 
12-month follow-ups. Primary end points include treatment response 
and remission (Insomnia Severity Index < 8) and several secondary 
end points (sleep, mood, QoL) are also monitored but not reported in 
this paper.
Results: After initial treatment with BT or zolpidem, there were equiv-
alent proportions of treatment responders (53% vs. 57%) and remitters 
(32% vs. 35%). For those who did not remit following BT, the addition 
of zolpidem or cognitive therapy as a second treatment yielded equiva-
lent overall response rate of 72%. Following zolpidem treatment, the 
addition of BT or trazodone yielded similar response rates (69% vs. 
71%, respectively). Remission rates were slightly different after second 
therapy. Following BT, the addition of zolpidem led to an overall re-
mission rate of 47% relative to 36% when CT followed BT. In contrast, 
the addition of BT or trazodone after zolpidem therapy led to similar 
remission rates (43% and 45%, respectively).
Conclusion: These preliminary findings suggest that sequential thera-
pies may be an effective strategy to optimize insomnia management. 
This clinical trial is likely to provide new information about optimal 
treatment sequencing and to have implication for the development of 
clinical guidelines for managing chronic insomnia.
Support (If Any): Research supported by the National Institute of 
Mental Health (MH091053)

0644
ACUTE COGNITIVE EFFECTS OF THE HYPOCRETIN 
RECEPTOR ANTAGONIST ALMOREXANT RELATIVE 
TO ZOLPIDEM AND PLACEBO
Neylan TC1, Metzler TJ1, Ruoff LM1, Varbel J1, Motraghi T1, 
Hlavin J1, Samuelson K1, Batki SL1, Morairty SR 2, Kilduff TS2

1University of California, San Francisco, San Francisco, CA, 2SRI 
International, Menlo Park, CA

Introduction: Hypnotic medications can adversely affect behavior 
during peak concentration after dosing. Animals treated with the 
hypocretin receptor antagonist almorexant (ALM) have less acute 
cognitive impairment compared to animals treated with the GABAA 
receptor modulator zolpidem (ZOL). This study aimed to confirm if the 
same effect would be found in human subjects.
Methods: Healthy male and female subjects were tested with a neu-
rocognitive battery, the psychomotor vigilance task (PVT), and the 
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maintenance of wake test (MWT) before, during, and after ALM 100 
mg (N = 48), ALM 200 mg (N = 53), ZOL 10 mg (N = 49), and placebo 
(PBO, N = 52) administered in the afternoon at 15:00 hours in random-
ized controlled trial (ClinicalTrials.gov identifier: NCT01243060).
Results: For most cognitive measures, performance under ZOL was 
significantly worse than ALM or PBO. For example, change in for er-
rors of commission on the continuous performance test under ZOL 
was significantly worse than in each of the other 3 arms (all p’s 0.17). 
Performance decrements for ALM were less than ZOL but sometimes 
greater than PBO with some measures demonstrating a dose effect of 
ALM. For example, total scores on the Rey Auditory Verbal Learn-
ing Test (RAVLT) decreased from 54 to 48 under ZOL, while remain-
ing nearly unchanged under ALM 200 (54 to 53) and ALM 100 (55 
to 55), and increased non-significantly under PBO (52–54; interaction 
F(3, 195) = 7.60, p < 0.001). This change was significantly worse un-
der ZOL than the other 3 arms (all p’s < 0.01), while ALM 200 was 
marginally worse than PBO (p = 0.06). ALM 100 did not differ signifi-
cantly from either PBO or ALM 200. Changes in mean reaction time 
on the PVT under ZOL and ALM 200 were not significantly differ-
ent (p = 0.14), but both ZOL and ALM 200 differed significantly from 
ALM 100 and PBO (p’s range from 0.006 to 0.017). Data on the MWT 
trials will be available at time of presentation.
Conclusion: The data provide support for the hypothesis that hypo-
cretin receptor (Hcrt) antagonists produce less functional impairment 
than benzodiazepine receptor agonists (BzRAs) because BzRAs cause 
a general inhibition of neural activity whereas Hcrt antagonists specifi-
cally disfacilitate wake-promoting systems.
Support (If Any): Supported by USAMRMC grant W81X-
WH-09-2-0080. Blinded study medications were provided by Actelion 
Pharmaceuticals.

0645
DOES PRETREATMENT SCHEDULE VARIABILITY 
PREDICT CBTI ADHERENCE?
Maich KH, Lachowski AM, Burnett R, Carney CE
Ryerson University, Toronto, ON, Canada

Introduction: Adherence is a putative predictor of treatment outcome 
(Kraemer et al., 2002) and likely important in Cognitive-Behavioral 
Therapy for Insomnia (CBTI; Edinger & Carney, 2008). It is not known 
what factors predict CBTI adherence. This study examined predic-
tors of adherence after the first session of CBTI, during which a sleep 
schedule is prescribed.
Methods: Participants (N = 44, M = 47.9 years) met Research Diagnos-
tic Criteria for Insomnia (Edinger et al., 2004) and were enrolled in a 
CBTI open trial. The Core Consensus Sleep Diary (CSD; Carney et al., 
2011) was completed daily between treatment sessions. Variability in 
bedtime (BT) and rise time (RT) were calculated from CSD data. BT 
and RT adherence involved not going to bed before a prescribed earli-
est BT or getting out of bed after a prescribed latest RT.
Results: A multiple linear regression analysis assessed whether RT 
and BT variability predicted early adherence to prescribed BT. The 
model was significant, R2 = 0.234, F(2, 42) = 6.416, p = 0.004. Beta co-
efficients indicated that BT variability at baseline was a strong predic-
tor of BT adherence (β = −0.449, p = 0.004), while RT variability was 
not (β = −0.023, n.s.). A second multiple linear regression predicting 
RT adherence was significant, R2 = 0.307, F(2, 42) = 9.308, p < 0.001. 
Baseline RT variability (β = −0.37, p = 0.038) and BT variability 
(β = −0.296 p = 0.011) both significantly contributed to the model.
Conclusion: Pretreatment sleep schedule variability was important to 
early treatment adherence. Greater BT variability was associated with 
greater BT adherence. In contrast, greater RT variability was related 
to increased difficulty adhering to both the earliest BT and latest RT 

recommendations. For those with high pretreatment BT and RT vari-
ability, clinical attention to potential barriers to adherence may be use-
ful during the first CBTI session.

0646
PREDICTING SLEEP SCHEDULE ADHERENCE BASED 
ON PRETREATMENT INSOMNIA SEVERITY
Lachowski AM, Maich KH, Agako A, Carney CE
Ryerson University, Toronto, ON, Canada

Introduction: There is a great deal of support for the efficacy of Cog-
nitive-Behavioral Therapy for Insomnia (CBTI; Edinger & Carney, 
2008). Some have argued that nonadherence may be the “single great-
est impediment” to CBTI outcome (Bouchard et al., 2003). The current 
study investigated whether one index of insomnia severity, total wake 
time (TWT), predicted early treatment adherence (i.e., at the second of 
four treatment sessions) in a CBTI open trial.
Methods: Participants (N = 45, mean age = 49.2 years) met Research 
Diagnostic Criteria for Insomnia (Edinger et al., 2004) and completed 
the daily Core Consensus Sleep Diary (CSD; Carney et al., 2011). Pre-
treatment TWT was calculated from the CSD by summing the CSD 
indices of wakefulness in bed prior to the first treatment session. Ad-
herence variables were derived by comparing deviations of actual 
reported bedtime (BT) and rise time (RT) on the CSD to therapist-
prescribed BT and RT.
Results: A linear regression analysis was conducted to examine the re-
lationship between pretreatment TWT and RT adherence. Results indi-
cated that pretreatment TWT was a significant predictor of adherence 
to a prescribed earliest RT at the second treatment session, R2 = 0.12, 
F(1, 44) = 6.09, p = 0.018. A second linear regression analysis revealed 
that pretreatment TWT was not a significant predictor of BT adherence, 
R2 = 0.006, F(1, 44) = 0.25, n.s.
Conclusion: These findings suggest that pretreatment wakefulness in 
bed may be a key factor in predicting patient adherence to earliest pre-
scribed RT in CBTI. Interestingly, TWT was not related to BT adher-
ence. For those with greater TWT prior to treatment, it may be that a 
certain degree of desperation influences their adherence to treatment 
recommendations. Clinical implications include targeting RT in those 
with greater pretreatment TWT, and focusing on other putative factors 
(e.g., health anxiety) in those with lower pretreatment TWT.

0647
IMPROVING THE SLEEP OF HOSPITAL-BASED 
HEALTHCARE WORKERS THROUGH AN EMAIL-
DELIVERED SLEEP WELLNESS PROGRAM
Smith KC, Wallace DP, Gwin C, Maliszewski G
Children’s Mercy Hospital Kansas City, Kansas City, MO

Introduction: Healthcare worker sleepiness and fatigue increases the 
risk of adverse events, compromises patient safety, and increases risk 
to personal safety and well-being. Addressing sleep problems in large 
healthcare institutions, though, can be challenging and expensive. This 
study examined the effectiveness of an email-based wellness program 
as an inexpensive, easy-to-implement initiative to address health care 
workers’ sleep problems.
Methods: The Sleep Smart Wellness Program was created by a clinical 
psychologist who is board certified in Sleep Behavior Medicine with 
consultation and review by an experienced employee wellness coordi-
nator. It consisted of 8 weekly emailed modules highlighting different 
aspects of sleep, paired with online surveys. Participants completed 
measures including the Pittsburgh Sleep Quality Index (PSQI), a well-
validated measure of sleep problems. Demographic data (gender, age, 
and education level) was collected. Participants included 1,267 em-
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ployees of a children’s hospital and their spouses. 85% of participants 
were female, ranging from 18–65+ years of age; 90% were first shift 
workers (8–9 am to 4–5 pm); 76% possessed an undergraduate degree 
or higher.
Results: Paired samples t-tests indicated a significant decrease in PSQI 
scores from baseline (M = 6.84, SD = 3.46) to post-program (M = 5.24, 
SD = 2.98); t = 15.2, p = 0.000), resulting in a decrease in “poor sleep-
ers” (PSQI total score > 5) from 61% of participants to 39%. The num-
ber of participants who rated their sleep as “Fairly Bad” or “Very Bad” 
decreased from 30% to 15% (M = 1.21, SD = 0.65 at baseline; M = 0.96, 
SD = 0.59, post); t = 11.5, p = 0.000). Repeated measures ANOVAs 
indicated gender, age and level of education did not significantly affect 
response to intervention.
Conclusion: In this sample, a significant number of healthcare workers 
perceived their sleep to be problematic. In light of these clinically-sig-
nificant changes, and lack of moderation by age, gender and educa-
tion, these results suggest that email-based initiatives may provide an 
economical tool for hospital-based wellness programs to address em-
ployee sleep problems
Support (If Any): Children’s Mercy, Kansas City.

0648
ASSOCIATIONS BETWEEN HYPNOTICS CRAVING AND 
OTHER CLINICAL VARIABLES AMONG LONG-TERM 
HYPNOTICS USERS
Tsai Y1, Chen C2, Yang S1, Hwang Y1, Chang C1, Chien I1, Yang C2

1TsaoTun Psychiatric Center, Ministry of Health and Welfare, Nantou 
County, Taiwan, 2Department of Psychology, National Chengchi 
University, Taipei, Taiwan

Introduction: Long-term hypnotics use is often reported among pa-
tients with chronic insomnia. Craving is regarded to play a role in 
chronic hypnotics use. The aim of the study is to investigate the as-
sociations between hypnotics craving and other clinical variables in a 
population of long-term hypnotic users in Taiwan.
Methods: The Hypnotic Craving Questionnaire (HCQ) and other 
self-report questionnaires, which included Dysfunctional Beliefs and 
Attitudes about Sleep (DBAS), Beck Anxiety Inventory (BAI), Beck 
Depression Inventory-II (BDI-II), Insomnia Severity Index (ISI), Tri-
dimensional Personality Questionnaire (TPQ) and Pre-Sleep Arousal 
Scale (PSAS)were administered to 161 long-term hypnotics users. 
Stepwise multiple regression analysis was applied to explore which 
variables can predict the craving score.
Results: Four variables significantly predict the first HCQ factor ‘ex-
pectation of hypnotics effect’ (R2 = 0.39, F(4,116) = 18.25, p < 0.001), 
including ‘Medication’ factor of DBAS (β = 3.20, t = 5.26, p < 0.001), 
hypnotics use frequency (β = −5.23, t = −3.31, p = 0.001), ‘Consequences’ 
factor of DBAS (β = 1.53, t = 2.71, p = 0.008), and duration of hypnotics 
use (β = 0.04, t = 2.43, p = 0.02).Three variables significantly predict 
the second HCQ factor ‘loss of control’ (R2 = 0.60, F(3,121) = 61.55, 
p < 0.001), which are hypnotics use frequency (β = −10.83, t = −10.07, 
p < 0.001), ‘Medication’ factor of DBAS (β = 2.42, t = 5.86, p < 0.001), 
and duration of hypnotics use (β = 0.05, t = 4.31, p < 0.001). Three 
variables significantly predict the third HCQ factor ‘desire for hypnot-
ics’ (R2 = 0.27, F(3,122) = 15.24, p < 0.001), which are ‘Medication’ 
factor of DBAS (β = 1.31, t = 4.13, p < 0.001), hypnotics use frequency 
(β = −3.24, t = −3.93, p < 0.001), and duration of hypnotics use (β = 0.02, 
t = 2.15, p = 0.03).
Conclusion: Duration of hypnotics use and sleep related cognition are 
positively associated with hypnotics craving scores. However, hypnot-
ics use frequency was found to have negative associations with HCQ 
scores. The meanings of the associations deserve further discussion.

0649
GUIDED IMAGERY CONTRIBUTION TO INSOMNIA 
TREATMENT
Molen YF, Carvalho LB, Prado LB, Prado GF
Universidade Federal de Sao Paulo, São Paulo, Brazil

Introduction: Additional data are needed to determine whether guid-
ed imagery is effective when added to other specific approaches in in-
somnia treatment. Our aim is to verify the effect of guided imagery 
added to insomnia treatment.
Methods: Insomniacs (n = 26, 18 female, mean age 50.8 years) received 
two phase group insomnia treatment after 2 baseline weeks. Phase 1 
(P1) consisted of 3 week educational lectures on worries as perpetuat-
ing insomnia factor, sleep hygiene, dysfunctional beliefs, stress man-
agement, insomnia microanalitic and cognitive models and 15 minutes 
reading before sleep. Phase 2 (P2) started 60 days after phase 1 end 
and included educational lectures on guided imagery technique and 15 
minutes listening a CD with instructions to imagine how to get rid of 
emotions that interfere with getting to sleep. Follow up was measured 
after 4 weeks in both phases during 1 week. Sleep parameters were 
measured at baseline (B), post treatment (PT-P1) and follow-up (FU-
P1) on phase 1 and on week 1 of treatment (T- P2), post treatment (PT-
P2) and follow-up (FU-P2) on phase 2.
Results: Participants showed statistical significant increased total 
sleep time (TST) at PT-P2 (p = 0.007), with 66 minutes increase and at 
FU-P2, (p = 0.001) with 1 hour increase compared to baseline. Com-
pared to baseline, there was a significant increase in sleep efficiency 
(SE) at T-P2 (p = 0.001), at PT-P2 (p = 0.001) and at FU-P2 (p < 0.001). 
Sleep latency (SL) was significantly reduced at FU-P2 (p = 0.007) in 
30 minutes. Comparing PT-P2 (p = 0.001) and FU-P2 (p = 0.001) with 
PT-P1 there was significant increase in TST. In FU-P2 data showed 
statistical increase in SE compared to PT-P1 (p < 0.001) and compared 
to PT-P2 (p = 0.008).
Conclusion: Total treatment improved TST, SE and SL. Enhanced 
improvement obtained in phase 2 compared to phase 1 may show the 
benefit of adding guided imagery to insomnia treatment.

0650
GUIDED IMAGERY AND READING ADDED TO 
INSOMNIA TREATMENT HELP TO COPE WITH 
WORRIES
Molen YF, Carvalho LB, Prado LB, Prado GF
Neuro Sono, Unifesp, São Paulo, Brazil

Introduction: One of the most important insomnia maintenance factor 
is cognitive pre-sleep arousal or worry. Reading is a popular method of 
getting to sleep. Guided imagery is an important tool in dealing with 
cognitive arousal. We compare the effect from reading and guided im-
agery added to insomnia treatment on coping with worry.
Methods: A reading group (n = 42; 30 females; mean age = 52,1 years) 
and an imagery group (n = 38; 27 females; mean age = 53,3 years) 
participated in lectures on sleep hygiene, dysfunctional beliefs and at-
titudes about sleep, microanalitic and cognitive models of insomnia 
and the role of worries in maintaining insomnia. Before sleeping, the 
reading group read during 15 minutes and the imagery group listened 
a 14 minutes CD with instructions related to get rid of emotions that 
disturbed sleep. After two baseline weeks and 3 treatment weeks there 
was a break of 4 weeks and follow-up was made during one week. So-
matic and cognitive arousal during pre-sleep time was measured by 
the Pre-Sleep Arousal Scale (PSAS) at baseline, post treatment and 
follow-up.
Results: Cognitive component at baseline had higher scores for both 
groups: 112 ± 44 for reading and 118 ± 50 for imagery, while somatic 



SLEEP, Volume 38, Abstract Supplement, 2015 A228

B. Clinical Sleep Science III. Insomnia

component scores were 83 ± 41 for reading and 78 ± 33 for imagery. 
There was no difference related to the cognitive and somatic compo-
nents between reading (p = 0,977) and imagery (p = 0,877) groups 
at baseline (B), post treatment (PT) and follow-up (FU). Cognitive 
component at post treatment and follow-up decreased significantly 
(p < 0,001) compared to baseline. Cognitive component remained the 
same from post treatment to follow-up. Compared to baseline, there 
was no difference in post treatment (p = 0,233) for the somatic com-
ponent and it decreased at follow-up (p = 0,001). Somatic component 
showed significant decrease at follow-up (p = 0,003) compared also to 
post treatment.
Conclusion: Cognitive factors in insomnia are more highly involved 
in pre sleep arousal than somatic factors. Reading and guided imagery 
added to insomnia treatment have a quicker reducing pre-sleep arousal 
effect on cognitive components than on somatic components. Guided 
imagery and reading before sleeping included in insomnia treatment 
may help coping with worries and cognitive arousal.

0651
THE MODERATING ROLE OF CRAVING ON THE 
ASSOCIATION BETWEEN DEPRESSIVE MOOD AND 
HYPNOTIC USE
Lu L1, Yang C1, Lee H2,3, Huang S2

1National Chengchi University, Taipei, Taiwan, 2Taipei Medical 
University Hospital, Taipei, Taiwan, 3Taipei Medical University-
Shuang Ho Hospital, Taipei, Taiwan

Introduction: Previous research shows that depression patients were 
more likely to develop dependence on sedative-hypnotic. However, the 
association between depressive mood and hypnotics in primary insom-
nia patients is still not clear. This study is aim to examine the role of 
depressive mood on hypnotic use frequency and the moderating effect 
of craving on the association.
Methods: The study recruited 168 primary insomnia patients from 
hospitals and communities. Participants were given questionnaires in-
cluding Chinese Version of the Beck Depression Inventory-II (BDI-II) 
and Hypnotic Craving Scales (HCS) to measure the level of depression 
and craving toward hypnotic use respectively, as well as questions re-
garding their hypnotic use. HCS included three factors: (1) Anticipated 
effects of hypnotic use, (2) Lack of cognitive and behavioral control 
over hypnotic use, and (3) Desire and anticipated pleasurable effects 
from hypnotic use.
Results: Pearson’s correlations showed that BDI-II (r = 0.130, p = 0.046) 
and all three factors of the HCS correlated significantly with hypnotic 
use frequency (F1: r = 0.175; F2: r = 0.190; F3: r = 0.108; ps < 0.05). 
Hierarchical regression showed depressive mood alone could not pre-
dict frequency of hypnotic use (t = 1.695, p = 0.092). However, after 
entering the moderating effect of Factor 2 of the HCS (lack of control 
of hypnotic use), the model could significantly predict hypnotic use 
frequency (β = −0.134, R2 = 0.673, F change (1,164) = 5.219, p = 0.024).
Conclusion: The study showed that lack of control over hypnotic use 
could moderate the association between depressive mood and hypnotic 
use in primary insomnia patients. Depression can lead to more hypnot-
ic use in those with lower degree of lack of control over hypnotic use. 
The result suggests that depressive mood may play more important role 
in those with less craving over hypnotic use.
Support (If Any): The study is supported by the Ministry of Science 
and Technology, Taiwan

0652
THE USE OF BRIEF DAYTIME NAPS IN THE 
BEHAVIORAL TREATMENT OF CHRONIC PRIMARY 
INSOMNIA
Graham L, Lovato N, Lack LC
Flinders University of South Australia, Adelaide, Australia

Introduction: Sleep Restriction Therapy (SRT) has consistently 
shown therapeutic benefits to insomnia sufferers, however results are 
considered sub-optimal due to low adherence rates. SRT works by re-
stricting the insomniacs time in bed which is thought to strengthen the 
homeostatic drive for sleep. Bedtime restrictions can initially cause 
increased daytime sleepiness which in turn may reduce patient adher-
ence. Modafinil has been used to offset this sleepiness with increased 
therapeutic benefits for insomnia treatment. An alternative proposal 
may be the use of brief daytime naps that can alleviate daytime sleepi-
ness without interfering with nocturnal sleep and which may increase 
adherence to SRT and maximize treatment outcomes.
Methods: Twenty primary chronic insomniacs were recruited and 
randomly allocated to receive SRT with or without brief daytime naps 
recommended. Those in the napping condition were instructed to nap 
for no longer than 20 minutes and not nap after 5 pm. All participants 
completed two weeks of baseline and post treatment measures bracket-
ing three weeks of SRT.
Results: Improvements were shown in all sleep and daytime function-
ing measures post treatment, providing further support of SRT as an ef-
fective treatment of insomnia. Despite recommendations for brief naps 
very few participants in the napping group reported daytime napping. 
The average reported daytime sleepiness was not excessive at baseline 
and increased less than two points on the Epworth Sleepiness Scale in 
the first week of SRT. Thereafter it decreased. Retrospective reports 
suggested that the participants were usually too busy and not suffi-
ciently sleepy to be motivated to take naps during the day. They also 
identified that the period of maximum sleepiness was during the late 
evening just before allowed bedtime when napping was not permitted.
Conclusion: Further research should focus on the effects of brief eve-
ning napping within SRT or alternate strategies to alleviate evening 
sleepiness and increase compliance.
Support (If Any): Flinders University Research Grant

0653
META-ANALYSIS OF CBT-I FOR THE TREATMENT OF 
COMORBID INSOMNIA
Rogers VE, Diaz-Abad M, Liu W, Geiger-Brown J
University of Maryland Baltimore, Baltimore, MD

Introduction: Cognitive behavioral therapy for insomnia (CBT-I) is 
increasingly applied to treatment of insomnia comorbid with medical 
and psychiatric conditions. This meta-analysis aimed to determine the 
effectiveness of CBT-I for treatment of comorbid insomnia.
Methods: Multiple databases were searched for randomized controlled 
trials of CBT-I published between 1985 and 2014. Inclusion criteria 
were at least one medical or psychiatric diagnosis; and insomnia de-
fined by DSM, ICSD or research diagnostic criteria, or an Insomnia Se-
verity Index (ISI) > 7. CBT-I components included at minimum sleep 
restriction and stimulus control, lasted at least four sessions, and were 
delivered face-to-face individually or in groups.
Results: After screening 1,690 titles and abstracts, 23 studies in-
cluding 1379 patients met criteria. Disorders included chronic pain 
syndromes, cancers, hearing impairment, COPD, major depressive 
disorder, alcohol dependence, posttraumatic stress disorder and mixed 
medical and psychiatric diagnoses. There were large pre- to post-treat-
ment effects for the ISI (6 points) and Pittsburgh Sleep Quality Index 
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(3 points). Sleep diary variables all improved: sleep latency and wake 
after sleep onset (both 21 min, moderate effect size), total sleep time 
(17 min, small effect size) and sleep efficiency (9.3%, large effect size). 
Change in sleep variables from post-treatment to follow-up, extending 
from 3–18 months, showed trivial effect size. Heterogeneity of sleep 
outcomes between studies was low except for the ISI, which demon-
strated a stronger effect for individual, compared to group treatment 
(8.2 vs. 2.5 point improvement, respectively). Treatment effects were 
similar to meta-analyses of CBT-I in older adults.
Conclusion: CBT-I including its two strongest components (sleep re-
striction, stimulus control) is effective in treating comorbid insomnia 
regardless of diagnosis or severity of comorbid disease. The ISI was 
the most sensitive measure of change. Improvements endured for up to 
18 months of follow-up. Heterogeneity of sleep outcomes varied little 
despite the wide variety of comorbid disorders.
Support (If Any): University of Maryland School of Nursing Dean’s 
Research Scholar funding to Dr. Geiger Brown.

0654
TREATMENT PROTOCOL FOR A RANDOMIZED 
CONTROLLED NONINFERIORITY TRIAL TO TEST IF 
ONLINE CBT-I IS NONINFERIOR TO FACE-TO-FACE CBT-I
Kallestad H1, Langsrud K 2, Morken G1, Ritterband L3, Thorndike F3, 
Sivertsen B4, Stiles TC1

1Norwegian University of Science and Technology, Trondheim, 
Norway, 2St. Olav’s University Hospital, Trondheim, Norway, 
3University of Virginia, Charlottesville, VA, 4Norwegian Institute of 
Public Health, Oslo, Norway

Introduction: Insomnia is a highly prevalent and disabling disorder 
where Cognitive Behavior Therapy for Insomnia (CBT-I) is estab-
lished as the best available treatment. Still, only a negligible number 
of patients with insomnia receive this treatment. One potential way of 
improving the dissemination of CBT-I is by using online adaptations 
of CBT-I. This is a new method for delivering CBT-I and we do not 
know how effective online treatment is compared to face-to-face CBT-
I. We have therefore designed a trial to compare face-to-face CBT-I to 
online CBT-I. Because of the great advantage of online treatment in 
both availability and cost, the trial is designed as a noninferiority trial. 
To test if online CBT-I is noninferior in reducing insomnia complaints 
compared to CBT-I as delivered face-to-face by a therapist.
Methods: 100 patients diagnosed with insomnia disorder will be ran-
domized to face-to-face CBT-I or online CBT-I. Treatment will last 
6–8 weeks. The online treatment is to be the Sleep Healthy Using The 
internet (SHUTi) program.
Results: Main outcomes will be assessed using self-report question-
naires about sleep and sleep diaries at treatment termination and 6 
months follow-up. The non-inferiority margin is defined as a differ-
ence of 2 points on the primary outcome (Insomnia Severity Index) 
with an assumed SD of 4.0. A difference within this margin is likely to 
be of limited clinical importance.
Conclusion: The findings from this research project could open up for 
improved low-threshold implementation of established and evidence-
based treatments.
ClinTrials identifier: NCT02044263

0655
ACUPRESSURE FOR INSOMNIA IN BREAST CANCER 
SURVIVORS: A PRELIMINARY REPORT
Arnedt J1, Murphy S1, Wyatt G2, Sen A1, Harris R1, Zick S1

1University of Michigan Medical School, Ann Arbor, MI, 2Michigan 
State University, East Lansing, MI

Introduction: Insomnia occurs in 30–60% of breast cancer survivors 
(BCS) and adversely affects quality of life. Research into non-medica-
tion treatments for insomnia in BCS other than CBT is lacking. In a 
randomized controlled trial of acupressure for persistent cancer-related 
fatigue in BCS, we compared self-administered acupressure to usual 
care on self-reported measures of insomnia and sleep quality.
Methods: Women 18+ years of age with breast cancer and persistent 
fatigue (≥ 4 on the Brief Fatigue Inventory [BFI]) were recruited. Par-
ticipants had completed cancer treatments a minimum one year prior; 
were otherwise healthy; and had not participated in acupuncture or 
acupressure in the past six months. Participants with insomnia symp-
toms (sleep efficiency < 80% on baseline sleep diary) and no evidence 
of other sleep disorders were evaluated (n = 29). Women were random-
ized to six weeks of self-administered acupressure (stimulating or re-
laxing, n = 21) or usual care (UC, n = 8). The acupressure groups were 
combined for analysis. The Pittsburgh Sleep Quality Index (PSQI) was 
administered at baseline, post-acupressure (Week 6), and at 4-week 
follow-up. Two-week daily sleep diaries were recorded at baseline and 
follow-up.
Results: Global PSQI scores improved by Week 6 in the combined 
acupressure groups (−1.7 ± 3.2, p = 0.008), but not in the UC group 
(+0.1 ± 3.5, p = 0.92). Week 10 Global PSQI scores were significantly 
lower in the combined acupressure than the UC group (8.0 ± 2.3 vs. 
10.2 ± 2.2, p = 0.03) with improvements sustained at 4-week follow-
up. Sleep diary data indicated improvements over the 10-week trial in 
sleep latency (p < 0.01), wake after sleep onset (p < 0.01), sleep ef-
ficiency (p < 0.01), and total sleep time (p < 0.01) for the combined 
acupressure groups only.
Conclusion: Acupressure improves sleep quality and insomnia symp-
toms in BCS with persistent cancer-related fatigue and insomnia. Ran-
domized controlled trials of acupressure for insomnia are needed.
Support (If Any): NIH R01 CA151445 (co-PIs: S Zick and R Harris)

0656
ANXIOLYTIC EFFECTS OF COGNITIVE BEHAVIOR 
THERAPY FOR INSOMNIA: PRELIMINARY RESULTS 
FROM AN INTERNET-BASED PROTOCOL
Drake CL1, Bostock S2, Espie CA3, Singh M1, Cheng P1, Anderson JR1, 
Pillai V1

1Henry Ford Health System, Detroit, MI, 2University College London, 
London, United Kingdom, 3University of Oxford, Oxford, United 
Kingdom

Introduction: Though it is now well-recognized that insomnia can ex-
acerbate comorbid anxiety, it remains unclear whether improving sleep 
can improve co-occurring anxiety symptoms. Therefore, we assessed 
the impact of a web-delivered cognitive behavior therapy for insomnia 
(CBTI) intervention on symptoms of insomnia and anxiety.
Methods: A sample of 22 adults (49.8 ± 13.5 yo; 62.5% female) with 
DSM-IV based insomnia were randomized to either an active CBTI 
treatment group (n = 13) or an information-control group (n = 9). Spe-
cifically, participants in the active treatment group underwent a stan-
dard 6-week CBTI program delivered by a virtual therapist through 
an empirically validated computer program, whereas the information-
control group received weekly ‘sleep tips’ and general sleep hygiene 
education via email. All participants self-reported sleep parameters, 
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such as sleep onset latency (SOL), insomnia symptoms per the Insom-
nia Severity Index (ISI), as well as anxiety symptoms per the Beck 
Anxiety Inventory-Second Edition (BAI-II) at both baseline and fol-
low-up assessment.
Results: There were no significant differences between the CBTI and 
information control groups on SOL, ISI scores, or BAI scores at base-
line. The CBTI group showed a significantly larger decrease (t = 2.3; 
p < 0.05) in SOL from baseline (62.3 ± 44.0 minutes) to follow-up 
(22.3 ± 14.4 minutes) than did the information control group (baseline: 
55.0 ± 44.2 minutes; follow-up: 50.6 ± 60.2 minutes). Further, reduc-
tions in ISI scores (t = 2.1; p < 0.05) and BAI scores (t = 2.6; p < 0.05) 
were also significantly greater for the CBTI group than for the infor-
mation-control group.
Conclusion: This study offers preliminary evidence that treating in-
somnia can lead to improvements in comorbid anxiety. Replication in 
future studies with larger samples that allow for mediational analyses 
can further elucidate these anxiolytic effects of CBTI.

0657
EFFICACY OF COGNITIVE BEHAVIORAL THERAPY 
FOR INSOMNIA AND SLEEP RESTRICTION THERAPY 
FOR POST-MENOPAUSAL INSOMNIA AND COMORBID 
VASOMOTOR SYMPTOMS
Anderson JR1, Fellman-Couture C1, Koshorek G2, Roehrs TA 2, 
Roth T 2, Arnedt JT3, Drake CL1

1Henry Ford Health System, Novi, MI, 2Henry Ford Health System, 
Detroit, MI, 3University of Michigan, Ann Arbor, MI

Introduction: Insomnia is a common sleep disorder in post-meno-
pausal women. We examined the efficacy of Cognitive Behavioral 
Therapy for Insomnia (CBT-I) and Sleep Restriction Therapy (SRT) 
as treatments for post-menopausal insomnia and their effects on other 
menopausal symptoms.
Methods: Post-menopausal females (n = 32, mean age 55.5 ± 4.75) 
suffering from insomnia concurrent with menopause were recruited. 
Participants were screened for contraindicative psychopathology and 
sleep disorders via Structured Clinical Interview for DSM-IV Disor-
ders and polysomnography (PSG). All participants showed an average 
wake time after sleep onset ≥ 45 minutes as evidenced by two nights 
of PSG. Subjects were randomly assigned to receive 6-week CBT-I 
(n = 12), 2-week SRT (n = 13), or a 6-week information control (n = 7). 
The Insomnia Severity Index (ISI) and Menopause Quality of Life-In-
tervention (MENQOL-I) were administered before and after treatment.
Results: One-Way ANOVA showed no significant between-group 
differences in baseline ISI score (CBT-I: X = 13.92 ± 3.8; SRT: 
X = 14.69 ± 2.53; Control: X = 16.29 ± 3.77) or vasomotor symp-
toms as indexed by the MENQOL-I (CBT-I: X = 5.03 ± 1.62; SRT: 
X = 5.10 ± 1.87; Control: X = 4.67 ± 2.52). For ISI, the difference be-
tween groups post-treatment was significant (F = 6.66, p = 0.054). Inde-
pendent samples t-tests revealed a significant difference in ISI change 
score between CBT-I (X = −7.92 ± 4.83) and controls (X = −3.00 ± 3; 
t = −2.74, p = 0.014), and a significant difference in change score be-
tween SRT (X = −6.77 ± 3.91) and controls (t = 2.40, p = 0.029). A 
paired t-test revealed a significant decrease in vasomotor menopause 
symptoms in the SRT group (X = 4.15 ± 2.02; t = 3.80, p = 0.012), and 
an independent samples t-test showed a significant difference in vaso-
motor symptom change scores between the SRT (X = −0.95 ± 0.90) and 
control groups (X = 0.00 ± 0.47; t = 2.58, p = 0.019).
Conclusions: These results suggest that CBT-I and SRT both result in 
a reduction in insomnia symptoms in women with menopausal-related 
insomnia, with both treatments displaying similar efficacy. In addition 
to improved sleep, SRT leads to a reduction in self-reported vasomotor 
menopause symptoms post-treatment.

0658
TREATING INSOMNIA IN OLDER ADULTS WITH MILD 
COGNITIVE IMPAIRMENT IN RESIDENTIAL CARE 
SETTINGS
Cassidy-Eagle EL1,2, Siebern A 2, Unti L1, Glassman J1, O’Hara R 2

1ETR, Scotts Valley, CA, 2Stanford University School of Medicine, 
Stanford, CA

Introduction: More than half of adults over the age of 65 report serious 
problems with sleep. Rates of sleep disturbance increase with age, par-
ticularly among women and those with concurrent medical or psychiat-
ric conditions. In addition, sleep disturbance is one of the most frequent 
symptoms observed in older patients with mild cognitive impairment 
(MCI). Independent Living Facilities (ILF) and Assisted Living Facili-
ties (ALF) occupy the middle of the care continuum and represent the 
fastest growing segment of long-term care, making it possible to reach 
a large number of individuals. Sleep problems, insomnia specifically, 
are an ideal intervention target given the evidence that treatments are 
very successful for a broad range of individuals; improvements have 
the potential to broadly impact public health; and further, sleep rep-
resents a modifiable risk factor for a range of other disorders, such as 
declining cognition, depression and functional impairment.
Methods: A six-session, adapted version of a cognitive behavioral 
intervention for insomnia was administered to older adults (N = 28) 
across two residential facilities. Participants were randomly assigned 
to either the sleep intervention or an active control group. Participants 
were evaluated at baseline (T1), post-intervention (T2) and at a 2 month 
follow-up (T3). Participants’ ratings of their sleep quality via the In-
somnia Severity Index, and actigraphy ratings of sleep latency, wake 
after sleep onset and total sleep time were recorded via actigraphy, 
were included in the battery of assessment measures.
Results: Preliminary analyses support the hypothesis that this inter-
vention was effective at improving sleep in this population. The per-
cent decrease in time awake after falling asleep was greater for the 
sleep group than for the control group both from T1 to T2 (47% vs. 
15%) and for T1 to T3 (52% vs. 17%). Finally, the sleep efficiency im-
provements from T1 to T3 were higher for the sleep group than for the 
control group (10 vs. 3%).
Conclusion: It is not yet understood how MCI may moderate the ef-
fects of treatment and what therapeutic adaptations are needed to maxi-
mize treatment effects. Adaptations found to aid implementation and 
outcome will be detailed. Findings will be detailed and future studies, 
focused on transferability and scalability across residential care set-
tings will be included.
Support (If Any): This study is supported by Grant #2012-199 from 
the Retirement Research Foundation.

0659
THE ASSOCIATION BETWEEN HYPNOTIC CRAVING 
AND HYPNOTIC USE: A SIX-MONTH FOLLOW-UP 
STUDY
Tu Y1, Yang C1, Sung J2,3, Huang S3

1National Chenchi University, Taipei, Taiwan, 2Wan Fang Hospital, 
Taipei, Taiwan, 3Taipei Medical University, Taipei, Taiwan

Introduction: Although hypnotic medications are suggested for short-
term use, prolonged use is very common in clinical settings. Craving 
has been demonstrated to be one of the core elements of substance de-
pendence. It is not clear if it also plays a role in long-term hypnotic use. 
The present study aims to investigate the association between hypnotic 
craving and the frequency of hypnotic use, as well as the predictability 
of craving on hypnotic use 6 months later.
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Methods: 94 current hypnotic users were recruited from hospitals and 
communities. Subjects with severe medical and psychiatric disorders 
were excluded through a screening interview. Participants were given 
questionnaires including the Hypnotic Craving Scale (HCS), the In-
somnia Severity Index (ISI), and a questionnaire for demographic data 
and hypnotic use. Their frequency of hypnotic use and ISI were fol-
lowed after six months by phone.
Results: Pearson’s correlations showed that the HCS total score and 
subscale scores all correlated significantly with the frequency of hyp-
notic use at baseline (Total: r = 0.59, p < 0.01; F1-anticipated effects of 
hypnotic use: r = 0.43; F2-lack of cognitive and behavioral control over 
hypnotics use: r = 0.68; F3-desire and anticipated pleasurable effects 
from hypnotic use: r = 0.042; ps < 0.01) and at 6-month follow-up (To-
tal: r = 0.59, p < 0.01; F1: r = 0.46; F2: r = 0.63; F3: r = 0.044; ps < 0.01). 
Hierarchical regression identified that only the Factor 2 of the HCS 
was a significant predictor (ΔR2 = 0.052, p < 0.01) for the hypnotic 
use frequency at follow-up after controlling for age and hypnotic use 
at baseline.
Conclusion: The results indicate that craving is not only related to cur-
rent medication use but also a predictor for future hypnotic use. Among 
the components of craving, the inability to control over hypnotic use 
is the most critical factor to predict future use of hypnotic drugs in 
insomnia patients.
Support (If Any): This study is supported by the Ministry of Science 
and Technology, Taiwan

0660
DUAL OREXIN RECEPTOR ANTAGONISTS 
DEMONSTRATE EFFICACY WITH REPEATED 
TREATMENT AND RESTORE REM SLEEP FOLLOWING 
INDUCED INSOMNIA IN HEALTHY ANIMALS
Brunner J, Garson S, Gotter A, Stevens J, Tannenbaum P, Fox S, 
Uslaner J, Renger J, Winrow C
Merck, West Point, PA

Introduction: Clinical cases of abuse and dependence of GABA-A 
modulators have been documented in humans, and tachyphylaxis fol-
lowing chronic administration of GABA-A modulators may contribute 
to abuse and dependence. GABA-A modulators have been shown to 
exhibit tolerance and dependence such that sleep promoting efficacy 
diminishes with chronic exposure in rodents. The current work com-
pares effectiveness of chronic GABA-A modulator or DORA treat-
ment in rodents
Methods: Locomotor activity was assessed in wildtype C57/BL6 mice 
treated with Zolpidem (30 mg/kg, p.o., Q.D., n = 16) or DORA-12 (100 
mg/kg, p.o., Q.D., n = 16) by infrared beam break. Core temperature 
of wildtype C57/BL6 and Ox1/2R double knock-outs were monitored 
continuously over 6 days of baseline home cage conditions using im-
planted telemetry devices. Sleep efficacy and architecture in rats was 
evaluated by polysomnography in radiotelemetry-implanted animals. 
REM deprivation evaluated in mice utilizing the pedestal method for 
28 hours.
Results: Even in the presence of increased sleep drive in REM de-
prived animals, treatment with eszopiclone (60 mg/kg, po, QD) has 
no immediate impact on REM sleep in comparison to control animals, 
and even suppressed REM at later time points. On the other hand, sleep 
deprived animals treated with DORA-22 (100 mg/kg, po, QD) exhibit a 
significant increase in both non-REM and REM sleep. Animals treated 
with Zolpidem (30 mg/kg, po, QD) exhibited desensitization over a 9 
day period, with reduced or total loss of efficacy on the last day of 
treatment. Treatment with DORA-12 (30 mg/kg, po, QD) was fully ef-
ficacious throughout the same 9 day treatment window, and also had 

equal effectiveness in animals previously desensitized to Zolpidem (10 
mg/kg, p.o., QD).
Conclusion: Together, these results in animal models suggest that DO-
RAs promote sleep that is similar to natural sleep, maintain effective-
ness with chronic treatment, and have efficacy that is resistant to prior 
desensitization to GABA-A modulators.

0661
LONG-TERM OUTCOMES OF GROUP CBT-I IN 
TERTIARY SETTING
Lebus R, Martino A, Simpson N, Siebern A, Manber R
Stanford University, Stanford, CA

Introduction: Group CBT-I has been found to be an effective inter-
vention; among patients with insomnia disorder. Continued improve-
ments have been observed at 6, 12, and 24 months post-treatment in 
randomized controlled trials. Less is known about maintenance of 
treatment gains in a clinical setting, where comorbidities are common. 
In this longitudinal study, we examined the outcomes of group CBT-I 
at 24-months post-treatment in a tertiary setting.
Methods: Participants were 27 adults, age ranged from 34 to 90 y 
(M = 58.3, SD = 14.6) who presented for a 6-session CBT-I group at a 
university based sleep disorders clinic. Pre-treatment, post-treatment, 
and 24-month follow-up questionnaires included the Insomnia Severity 
Index (ISI), Dysfunctional Beliefs about Sleep (DBAS), and Glasgow 
Sleep Effort Scale (GSES).
Results: Repeated measure ANOVAs and paired-samples t-tests 
were conducted, comparing baseline to each subsequent time point. 
ISI score significantly decreased over time (F = 7.2, p = 0.012) from 
baseline (ISI = 17.6) to post-treatment (ISI = 10.1; t = 3.6, p = 0.003) 
and from baseline to 24-month follow-up (ISI = 9.1; t = 4.5, p < 0.001). 
DBAS and GSES scores also significantly decreased from baseline 
to post-treatment (p-values < 0.001) and from baseline to follow-up 
(p-values < 0.002). Whereas DBAS and ISI scores were not signifi-
cantly correlated at baseline and post treatment (p-values > 0.1), there 
was a strong positive relationship between ISI and DBAS scores at the 
24-month follow-up (r = 0.76, p < 0.001).
Conclusion: This replicated previous reports of durable benefits of 
group CBT-I and extends these findings to a tertiary setting. At the 
24-month follow-up only, insomnia severity was associated with 
DBAS, suggesting that dysfunctional beliefs about sleep might be a 
risk for insomnia relapse; this possibility will need to be directly tested 
in a randomized controlled trial with a long-term follow-up.

0662
EFFECT OF INCOMPLETE COGNITIVE BEHAVIOR 
THERAPY FOR INSOMNIA ON PATIENTS WITH 
PRIMARY INSOMNIA
Choi S, Seo J, Joo E
Samsung Medical Center, Seoul, Korea, Republic of

Introduction: Although there is little debate of the usefulness of 
cognitive-behavioral therapy for insomnia (CBTI) in patients with pri-
mary insomnia (PI), following factors such paucity of specialty-trained 
experts or the duration, intensity, and cost of 4 individual treatment 
sessions limit the widespread application in Korea. The aim of this 
study is to compare the clinical efficacy of complete (4 sessions) and 
incomplete (< 4 sessions) CBTI.
Methods: We investigated 115 adults with chronic PI (82 female, mean 
53.6 y) who were prescribed to have individual, 4-session CBTI (sleep 
education, stimulus control, sleep restriction, sleep hygiene, and cog-
nitive therapy) from Feb. 2010 to Oct. 2014. All patients completed 
self-reported 1 to 2 week sleep diary before and during CBTI. Clinical 
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efficacy was evaluated by estimated of total sleep time (TST), sleep 
latency (SL), waking after sleep onset (WASO), and sleep efficiency 
(SE) based on the sleep diaries.
Results: 36 (31.3%) completed 4-session CBTI (24 female). 31 (30.0%) 
were withdrawn after 1st session, 31 (30.0%) after 2nd session, and 17 
(14.8%) were dropped after 3rd session. Eight patients excluded due to 
incomplete sleep diary. Clinical efficacy was measured in patients who 
completed at least 2 sessions (n = 76, 66.1%). Mean SE were improved 
from 69.1 to 87.1% (p = 0.005). In 55 of 76 patients (72.4%), their SE 
was increased to normal range (≥ 85%). Other measures such as TST 
(318.5 – > 350.8 min, p < 0.001), SL (61.9 – > 27.1 min, p = 0.002), and 
WASO (84.2 – > 23.4 min, p = 0.001) were all improved after CBTI in 
76 patients.
Conclusion: About third of patients stopped voluntarily after just 1st 
session of CBTI. Nevertheless, incomplete CBTI improved sleep in-
duction and maintenance as well as sleep quality in patients with PI. 
It suggests the necessity of development of brief CBTI to increase the 
adherence of patients in Korea.

0663
A RANDOMIZED PLACEBO CONTROLLED TRIAL OF 
MELATONIN ENRICHED MILK - CAN IT IMPROVE 
SYMPTOMS OF INSOMNIA?
Campbell A, Neill A
Otago University Wellington, Wellington, New Zealand

Introduction: A naturally derived product that assisted with insomnia 
symptoms would have broad appeal. The aim of the study was to deter-
mine whether a milk product (iNdream3TM) with naturally enhanced 
levels of melatonin and other bioactive components improved sleep in 
a cohort of insomnia patients when compared with day milk (low mela-
tonin and no bioactive ingredients).
Methods: A 9 week double blind randomized placebo controlled cross-
over trial of 19 adults with primary insomnia (mean age 40 ± 14 years, 
14/19 female, Insomnia severity index (ISI) > 15, 14/19) were random-
ized to 3 weeks of iNdream3TM and 3 weeks of day milk separated by 
a one week washout. Total sleep time (TST), sleep efficiency (SE), sleep 
onset latency (SOL) and sleep quality were measured both subjectively 
(sleep diary and questionnaires) and objectively (actigraphy), over one 
week for baseline and active treatment arms. At baseline and at the end 
of each arm subjects underwent home polysomnography (PSG).
Results: Consuming iNdream3TM compared with day milk im-
proved insomnia symptoms: PSQI (Pittsburg Sleep Quality Index) ef-
ficiency (+5.2 vs −0.4, p = 0.039), PSQI daytime dysfunction (−0.58 
vs no change, p = 0.019) and sleep related disturbance (−4.3 vs −1.5, 
p = 0.011) and SOL- by sleep diary, (−8 min vs +5 min, p = 0.045). The 
% stage N3 sleep-PSG (+8 min vs −9 min, p = 0.004), SE-actigraphy 
(+2.3% vs +0.5%, p = 0.004), number of awakenings-actigraphy (−1.8/
night vs +1.5/night, p = 0.003) also improved. TST was not significantly 
different between treatments.
Conclusion: In subjects with primary insomnia, consuming a milk 
product with enhanced melatonin and other bioactive ingredients, pro-
duced small but significant improvements in insomnia symptoms; sleep 
efficiency and depth of sleep but did not change objectively measured 
total sleep time. The size of the effects seen is similar to other non-
pharmacological insomnia treatment options but smaller than those 
reported for commonly prescribed pharmaceutical hypnotic products.
Support (If Any): The study was funded by an unrestricted research 
grant from Synlait Milk Ltd

0664
CLINICAL PROFILE OF SUVOREXANT FOR THE 
TREATMENT OF INSOMNIA OVER 3 MONTHS IN MEN 
AND WOMEN: GENDER SUBGROUP ANALYSIS OF 
POOLED PHASE-3 DATA
Herring W, Connor KM, Snavely D, Zhang Y, Snyder E, Lines C, 
Michelson D
Merck & Co., Inc., Kenilworth, NJ

Introduction: Suvorexant is an orexin receptor antagonist approved 
for treating insomnia at a maximum dose of 20 mg. Previously-report-
ed Phase-3 trial results showed that suvorexant was effective and gen-
erally well-tolerated. Here we report on its clinical profile in gender 
subgroups.
Methods: Gender subgroup efficacy analyses were pre-specified and 
included pooled data from two similar randomized, double-blind, 
placebo-controlled, parallel-group, 3-month trials in elderly (≥ 65 y) 
and non-elderly (18–64 y) insomnia patients. Two age-adjusted (non-
elderly/elderly) dose-regimes of 40/30 mg and 20/15 mg were evaluated. 
Fewer patients were assigned to 20/15 mg than 40/30 mg or placebo. 
Efficacy was assessed by patient-reported outcomes (PRO), and by 
objective polysomnography (PSG) endpoints in ~75% of patients. The 
pooled safety analyses by gender included data from the 3-month trials 
plus 3-month data from a safety trial for 40/30 mg.
Results: 1264 women and 707 men were included in the efficacy 
analysis of PRO endpoints. The gender subgroup analyses mirrored 
the improvements seen for suvorexant 40/30 mg and 20/15 mg over 
placebo on PRO and PSG sleep maintenance and onset endpoints in 
the primary analyses; 95% CIs excluded zero in favor of suvorexant for 
the majority of endpoints in both subgroups and similar efficacy was 
observed across genders (95% CIs overlapped). 1744 women and 1065 
men were included in the safety analyses. Suvorexant was generally 
well-tolerated in women and men. The most frequent adverse event 
was somnolence for both 40/30 mg (women: 11.1% vs. 2.3% for pla-
cebo; men: 10.1% vs. 4.2% for placebo) and 20/15 mg (women: 8.5% vs. 
3.0% for placebo; men: 3.4% vs. 3.6% for placebo). Somnolence was 
generally transient and mild-to-moderate in intensity.
Conclusion: Suvorexant 20/15 mg and 40/30 mg were generally effec-
tive and well-tolerated by women and men with insomnia. Given that 
the maximum approved dose is 20 mg, the 20/15 mg data are the most 
clinically relevant.
Support (If Any): Merck

0665
EFFECTS OF SUVOREXANT ON SLEEP 
ARCHITECTURE IN PATIENTS WITH INSOMNIA: 
ANALYSIS OF POOLED PHASE-3 DATA
Snyder E, Ma J, Svetnik V, Connor KM, Lines C, Michelson D, 
Herring W
Merck & Co., Inc., Kenilworth, NJ

Introduction: Suvorexant is an orexin receptor antagonist approved 
for treating insomnia at a maximum dose of 20 mg. Suvorexant in-
creases total sleep time (TST) and reduces time to sleep onset. We re-
port here on its effects on sleep architecture.
Methods: The analyses included pooled polysomnography data from 
two similar randomized, double-blind, placebo-controlled, parallel-
group, 3-month trials evaluating two age-adjusted (non-elderly/elderly) 
dose-regimes of 40/30 mg and 20/15 mg in patients with insomnia. 
Polysomnography was recorded at baseline and on three nights during 
treatment: Night-1, Month-1, and Month-3. Effects on non-REM sleep 
(Stage-1, Stage-2, SWS) and REM sleep were evaluated. A power spec-
tral analysis of non-REM sleep was also performed.
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Results: 1482 patients were included in the sleep architecture analysis. 
Suvorexant increased the time spent in all sleep stages compared with 
placebo. When comparing suvorexant to placebo in terms of changes 
in % of TST spent in each sleep stage, small differences were noted 
with decreases of ≤ 2.2%, ≤ 0.8%, and ≤ 0.8% for Stage-1, Stage-2, 
and SWS, respectively, and an increase of ≤ 3.9% in REM. The larg-
est differences from placebo were observed at Night-1 and generally 
diminished over time. Suvorexant reduced REM latency (number of 
non-REM sleep 30-sec epochs from lights-off to the first REM epoch) 
compared to placebo; the reduction was greater at Night-1 (approxi-
mately 40–50 epochs) than at later timepoints (approximately 12–25 
epochs at Month-3). The spectral analysis of non-REM sleep showed 
a small decrease in power of 3–6% in the gamma and beta bands at 
Night-1 for suvorexant relative to placebo; these effects were not sig-
nificant at the later Month-1 and Month-3 timepoints.
Conclusion: Overall sleep architecture appears to be preserved in in-
somnia patients taking suvorexant. The power spectral profile of su-
vorexant is generally similar to placebo.
Support (If Any): Merck

0666
PHARMACODYNAMIC EFFECTS OF SUVOREXANT 
AND ZOLPIDEM ON ELECTROENCEPHALOGRAPHIC 
SPECTRAL DENSITY DURING SLEEP IN HEALTHY 
VOLUNTEERS
Struyk A, Gargano C, Drexel M, Stoch A, Svetnik V, Ma J
Merck & Co., Inc., Kenilworth, NJ

Introduction: Suvorexant is a dual orexin receptor antagonist recent-
ly approved in the US and Japan for treatment of primary insomnia. 
Orexin receptor antagonists establish a sleep-permissive state in pa-
tients with insomnia by blocking the wake-promoting effects of orexin 
peptides. In contrast, benzodiazepines and GABAergic agonists in-
crease inhibitory tone, inducing sleep but impacting neurophysiologi-
cal activity non-specifically throughout the central nervous system. 
Pharmacodynamic differences between these mechanisms can be reg-
istered by electrophysiological effects during sleep. The objective of 
this study was to compare cortical sleep electrophysiology in healthy 
subjects following bedtime administration of zolpidem or suvorexant 
to sleep electrophysiology following placebo treatment.
Methods: 18 healthy males received single bedtime doses of suvorex-
ant 20 mg, zolpidem 10 mg or placebo in a double blinded, randomized, 
balanced 3-period crossover study. 19-lead electroencephalogra-
phy (EEG) during non-rapid eye movement (NREM) and rapid eye 
movement (REM) sleep was recorded in a polysomnography (PSG) 
laboratory. Spectral density was analyzed for each lead for frequencies 
between 1–30 Hz.
Results: During NREM and REM sleep, zolpidem treatment elicited 
robust declines in spectral density across theta and alpha frequency 
bands in all leads compared to placebo. Suvorexant had no significant 
effects on spectral density in any frequency (1–30 Hz) during NREM 
sleep, and modest increases in spectral density limited to the theta fre-
quency during REM sleep compared to placebo. Although this small 
healthy volunteer study was not designed to detect effects on PSG sleep 
endpoints, both suvorexant and zolpidem increased mean total sleep 
time and sleep efficiency compared to placebo. Zolpidem reduced la-
tency to persistent sleep compared to placebo whereas suvorexant did 
not. Suvorexant decreased wake after sleep onset compared to placebo, 
whereas zolpidem did not.
Conclusion: The EEG spectral density profile following administra-
tion of suvorexant in healthy volunteers more closely approximates the 
placebo-treatment profile than following zolpidem.
Support (If Any): Merck & Co., Inc.

0667
A POLYSOMNOGRAPHIC STUDY OF SLEEP EFFECTS 
OF MK-1064, A SELECTIVE OREXIN-2 RECEPTOR 
ANTAGONIST, IN HEALTHY INDIVIDUALS
Struyk A, Ma J, Li X, Winrow C, Herring WJ, Zappacosta P, Renger J, 
Forman M
Merck & Co., Inc., Kenilworth, NJ

Introduction: Dual orexin receptor-1 and −2 (OX1R/OX2R) antago-
nists promote sleep, both in healthy volunteers and insomnia patients. 
Pharmacodynamic investigation of the effects of selective OX2R an-
tagonists in non-clinical species has suggested that this class of drugs 
can exert sleep-promoting effects similar to dual antagonists. MK-1064 
is a selective OX2R antagonist (~100 fold) that has a Phase I pharmaco-
kinetic, pharmacodynamic and safety profile supportive of assessment 
of clinical sleep effects.
Methods: 20 healthy male subjects without insomnia were random-
ized in a double blind 4-period balanced-sequence crossover design 
study. Subjects were assigned to receive either MK-1064 (50 mg, 120 
mg, or 250 mg) or matching placebo in each treatment period. Drug 
administration occurred approximately 1 hour before individuals’ 
habitual bedtimes followed by overnight PSG. In addition to PSG, 
subjective sleep evaluations and next-day psychomotor assessments 
including Simple Reaction Time testing (SRT), Choice Reaction Time 
testing (CRT), and the Digit Symbol Substitution Test (DSST), were 
performed.
Results: MK-1064 was generally well tolerated. All three doses of MK-
1064 decreased Latency to Persistent Sleep, the primary PSG endpoint 
for the study, compared to placebo. MK-1064 at doses of 120 mg and 
250 mg also significantly decreased Wake after Sleep Onset. In sec-
ondary analyses, MK-1064 increased Total Sleep Time, and increased 
both NREM and REM sleep times. MK-1064 250 mg significantly pro-
longed next day SRT compared to placebo, but there was no significant 
SRT treatment effect after 120 and 50 mg doses. Next-day CRT and 
DSST performance was not significantly different from placebo at any 
dose tested.
Conclusion: Selective antagonism of OX2R by MK-1064 exerts sig-
nificant sleep-promoting effects when administered at bedtime. These 
sleep effects are qualitatively similar to those attributed to dual OX1R/
OX2R receptor antagonists.
Support (If Any): Merck

0668
OPEN-LOOP NEUROFEEDBACK AUDIO-VISUAL 
STIMULATION FOR INSOMNIA IN PEOPLE WITH 
CHRONIC PAIN
Tang J1, Vitiello MV1, Perlis M2, Mao J2, Riegel B2

1University of Washington, Seattle, WA, 2University of Pennsylvania, 
Philadelphia, PA

Introduction: Insomnia and chronic pain are common comorbid con-
ditions and their relationship has been viewed as bidirectional. Recent 
studies suggest a relatively dominant role of sleep in this dyad. The 
purpose of this pilot study was to test the efficacy of an audio-visual 
stimulation program for sleep promotion in people with chronic pain, 
and to explore if an intervention that promotes sleep can reduce pain.
Methods: This was an intervention study testing an open-loop neuro-
feedback Audio-visual intervention (AVS) that provided stimulus de-
signed to enhance slow brainwaves (delta-theta). The stimulus (from 10 
to 1 Hz) was delivered through goggles (flashing light) and earphones 
(audio strobe). Participants self-administered a 35-minutes AVS pro-
gram nightly at bedtime for one month. We used a pre-post measure 
design. Participants were 18 years of age or older, had non-cancer re-
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lated pain most days over the past 6 months (Brief Pain Inventory-BPI: 
Worst pain ≥ 4 and < 10) and difficulty sleeping for 3 months, con-
firmed with the Insomnia Severity Index (ISI, score 8 or higher). Sleep 
(ISI and sleep diary) and pain (BPI) were assessed at baseline and again 
at the conclusion of the 4 week intervention phase.
Results: Nine adults (mean age 33 ± 15.8 years, range 19–63; female, 
89%) completed the study. After using the AVS device for 4 weeks, 
significant improvement was seen in reported insomnia (ISI, p = 0.003), 
worst pain (BPI, p = 0.004), and ability to sleep through pain (BPI, 
p = 0.015), although total sleep time did not change. Large effect sizes 
(Partial Eta2: 0.54–0.68) were evident in the treatment effect.
Conclusion: This pilot study is the first to examine the effect of AVS 
for sleep induction. Although the sample size was small, the significant 
improvement and large effect on sleep and pain suggested favorable 
potential of AVS as a non-pharmacological self-care intervention to 
promote sleep in adults with chronic pain. These pilot results warrant 
a future large scale randomized controlled study that further explores 
the use of AVS in insomnia and comorbid pain.
Support (If Any): This project was conducted with the support of 1) 
John A. Hartford Foundation Claire M. Fagin Fellowship, 2) National 
Institute of Nursing Research T-32 Post-doctoral fellowship (NINR 
5-T32-NR009356) from the NewCourtland Center for Transitions and 
Health, School of Nursing University of Pennsylvania, 3) Biobehav-
ioral Research Center, School of Nursing University of Pennsylvania, 
and 4) Center for Research on the Management of Sleep Disturbances 
(P30 NR011400), University of Washington.

0669
DUAL OREXIN RECEPTOR ANTAGONIST E2006 SHOWS 
EQUIVALENT EFFICACY IN MEN AND WOMEN IN 
PHASE 2 STUDY
Murphy PJ1, Bradshaw K 2, Berkman L1, Moline M1, Giorgi L2, 
Satlin A1

1Eisai Inc., Woodcliff Lake, NJ, 2Eisai Ltd., Hatfield, United Kingdom

Introduction: E2006 is a dual orexin receptor antagonist under devel-
opment for insomnia disorder. This report presents polysomnographic 
results from a Phase 2 study, with comparisons by sex.
Methods: Subjects with insomnia disorder received 1 of 6 doses of 
E2006 (1 mg–25 mg) or placebo (PBO) double-blind for 15 nights 
followed by PBO single-blind for 2 nights. Pairs of 8-hr PSGs were 
recorded at baseline (BL), first and last 2 treatment nights, and PBO 
run-out nights.
Results: 291 subjects were randomized (64% F, mean 48 yrs). BL 
PSG characteristics (all groups combined) were (mean ± SD; female/
male): SE (%) 65 ± 12 (66 ± 11/62 ± 12); median LPS (min) 67 ± 42 
(57 ± 36/67 ± 49); WASO (min) 109 ± 43 (107 ± 42/113 ± 44). 91% of 
PBO and 95% of E2006 subjects completed. LS Mean differences vs 
PBO in change from BL (CFB) at Days 1/2 for SE% were 1 mg: 4.6; 2.5 
mg: 4.4; 5 mg: 5.7; 10 mg: 8.1; 15 mg: 10.1; 25 mg: 10.1. The largest dif-
ference in SE response between females and males was 9.2% (2.5 mg); 
with other doses, the magnitude of sex difference was 0.7–4%. Median 
LPS decreased substantially from baseline in all groups (p < 0.05 vs 
PBO at ≥ 2.5 mg), as did WASO (p < 0.05 vs PBO at ≥ 10 mg). Effects 
at Days 1/2 were maintained at Days 14/15. SE was higher, LPS shorter, 
and WASO less compared to BL during the PBO run-out, indicating 
no rebound insomnia. ANCOVA showed no significant effect of sex 
on PSG endpoints. AEs of somnolence (83% mild; 17% moderate; 0% 
severe) were dose-related but were not reported at different rates in 
females vs males.
Conclusion: E2006 led to an approximately 50% decrease in both LPS 
and WASO, and SE increased to 86% on average. Baseline PSG indices 
were worse in males, but equivalent efficacy and no significant sex dif-

ferences in safety measures were observed. These results support the 
potential clinical utility of E2006 for insomnia disorder.
Support (If Any): This study was funded by Eisai, Inc.

0670
INTENTION-TO-TREAT OF SUBLINGUAL AND 
ORAL ZOLPIDEM FOR TREATING INSOMNIA: A 
RANDOMIZED CONTROLLED TRIAL
Castro LS1, Poyares D1,2, Santos CF2, Tufik S1,2

1Department of Psychobiology, Universidade Federal de Sao Paulo, 
Sao Paulo, Brazil, 2Associacao Fundo de Incentivo a Pesquisa (AFIP), 
Sao Paulo, Brazil

Introduction: Zolpidem is a standard in insomnia treatment. However, 
the incidence of treatment failure in different dosing-regimens, or ther-
apeutic-schemes remains unknown. Our objective was to evaluate a 5 
mg sublingual formulation of Zolpidem administered at bedtime, and 

‘as needed’, following middle-of-the-night-awakenings, in a 3-month, 
randomized, and double-dummy study, controlled by Oral_10 mg Zol-
pidem.
Methods: Participants were 67 adults (mean age 48 y; 79% women) 
with insomnia, reporting difficulty initiating/resuming sleep. Thera-
peutic-schemes included one sublingual and one oral tablet nightly at 
bedtime, and one elective sublingual tablet. Groups received either ac-
tive sublingual_5 mg (n = 34) or oral_10 mg (n = 33), with matching 
placebos. Medical evaluation, sleep diaries and scales were applied at 
all five visits, and blood testing, the Psychomotor Vigilance Test, and 
Polysomnography performed twice, at randomization and week-13.
Results: Of 67 randomized patients, 21 (31%) withdrawn. One lost-
to-follow, one failed to comply, and 19 due to adverse events (AE). In 
total, 152 events were registered by clinicians, 58 (38%) rated as not-
related to study medication. Headache, sleepiness, and dizziness were 
the most likely associated, followed by gastrointestinal symptoms, and 
agitation/irritability. No abuse-related or AE was observed to the point 
of discouraging the use of either drug. Of all patients, 55% (n = 37) 
achieved sustained global-clinical-improvement at week-13. Patients 
in the Oral_10 mg group had a higher incidence of symptom recur-
rence after week-6, and an increased relative-risk (1.7) for treatment 
failure. Men, divorced/widowed, lower sleep quality baseline-scores, 
and history of musculoskeletal symptoms also associated with treat-
ment failure.
Conclusion: Our study found that for about one third of patients treat-
ment fails. There might be predisposing factors preventing patients of 
benefiting from a relatively high-cost therapy that could be possibly 
easily addressed, for example by tailoring or alternating therapeutic-
schemes or routes of drug administration. To what extent such strate-
gies would influence treatment outcome remains unknown.
Support (If Any): Supported by EMS (Brazilian Pharmaceutical 
Company).

0671
FACTORS ASSOCIATED WITH LONG-TERM USE OF 
HYPNOTICS AMONG PATIENTS WITH CHRONIC 
INSOMNIA
Inoue Y1, Komada Y2, Kagimura T3

1Japan Somnology Center, Neuropsychiatric Research Institute, 
Tokyo, Japan, 2Department of Somnology, Tokyo Medical University, 
Tokyo, Japan, 3Translational Research Informatics Center, Foundation 
for Biomedical Research and Innovation, Hyogo, Japan

Introduction: This study investigated factors associated with long-
term use of hypnotics (benzodiazepines (BZDs) or benzodiazepine 
receptor agonists (BzRAs) ) in patients with chronic insomnia.
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Methods: Consecutive patients (n = 140) with chronic insomnia were 
enrolled in this study (68 men and 72 women; mean age, 53.8 ± 10.8 
years). All patients filled out a self-assessment questionnaire asking 
clinical descriptive variables at the baseline of the treatment period; 
patients received the usual dose of a single type of BZD or BzRA. The 
Pittsburgh Sleep Quality Index (PSQI) and the Zung Self-Rating De-
pression Scale were self-assessed at the baseline, and the former was 
re-evaluated at the time of cessation of medication or at the end of the 
6-month treatment period. The PSQI included the following sub-items: 
evaluating sleep quality (C1), sleep latency (C2), sleep duration (C3), 
habitual sleep efficiency (C4), frequency of sleep disturbance (C5), use 
of sleeping medication (C6), and daytime dysfunction (C7).
Results: Among the patients, 54.6% needed to continue hypnotics for 
a 6-month treatment period. Logistic regression analysis revealed that, 
among descriptive variables, only the PSQI score appeared as a sig-
nificant factor associated with long-term use {odds ratio (OR) = 2.8, 
95% confidence interval (CI) = 2.0–4.0}. The receiver operating curve 
(ROC) analysis identified that the cut-off PSQI total score at the base-
line for predicting long-term use was estimated at 13.5 points (area un-
der the curve = 0.86, 95% CI = 0.8–0.92). Among the sub-items of PSQI, 
the increases in C1: (OR = 8.4, 95% CI = 2.4–30.0), C3: (OR = 3.6, 95% 
CI = 1.1–11.5), C4: (OR = 11.1, 95% CI = 3.6–33.9), and C6: (OR = 3.4, 
95% CI = 1.9–6.2) scores were associated with long-term use.
Conclusion: This study revealed that a high PSQI score at the baseline, 
particularly in the sub-items relating to sleep maintenance disturbance, 
is predictive of long-term hypnotic treatment. Our results imply the 
limitation of the effectiveness of hypnotic treatment alone for chronic 
insomnia.

0672
THE THERAPEUTIC EFFECT OF COGNITIVE-
BEHAVIOUR THERAPY FOR INSOMNIACS WITH SHORT 
OBJECTIVE SLEEP DURATION: A RANDOMIZED 
CONTROLLED TRIAL
Lovato N, Lack L
Flinders University, Adelaide, Australia

Introduction: Recent literature suggests individuals suffering chronic 
insomnia who have short objective sleep duration have underlying 
pathophysiological and clinical characteristics distinct from those with 
normal objective sleep duration. However, it remains unclear whether 
the therapeutic effects of CBTi differ between these proposed groups 
of insomnia sufferers. The present study evaluated the efficacy of a 
brief group-based program of cognitive-behaviour therapy (CBTi) for 
older insomniacs with short objective sleep relative to those with nor-
mal sleep duration.
Methods: Ninety-four adults (male = 46, mean age = 63.34, SD = 6.41) 
with sleep maintenance and/or early morning awakening insomnia 
were selected from a community-based sample. The participants were 
classified as short sleepers (SS; < 6 hrs total sleep time) or normal 
sleepers (NS; ≥ 6 hrs total sleep time) based on one night of home-
based polysomnography. Participants were randomly allocated to a 
four-week, group-based treatment program of CBTi (N = 30 SS, N = 33 
NS) or to a wait-list control condition (N = 9 SS, N = 19 NS). One-week 
sleep diaries, actigraphy and a comprehensive battery of question-
naires were used to evaluate the efficacy of CBTi for those with short 
objective sleep relative to those with normal sleep duration. Outcome 
measures were taken at pre-treatment, post-treatment, and 3-month 
follow-up.
Results: CBTi produced robust and durable improvements in the tim-
ing and quality of sleep including later bedtimes, earlier out-of-bed 
times, reduced wake after sleep onset, and improved sleep efficiency. 
Participants also reported a reduction of scores on the Insomnia Sever-

ity Index, Flinders Fatigue Scale, Epworth Sleepiness Scale, Daytime 
Feeling and Functioning Scale, Sleep Anticipatory Anxiety Question-
naire, the Dysfunctional Beliefs and Attitudes Scale, and increased 
Sleep Self-Efficacy Scale. All improvements were significant relative 
to the waitlist group. The benefits of CBTi were comparable for those 
with short and normal objective sleep prior to treatment.
Conclusion: Older insomniacs with short objective sleep receive com-
parable therapeutic benefits following CBTi relative to those with nor-
mal objective sleep.

0673
THE EXPLORATORY POWER OF SLEEP EFFORT, 
DYSFUNCTIONAL BELIEFS, AND AROUSAL FOR 
INSOMNIA SEVERITY AND PSG DETERMINED SLEEP
Hertenstein E, Nissen C, Riemann D, Feige B, Baglioni C, 
Spiegelhalder K
University Medical Center Freiburg, Freiburg, Germany

Introduction: Differences between subjective sleep perception and 
sleep determined by polysomnography (PSG) are prevalent, particular-
ly in patients with primary insomnia, indicating that the two measures 
are partially independent. To identify individualized treatment strate-
gies, it is important to understand the potentially different mechanisms 
influencing subjective and PSG determined sleep. The aim of this study 
was to investigate to which extent three major components of insomnia 
models, i.e. sleep effort, dysfunctional beliefs and attitudes about sleep, 
and pre-sleep arousal, are associated with subjective insomnia severity 
and PSG- determined sleep.
Methods: A sample of 47 patients with primary insomnia according 
to DSM-IV criteria and 52 good sleeper controls underwent two nights 
of PSG and filled in the Glasgow Sleep Effort Scale, the Dysfunctional 
Beliefs and Attitudes about Sleep Scale, the Pre-Sleep Arousal Scale 
and the Insomnia Severity Index. Regression analyses were conducted 
to investigate the impact of the three predictors on subjective insomnia 
severity and PSG- determined total sleep time. All analyses were ad-
justed for age, gender, depressive symptoms, and group status.
Results: Subjective insomnia severity was positively associated with 
sleep effort. PSG determined total sleep time was negatively associ-
ated with somatic pre-sleep arousal and dysfunctional beliefs and at-
titudes about sleep.
Conclusion: Suggesting that subjective insomnia severity and PSG 
determined total sleep time are associated with different cognitive and 
somatic variables, our results might contribute to the formulation of 
new hypotheses for future research. The reduction of sleep effort ap-
pears to be a particularly important therapeutic target. Based on the 
results of this study, we suggest that future treatment studies investi-
gate the efficacy of treatments designed to reduce sleep effort, such as 
mindfulness based treatment or acceptance and commitment therapy.

0674
EFFECTS OF SUVOREXANT ON THE INSOMNIA 
SEVERITY INDEX IN PATIENTS WITH INSOMNIA: 
ANALYSIS OF POOLED PHASE-3 DATA
Herring W, Connor KM, Snyder E, Snavely D, Lines C, Michelson D
Merck & Co., Inc., Kenilworth, NJ

Introduction: Previously-reported Phase-3 results showed that the 
orexin receptor antagonist suvorexant improves sleep maintenance 
and onset. We report here on its effects as measured by the Insomnia 
Severity Index (ISI) which assesses sleep problems and their impact on 
daytime function.
Methods: The analysis included pooled-data from two similar ran-
domized, double-blind, placebo-controlled, parallel-group, 3-month 
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trials in elderly (≥ 65 y) and non-elderly (18–64 y) insomnia patients. 
Age-adjusted (non-elderly/elderly) dose-regimes of 40/30 mg and 20/15 
mg were evaluated. Fewer patients were assigned to 20/15 mg than 
40/30 mg or placebo. The ISI, a 7-item patient questionnaire, was ad-
ministered as an exploratory assessment at Months 1 and 3.
Results: 1824 patients were included in the analysis. Compared to pla-
cebo, suvorexant improved change-from-baseline in total score at both 
timepoints (Month 3: 20/15 mg = −6.2, 40/30 mg = −6.7, placebo = −4.9, 
p-values < 0.001) and the percentage of responders (≥ 6-point improve-
ment from baseline) at both timepoints (Month 3: 20/15 mg = 55.5%, 
40/30 mg = 54.9%, placebo = 42.2%, p-values < 0.001). Scores for 
individual items of the ISI showed numerical improvement for both 
suvorexant dose regimes versus placebo at both timepoints; for 40/30 
mg p-values were < 0.01 for all items at both timepoints, for 20/15 
mg p-values were < 0.01 at ≥ 1 timepoint for all items except “sleep 
problem interferes with daily functioning”. The “impact of insomnia” 
component (last 3 items) which assesses the impact of insomnia on 
daytime function/quality-of-life was improved by both dose regimes 
versus placebo at both timepoints (p-values < 0.01).
Conclusion: Suvorexant 20/15 mg and 40/30 mg improve sleep as as-
sessed by the ISI in patients with insomnia. Improvement in sleep on-
set/maintenance as well as a reduction of the impact of sleep problems 
on daytime function contribute to the overall improvement observed in 
ISI total score. Given that the maximum approved dose is 20 mg, the 
20/15 mg data are the most clinically relevant.
Support (If Any): Merck

0675
CASE SERIES REVIEW OF CBT-I OUTCOMES: THE 
RELEVANCE OF MEDICATION USE AND MORBIDITY
Nesom G, Corbitt C, Andalia P, Findley J, Perlis M, Gehrman P, 
Grandner M
University of Pennsylvania, Philadelphia, PA

Introduction: The efficacy of CBT-I in randomized trials is well-es-
tablished. Last year data were presented on the “real world” efficacy of 
CBT-I and it was shown that, overall, the in-clinic outcomes were com-
parable to meta-analytic norms. The present study examined whether 
the in-clinic outcomes vary with medication use or comorbidity.
Methods: Seventy-Nine patients (47% female; mean age = 52 ± 15.8 
years) were evaluated and treated at the Penn Center for Sleep. The 
sample was sorted into several subgroupings including: 1) patients who 
did not use hypnotics during treatment (Nonmed, n = 39) and patients 
who used hypnotics throughout treatment or who were tapered off 
during treatment (Med, n = 40); 2) patients with one or more medical 
comorbidities (n = 37), one or more psychiatric comorbidities (n = 5), 
both medical and psychiatric comorbidities (n = 29), or no comorbid 
conditions (n = 8). Outcome data were coded to reflect either treatment 
response (SL and/or WASO reduced by 50%) or remission (both SL 
and WASO are < 30 min). Changes were calculated based on data from 
the first and final sessions. All subjects had at least 4 sessions but the 
absolute number of sessions was free to vary. Outcomes were evalu-
ated using chi-squared tests.
Results: There were no significant group differences in rates of re-
sponse and remission for patients using and not using hypnotics, or for 
between group contrasts with respect to comorbidity.
Conclusion: The analysis based on concurrent use and non-use of 
medication was adequately powered. The absence of group differ-
ences may reflect the lack of relevance of this factor. Alternatively, the 
potential confounding effects of medication may have yielded similar 
outcomes but required more sessions and/or were only comparable for 
subjects that were weaned from medication or for subjects that reduced 
their medication use. The analysis of outcomes by comorbidity was 

not adequately powered for the Psych and No Comorbid Illness groups. 
Alternative analyses are on-going.

0676
A PILOT TEST OF AN ONLINE COGNITIVE-
BEHAVIORAL INSOMNIA THERAPY FOR PATIENTS 
WITH COMORBID INSOMNIA AND SLEEP APNEA
Edinger JD1,2, Simmons B1, Goelz K1, Bostock S3, Espie CA4,3

1National Jewish Health, Denver, CO, 2Duke University Medical 
Center, Durham, NC, 3Sleepio.com, Oxford, United Kingdom, 
4Oxford University, Oxford, United Kingdom

Introduction: Cognitive behavioral insomnia therapy (CBT) com-
bined with standard therapy (e.g., CPAP) for obstructive sleep apnea 
(OSA) seemingly provides optimal outcomes for those with comorbid 
OSA and insomnia. Whereas many such patients have difficulty ac-
cessing a CBT provider, emerging online CBT (OCBT) interventions 
may provide a remedy for this problem. This pilot study tested the ef-
ficacy of an OCBT for such patients.
Methods: Participants were 10 adults with OSA and comorbid insom-
nia being treated with CPAP. All had unresolved insomnia despite us-
ing CPAP and indicated willingness to try OCBT. Patients completed 
the Insomnia Severity Index (ISI) and Epworth Sleepiness Scale (ESS), 
and then were randomized to a waitlist (WL: n = 5) or OCBT (n = 5). 
The OCBT group was given free access to the commercially avail-
able online Sleepio® program and allowed 8 weeks to complete its 6 
sessions. OCBT recipients provided nightly sleep estimates using the 
online sleep diary while using the Sleepio® program. Eight weeks af-
ter completing their initial ISI and ESS, both groups again completed 
these measures. ANOVAs and effect size calculations were used to 
compare ISI and ESS changes observed for the OCBT and WL groups. 
Mean changes in sleep diary total sleep time (TST) and sleep efficiency 
(SE) for OCBT recipients were also examined.
Results: Nine of 10 patients enrolled (4 OCBT; 5 WL) continued in the 
study once randomized and completed study measures. OCBT recipi-
ents showed an 8-point mean ISI score decline whereas WL assignees 
showed only a 3-point average ISI score decline across the two assess-
ment time points (p = 0.24; ES = 0.82). OCBT recipients also showed 
a 5-point mean EES score decline, whereas the mean change shown by 
the WL group was a 1.8-point increase (p = 0.02; ES = 1.42). At post-
intervention assessment, 3 of 4 OBCT patients had normal ISI scores 
(< 8) whereas only 1 of 5 WL achieved a normal ISI score. All four 
OCBT assignees had normal ESS scores (≤ 10) at the post-intervention 
assessment whereas only 2 of 5 WL had normal ESS scores at that 
time. The OCBT group reported mean (± STD) increases of 1.36 (± 2.7) 
hours in TST and 24% (± 27.2%) in their SE during treatment.
Conclusion: CPAP-treated comorbid OSA/insomnia patients can 
achieve additional benefits from OCBT. Trials to compare OCBT, 
therapist-directed CBT and usual care for comorbid OSA/insomnia 
patients are warranted.
Support (If Any): Support provided by Sleepio® UK

0677
PRE-SLEEP AROUSAL IN PATIENTS WITH INSOMNIA 
DISORDER WITH AND WITHOUT OBSTRUCTIVE 
SLEEP APNEA
Crawford MR, Crisostomo MI, Wyatt JK, Ong JC
Rush University Medical Center, Chicago, IL

Introduction: Between 20–40% of individuals with insomnia have 
co-morbid obstructive sleep apnea (OSA). The psychological charac-
teristics of this comorbid population are not well identified. The aim of 
this study was to explore the role of pre-sleep arousal in patients with 
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insomnia disorder (ID), compared to insomnia and co-morbid OSA 
(ID+OSA).
Methods: One-hundred and forty-six participants with insomnia dis-
order underwent an overnight polysomnogram (PSG) to confirm OSA 
(Apnea Hypopnea Index, AHI ≥ 5). Each participant completed the 
Pre-Sleep Arousal Scale (PSAS), Epworth Sleepiness Scale (ESS) and 
Fatigue Severity Scale (FSS). Scores on these scales were compared be-
tween the two groups (ID and ID+OSA) using an independent-samples 
t-test or Mann-Whitney test. The ID+OSA group was further divided 
into three groups by insomnia phenotype (onset, maintenance, mixed) 
using median splits on each of the first three items of the Insomnia Se-
verity Index (ISI). Differences in PSAS scores across phenotypes were 
explored using a Kruskal-Wallis test.
Results: Of the 146 participants (females = 92, mean age = 48 yrs, mean 
ISI = 17.3), 55.5% participants had confirmed comorbid OSA. Pre-sleep 
arousal was higher in those with ID (mean = 35.9, SD = 9.0) compared 
to the ID+OSA group (m = 30.4, SD = 10.2, t(142) = 3.4, p < 0.01). The 
two groups differed significantly on the cognitive (p < 0.001), but not 
the somatic arousal subscale (p = 0.1). There were no differences in 
daytime sleepiness and fatigue. Of the 81 individuals with comorbid 
OSA, 5 had sleep onset, 31 had sleep maintenance and 40 mixed in-
somnia (both onset and maintenance). There were differences in PSAS 
across phenotypes (χ2 (2) = 12.94, p < 0.01). Posthoc analysis revealed 
that onset [median = 35] and mixed [median = 33] phenotypes had 
higher pre-sleep arousal than the maintenance group [median = 24].
Conclusion: This study indicates that cognitive arousal is more promi-
nent in ID compared to ID+OSA. Furthermore, arousal was different 
across OSA participants depending on phenotype and it is thus unlikely 
that sleep disordered breathing per se is associated with higher arousal.
Support (If Any): This research is supported by two grants 
(K23AT003678, R0HL114529) from the National Center for Comple-
mentary and Alternative Medicine (NCCAM), the National Heart, 
Lung, and Blood Institute (NHLBI) and the National Institutes of 
Health (NIH).

0678
IMPACT OF INTERNET-DELIVERED CBT FOR 
INSOMNIA ON DEPRESSION SYMPTOMS IN ADULTS 
AT-RISK FOR MAJOR DEPRESSION: RESULTS OF AN 
RCT COMPARING ONLINE CBT-I VERSUS A HEALTH 
WEBSITE
Christensen H1, Glozier N2, Thorndike F3, Ritterband L3, 
Mackinnon A4, Batterham P5, Bennett K6, Bennett A6, Griffiths K6

1Black Dog Institute, University of New South Wales, Randwick, 
Australia, 2University of Sydney, Psychiatry, Central Clinical School, 
Sydney, Australia, 3University of Virginia Health System, Psychiatry 
and Neurobehavioral Sciences, Charlottesville, VA, 4University 
of Melbourne, Orygen Youth Health Research Centre, Victoria, 
Australia, 5Australia National University, College of Medicine, 
Biology, and Environment, Canberra, Australia, 6Australia National 
University, Centre for Mental Health Research, Canberra, Australia

Introduction: Cognitive Behaviour Therapy for Insomnia (CBT-I) 
delivered through the Internet has been shown to be effective as an 
intervention to improve sleep in individuals seeking help for insomnia. 
CBT-I has also been shown to lower levels of depression. However, it is 
not known if targeting insomnia using online CBT-I can lower depres-
sive symptoms in those at risk for development of major depression. 
The current study was, in part, designed to evaluate whether Internet 
delivery of a fully automated self-help CBT-I program could lower de-
pression symptoms in an at-risk real-world sample.
Methods: A sample of 1,148 community-dwelling adults (aged 18–64) 
in Australia, who screened positive for both insomnia and subclinical 

levels of depressive symptoms, were randomised to either a 9-week 
Internet-delivered CBT-I program (SHUTi: Sleep Healthy Using the 
Internet) or an attention-matched control website (HealthWatch). Al-
though longer-term follow-up data are still being collected, Pre-Post 
data collection is complete and includes self-reported symptoms of 
depression (Patient Heath Questionnaire-9, PHQ-9) and anxiety (Gen-
eralized Anxiety Disorder-7, GAD-7).
Results: Analysis of the Pre-Post data shows that, after controlling 
for baseline levels of depression, adults in the online CBT-I group ex-
perienced greater Pre-Post reductions in depression symptoms (PHQ 
mean change from 8.02 to 3.65) than adults in the control group (PHQ 
change from 7.84 to 6.24), estimate = −2.77, p < 0.001. Adults in the 
online CBT-I group also experienced greater Pre-Post reductions in 
anxiety (GAD-7 change from 5.83 to 2.98) than adults in the control 
group (GAD-7 change from 5.77 to 5.02), estimate = −2.11, p < 0.001.
Conclusion: This is the largest known research dataset evaluating 
CBT-I as a means of reducing depressive symptoms, potentially pro-
viding a scalable, low-cost method to impact depression by focusing on 
a condition that may be less stigmatising. Data from the Pre-Post da-
taset support the notion that online, fully automated CBT-I can reduce 
depressive symptoms.
Support (If Any): This study is supported by a grant from the National 
Health and Medical Research Council, Australia (GNT1005867).

0679
INSOMNIA WITH PHYSIOLOGICAL HYPERAROUSAL 
IS ASSOCIATED WITH HYPERTENSION: A MULTIPLE 
SLEEP LATENCY TEST STUDY
Li Y1, Vgontzas AN1, Fernandez-Mendoza J1, Bixler EO1, Tang X 2

1Pennsylvania State University, Hershey, PA, 2Sichuan University, 
Chengdu, China

Introduction: Insomnia with objective short sleep duration has been 
linked with higher risk of hypertension and physiological hyperarousal 
was speculated to be the underlying mechanism. This is the first study 
to examine whether insomnia with physiological hyperarousal, as mea-
sured by the Multiple Sleep Latency Test (MSLT), is associated with an 
increased risk of hypertension.
Methods: We studied 219 insomniacs (39.5 ± 10.8 years, 63% Female) 
and 96 normal sleepers (40.0 ± 10.2 years, 67% Female) who underwent 
one night in-lab polysomnography followed by a standard MSLT. Hy-
perarousal was defined based on the median of average MSLT values 
(i.e., > 14 min). Insomnia was defined based on DSM-IV-TR criteria 
with symptoms lasting ≥ 6 months. Hypertension was defined based ei-
ther on measured blood pressure or diagnosis/treatment by a physician. 
Logistic regression models were used to examine the association of 
insomnia with hypertension based on different levels of hyperarousal.
Results: Significant linear relationships between average MSLT values 
and blood pressure (systolic p-linear < 0.05; diastolic p-linear < 0.01) 
or frequency of hypertension (p-linear 14 min was associated with 3.3 
odds of hypertension (OR = 3.27, 95% CI = 1.20–8.96), whereas the 
joint effect of insomnia and MSLT > 17 min (75th percentile) was as-
sociated with 4.3 odds (OR = 4.33, 95% CI = 1.48–12.68). In contrast, 
insomnia with MSLT < 14 min was not associated with significantly 
increased odds of hypertension.
Conclusion: Insomnia with physiological hyperarousal is associated 
with a significant risk for hypertension in a dose-response manner. 
Long MSLT values may be a reliable index of physiological hyper-
arousal and the biological severity of insomnia.
Support (If Any): NNSF 81170072, 81328010, GZ538, National Ba-
sic Research Program of China (No: 2015CB856400) and National 
Government Building High-level University Graduate Programs 
(201306240136)
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0680
COGNITIVE FUNCTIONING IN OLDER ADULTS WITH 
COMORBID INSOMNIA AND SLEEP APNEA
Dzierzewski JM1,2, Fung CH1,2, Truong C1,2, Rodriguez JC1,2,3, 
Song Y2, Jouldjian S2, Josephson K 2, Kulick AD2, Irwin MR1, 
Small G1, Alessi C1,2, Martin JL1,2

1University of California, Los Angeles, Los Angeles, CA, 2VA Greater 
Los Angeles, Los Angeles, CA, 3Universidad Catolica de Chile, 
Santiago, Chile

Introduction: Research has examined the independent relationships 
between insomnia and cognitive functioning, and between sleep apnea 
and cognitive functioning. However, insomnia and sleep apnea are of-
ten comorbid, and the cognitive profile of older adults with both disor-
ders is unknown. We examined the cognitive profiles of older Veterans 
with comorbid insomnia and sleep apnea.
Methods: Subjects included 40 older Veterans (mean age = 64.8 ± 8 
years) recruited from a VA Sleep Clinic. All subjects underwent either 
an in-laboratory sleep study or a portable home sleep test, and were 
screened for insomnia using the International Classification of Sleep 
Disorders, 3rd edition (ICSD3). Subjects meeting both ICSD-3 criteria 
for insomnia and having an apnea-hypopnea index (AHI) ≥ 15 were 
included in the present analysis. Subjects completed a cognitive battery 
assessing : (1) long-term memory, (2) working and short-term memory, 
(3) processing speed, and (4) executive functioning (i.e., language/ver-
bal fluency and sequencing/switching). One-sample t-tests were used 
to determine whether the obtained cognitive scores significantly dif-
fered from demographically-adjusted normative values.
Results: Average AHI of the sample was 35 (± 17.3). Older adults with 
comorbid insomnia and sleep apnea displayed significant cognitive 
deficits in (1) all measures of long-term memory, t(39)’s = 3.59–6.26, 
p’s < 0.001, (2) one out of two measures of working memory, t(39) = 2.54, 
p < 0.05, and the single indicator of short-term memory, t(39) = 2.24, 
p < 0.05, (3) all measures of processing speed, t(39)’s = 5.23–9.30, 
p’s < 0.001, and (4) one out of two measures of language/verbal fluency, 
t(39) = 4.43, p < 0.001, and the single indicator of sequencing/switching, 
t(39) = 4.91, p < 0.001.
Conclusion: The cognitive profiles of older adults with comorbid in-
somnia and sleep apnea are evident of deficits across multiple cogni-
tive domains. These deficits may directly impact treatment adherence, 
quality-of-life, and functional independence. Studies are needed to 
examine the cognitive response of combined treatments for comorbid 
insomnia and sleep apnea.
Support (If Any): VA Health Services Research & Development (IIR 
123532, Alessi), UCLA Claude Pepper Center (5P30AG028748), UCLA 
CTSI (UL1TR000124), and VA Greater Los Angeles Healthcare Sys-
tem Geriatric Research Education and Clinical Center.

0681
TIME TO INITIAL INSOMNIA DIAGNOSIS AND 
SEDATIVE HYPNOTIC PRESCRIPTION IN A VETERAN 
COHORT
Bramoweth AD1, Lambiase MJ1,2, Walker JD1, Hanusa BH1, Luther J1, 
Germain A 2, Atwood CW1,2

1VA Pittsburgh Healthcare System, Pittsburgh, PA, 2University of 
Pittsburgh School of Medicine, Pittsburgh, PA

Introduction: Insomnia is commonly comorbid with psychiatric dis-
orders and treated with prescription sedative hypnotics. However, less 
is known about the temporal relationships between insomnia, psychi-
atric comorbidities, and sleep medications.
Methods: Data was obtained from electronic medical records of a VA 
Pittsburgh Healthcare System (VAPHS) cohort (n = 35,479). ICD codes, 

grouped by disorder, were used to determine diagnosis of insomnia 
and psychiatric disorders. Sedative hypnotics included benzodiaz-
epine receptor agonists (BzRA), trazodone, and temazepam in doses 
indicated for treating insomnia. Survival analysis, using Kaplan-Meier 
estimates, was used to compare the mean and median duration from 
entry into VAPHS to the initial insomnia diagnosis and prescription of 
a sedative hypnotic for Veterans with and without psychiatric disorders.
Results: Time to insomnia took longer for Veterans with depressive, 
adjustment, or substance disorders. Time to insomnia was also pro-
longed if prescribed BzRA or trazodone; however, time to insomnia 
was shorter if prescribed temazepam. Insomnia was the only diagnosis 
with shorter time to temazepam and PTSD the only diagnosis with 
shorter time to BzRA. PTSD, depression, anxiety, and substance abuse 
resulted in shorter time to trazodone. For Veterans with adjustment dis-
order, subsequent diagnosis of insomnia significantly prolonged time 
to BzRA, trazodone, and temazepam. The same was true for PTSD and 
time to trazodone.
Conclusion: Contrary to expectations, time to insomnia was prolonged 
in Veterans with a psychiatric disorder. Time to first sedative hypnotic, 
however, was accelerated in Veterans without insomnia. This supports 
previous research that insomnia remains treated primarily as a symp-
tom, at least initially, rather than a comorbid disorder. Temazepam 
appears to be an important indicator for accelerated insomnia diag-
nosis. Temazepam, over trazodone or BzRA, may indicate more se-
vere insomnia symptoms and therefore a more rapid diagnosis. Further 
investigation of temporal relationships between insomnia, psychiatric 
comorbidities, and sedative hypnotics may help improve assessment, 
diagnosis, and treatment of insomnia.
Support (If Any): VISN 4 MIRECC Pilot Project funds (PI: 
Bramoweth) and infrastructure provided by the VISN 4 Mental Ill-
ness Research, Education and Clinical Center (MIRECC, Director: D. 
Oslin; Pittsburgh Site Director: G. Haas), VA Pittsburgh Healthcare 
System. The content is solely the responsibility of the authors and does 
not represent the official views of the Department of Veterans Affairs 
or the United States Government.

0682
INTER-RELATIONSHIPS OF SLEEP DURATION AND 
RESISTANT HYPERTENSION IN A CLINIC-BASED 
COHORT WITH BASELINE HYPERTENSION AND 
OBSTRUCTIVE SLEEP APNEA
Strambu B1, Griffith SD2, Moul D1, Mehra R1, Walia HK1

1Sleep Disorders Center, Neurological Institute, Cleveland Clinic, 
Cleveland, OH, 2Department of Quantitative Health Sciences, 
Cleveland Clinic, Cleveland, OH

Introduction: Hypertension (HTN) has been identified as a conse-
quence of obstructive sleep apnea (OSA) and also as a factor in short or 
long self-reported total sleep time (TST), however, these inter-relation-
ships in resistant HTN (RHTN) remain under-studied. We hypothesize 
that extremes of sleep duration are associated RHTN in patients with 
HTN and OSA.
Methods: Multivariable logistic regression models were used to ex-
amine the cross-sectional relationship of self-reported TST and RHTN 
in patients with HTN and OSA (Apnea Hypopnea Index > 5) from 
July 2008 to July 2013 in the Cleveland Clinic. A five-level predictor 
for TST (sleep in hours; [ ≤ 5, (5–7), [7–8] (reference), (8–9], > 9) was 
included in the models with the following covariates considered: age, 
sex, race, body mass index (BMI),diabetes mellitus (DM), education, 
marital status, alcohol and caffeine consumption, sleepiness (Epworth 
Sleepiness Scale; ESS) and depression (Patient Health Question-
naire-9; PHQ-9).
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Results: Final models included 878 patients. Demographics (mean age 
58 ± 12 years, 52%male, 72% Caucasian, BMI 36 ± 9 kg/m2, 14.8% 
RHTN, 29% using alcohol, median AHI 29 (25th–75th percentile, 
15–54), mean ISI 16 ± 6 (among 18% of patients who answer “yes” 
to an insomnia qualifier question) and self-reported TST distribu-
tion (29% ≤ 5, 35% between 5–7, 28% between 7–8, 7% > 8 hours) 
provided sufficient modeling data. No significant cross-sectional as-
sociation was observed between TST and RHTN after covariate ad-
justment. As anticipated, non-Caucasian race (odds ratio [OR] = 2.06, 
95% CI [1.34–3.17]), alcohol use (OR = 2.14 [1.42–3.23]), previous his-
tory of DM (OR = 1.58 [1.05, 2.37]) and increased BMI (OR = 1.04 
[1.02–1.06]) were associated with increased odds of RHTN in the fully 
adjusted model.
Conclusion: No significant cross-sectional relationships between 
RHTN and TST were observed. High BMI, history of DM, alcohol 
use and non-Caucasian race were associated with increased odds of 
RHTN. We recommend enhanced screening strategies for RHTN in 
these patients.
Support (If Any): Research was made possible by the Cleveland 
Clinic Neurological Institute Research Project Pilot Funding. We ac-
knowledge the Knowledge Program Data Registry of Cleveland Clinic, 
Cleveland, OH for providing the data used in these analyses. We ac-
knowledge the Neurological Institute Center for Outcomes Research 
and Evaluation (NI-CORE) Cleveland Clinic, Cleveland, OH for pro-
viding bio-statistical resources

0683
RESISTANT HYPERTENSION AND FUNCTIONAL 
STATUS MEASURES AS PREDICTORS OF INSOMNIA 
SYMPTOM RESPONSE TO CONTINUOUS POSITIVE 
AIRWAY PRESSURE IN OBSTRUCTIVE SLEEP APNEA 
IN A CLINIC-BASED COHORT
Strambu B1, Griffith SD2, Moul DE1, Drerup M1, Mehra R1, Walia H1

1Sleep Disorders Center, Neurological Institute, Cleveland Clinic, 
Cleveland, OH, 2Department of Quantitative Health Sciences, 
Cleveland Clinic, Cleveland, OH

Introduction: Clinic-based predictors of insomnia improvement after 
continuous positive airway pressure (CPAP) initiation in obstructive 
sleep apnea (OSA) and hypertension (HTN) are sparse. We postulate 
that resistant hypertension (RHTN), due to accompanying higher sym-
pathetic activation, and secondarily sleepiness and depression, will 
predict insomnia improvement after OSA treatment.
Methods: This clinic-based retrospective study involved data from 
patients with insomnia (Insomnia Severity Index (ISI > 10), OSA (Ap-
nea Hypopnea Index, AHI > 5) and HTN from July 2008 to July 2013. 
Among those with baseline insomnia, multivariable logistic regres-
sion models were used to examine insomnia remission (ISI < 10) in 
response to CPAP therapy relative to baseline RHTN status (primary 
predictor). Sleepiness (Epworth Sleepiness Scale; ESS) and depression 
(Patient Health Questionnaire-9; PHQ-9) (secondary predictors) were 
also examined. Age, sex and body mass index (BMI) were included 
in the fully adjusted model. Odds ratios and 95% confidence intervals 
are presented.
Results: 149 patients comprised the final analytic sample: age 58 ± 12 
years, 42% male, 71% Caucasian, BMI was 36 ± 9 kg/m2, 15% with 
RHTN and median AHI of 31 (25th-75th percentile, 17–52). 66 of these 
patients (44%) remitted at the first visit after CPAP initiation (mean du-
ration of 81 ± 50 days) (indicated “no” to insomnia qualifier question or 
ISI < 10). No significant association was observed between RHTN and 
insomnia remission with CPAP after covariate adjustment. Although 
no significant association was observed with ESS, a 37% decreased 

odds of insomnia remission per 5-point increase in PHQ-9 (OR = 0.63; 
95% Cl: 0.44–0.91) was noted.
Conclusion: In this pragmatic clinic-based study, RHTN status did not 
predict insomnia remission in response to CPAP therapy in co-morbid 
insomnia; this is possibly explained by irreversibility of the RHTN-
related hyperarousal state in response to CPAP. Alternatively, higher 
depression scores predicted decreased insomnia remission after CPAP 
suggesting the potential need for enhanced/supplementary strategies 
to combat insomnia in this subgroup.
Support (If Any): Research was made possible by the Cleveland 
Clinic Neurological Institute Research Project Pilot Funding. We ac-
knowledge the Knowledge Program Data Registry of Cleveland Clinic, 
Cleveland, OH for providing the data used in these analyses. We ac-
knowledge the Neurological Institute Center for Outcomes Research 
and Evaluation (NI-CORE) Cleveland Clinic, Cleveland, OH for pro-
viding bio-statistical resources.

0684
GHRELIN AND LEPTIN LEVELS IN PATIENTS WITH 
INSOMNIA
Moraes W1, Poyares D2, Tufik S 2

1UNIFESP, Sao Paulo, Brazil, 2Psychobiology, UNIFESP, Brazil

Introduction: The objective of this study is to evaluate differences in 
metabolic parameters in adults with and without insomnia complaints.
Methods: We analyzed data from Episono including 1024 individu-
als, 468 males, 574 females 20–80 years old. Individuals were classi-
fied in three groups: no insomnia, insomnia complaints and insomnia 
syndrome. These groups were compared for levels of glucose, insuline, 
cholesterol, HDL, LDL, VLDL, triglicerides, homocysteine, ghrelin, 
leptin, TGO, TGP, creatinine, and cortisol. Statistical comparisons 
were made by one-way ANOVA.
Results: Significant differences (p < 005) among groups were found 
for the following metabolic parameters: glucose, cholesterol, HDL, ho-
mocysteine, leptin and creatinine.
Conclusion: Insomnia is related to alterations in multiple metabolic 
parameters corroborating previous research. The significance of these 
findings remains to be clarified.
Support (If Any): FAPESP and AFIP

0685
COGNITIVE-BEHAVIORAL THERAPY FOR INSOMNIA 
COMORBID WITH PSYCHIATRIC AND MEDICAL 
CONDITIONS: A META-ANALYSIS
Wu JQ1, Appleman ER1, Salazar RD1, Ong JC2

1Boston University, Boston, MA, 2Rush University Medical Center, 
Chicago, IL

Introduction: Cognitive-behavioral therapy for insomnia (CBT-I) is 
the current gold standard non-pharmacological treatment for insomnia 
disorders. Although meta-analyses have examined primary insomnia, 
less is known about the comparative efficacy of CBT-I on comorbid 
insomnia. The objective of the study is to examine the efficacy of CBT-
I for insomnia comorbid with psychiatric and/or medical conditions 
for: 1) remission from insomnia; 2) self-reported sleep efficiency (SE), 
sleep onset latency (SOL), wake after sleep onset (WASO), total sleep 
time (TST), and subjective sleep quality; and 3) comorbid symptoms.
Methods: A systematic search was conducted in June, 2014 through 
PubMed, PsychINFO, the Cochrane Library, and manual searches. Tri-
als were included if they were randomized clinical trials with at least 
one CBT-I arm, and had an adult sample meeting diagnostic criteria 
for insomnia and a co-occuring condition. Thirty-eight trials were in-
cluded in the final analyses; main outcomes derived from sleep diary 
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and other self-report measures were meta-analyzed using a random-
effects model. Study quality was evaluated using the Cochrane Risk of 
Bias Assessment Tool.
Results: At post-treatment, 36% of patients who received CBT-I were 
in remission from insomnia, compared to 17% in control conditions 
(pooled OR: 3.14, p < 0.0001). Pre-post controlled effect sizes (ESs) 
were medium to large for most sleep parameters (SE: Hedges’ g = 0.88; 
SOL: Hedges’ g = 0.79; WASO: Hedges’ g = 0.68; sleep quality: Hedg-
es’ g = 0.83; p’s < 0.0001), except TST. Comorbid outcomes yielded a 
small ES (Hedges’ g = 0.39, p < 0.0001); improvements were greater in 
psychiatric than in medical populations (X2

Interaction = 12.24, p < 0.0001).
Conclusion: CBT-I is efficacious for improving insomnia symptoms 
and sleep parameters for patients with comorbid insomnia. A small 
effect was found across comorbid outcomes, with larger effects on psy-
chiatric relative to medical conditions. Large-scale studies with more 
rigorous designs to reduce detection and performance bias are needed 
to improve the quality of the evidence.
Support (If Any): Dr. Ong serves as a consultant for Sleepio, Inc. This 
activity is not related to the current study. Other authors have no con-
flicts to disclose.

0686
PERFECTIONISM AND INSOMNIA: THE MEDIATING 
ROLE OF ANXIETY AND DEPRESSION
Akram U, Ellis JG, Barclay NL
Northumbria Centre for Sleep Research, Northumbria University, 
Department of Psychology, Newcastle upon Tyne, United Kingdom

Introduction: Perfectionism can be considered a predisposing factor 
in the onset of insomnia. Prior research has demonstrated that indi-
viduals with insomnia often exhibit aspects of perfectionism. Further, 
symptoms of anxiety and depression often appear to be prominent 
amongst those with insomnia. Despite this, examination of these fac-
tors together has been limited. The present study aimed to determine 
whether individuals with insomnia, compared to normal-sleepers, re-
port increased aspects of perfectionism. In addition, the meditational 
role of anxiety and depression was examined.
Methods: Seventy-eight participants, 39 of whom met the DSM-5 cri-
teria for insomnia disorder (92% female, mean age 22.18 years ± 5.37 
years) and 39 normal-sleepers (69% female, mean ages 24 years ± 6.25 
years), completed two Multidimensional Perfectionism Scales (F-MPS; 
HF-MPS) and the Hospital Anxiety and Depression Scale (HADS).
Results: Individuals with insomnia reported significantly higher 
scores of concern over mistakes (t(76) = −2.50, p = 0.02), doubts about 
action (t(76) = −2.64, p = 0.01) and parental criticism (t(76) = −2.74, 
p = 0.01) compared to normal-sleepers. In addition, individuals with 
insomnia also reported greater symptoms of anxiety (t(76) = −4.49, 
p = 0.01) and depression (t(76) = −2.80, p = 0.01). However, a series 
of ANCOVA analyses demonstrated that when anxiety and depression 
were controlled for, none of the previous differences concerning per-
fectionism remained significant, p > 0.05.
Conclusion: The present study indicated that although individuals 
with insomnia exhibit a greater degree of concern over mistakes (e.g., 

“people will think less of me if I make a mistake”), doubts about action 
(e.g., “I have doubts about everyday things I do”) and parental criticism 
(e.g., “My parents never tried to understand my mistakes”) relative to 
normal-sleepers, these differences appear to be mediated by anxiety 
and depression. These results highlight the significance of treating 
symptoms of anxiety and depression with the prospect of alleviating 
negative thoughts concerning ones mistakes, doubts about actions, and 
perception of parental criticism, which may contribute to disturbed 
sleep.

0687
INSOMNIA AND OSA IN A VETERAN COHORT 
REFERRED FOR SLEEP EVALUATION
Ram RJ1,2, Michelle Z1,3, Mitchell M3, Jouldjian S3, Martin J1,3

1Greater Los Angeles Veteran Affairs, Los Angeles, CA, 2Northridge 
Family Medicine Residency Program, Northridge, CA, 3Geriatric 
Research Education Clinical Center, Greater Los Angeles VA, Los 
Angeles, CA

Introduction: Insomnia is the most common sleep complaint and is as-
sociated with decreased quality of life and increased health complaints. 
Obstructive Sleep Apnea (OSA) is the second most common sleep dis-
order, and the two conditions commonly overlap. This study sought 
to characterize these two conditions in patients seen in a VA Sleep 
Disorders Center.
Methods: Epworth Sleepiness Scale (ESS) and Insomnia Severity In-
dex (ISI) questionnaires were collected from all Veterans presenting to 
the VA Greater Los Angeles Healthcare System Sleep Disorders Cen-
ter from 12/3/2012 to 1/9/2013. Additional clinical data was abstracted 
from medical records including gender, ethnicity, age, BMI, period of 
service, and comorbidities (depression, anxiety and PTSD). Presence 
of OSA was determined based on interpretation of overnight PSG or 
home sleep testing. ISI data categorized insomnia severity as: 0–7 nor-
mal, 8–14 sub-clinical insomnia, 15–21 moderate insomnia, or 22–30 
severe insomnia. CPAP adherence data was based on data card down-
load when available.
Results: Questionnaires were collected from 250 consecutive patients. 
Average age was 60.6 ± 13.3 and 98% of participants were male. 84% 
were diagnosed with OSA and 78% of patients had insomnia based on 
ISI > 8 (28% subclinical insomnia, 45% moderate; 27% severe). In-
somnia scores were lower in patients with versus without OSA (aver-
age; ± SD; 19 vs 14; p = 0.008). ISI scores were higher in OEF/OIF 
veterans compared to those who served during other periods of service 
(19 vs 15; p < 0.001), and in veterans with versus without PTSD (19 vs 
13; p < 0.001). Among OSA patients, elevated ISI scores were not as-
sociated with CPAP adherence.
Conclusion: Both insomnia and OSA were common and often co-
occur in our VA Sleep Disorders Clinic. PTSD and OEF/OIF service 
were associated with more severe insomnia symptoms. Additional 
research is needed to evaluate to develop treatments directed at this 
patient group.

0688
PREDICTION OF OSA RISK PRIOR TO 
POLYSOMNOGRAPHY SCREENING IN INSOMNIA 
DISORDER
Kondilis A, Crawford MR, Crisostomo MI, Wyatt JK, Ong JC
Rush University Medical Center, Chicago, IL

Introduction: Insomnia disorder and obstructive sleep apnea (OSA) 
often co-occur with comorbidity rates ranging between 20–40%. In 
clinical trials where expensive tools are utilized to confirm or rule out 
the presence of OSA, e.g., overnight polysomnography (PSG), it is vital 
to determine factors that predict the risk of OSA with high accuracy. 
The purpose of this study was to determine risk factors that were the 
greatest predictors for OSA in an insomnia disorder sample.
Methods: One hundred and forty-six research participants meeting 
symptomatic criteria for insomnia were recruited as part of two sepa-
rate clinical trials and completed a preliminary screen via telephone or 
Internet survey prior to completing a laboratory PSG. We examined 
whether age, gender, body mass index (BMI), symptoms of snoring, 
witnessed apneas and choking gathered prior to PSG were predictors of 
OSA presence, determined by an apnea hypopnea index (AHI) ≥ 5. A 
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binary logistic regression was conducted to identify significant predic-
tors from this list of demographic factors and sleep disordered breath-
ing symptoms.
Results: Of the sample, 81 had OSA and 65 did not. The final re-
gression model correctly identified 80.7% of OSA cases (R2 = 0.54, 
χ2 (1) = 74.73, p < 0.001).The regression analysis identified that en-
dorsement of witnessed apneas (β = 2.3, p < 0.001), snoring (β = 0.97, 
p < 0.05) and increased age (β = 0.08, p < 0.001), were significant pre-
dictors of OSA on the PSG. BMI as a predictor approached signifi-
cance (β = 0.07, p = 0.052). Choking and gender were not significant 
predictors.
Conclusion: The purpose of this study was to determine risk factors 
that are the greatest predictors for OSA in an insomnia disorder sample. 
The findings indicate that age, snoring, and witnessed apneas are all 
significant predictors of OSA among patients with insomnia. The re-
sults may be informative in assessing risk of OSA when conducting 
clinical trials on patients with insomnia or in BSM clinics.
Support (If Any): This research is supported by two grants 
(K23AT003678, R01HL114529) from the National Center for Com-
plementary and Alternative Medicine (NCCAM), the National Heart, 
Lung, and Blood Institute (NHLBI) and the National Institutes of 
Health (NIH).

0689
INSOMNIA AFFECTS EMPATHY IN HEALTH CARE 
WORKERS
Krishnamurthy V1, Bazan L2, Roth T 2, Drake CL2

1Sleep Research and Treatment Center, Penn State College of 
Medicine, Hershey, PA, 2Sleep Disorders and Research Center, Henry 
Ford Hospital, Detroit, MI

Introduction: Physician’s empathy and the patient’s awareness of it 
can lead to a positive clinical outcome reducing stress and anxiety. 
Health care workers have high rates of insomnia as they have irregular 
work hours, fragmented sleep, and circadian misallignment. The effect 
of insomnia on empathy has never been explored before. In this study, 
we hypothesize that insomnia is associated with decreased empathy in 
health care workers.
Methods: Ninety seven Subjects including but not limited to physi-
cians, residents, nurses, nurse assistants, pharmacists, radiology tech-
nicians, lab technicians were recruited from Henry Ford health system. 
Empathy was measured by the Interpersonal Reactivity Index (IRI) 
across four subscales- fantasy, perspective-taking, empathic concern, 
and personal distress. The IRI has good psychometric properties. Each 
subscale has seven questions scored on a five point Likert scale ranging 
from “Does not describe me well” to “Describes me very well” with 
higher scoring denoting decreased empathy. Insomnia was measured 
using the Insomnia Severity Index (ISI). Subjects were classified into 
two groups based on a ISI score of 8 (67 with ISI > 8).
Results: The two groups were comparable for sociodemographic data 
including age (age ISI > 8 = 40.3 and ISI < 8 = 46, SD = 12) , gen-
der (females with ISI > 8 = 54, chi-square = 0.8), and marital status 
(ISI > 8 = 32, chi square = 0.42). The mean ISI score with ISI > 8 is 
20.49 (SD-4.37) and with ISI < 8 is 10.5 (SD-2.86) Subjects with ISI > 8 
(67) scored significantly higher across all four subscales of empathy 
(P < 0.05).
Conclusion: Insomnia decreases empathy in health care workers. 
There is an urgent need to address this issue as it can lead to adverse 
clinical outcomes and medical errors.

0690
PERSONALITY DISORDERS IN INSOMNIA PATIENTS
Marelli S, Giarolli LE, Galbiati A, Giora E, Gasperi A, 
Ferini Strambi L
Faculty of Psychology, Vita-Salute San Raffaele University, Italy

Introduction: Comorbidity between insomnia and personality disor-
ders (PD) is poorly studied. The aim of this research was to investigate 
the presence of PD in consecutive patients with a diagnosis of primary 
insomnia.
Methods: We evaluated 100 insomnia patients (55% women; mean-
age: 41 ± 11 years) with the Structured Clinical Interview for DSM-
IV-TR (SCID-II,V.2.0) and with the Multidimensional Battery for 
Assessment of Personality (Adaptive/Maladaptive)-BMVP(A/D).
Results: PD were present in 57 patients (4 patients with a co-diagnosis). 
Within this group cluster B was the most diagnosed (28), with a wide 
presence of narcissistic- (17), and less frequent histrionic- (6) and bor-
derline- (5) PD. In cluster C the most diagnosed PD was obsessive-
compulsive (4). In Temperament Character Inventory Revised (TCI-R) 
insomniacs with PD showed lower scores in the subscales eagerness of 
effort, responsibility, purposeful, resourcefulness, enlightened second 
nature and higher scores in anticipatory worry subscale and in self-
transcendence in comparison to no-PD. In the Aggression Question-
naire (AQ), physical aggression and total score also showed higher 
rates. In the Attachment Style Questionnaire (ASQ), PD insomnia 
patients obtained higher scores in the “secondariness of relationships” 
and “need of approval” subscales and lower scores in “confidence” sub-
scale than no-PD patients. In the Barratt Impulsiveness Scale (BIS-11), 
attention impulsivity subscale showed higher scores in PD patients.
Conclusions: Our data show a high occurrence of PD in insomnia pa-
tients. We found cluster B as the most frequent in patients with insom-
nia. In contrast with previous studies that highlighted the relationship 
between insomnia and borderline-PD, we found a higher prevalence 
of narcissistic-PD in our sample. In conclusion, our study suggests a 
relevant association between insomnia and PD. Future studies are nec-
essary to clarify this relationship in order to improve the efficacy of 
(non pharmacological) treatments and the therapy compliance in these 
patients.

0691
EMOTIONAL AND SLEEP-SPECIFIC 
VULNERABILITIES AS PREDICTORS OF INSOMNIA 
SYMPTOM SEVERITY IN A NON-CLINICAL 
POPULATION
Lemay MS, Jesser M, Fairholme CP
Idaho State University, Pocatello, ID

Introduction: Sleep-specific vulnerability factors have tradition-
ally been emphasized in understanding insomnia. A stress-reactive 
sleep system and beliefs about one’s ability to control their own sleep 
have been implicated as vulnerability factors for insomnia (Drake et 
al., 2004; Espie et al., 2006). Recently, temperamental vulnerabilities 
(such as a predisposition to experience heightened negative and dimin-
ished positive affect) and deficits in emotional functioning (heightened 
emotional reactivity and perseverative cognition) have been implicated 
in insomnia (Baglioni et al., 2010; Brosschot et al., 2006; Fairholme 
& Manber, in press). It is not yet known how these general and sleep-
specific vulnerability factors collectively relate to insomnia symptom 
severity.
Methods: Participants were 380 healthy adults (58% female; mean 
age = 19.08, range = 18–40) recruited from a large west coast univer-
sity. Participants completed self-report measures of sleep specific vul-
nerabilities (Ford Insomnia Response to Stress Test, Glasgow Sleep 
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Effort Scale), emotional vulnerabilities (Emotional Reactivity Scale, 
Perseverative Thinking Questionnaire), temperamental vulnerabilities 
(Behavioral Activation Scale, Behavioral Inhibition Scale), as well as 
insomnia symptom severity (Insomnia Severity Index).
Results: Multiple regression was conducted to evaluate whether sleep-
specific, emotional, and temperamental vulnerabilities were indepen-
dently related to insomnia symptom severity. Sleep effort (β = −0.37, 
p < 0.001), emotional reactivity (β = 0.14, p < 0.01), and perseverative 
thinking (β = 0.23, p < 0.001) were all significantly associated with in-
somnia symptoms severity, but stress reactive sleep system (β = 0.08), 
behavioral activation (β = 0.07), and behavioral inhibition (β = 0.07, all 
ps > 0.05) were not.
Conclusion: Sleep-specific and emotional vulnerabilities were in-
dependently associated with insomnia symptom severity. Results 
highlight the potential importance of emotional functioning in under-
standing insomnia. Potential clinical implications for insomnia are 
discussed.

0692
DRINKING HABIT AFFECTS ANXIETY AND SLEEP 
QUALITY IN POOR SLEEPERS
Lin C1,2, Guilleminault C3, Chueh K4

1Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan, 2School 
of Medicine, Fu Jen Catholic University, Taipei, Taiwan, 3Stanford 
University Sleep Medicine Division, Stanford, CA, 4Department of 
Nursing, College of Medicine, Fu Jen Catholic University, Taipei, 
Taiwan

Introduction: Although most poor sleepers tend to relieve their anxi-
ety for better sleep quality, whether drinking habit is a factor that truly 
modulates poor sleepers’ sleep quality is still unknown. The aim of 
the study was to explore the association between a drinking habit and 
anxiety among poor sleepers in northern Taiwan.
Methods: A total of 84 poor sleepers (Pittsburgh Sleep Quality Index, 
PSQI > 5) aged 20 to 80 years old were recruited into this cross-sec-
tional study. A structured questionnaire on demographics and drinking 
habits, level of anxiety, level of depression and perceived sleep quality 
was used to collect data.
Results: The poor sleepers were mostly women (72.6%) with a mean 
age of 41.81 (± 12.62) years old. Fifty-six percent of poor sleepers cur-
rently used sleep therapy. 7.1% of poor sleepers had a drinking habit, 
with 19.0%, 13.1% and 14.3% of those having mild, moderate and se-
vere anxiety, respectively. The poor sleepers with a drinking habit had 
prolonged sleep duration and often used sleeping medication. Besides, 
those with severe anxiety have the worst subjective sleep quality, sleep 
latency, use of sleeping medication, and daytime dysfunction. After 
adjusting factors related to the sleep quality using multiple regression 
analysis, both a drinking habit and anxiety are predictors of poor sleep 
quality. Moreover, the drinking habit had a moderating effect on the 
relationship between anxiety and sleep quality among poor sleepers.
Conclusion: The results revealed a drinking habit had a moderating 
effect on the association between their anxiety and sleep quality.
Support (If Any): supported by Fu Jen Catholic University and Shin 
Kong Wu Ho-Su Memorial Hospital funding (no: 101-SKH-FJU-15).
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BURNOUT SYNDROME AND INSOMNIA IN 
ELEMENTARY SCHOOL TEACHERS
Sanchez-Narvaez F1,2, Haro R 2, Estrada A3, Velasco-Orozco J1

1Instituto Superior de Ciencias de la Educacion del Estado de Mexico, 
Estado de Mexico, Mexico, 2Mexican Institute of Integrative Sleep 
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Introduction: Models of burnout often suggest that it is a work-related, 
multidimensional condition consisting of several symptom clusters, 
such as exhaustion, cynicism, professional efficacy, physical fatigue, 
and mental weariness. A few studies have explored the relationship 
between insomnia and burnout in small, selected samples. The aim of 
this study was to investigate whether there is a relationship between 
burnout and insomnia in elementary school teachers.
Methods: The study included 44 subjects. They answered 2 question-
naires: Maslach Inventory Burnout for Educators (MIB-ES) and The 
Pittsburg Sleep Quality Index (PSQI). In this abstract it is only showed 
sleep latency (SL) values. Conditions were divided for analysis as fol-
lows: No Burn Out (NBO)+Seep Latency (SL) and Burn Out (BO)+SL, 
NBO+Insomnia (NBO+I) and BO+Insomnia (BO+I); Emotional Ex-
haustion (EE) Depersonalization (D), Personal Accomplishment (PA).
The cut-off point of SL for insomnia was 25 min.
Results: Mean age: (34.9+7.8), SL min (20.68+8.9), BO (54.68+12.7). 
NBO+SL (19.12+1.5) vs. BO+SL (26.0+2.7)*. NBO+I (31.8%), BO+I 
(18.2%), NEE+SL (18.7+1.5) vs EE+SL (25.8+7.6)*. ND+SL (20.7+1.6) 
vs D+SL (20.63+2.45). PAL (22.33+1.5) vs PA (17.4+2.4)** (*p < 0.05, 

**p < 0.58). NEE+I (27.3%), EE+I (22.7%). ND+I (31.8%), D (18.2%). 
PAL (40.9%) and PA (9.1%).
Conclusion: Our data indicate that there are significant changes in 
BO+SL and between NEE+SL, There is also a relationship among BO 
and insomnia.

0694
NEUROBIOLOGICAL BASIS FOR INSOMNIA 
DISORDER: SMALLER WAKE-NREM SLEEP 
REDUCTIONS IN REGIONAL BRAIN GLUCOSE 
METABOLISM COMPARED TO GOOD SLEEPERS
Kay DB1, Soehner AM1, Hasler BP1, Wilckens K1, James JA 2, 
Nofzinger E3, Kupfer DJ1, Germain A1, Hall MH1, Price JC2, 
Rosario B4, Franzen P1, Buysse DJ1

1University of Pittsburgh, Department of Psychiatry, Pittsburgh, PA, 
2University of Pittsburgh, Department of Radiology, Pittsburgh, PA, 
3Cereve, Inc., Pittsburgh, PA, 4University of Pittsburgh Graduate 
School of Public Health, Pittsburgh, PA

Introduction: Early studies in small samples indicate that, compared 
to good sleepers, adults with insomnia have smaller differences in rela-
tive regional brain metabolism between wakefulness and NREM sleep. 
Smaller differences were observed in the brainstem, hypothalamus, 
thalamus, insular cortex, medial temporal lobe, and medial frontal cor-
tex. This study aimed to replicate and extend these findings in a larger 
sample. In line with the hyperarousal model of insomnia, we predicted 
that patients with insomnia would have smaller wake-NREM differ-
ences in glucose metabolism within wake-promoting brain centers 
than good sleepers.
Methods: The study sample (M = 38 years old, range 21–60) included 
37 patients with insomnia and 31 good sleepers who underwent [18F]
fluoro-2-deoxy-d-glucose positron emission tomography scans during 
morning wakefulness and NREM sleep. Groups were well-matched for 
age, sex, and racial identity. A flexible factorial design in SPM8 was 
conducted to investigate whether groups differed in relative decrease 
in metabolism during NREM sleep compared to wake. Seven a-priori 
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regions of interest (ROIs) hypothesized to be associated with hyper-
arousal were selected. Cluster-wise extent thresholds for ROIs were 
computed using AlphaSim (voxel-wise, p < 0.05 uncorrected; cluster-
wise, p < 0.05). Exploratory whole-brain analyses were also conducted 
(voxel-wise, p < 0.05 uncorrected; cluster-wise, FWE-corrected).
Results: No significant group differences in wake-NREM change 
were detected in ROI analyses. Exploratory whole-brain analyses 
showed that patients with insomnia had smaller wake-NREM differ-
ence in relative glucose metabolism in a large cluster including the left 
frontoparietal cortex, left posterior thalamus, occipital regions, poste-
rior cingulate, and precuneus (k = 27936, p < 0.001 corrected). Good 
sleepers did not have greater wake-NREM differences than patients 
with insomnia in any brain region.
Conclusion: Smaller wake-NREM differences in the posterior cingu-
late cortex and precuneus in patients with insomnia may be related 
to dysregulation of the default mode network. Insomnia may involve 
alterations in neural circuits underlying self-perception and awareness 
rather than alterations in primary sleep-wake centers.
Support (If Any): Supported by MH24652, MH61566, PSE00001, 
PMBC-HL65112, and T32 HL082610
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REGIONAL GLUCOSE METABOLISM IN THE 
ANTERIOR CINGULATE CORTEX AND INSULA 
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Introduction: Sleep discrepancy, the difference between objectively 
measured and self-reported sleep, is common in insomnia. We hypoth-
esize that sleep discrepancy results from persistent activation of brain 
centers associated with conscious awareness during NREM sleep 
including the insula, anterior cingulate cortex (ACC), and precuneus, 
whose activation is not reflected in traditional polysomnographic (PSG) 
sleep measures. This study tested whether sleep discrepancy correlates 
with greater glucose metabolism in these regions during NREM sleep.
Methods: The study sample (M = 36 years old, range 27–50) included 
20 patients with insomnia who underwent NREM sleep [18F]fluoro-
2-deoxy-d-glucose positron emission tomography scans. Sleep onset 
latency discrepancy (SOLd) on the night of the scan was calculated 
by subtracting PSG values from sleep diary self-reports the following 
morning. Three a priori regions of interest (ROIs) hypothesized to be 
associated with conscious awareness were examined: insula, ACC, and 
precuneus. SPM8 software was used to investigate whether relative 
glucose metabolism in these ROIs correlated with SOLd on the night 
of the scan (voxel-wise, p < 0.001 uncorrected). Cluster-wise extent 
thresholds for ROIs were computed using AlphaSim (p < 0.05).
Results: Patients with greater sleep discrepancy (self-report 
SOL > PSG SOL) had significantly greater relative glucose metabolism 
in the right insula (peak voxel xyz = 36 −6 8, Z = 3.95, p = 0.018; k = 54, 
r2 = 0.56), left insula (peak voxel xyz = −28, 16, −10, Z = 3.71, p = 0.040; 
k = 46, r2 = 0.47), and left ACC (peak voxel xyz = −6, 28, 28, Z = 4.02, 
p = 0.010; k = 90, r2 = 0.59) during NREM sleep (all clusters p < 0.05 
corrected). Sleep discrepancy was not associated with lower relative 
glucose metabolism in any ROI.
Conclusion: Heightened activation of the insula and ACC during 
NREM sleep may contribute to continued conscious awareness. Al-
though traditionally disregarded as misperception or measurement 

error, sleep discrepancy may represent a regionally-specific dysregula-
tion of brain activity that is not captured by PSG. Future studies should 
address the consequences of this regionalized sleep disturbance on 
cognitive and affective functioning.
Support (If Any): Supported by MH24652, MH61566, PSE00001, 
PMBC-HL65112, and T32 HL082610
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SLEEP IN MILITARY COUPLES DURING AND AFTER 
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Buysse D3, Germain A3
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Introduction: Sleep is a social behavior. In co-sleeping couples, the 
sleep disturbances of an individual can affect sleep in the bed partner 
and the couple’s relationship functioning. Post-9/11 military veterans 
are at higher risk of sleep disturbances, but the impacts on their bed 
partners are unknown. In this study, we created a qualitative inter-
view to explore sleep before, during and after deployment in military 
couples.
Methods: Participants were seven heterosexual military couples. 
Males were deployed in support of Operation Enduring Freedom or 
Operation Iraqi Freedom for a segment of the relationship. All par-
ticipants individually completed a semi-structured, audio-recorded 
interview focused on preparation, challenges, coping and sleep before, 
during and after deployment. Fifty-two common themes were identi-
fied and synthesized into 14 categories, including responses pertaining 
to the nighttime presence of the bed partner.
Results: Mean age was 30.2 (s.d. = 4.5) for veterans and 30.0 (s.d. = 4.7) 
years old for partners. The length of interviews did not differ between 
veterans and partners (means 1355.29 words + 1029.26 vs. 1607.86 + 
424.95 words, respectively). Veterans didn’t endorse difficulty sleep-
ing during deployment. However, partners frequently endorsed sleep 
difficulty during deployment as a result of the separation. Partners also 
identified coping strategies to mitigate these effects. Personal connec-
tion and intimacy with the bed partner played a large role in how part-
ners readjusted to the presence of the veteran after deployment.
Conclusion: These preliminary findings using qualitative research 
methods suggest that military deployment can significantly impact 
sleep in military couples. Given that partners are critical to veterans’ 
successful readjustment, enhancing sleep health before, during, and 
after deployment may be important in resilience and readiness.
Support (If Any): HL112646 (PI: Wendy M. Troxel, PhD.)
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SOCIAL DEPRIVATION AND SLEEP SYMPTOMS IN 
TWINS
Watson NF1, Horn E2, Turkheimer E2, Buchwald D1, Duncan GE1
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Introduction: The Singh Index (SI) is a composite, area-level measure 
of social deprivation. We sought to investigate the relationship between 
insomnia symptoms and sleepiness and the SI in a genetically informa-
tive twin sample.
Methods: Insomnia symptoms were ascertained by the Women’s 
Health Initiative Insomnia Rating Scale (WHIIRS). Sleepiness was 
determined by the Epworth Sleepiness Scale (ESS). The SI was con-
structed from 17 census-based socioeconomic measures. Higher SI, 
WHIIRS, and ESS scores indicate greater social deprivation, insom-
nia symptoms, and sleepiness respectively. Structural equation mod-



SLEEP, Volume 38, Abstract Supplement, 2015 A244

B. Clinical Sleep Science III. Insomnia

els established the genetic and environmental contributions to the SI, 
WHIIRS and ESS. Biometric regression assessed the non-shared envi-
ronmental effect of social deprivation in twins on insomnia symptoms 
and sleepiness—considered a “quasi-causal” effect since genetic and 
shared environmental effects are fully accounted for in the twin model.
Results: Participants were 4,349 twin pairs [2,394 monozygotic 
pairs, 1,955 dizygotic pairs], 65% female, with mean age 40.7 years 
(SD = 17.3) from the University of Washington Twin Registry. Mean 
WHIIRS was 11.6 (SD = 4.5), ESS 5.5 (SD = 3.6) and SI −0.002 
(SD = 0.871). The heritability of WHIIRS was 35%, ESS 38%, and 
SI 31%. The phenotypic regression showed insomnia symptoms and 
sleepiness were positively associated with social deprivation as each 
additional unit of SI was associated with a 0.037 increase in the latent 
WHIIRS construct (p < 0.001) and a 0.024 unit increase in the latent 
ESS construct (p < 0.05). A “quasi-causal” effect was not observed for 
WHIIRS (βQC = 0.050, p = 0.091) or ESS (βQC = −0.025, p = 0.242).
Conclusion: The Singh index was associated with insomnia symptoms 
and sleepiness across all twins but not within twin pairs. This indicates 
the association is driven by familial factors such as genetics and com-
mon environment that are not shared between twin pairs.
Support (If Any): This work was supported by NIH grants 
R01AG042176, K23HL083350, P30NR011400, OD006547, and a Uni-
versity of Washington General Clinical Research Center Pilot Grant.
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Introduction: Patients with insomnia tend to delay medical care while 
actively seeking alternative self-help options. These options do not nec-
essarily resolve insomnia and persisting daytime symptoms eventually 
motivate individuals to seek varying levels of care from mainstream 
health practitioners. How patients integrate lay and professional opin-
ions about managing insomnia are important for delivering targeted 
care but remain an unknown phenomenon. The aim of this study was 
to map the upstream patient illness trajectories between a specialist 
clinic and general community population in urban Australia.
Methods: In-depth semi-structured interviews were conducted with 
51 insomnia patients from specialist sleep/psychology clinics (n = 23) 
and general community settings (n = 28). The interviews explored 
patients’ illness and help-seeking experiences and were subsequently 
transcribed verbatim. Analysis was informed by critical interpretative 
phenomenology to identify emergent themes.
Results: Initial periods of sleeplessness were perceived by both pa-
tient groups as an expected outcome within their biographical timeline. 
Ongoing sleeplessness and daytime fatigue led participants to rethink 
their physiological and psychosocial biography. This appeared to be 
an important process for medicalizing sleeplessness to insomnia. We 
observed deficits in similar psychosocial domains (e.g. career and so-
cial) across both patient groups. However, clinic patients held less rigid 
sleep beliefs and had greater acceptance of an altered sleep physiology. 
All participants iteratively drew on their social environment (e.g. televi-

sion, radio, print media, Internet and family and friends) for treatment 
options and resources. This spectrum of information sources influ-
enced subsequent help-seeking behaviors such as self-medication and 
consulting alternative and/or mainstream health practitioners. Clinic 
access was rarely initiated by primary care doctors but discovered by 
patients within their social environment.
Conclusion: This study compared the illness trajectories between a 
specialist clinic and general community patient population. Sleep clin-
ic access was contingent on the resourcefulness of an individual’s so-
cial environment. Integrating abbreviated forms of psychotherapy into 
primary care and the patients’ social environment represents important 
steps for promoting timely treatment access and optimizing insomnia 
management.
Support (If Any): J Cheung is the recipient of an Australian Post-
graduate Award (APA) scholarship and has received seed funding to 
conduct part of this research from the National Health and Medical 
Research Council (NHMRC) Centre for Integrated Research and Un-
derstanding of Sleep (CIRUS).
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THE ASSOCIATION BETWEEN PERFECTIONISM AND 
POLYSOMNOGRAPHICALLY DETERMINED SLEEP 
PARAMETERS
Johann AF, Hertenstein E, Feige B, Spiegelhalder K
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Introduction: Increased levels of maladaptive perfectionism have 
been suggested to contribute to the development and maintenance of 
insomnia. However, the association between perfectionism and objec-
tively determined sleep parameters has not been investigated up to now. 
In the present study, we used the Frost Multidimensional Perfectionism 
Scale (FMPS) and polysomnography (PSG) to fill this void.
Methods: The FMPS was used to assess perfectionism in 380 consecu-
tive clinical patients (223 women, 157 men; 44.6 ± 15.5 years) of the 
sleep laboratory of the Department of Psychiatry and Psychotherapy, 
University of Freiburg Medical Center. All participants underwent 2 
consecutive nights of PSG sleep monitoring. Sleep recordings were 
evaluated for the following parameters: total sleep time (TST), sleep-
onset latency (SOL), wake after sleep onset (WASO), number of awak-
enings (NOA), arousal index per h, amounts of stage 1,2, slow wave 
sleep (SWS), and rapid eye movement (REM) sleep as percentage of 
sleep period time. Age- and gender-controlled univariate linear re-
gression analyses were conducted to evaluate the association between 
FMPS scores (independent variable) and polysomnographic param-
eters (dependent variables).
Results: The total FMPS score was significantly associated with 
several sleep continuity parameters of the first sleep laboratory night 
(TST: t = −2.22, p = 0.027; WASO: t = 2.00, p = 0.046; NOA: t = 3.77, 
p < 0.001; REM %: t = −2.72, p = 0.007). These relationships were 
mainly driven by the concern over mistakes and personal standards 
subscales of the FMPS. With respect to the second sleep laboratory 
night, there were only significant associations between concern over 
mistakes and the arousal index (t = 2.05, p = 0.040) as well as between 
doubts about actions and the arousal index (t = 2.11, p = 0.036).
Conclusion: These findings further support the hypothesis that perfec-
tionism is associated with sleep continuity disturbances. Future work 
should aim at elucidating the association between this trait and objec-
tively determined sleep parameters using longitudinal designs.
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0700
GENOME-WIDE ASSOCIATION ANALYSIS OF THE 
PITTSBURGH SLEEP QUALITY INDEX REVEALS 
NOVEL SUGGESTIVE GENOMIC REGIONS IN THE 
BRAZILIAN POPULATION
Mazzotti DR1, Byrne EM2, Gehrman P3, Bittencourt L1, Tufik S1

1Universidade Federal de São Paulo, São Paulo, Brazil, 2The 
University of Queensland, Queensland Brain Institute, Brisbane, 
Australia, 3University of Pennsylvania, Philadelphia, PA

Introduction: Deficient sleep quality is a highly prevalent condition 
associated with sleep disorders such as insomnia, and other comor-
bidities. The pathophysiology of sleep disturbances that might lead to 
poor sleep quality could be benefited by understanding its genetic basis. 
However, due to the heterogeneous characterization of sleep related 
phenotypes across different studies, the investigation of the genetic 
component of sleep quality becomes difficult to accomplish. The Pitts-
burgh Sleep Quality Index (PSQI) has been widely used as a measure 
of sleep quality and it offers an interesting standardized phenotype for 
Genome-Wide Association Studies (GWAS) of sleep related traits.
Methods: We conducted a GWAS of the total PSQI score in the pop-
ulation-based cohort from the Sao Paulo Epidemiologic Sleep Study 
(EPISONO) by genotyping ~700.000 single nucleotide polymorphisms 
(SNPs) in 948 individuals. Mixed-linear model was used to verify as-
sociation between SNPs and the PSQI total score while accounting for 
variation in allele frequencies due to population stratification.
Results: We found suggestive significant association hits (p < 10e-5) in 
SNPs within 2p, 2q, 6q, 9q, 16q and 21q regions, after adjustments for 
age, gender, depressive symptoms, body mass index and use of medi-
cations that influences sleep. Also, we found that common SNPs were 
able to explain a relevant proportion of variation in PSQI score when 
the whole sample was investigated.
Conclusion: This study potentially identified novel candidates on the 
genetics of subjective sleep quality and suggests that common genetic 
variation might explain a significant proportion of variability in sleep 
quality.
Support (If Any): This work was supported by AFIP, FAPESP, CNPq 
and CAPES.

0701
QUALITATIVE STUDIES ON INSOMNIA: A 
SYSTEMATIC REVIEW
Araújo T1,2, Jarrin DC1,2, Vallières A1,3, Morin CM1,2

1Université Laval - School of Psychology, Quebec City, QC, Canada, 
2Centre d’étude des troubles du sommeil - Centre de recherche de 
l’Institut universitaire en santé mentale de Québec, Quebec City, QC, 
Canada, 3Laboratoire Psycho|Socio|Culturel du sommeil, Centre de 
recherche de l’Institut en santé mentale de Québec, Quebec City, QC, 
Canada

Introduction: Despite its high prevalence and burden, insomnia is of-
ten trivialized, under-diagnosed, and under-treated in practice. Little 
information is available on the subjective experience and perceived 
consequences of insomnia, help-seeking behaviors, and treatment 
preferences. The use of qualitative approaches may help gain a bet-
ter understanding of this sleep disorder. This paper summarizes the 
current state of knowledge on the nature of insomnia and its treatment 
options based on studies using qualitative or mixed methods research.
Methods: A systematic review of the literature was conducted using 
PsycINFO and Medline databases. Selected articles were categorized 
according to their main focus: “Experience of insomnia”, “Insomnia 
assessment”, “Management of insomnia”, “Use of prescribed sleep 
aids”.

Results: The main findings derived from 29 insomnia studies using 
qualitative and mixed methods research indicate that: 1) insomnia is 
often experienced as a 24-hour burden and perceived to affect several 
domains of one’s life, 2) a sense of frustration and misunderstanding is 
very common among patients, which is possibly due to a mismatch be-
tween patients’ and health care professionals’ perspectives on insom-
nia and its treatment, 3) health care professionals pay more attention to 
sleep hygiene and medication therapies and less to the patient’s subjec-
tive experience of insomnia, and 4) health professionals are often un-
aware of non-pharmacological interventions other than sleep hygiene 
education (i.e., cognitive behavioral therapies).
Conclusion: The main implication is that new clinical measures and 
more targeted treatments taking into account the patient’s experience 
of insomnia are needed. Greater use of qualitative approaches in fu-
ture research may produce novel and more contextualized information 
leading to a broader and more in-depth understanding of insomnia.
Support (If Any): Supported in part by National Institute of Mental 
Health (#MH091053) and the Canadian Institutes of Health Research 
(#MOP42504; #BO512201).

0702
REM SLEEP DREAM IMAGERY ACTIVITY AS A 
POTENTIAL REFLECTION OF HYPERAROUSAL IN 
INSOMNIA SUFFERERS
DPérusse A1, Pedneault-Drolet M1, De Koninck J2, Bastien CH1

1Université Laval, Quebec, QC, Canada, 2University of Ottawa, 
Ottawa, ON, Canada

Introduction: Dream imagery activity has been seldom studied in in-
somnia, especially in laboratory settings. Therefore, the main objective 
was to determine if dream recall frequency (DRF), and dream content 
could be reflecting the hyperarousal observed in insomnia. This was 
achieved using in-lab dream collection to compare DRF and dream 
content of insomnia sufferers (INS) with those of good sleepers (GS).
Methods: Twelve INS (Mean age = 37.5, SD = 4.3) and 12 GS (Mean 
age = 37.3, SD = 4.7) underwent 5 consecutive PSG nights where nights 
1, 3 and 5 occurred in the lab and nights 2 and 4 at home. REM sleep 
awakenings were triggered during nights 3 and 5 (in lab) for dream col-
lections. Dreams were analysed for positive and negative components 
using the HVDC scales, and dreamer self-evaluations.
Results: Groups were similar on DRF (p = 0.23). As expected, GS’ 
dreams tended to include more positive emotions (p = 0.06) and INS’ 
dreams were characterized by a greater ratio of negative elements than 
positive ones (p = 0.001). Subjectively, GS characterized their dreams 
as being more pleasant and containing more joy, happiness and viv-
idness (p ≤ 0.03) than INS. Finally, elevated negative dream contents 
were positively correlated to low objective sleep efficiencies in INS 
(p = 0.004).
Conclusion: The absence of difference in DRF may be due to the in 
lab forced REM awakening procedure. Low amounts of positive emo-
tions, high ratios of negative elements and subjective negative evalua-
tion of dreams of INS is consistent with previous observations of home 
dream collections and dream questionnaires in INS. It may reflect their 
heightened arousal and could be related to their sleep maintenance dif-
ficulties as the observed positive correlation between negative dream 
elements and low sleep efficiency suggests. Future prospective studies 
should further determine if this negative experience of dream in INS 
potentially exacerbates their negative sleep assessment and insomnia 
condition.
Support (If Any): Canadian Institutes of Health Research (CIHR; 
49500, 86571).
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0703
HOW INDIVIDUALS WITH INSOMNIA VIEW THEIR OWN 
AND OTHERS FACES: AN EYE-TRACKING STUDY
Akram U, Ellis JG, Myachykov A, Barclay NL
Northumbria Centre for Sleep Research, Northumbria University, 
Department of Psychology, Newcastle upon Tyne, United Kingdom

Introduction: Previous research has demonstrated that individuals 
with insomnia perceive their own facial appearance as more tired in 
comparison to others. Furthermore, facial perceptions of tiredness 
have been shown to rely on preferential attention towards the eyes. The 
present study aimed to objectively explore whether individuals with 
insomnia differentially observe their own and others faces relative to 
normal-sleepers and more specifically whether people with insomnia 
display a self-specific or general attentional bias towards the eye-region.
Methods: Twenty participants who met the DSM-V criteria for in-
somnia (85% female, mean age 21.30 ± 3.91) and 20 normal-sleepers 
(75% female, mean age 24.50 ± 7.08) viewed 48 neutral facial photo-
graphs (24 of themselves, 24 of another) each for periods of 4000 msec. 
Three interest-regions, examined for overall gaze duration (eyes, nose, 
mouth) were compared both between, and within groups.
Results: A mixed ANOVA demonstrated that Individuals with insom-
nia observed all three interest-regions for longer compared to normal-
sleepers, F(1,38) = 4.03, p = 0.05. Further, a group x region interaction 
confirmed that those with insomnia spent more time looking at the 
eyes, and less time at the nose and mouth compared to normal-sleepers 
F(2,76) = 5.64, p = 0.01. Although all participants attended to their own 
eyes for longer than others, F(1,50) = 27.00, p = 0.01, no group x face 
(self vs. other) interaction was apparent, p > 0.05.
Conclusion: The present study showed that individuals with insomnia 
display preferential attention towards the eye-region whilst viewing 
faces in general compared to normal-sleepers. Additionally, such at-
tention was evident whilst viewing both their own and others’ faces, 
suggesting insomnia is characterized by a general, rather than self-spe-
cific, bias of attention towards eyes. Additional research should explore 
whether such attention may be indicative of evaluations of tiredness. 
The current findings contribute to understanding face perception in 
insomnia, highlighting potential importance of the eye-region for the 
perception of tiredness in insomnia.

0704
INSOMNIA IDENTITY VERSUS POOR SLEEP EFFECTS 
ON DAYTIME FUNCTIONING
Emert S1, Lichstein KL1, Taylor DJ2, Riedel BW3, Bush AJ4

1University of Alabama, Tuscaloosa, AL, 2University of North Texas, 
Denton, TX, 3Shelby County Schools, Memphis, TN, 4University of 
Tennessee, Memphis, TN

Introduction: Sleep groups can be defined in four ways: people with 
poor sleep and a sleep complaint (Insomniacs), people with a sleep 
complaint but who do not exhibit poor sleep (Complaining Good 
Sleepers), people with poor sleep but without a sleep complaint (Non-
complaining Poor Sleepers), and people without poor sleep or sleep 
complaints (Healthy Sleepers). We compared these groups on subjec-
tive daytime impairment.
Methods: Randomly recruited 699 participants, 344 males, 485 Cau-
casian, (M age = 53.3 years; SD = 19.9), completed 14 days of sleep dia-
ries and daytime functioning questionnaires. They were grouped based 
on data from the sleep diaries and the presence or absence of a sleep 
complaint. Participants were compared on six subcategories from the 
Insomnia Impact Scale (IIS): physical, cognitive, occupational, social, 
emotional, or general impairment.

Results: The data analytic model was a 2x2 MANOVA. Presence or 
absence of sleep disturbance was crossed with presence or absence 
of sleep complaint on the six IIS variables. We obtained a significant 
main effect for disturbance, Wilks’ Λ = 0.97, p < 0.01, a significant 
main effect for complaint, Wilks’ Λ = 0.94, p < 0.001, but no significant 
interaction. Univariate follow-up testing revealed significantly greater 
impairment if a complaint was present for five measures, excluding the 
occupational subcategory. The disturbance variable yielded significant 
findings for four measures, excluding physical and cognitive subcat-
egories.
Conclusion: Individuals who believe they have insomnia, that is they 
endorse an insomnia identity, reported impaired daytime functioning 
on five of six subcategories compared to individuals with poor sleep 
who recorded significant deficits on four of six subcategories. The ab-
sence of an interaction indicated the combination of poor sleep and 
sleep complaint afforded no increment in daytime impairment com-
pared to sleep complaint alone. Insomnia identity may be a component 
of insomnia disability meriting focal clinical attention.
Support (If Any): National Institute on Aging grants AG12136 and 
AG14738

0705
DOES ACCULTURATION PREDICT INSOMNIA 
SEVERITY IN PREGNANT WOMEN ENROLLED IN A 
STUDY OF CBT FOR INSOMNIA?
Ivan II, Foley-Saldeña K, Reade M, Simpson N, Martino A, Manber R
Stanford University School of Medicine, Palo Alto, CA

Introduction: Acculturation in the U.S. is associated with poor health 
outcomes, yet relatively little is understood about its role in sleep, spe-
cifically among pregnant women. One previous study among pregnant 
Latinas found that those who chose to complete study measures in 
English, a proxy for acculturation, had higher insomnia severity. The 
current study aimed to examine if acculturation, measured using a 
validated scale, predicted insomnia severity among pregnant women 
with insomnia disorder.
Methods: Pregnant women with insomnia disorder (gestational ages 
18–32 weeks) were enrolled in a treatment study of cognitive behav-
ioral therapy for insomnia (CBTI). Eligible women who met DSM-5 
criteria for insomnia disorder and had no co-morbid affective or sleep 
disorders were recruited from community obstetric clinics. At base-
line, participants completed the Acculturation Rating Scale for Mexi-
can Americans-II (ARSMA-II) and the Insomnia Severity Index (ISI) 
among other measures.
Results: Twenty one of 39 women (mean age 32.9 ± 4.9 years; mean 
gestational age 24 weeks ± 4.5 weeks) self-identified as having been 
born and raised in a non-Anglo culture. Of these women, 48% were 
Latina. The ISI average score was 18.2 ± 4.1. A multiple regression 
model that included the two ARSMA-II subscales, Anglo Orientation 
Scale (AOS) and Culture of Origin Orientation Scale (COS), explained 
a significant amount of variance in ISI scores [p < 0.05, R2

Adjusted = 0.24]. 
AOS significantly predicted ISI scores (Beta = 0.62, p = 0.01) but COS 
did not (p = 0.08).
Conclusion: These preliminary findings suggest that, among pregnant 
women with insomnia disorder, greater cultural orientation toward the 
Anglo culture is associated with more severe insomnia severity, but 
greater cultural orientation toward the culture of origin is not. Future 
research is needed to better understand mechanisms underlying the ob-
served relationship between acculturation and insomnia and the clini-
cal relevance of acculturation in terms of response to CBTI.
Support (If Any): R01 NR013662
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0706
PERCEIVED SOCIAL SUPPORT BUFFERS THE 
NEGATIVE EFFECT OF LOW INCOME ON PERINATAL 
INSOMNIA
Reade MA, Martino A, Ivan I, Simpson N, Manber R
Stanford University School of Medicine, Stanford, CA

Introduction: Research has identified low income as a risk for insom-
nia. Additionally, greater perceived social support is associated with 
better mental and physical health outcomes. We examined the possibil-
ity that social support may moderate the relationship between low in-
come and insomnia symptoms among pregnant women with insomnia 
disorder (ID).
Methods: Thirty-nine women, 17 to 34 weeks pregnant (M = 25.56, 
SD = 5.25), who met DSM-5 criteria for ID, with no co-morbid depres-
sive, anxiety, or sleep disorders, enrolled in a treatment study of peri-
natal insomnia. At baseline, participants reported total family income, 
and completed the Edinburgh Postnatal Depression Scale (EPDS), the 
Multidimensional Scale of Perceived Social Support (MSPSS), and one 
week of sleep diaries.
Results: Regression analyses were conducted to test the hypotheses 
that perceived social support moderates the associated between in-
come and mean self-reported sleep onset latency (SOL), wakefulness 
after sleep onset (WASO), and early morning awakening (EMA), while 
controlling for age, gestational week, and depressive symptoms. Lower 
income (β = −2.39, t = −2.83, p = 0.009) and lower perceived social sup-
port (β = −0.78, t = −2.71, p = 0.012) were both associated with longer 
SOL, but not with WASO or EMA. The interaction between income 
and perceived social support was also a significant predictor of SOL 
(β = 2.08, t = 2.30, p = 0.031).
Conclusion: This study is the first to document that social support may 
play an important role in the sleep of pregnant women with ID. Spe-
cifically, in this sample of treatment-seeking pregnant women with ID, 
perceived social support buffered the negative effect of low income on 
SOL, such that income was not associated with SOL among women 
with high levels of perceived social support. Our findings suggest that 
social support may serve as a protective factor for ID symptoms, espe-
cially among women of low SES.

0707
IMPACT OF A MULTICOMPONENT HOSPITAL SLEEP 
INTERVENTION ON POST-DISCHARGE INSOMNIA 
SYMPTOMS
Gathecha E1, Buenaver LF1, Landis R1, Rios R1, Barnes-Horowitz N2, 
Howell EE1, Wright SM1

1Johns Hopkins University School Of Medicine, Baltimore, MD, 
2University of Virginia, Charlottsville, VA

Introduction: Poor sleep is associated with poor health outcomes 
and is common during hospitalizations and few studies have assessed 
interventions for improvement. Authors designed a multicomponent 
sleep intervention and assessed implementation, inpatient sleep, 30-
day post-discharge sleep, length of stay (LOS) and 30-day all-cause 
readmission rates.
Methods: A prospective two arm randomized trial design with base-
line and 30-day follow-up assessment. Participants completed mea-
sures of depression (CES-D), global sleep disturbance (PSQI), daytime 
sleepiness (ESS), and insomnia symptoms (ISI). Throughout hospital-
ization, data was collected using self-report sleep diaries and actigra-
phy. Authors used a mixed, between-within subjects ANOVA to test 
intervention effects, controlling for baseline differences between con-
trol and intervention arms on sleep latency (SOL) and wake after sleep 
onset (WASO).

Results: Ninety-seven patients completed the study [mean age: 56.7 
(± 16.3); 58% female; mean BMI: 32.3 (± 9.6)], 40% in the intervention 
group. At baseline, the intervention group self-reported 34 minutes 
longer SOL relative to controls, p-value 0.007. During hospitalization 
intervention patients had more fragmented sleep with 32 minutes lon-
ger WASO than control, p-value 0.04 by actigraphy. More control sub-
jects used sleep medications prior to admission, (34% vs 10%, p-value 
0.014), differences were treated as covariates. Subjects did not differ 
by LOS or other baseline measures. Mixed-between-within subjects 
ANOVA showed significant interaction effect between treatment group 
and time [Wilks Lambda = 0.89, F(1, 46) = 5.91, p = 0.02, partial eta 
squared = 0.11] demonstrating statistically significant difference in in-
somnia at 30 days as a function of inpatient intervention.
Conclusion: Sleep is vital for recovery. Poor sleep during hospitaliza-
tion could be a modifiable risk factor. This study demonstrates feasibil-
ity in delivering a multicomponent inpatient sleep intervention with 
ameliorations in several clinically relevant outcomes, particularly after 
discharge. Greater attention to hospitalized patient sleep should be a 
priority.

0708
NOCTURIA AND THE EXPERIENCE OF INSOMNIA
Friedman L1,2, Lee R1,2, Thompson S1,2, Hernandez B1,2, Posner D1,2, 
Kushida C1, Zeitzer JM1,2, Yesavage J1,2

1Department of Psychiatry and Behavioral Sciences, Stanford 
University School of Medicine, Stanford, CA, 2Sierra-Pacific Mental 
Illness Research, Education, and Clinical Center, Veterans Affairs 
Palo Alto Health Care System, Palo Alto, CA

Introduction: Elderly individuals frequently report nocturia (waking 
at night one or more times to void their bladder). However, nocturia’s 
impact on insomnia is not well studied. Here we distinguish the dif-
ferent manifestations of nocturia and examine if these are linked with 
different sleep profiles.
Methods: Thirty-four community-dwelling applicants (69.5 ± 6.70 
years, 25 = women ) for a study of Cognitive-Behavioral Treatments 
for Insomnia completed sleep dairies (1 week) and polysomnography 
(1 night). Participants were screened to have < 4 nocturnal voids, and 
completed the American Urological Association 8 (AUA8) and Insom-
nia Severity Index (ISI). Participants were divided into three groups: 1) 
nocturia waking because of an urge to void (Urge), 2) nocturia because 
they were already awake (Non-Urge), 3) < 1 nocturnal voiding per 
night (No-Nocturia). GLM with post hoc Tukey were used to examine 
group-level differences.
Results: The number of awakenings per night with an urge to void 
was positively correlated with the AUA8 total score (r = 0.6745), while 
voids without a waking urge were not. There were differences among 
the groups in the ISI, sleep diary wake after sleep onset and sleep ef-
ficiency (all p < 0.05), but no difference on PSG measures. Post hoc 
analyses indicated that the No-Nocturia group had less insomnia 
symptomatology than the two nocturia groups, which did not differ 
from one another. Total awakenings were not different among the three 
groups (p = 0.1327).
Conclusion: Although waking with an urge to void correlated with 
more urinary symptoms, the Urge group was not different from the 
Non-Urge group regarding sleep. However, nocturia from either cause 
did negatively affect an individual’s experience of sleep. These results 
cannot be explained by a greater number of awakenings in individu-
als with nocturia but may be related to the length of the awakenings. 
Nocturnal voiding appears to play a significant role in the experience 
of insomnia.
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INSOMNIA IDENTITY AS A DETERMINANT OF 
DAYTIME IMPAIRMENT
Moran CE1, Lichstein KL1, Taylor DJ2, Reidel BW3, Bush AJ4

1University of Alabama, Tuscaloosa, AL, 2University of North Texas, 
Denton, TX, 3Shelby County Schools, Memphis, TN, 4University of 
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Introduction: The adverse effects of insomnia on daytime functioning 
have long been established in the literature. However, little is known 
about the effects of insomnia identity on daytime functioning. The cur-
rent research seeks to determine whether having the complaint of in-
somnia affects daytime functioning, regardless of meeting quantitative 
criteria for insomnia.
Methods: To determine the role of insomnia identity in daytime im-
pairment, a series of one-way ANOVAs were conducted using an epi-
demiological database collected by Lichstein and colleagues (2004). 
The database sample included 761 randomly selected adults from 20 to 
98 years of age. Participants completed two weeks of sleep diaries in 
addition to the Beck Depression Inventory (BDI), State Trait Anxiety 
Inventory (STAI), and the Insomnia Impact Scale (IIS). 137 partici-
pants had insomnia and identified themselves as such, 76 participants 
satisfied the quantitative criteria for insomnia but did not have an in-
somnia complaint, and 120 participants complained of insomnia but 
did not satisfy the quantitative criteria for insomnia. One-way ANO-
VAs compared insomniacs, complaining good sleepers, and non-com-
plaining poor sleepers on the BDI, STAI, and IIS.
Results: The BDI, STAI, and IIS scores of insomniacs were not sig-
nificantly different from those of complaining good sleepers. The 
BDI scores of insomniacs were significantly higher than those of non-
complaining poor sleepers, F(1,255) = 34.9, p < 0.001; STAI scores of 
insomniacs were significantly higher than those of non-complaining 
poor sleepers, F(1,255) = 56.2, p < 0.001; and IIS scores of insomniacs 
were significantly higher than those of non-complaining good sleepers, 
F(1,255) = 25.6, p < 0.001. Post-hoc group comparisons were conducted 
with Tukey set at p < 0.05.
Conclusion: Complaining good sleepers were indistinguishable from 
insomniacs on measures of daytime impairment, and non-complain-
ing poor sleepers reported significantly less daytime impairment than 
insomniacs. As such, the complaint of insomnia, rather than meeting 
quantitative criteria for insomnia, seems to determine daytime impair-
ment as measured by the BDI, STAI, and IIS.
Support (If Any): Research supported by National Institute on Aging 
grants AG12136 and AG14738.
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RESTLESS LEGS SYNDROME IS ASSOCIATED 
WITH SUBSEQUENT DEVELOPMENT OF STROKE: 
A PROSPECTIVE STUDY OF THE NURSES HEALTH 
STUDY II COHORT
Wong JC1, Li Y2, Rexrode KM3, Akarolo-Anthony S2, Walters AS 4, 
Rimm EB2,5, Gao X6

1Department of Neurology, Brigham and Women’s Hospital, Boston, 
MA, 2Department of Nutrition, Harvard School of Public Health, 
Boston, MA, 3Division of Preventive Medicine, Department of 
Medicine, Brigham and Women’s Hospital, Boston, MA, 4Sleep 
Division, Department of Neurology, Vanderbilt University School 
of Medicine, Nashville, TN, 5Department of Epidemiology, Harvard 
School of Public Health, Boston, MA, 6Department of Nutritional 
Sciences at the Pennsylvania State University, 109 Chandlee Lab, 
University Park, PA

Introduction: Restless legs syndrome (RLS) has been shown to be 
associated with several risk factors for stroke, such as obesity, hy-
pertension, and autonomic dysfunction. We thus hypothesize that 
RLS—especially RLS of greater severity—is associated with subse-
quent development of stroke.
Methods: The current analysis included 72,916 female registered nurses 
ages 41–58 years in 2005, free of diabetes, stroke, and pregnancy at the 
baseline. Information on RLS was collected via a questionnaire which 
was based on International RLS Study Group criteria. The primary 
outcome was diagnosis of stroke (ischemic, hemorrhagic or unknown 
etiology). We calculated hazard ratio and 95% confidence intervals (CIs) 
for stroke incidence for each RLS group using Cox proportional hazard 
models, adjusting for potential confounders, such as age, BMI, smoking, 
diet, alcohol, menopause status, iron supplement use, family history of 
stroke, hypertension, hypercholesterolemia and sleep.
Results: During 6 years of follow-up, we documented 161 incident 
stroke cases. In the multivariate adjusted model, RLS severity is associ-
ated with increased risk of stroke: compared to participants with no RLS, 
adjusted hazard ratio of stroke in participants with RLS 5–14 times per 
month was 1.37 (0.72–2.62, 95% CI) and participants with RLS over 15 
times per month was 2.07 (1.13–3.77) (p-trend = 0.01). The association 
was particularly strong for ischemic stroke alone (adjusted HR = 3.52 
comparing two extreme RLS categories; p-trend = 0.01). The similar as-
sociation between RLS symptom severity and stroke was observed with 
exclusion of individuals with cancer, myocardial infarction, arthritis, or 
those with stroke onset during the first two years of follow-up.
Conclusion: We demonstrate in this prospective study that increased 
RLS severity is associated with subsequent increased risk of stroke. 
Appropriate management of cardiovascular risk factors for primary 
prevention of stroke is indicated for patients with RLS.
Support (If Any): NIH UM1 CA176726 and R01 NS062879
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PREVALENCE OF RAPID EYE MOVEMENT SLEEP 
BEHAVIOR DISORDER: A POPULATION-BASED STUDY
Baek S1, Im H1, Park S1, Lee S2, Shin C2, Yun C1
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Introduction: Rapid eye movement sleep behavior disorder (RBD), 
characterized by dream enactment due to REM without atonia, is re-
ported to predominantly affect elderly male and precede neurodegen-
erative diseases. Previously only a few studies reported the prevalence 
as 0.4–2.0% and mainly in the elderly population. Considering the long 
latency between the onset of pathologic process and the clinical mani-

festation of neurodegenerative disease, and the long interval between 
the onset of RBD and neurodegenerative diseases, the epidemiologic 
study in the middle adulthood is strongly indicated. The purpose of 
this study is to investigate the prevalence of RBD in middle adulthood.
Methods: This was a cross-sectional analysis from the ongoing pro-
spective cohort study, the Korean Genome and Epidemiology Study 
(KoGES). We included 2,868 adults (male 49.27%, range 49–80 years, 
59.3 ± 7.2) who participated in the KoGES evaluation, 2012–2013 
were utilized in this study. All subjects were asked to fill out the RBD 
Screening Questionnaire, and probable RBD was defined when the 
score was ≥ 5. Sleep specialists confirmed the presence of clinical RBD 
by telephone interview of subjects with probable RBD.
Results: After screening, four hundred subjects (male 47.8%, 59.6 ± 7.2 
years) were diagnosed as probable RBD. Among them, 396 subjects 
(male 44.9%, 59.5 ± 7.2 years) were interview. Forty eight subjects 
(male 50%, 50.1 ± 8.4 years) were diagnosed as clinical RBD. The 
prevalence was to be 1.67%. There was no gender difference, 1.70% in 
male and 1.65% in female (p < 0.001). Disease duration was is 7.8 ± 5.1 
years (range 1–20). Prevalence in the age group was 2.44% in 50–60 
years old, 1.30% in 60–70, 5.97% in older than 70 years.
Conclusion: We presented the prevalence of clinical RBD from large-
scale epidemiologic cohort in middle-to-late adulthood. There was no 
gender difference.

0712
PREVALENCE AND ITS TEMPORAL CHANGES 
OF RESTLESS LEGS SYNDROME DURING THE 
PREGNANCY IN CURRENT JAPAN
Yoshimura C1, Amagase H2, Takewaka M2, Nakashima K 2, Imaoka H2, 
Shigematsu T 2, Amagase Y2, Handa S1, Ohkusa T1, Nishizaka M1, 
Ando S1

1Kyushu University Hospital, Fukuoka, Japan, 2Amagase Ladies 
Clinic, Oonojyo, Japan

Introduction: Restless legs syndrome (RLS) during pregnancy is 
relatively frequent but exists only few precise epidemiological report 
in current Japan, where treatment for anemia in pregnant women has 
been widely prevailed. Furthermore, the change in the prevalence of 
RLS symptoms according to the pregnancy term has not been clarified. 
Thus, we investigated prevalence and temporal changes of RLS during 
the pregnancy and measured some factors related to RLS.
Methods: We enrolled 71 second trimester pregnant women at local 
clinic and followed up 16 of them up to after their deliveries. The ques-
tionnaire to assess International Restless Legs Syndrome Rating Scale 
(IRLS), Epworth sleepiness Scale (ESS), and their anemia treatment 
were performed at the second trimester, the third trimester and one 
month after delivery. We also measured the levels of ferritin, vitamin 
B12 and folic acid at the second and the third trimesters.
Results: The prevalence of definite RLS was 7.0% and suspicious RLS 
was 16.9% in 71 pregnant women at the second trimester and, in 16 
women whom we followed up to after delivery, the rate of definite RLS 
was 12.5%, 12.5% at the second and the third trimester and 0.0% at one 
month after delivery. At the second and the third trimester, 56.3% and 
59.5% pregnant women were taking some medication or supplement 
for anemia. The folic acid level decreased from 8.1 ± 4.7 ng/mL to 
5.5 ± 2.3 ng/mL during the second and the third trimester (p = 0.048). 
The ESS increased significantly toward the end of pregnancy (7.3 ± 3.4, 
8.0 ± 4.6, 9.5 ± 5.2) but IRLS rather decreased during same period 
(6.3 ± 8.7, 3.1 ± 7.0, 1.3 ± 4.5).
Conclusion: The prevalence of RLS is high even in current Japan and 
decreased after delivery. The levels of ferritin, vitamin B12, and folic 
acid and daytime sleepiness did not relate to the change of the IRLS, 
meaning that sleepiness might be caused by other disease than RLS.
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0713
RELATIONSHIP OF SLEEP DISORDERS AND 
BEHAVIORS TO SLEEP STARTS
Ward CP1, Shahriari SR1, Peszka JJ2, Mastin DF3, Ma X1, Harsh J4

1University of Houston-Clear Lake, Houston, TX, 2Hendrix College, 
Conway, AR, 3University of Arkansas at Little Rock, Little Rock, AR, 
4University of Southern Mississippi, Hattiesburg, MS

Introduction: Sleep starts, also known as hypnic jerks, hypnagogic 
jerks, or predomital myoclonus, are sudden brief contractions of the 
legs, sometimes involving the arms and head, which may occur at sleep 
onset. There is little empirical evidence studying the consequences and 
correlates of sleep starts. The literature that does exist are mainly clini-
cal reports.
Methods: Participants (n = 461, M = 34.3 years old, SD = 12.7; 71.7% 
male, 77% white) were recruited throughout the United States via the 
internet. Participants answered the Epworth Sleepiness Scale (ESS), 
Pittsburg Sleep Quality Index (PSQI), Insomnia Severity Index (ISI), 
Horne-Östberg Morningness-Eveningness Questionnaire (HOMEQ), 
Sleep Hygiene Index (SHI), and questions related to sleep starts query-
ing behaviors that proceed, parallel, and follow sleep starts.
Results: Respondents indicated 77.7% had experienced sleep starts. 
48% of those reported having sleep starts at least once a week and 
4.5% reported that their sleep starts were so severe that they consid-
ered seeking help. The frequency of sleep starts were reported to be 
reduced if respondents slept in their own bed, drank alcohol before bed, 
or exercised before sleep. Those reporting sleep starts were more likely 
to endorse symptoms consistent with sleep movement disorders, hyp-
nogogic hallucinations, sleep paralysis, and nightmares. Respondents 
reporting sleep starts were significantly more sleepy as measured by 
the ESS (p < 0.001), more likely to report symptoms of insomnia as 
measured by the ISI (p < 0.001), and exhibited poorer sleep hygiene as 
measured by the SHI (p < 0.001) than participants without sleep starts. 
There were no significant differences in PSQI (p = 0.272) or HOMEQ 
(p = 0.388).
Conclusion: Sleep starts are common and generally thought to be be-
nign. However, here we found people with sleep starts were sleepier 
and had poorer sleep hygiene than those without sleep starts and that 
at least some have indicated a desire for help. Future research should 
explore possible relationships between sleep related movement disor-
ders and sleep starts.

0714
THE REALITY OF SEXSOMNIA; CHARACTERISTICS 
AND MANIFESTATIONS OF SEXSOMNIA
Muza RT, Lawrence M, Williams A
Guy’s and St Thomas NHS Trust, London, United Kingdom

Introduction: Sexsomnia is an important albeit relatively newly 
recognised parasomnia which can negatively impact on the well being 
of the sufferer and the bed partner and might also have medico-legal 
implications
Methods: Observational case series study of individuals presenting to 
a tertiary referral Sleep Clinic from 2008–2014 with symptoms sug-
gestive of sexsomnia identified by searching Electronic Patient Re-
cords for the terms Sexsomnia and Sleep Sex. Analysis medical history 
and a review of polysomnographic studies were carried out
Results: 41 individuals were identified; 37 male and 4 female. The 
majority were married and White-British and the mode age was 32 
(22–50 years). Manifestations of sexsomnia varied; females describing 
predominantly masturbation (n = 3), and males sexual intercourse or 
fondling/groping (n = 22). 11 cases reported violence or aggression and 
in one case there were forensic issues. Amnesia was reported by all. 

Self-reported triggers included sleep deprivation (n = 8); stress (n = 6); 
contact with a bed partner (n = 2); and 3 cases of exacerbation by al-
cohol. 30 individuals had a past history of another parasomnia, mainly 
Non Rapid Eye Movement parasomnias such as sleepwalking and talk-
ing, and only one incidence of a Rapid Eye Movement parasomnia. 40 
of 41 individuals took part in an overnight video PSG. In 28 individuals 
there were sudden arousals from slow wave sleep indicative of a Non 
Rapid Eye Movement parasomnia, though no sexual behaviour was 
observed in the sleep lab. In the remaining 12; loss of Rapid Eye Move-
ment atonia, epileptiform features and mild Obstructive Sleep Apnoea 
were recorded. Sex-simulating motions were observed in one home 
video recording
Conclusion: The reality of sexsomnia is no longer in doubt with an 
increasing number of self-referrals to the sleep centres. To our best 
knowledge this is the biggest case series describing the manifestations 
of sexsomnia

0715
INDEPENDENT ASSOCIATIONS OF BOTH RLS AND 
PLMS WITH INCIDENT CARDIOVASCULAR EVENTS IN 
OLDER MEN: THE MROS SLEEP STUDY
Winkelman JW1,2, Blackwell T3, Stone K 3, Ancoli-Israel S 4, 
Redline S5,2,6

1Departments of Psychiatry and Neurology, Massachusetts 
General Hospital, Boston, MA, 2Harvard Medical School, Boston, 
MA, 3Research Institute, California Pacific Medical Center, San 
Francisco, CA, 4Departments of Psychiatry and Medicine, University 
of California, San Diego, La Jolla, CA, 5Department of Medicine, 
Brigham and Women’s Hospital, Boston, MA, 6Department of 
Medicine, Beth Israel Deaconess Medical Center, Boston, MA

Introduction: Both RLS (restless legs syndrome) and PLMS (periodic 
leg movements in sleep) may be associated with incident cardiovas-
cular disease (CVD). However, the individual contributions of these 
factors to adverse cardiovascular outcomes are unknown.
Methods: During the MrOS Sleep Study, 2,826 men (mean age 76.3 
years) participated in a comprehensive sleep assessment from 2000–
2002. RLS was identified by self-report of a physician diagnosis of 
RLS. PLMS were scored from unattended in-home polysomnogra-
phy, presented as PLM per hour sleep (PLMI). Incident cardiovascular 
events were centrally adjudicated during 8.3 ± 2.3 years of follow-up. 
The primary outcome (CVD) was a composite event, which included 
coronary heart disease (CHD), cerebrovascular (CBD), congestive 
heart failure, peripheral vascular disease events, and other ‘definite’ 
unstable coronary artery syndromes. Secondary outcomes included 
incident myocardial infarction (MI), CBD, and CHD. Cox proportional 
hazards regression assessed the association between RLS and risk of 
incident CVD. Models were adjusted for age, clinic, BMI, alcohol use, 
smoking, depression, prevalent DM, physical activity, antidepressant 
and benzodiazepine use, and AHI. Models were further adjusted for 
PLMI to examine if there was an independent association of RLS and 
PLMI to the outcomes. Results are presented as hazard ratios (HR) 
with 95% confidence intervals (CI).
Results: Physician-diagnosed RLS was reported by 2.2% of the men, 
and 59.6% had PLMI ≥ 15. There were 812 CVD, 552 CHD, 250 CBD, 
and 197 MI events confirmed. RLS was not associated with the com-
posite CVD outcome. RLS was significantly associated with incident 
MI (HR = 2.09, 95% CI, 1.08–4.06) after multivariate adjustment. Re-
sults were similar when PLMI was added to the model. PLMI was also 
associated with incident MI (per SD increase in PLMI, HR = 1.14, 95% 
CI, 1.00–1.31).
Conclusion: Both RLS and PLMS independently contribute to risk for 
myocardial infarction events.
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Support (If Any): The National Heart, Lung, and Blood Institute 
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comes of Sleep Disorders in Older Men” under the following grant num-
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0716
CAUSES OF INSOMNIA IN CHILDREN WITH 
CEREBRAL PALSY
Paula de Aguiar Lélis A1, Beyzaei N1, Cardoso ML2, Hall WA3, 
Ipsiroglu OS1

1Sleep/Wake-Behaviour Clinic & Research Lab, Division of 
Pediatrics, Department of Pediatrics, Faculty of Medicine, UBC, 
Vancouver, BC, Canada, 2School of Nursing, Federal University of 
Ceará, UFC, Fortaleza, Brazil, 3School of Nursing, University of 
British Columbia, UBC, Vancouver, BC, Canada

Introduction: Sleep problems (SPs), mainly insomnia, in children 
with cerebral palsy (CP) are compounded by children‘s complex multi-
faceted clinical presentations. We investigated the clinical presentation 
of SPs in children and adolescents with CP. Our focus was on insomnia 
caused by Willis-Ekbom Disease (WED).
Methods: 30 children/adolescents (age range 1y11m–16y; 18 males) 
were assessed clinically in two periods (2007–2011, 2012–2014); in 
the latter period, we integrated family sleep history and applied the 
concept of therapeutic emplotment (TE). TE uses narrative schema to 
analyze bedtime problems, night awakenings and challenging daytime 
behaviours. We shared reports with clients for quality control purposes. 
In addition, 10 patients received home-videosomnography (HVS).
Results: All patients presented with insomnia; 90% with sleep disor-
dered breathing; 77% with possible WED symptoms; 30% with para-
somnias; 56% with probable WED diagnosis in period one, and 100% 
with probable familial WED in period two. HVS captured total sleep 
period, efficiency and positions, restful/restless sleep, and individual 
characteristic “cascading movement patterns” (CMPs) of periodic limb 
movements in sleep (PLMs). The CMPs followed three specific stag-
es: (1) brief twitches/shakes in fingers/hands/feet that initiate a bigger 
movement in one limb (periodic limb movements); (2) head turning, 
limb stretching, arm/leg lifting and/or face rubbing; and (3) general-
ized body movement, mainly a position change and elbow/knee flexing. 
Patients varied in initiation type of these CMPs; however, each patient 
tended to follow the same particular pattern several times in their rest-
less period.
Conclusion: Insomnia, experienced by patients with CP, appears to 
be due to sleep disruptions caused by sleep disordered breathing and 
familial WED. Along with familial sleep history, TE allows parents 
to provide narratives associated with their child’s insomnia, to reveal 
important details. HVS supported the diagnostic approach to clinical 
WED experienced in children/adolescents with CP and revealed child 
specific CMPs caused by PLMs.
Support (If Any): (1) Treatable Intellectual Disability Endeavour, 
British Columbia; (2) PhD-Scholarship for Ana Luíza Paula de Aguiar 
Lélis CAPES-Program, Brazilian Ministry of Education.

0717
QUANTITATIVE ANALYSES OF REM SLEEP WITHOUT 
ATONIA IN PATIENTS WITH VOLTAGE GATED 
POTASSIUM CHANNEL ANTIBODY SYNDROME
Lieske EA, McCarter SJ, Sandness DJ, Boeve BF, Silber MH, 
McKeon AJ, St Louis EK
Mayo Clinic and Foundation, Rochester, MN

Introduction: Voltage-gated potassium channel antibody syndrome 
(VGKC-AS) is an autoimmune disorder with prominent neurological 
and sleep disturbances, including limbic encephalitis (LE) and REM 
sleep behavior disorder (RBD). We analyzed REM sleep without ato-
nia (RSWA) in patients with VGKC positivity, with and without RBD.
Methods: We comparatively analyzed RSWA between VGKC-AS pa-
tients (n = 18) with (n = 7) and without (n = 11) RBD, age-matched 
controls, and RBD patients (n = 18) without VGKC-AS. Manual pha-
sic, tonic, and “any” muscle activity percentages were compared in the 
submentalis (SM) and anterior tibialis (AT) muscles, and the automated 
REM atonia index (RAI) was calculated. Statistical analyses involving 
group comparisons and regression were then performed. Additional 
laboratory analyses for Lgi-1 (Leucine-rich, glioma inactivated 1, a 
potential metastasis suppressor) and Caspr-2 (Contactin-associated 
protein-like 2, a paranodal protein proximate to potassium channels) 
antibodies were also performed.
Results: Seven (39%) VGKC-AS patients had RBD, including 5 (71%) 
men. VGKC-AS patients had intermediately higher manual and auto-
mated RSWA, higher than controls but lower than RBD patients with-
out VGKC-AS (p < 0.05). LE patients had higher phasic muscle activity 
in AT, adjusted for antidepressant use (p = 0.03). VGKC-RBD patients 
had higher tonic muscle activity than those without dream enactment 
behaviors (p = 0.03). Only 3/18 (17%) VGKC patients were Lgi-1 posi-
tive and all 18 were Caspr2 negative. No associations between Lgi-1 
and RSWA were found.
Conclusion: VGKC patients had higher overall RSWA levels than 
controls, but lower than RBD patients without VGKC-AS. VGKCAS-
RBD patients had higher tonic RSWA than VGKC-AS patients without 
dream enactment, and LE patients had higher overall and leg phasic 
RSWA than other VGKC-AS patients. This data aids prompt diagnosis 
of VGKCAS-RBD, enabling application of immuomodulatory treat-
ment, which may help decrease dream enactment behaviors. Future 
prospective research is needed to analyze the impact of immunothera-
py on VGKC-AS RSWA metrics and clinical outcomes.
Support (If Any): This project was supported by the National Center 
for Research Resources and the National Center for Advancing Trans-
lational Sciences, National Institutes of Health, through Grant Number 
1 UL1 RR024120-01. The content is solely the responsibility of the au-
thors and does not necessarily represent the official views of the NIH.

0718
NEW ONSET TEMPORAL LOBE EPILEPSY AND 
REM SLEEP BEHAVIOR DISORDER: FURTHER 
DEMONSTRATION OF A POSSIBLE ASSOCIATION?
Junna MR, StLouis EK, Duwell EJ, Silber MH
Mayo Clinic, Rochester, MN

Introduction: There have been reports of a possible association be-
tween epilepsy and RBD, but no reports of a close temporal associa-
tion in the onset of these disorders outside of a unifying symptomatic 
disorder.
Methods: Report of 3 cases of newly diagnosed TLE occurring in 
close temporal association with RBD from a tertiary sleep disorders 
and epilepsy center, with accompanying neurophysiologic data.
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Results: Case 1 is a 64-year-old man with a 2-year history of nocturnal 
wandering, unresponsiveness, and convulsions, and daytime spells of 
loss of awareness, tonic stiffening, and confusion. For 1.5 years, he had 
also developed dream enactment behaviors with partial dream recall. 
One of his habitual focal dyscognitive seizures was witnessed in the of-
fice. Case 2 is a 68-year-old man with a single episode of loss of aware-
ness while driving occurring one year ago. In the past few months, he 
had also developed dream enactment behaviors with vivid nightmares. 
Case 3 is an 80-year-old man with an 11-month history of nocturnal 
wandering and episodes of gurgling, chest heaving, and unresponsive-
ness. During this period, he had also developed nocturnal vocalizations 
with falls out of bed. None had a history of anti-depressant exposure. 
Video-PSG with arm EMG and 16-channel EEG showed temporal epi-
leptiform activity, abnormal automated REM atonia index (RAI), and 
higher manually scored submentalis phasic muscle activity in all cases. 
Normal brain MRI was noted in all cases, and normal paraneoplastic 
antibody panels in two cases.
Conclusion: In all cases, the onset of TLE and RBD occurred within 
a 12-month period, suggesting an association between the two condi-
tions. The close temporal association has not been previously reported 
outside of a unifying symptomatic disorder such as a paraneoplastic/
inflammatory etiology. A neurodegenerative or ischemic process may 
be the culprit, or TLE may invoke limbic network alterations that pre-
dispose to nightmares and downstream altered REM atonia mecha-
nisms.

0719
QUANTIFICATION OF REM SLEEP WITHOUT ATONIA 
IN KOREAN REM SLEEP BEHAVIOR DISORDER 
PATIENTS: COMPARISON OF MANUAL AND 
COMPUTER-ASSISTED SCORING METHODS
Lee J1, Jung Y2, Shin W2, Cha H2

1Kyung Hee University Hospital at Gangdong, Seoul, Korea, Republic 
of, 2Department of Neurology, Kyung Hee University Hospital at 
Gangdong, Seoul, Korea, Republic of

Introduction: The Polysomnographic (PSG) hallmark of REM sleep 
behavior disorder (RBD) is loss of muscle atonia during REM sleep; 
REM sleep without atonia (RSWA). However, the International Clas-
sification of Sleep Disorders, third edition (ICSD-3) criteria did not 
suggest optimized diagnostic value of RSWA and how to score muscle 
activity during REM sleep. Many previous studies have been tried to 
figure out the objective quantitative cut-off values of RSWA. We inves-
tigated RSWA in Korean RBD patients compared with normal control, 
to figure out it’s cut-off value in diagnosis of RBD, using both manual 
and computer-assisted scoring methods (REM atonia index, RAI)
Methods: We retrospectively analyzed PSG and clinical data of 40 pa-
tients, 10 age-matched controls by ICSD-3 criteria. The quantitative 
analysis of chin electromyography (EMG) density during REM sleep 
was done by both manual and computerized method. The RSWA and 
RAI were compared within two groups to figure out cut-off values for 
distinguishing two groups
Results: In computerized method, the mean RAI of RBD patient was 
0.66 [ ± 0.20, standard deviation (SD)], and 0.93 [ ± 0.38, SD, p < 0.001) 
in control group. Also, in manual method, RSWA were also signifi-
cantly increased within RBD patient compared with normal controls. 
(tonic activity : 9.1 ± 10.3 vs 0.1 ± 0.2, phasic activity : 7.5 ± 6.4 vs 
1.6 ± 1.2, p < 0.002)
Conclusion: We quantitatively figured out the characteristics of RSWA 
in Korean RBD patients and suggest that we may diagnose RBD who 
have RSWA more than 4.1% of total REM sleep duration and RAI than 
0.84.

0720
EVALUATION OF AUTONOMIC NERVOUS ACTIVITY 
BY COMPLEX DEMODULATION METHOD FOR 
SUGGESTED IMMOBILIZATION TEST IN RLS
Tanaka H1, Yamamoto H1, Oki N2

1Gifu Mates Sleep Clinic, Gifu, Japan, 2Norpro Light Systems 
Incorporation, Tokyo, Japan

Introduction: Despite the efforts of international experts of RLS to 
establish standard criteria, the clinical diagnosis of this condition re-
mains, in several patients, difficult to make on the basis of the clinical 
evaluation solely. Suggested immobilization test (SIT) as auxiliary di-
agnosis method. The visual analog scale of patient’s discomfort is more 
sensitive than the number of Periodic Leg Movements during SIT. To 
overcome above problems, we evaluated the autonomic nervous activ-
ity by Complex Demodulation Method (CDM).
Methods: The acquisitioned daters were analyzed by CDM and Densi-
ty Spectrum Array (DSA). CDM is a type of the time domain analysis, 
which has used for forty years, calculates the momentary amplitudes 
by assigning the voluntary spectrums. It is the same principle of the 
radio techniques to demodulate complex products (A type of the fre-
quency shift). Evaluated autonomic activity [eg, high frequency (HF)]
of RLS, normal, and insomnia groups during SIT separated into three 
segments (T1, T2, T3).
Results: % HF of definite RLS group was significantly lower than nor-
mal group in only T3 (23.0 ± 20.8 vs 54.9 ± 26.7%, p < 0.01). % HF 
in 3rd trisection of 35.0 was found to correctly classify 85.3% of RLS 
patients and control subjects, with sensitivity of 84.2% and specificity 
of 86.7%.
Conclusion: This study showed that % HF was decreasing with time 
dependability as the characteristic trend of autonomic activity of RLS 
patients. CD-DSA method may supplement the objectivity of VAS in 
SIT, be available for distinguish true RLS and “mimics”.

0721
GENDER AND STIGMA ISSUES IN THE TREATMENT 
OF PATIENTS WITH RESTLESS LEGS SYNDROME: 
SEXUALITY AND CARE
Varela MV1, Coin-Carvalho J2,1, Prado GF1, Carvalho LB1

1Universidade Federal de São Paulo, São Paulo, Brazil, 2Universidade 
Paulista, Sao Paulo, Brazil

Introduction: Restless legs syndrome (RLS) is a neurological disorder 
characterized by an irresistible and unpleasant urge to move one’s legs. 
Sleep and quality of life are affected in patients with RLS. The aim of 
this study is to investigate the understanding and management of this 
disease, with a view to sociocultural dimensions, particularly those re-
lated to gender and sexuality, by analyzing the treatment and care of a 
group of patients with RLS in São Paulo, Brazil.
Methods: Semi structured interviews were conducted with fifteen pa-
tients (10 women aged 26–78 years and 5 men aged 29–71 years) with a 
confirmed diagnosis of RLS at the Neuro-Sono Outpatient Clinic, Uni-
versidade Federal de São Paulo (Brazil). Interviews were transcribed 
and a thematic content analysis was performed.
Results: We identified two major categories for the management of 
issues of sexuality in these patients: Body-Movement and The gaze of 
others. The discourse of female RLS patients was characterized by re-
ports of harassment and stigma. These aspects are inextricably linked 
to the manner in which women’s bodies are represented and treated 
by our society, with attempts at submission and control, despite the 
achievements of women in the last century. The sexual dimension col-
ors the gaze of others upon women with RLS, with major implications 
for care: the sexual connotations ascribed to RLS shift the other’s gaze 
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toward an uncaring perspective, which only compounds the patient’s 
suffering.
Conclusion: We conclude that management of this condition thus re-
quires a reorientation of the medical gaze to ensure that the needs of pa-
tients—particularly women—are met comprehensively, while taking 
into account their limitations and possibilities for social and cultural 
inclusion. Such a reorientation could have major consequences for care 
and treatment.

0722
TOPOGRAPHY OF SYMPTOMS IN RESTLESS LEGS 
SYNDROME (RLS): A PILOT STUDY
Rinaldi F1, Zucconi M2, Oldani A 2, Marelli S2, Galbiati A 2, 
Gasperi A 2, Cusmai M2, Ferini Strambi L2

1Clinica Neurologica, Spedali Civili di Brescia, Clinica Neurologica, 
Spedali Civili di Brescia, Italy, 2Vita-Salute San Raffaele University, 
Faculty of Psychology, Vita-Salute San Raffaele University, Italy

Introduction: RLS is characterized by an irresistible and unpleasant 
urge to move the limbs while resting. Although the accepted diagnos-
tic criteria describe the symptoms as confined mainly to the legs, in 
clinical practice an amount of patients report symptoms also in the 
upper limbs. Our aim was therefore to describe the topography and 
symmetry of RLS symptoms, and to identify the relationship between 
localization and clinical variables.
Methods: 146 RLS patients were studied. Information including the 
localization of symptoms, age-at-onset, ferritin values and symptoms 
severity were collected. The RLS topography patterns were classified 
according to localization in upper limbs (UL), lower limbs (LL) or both, 
and lateralization.
Results: Bilateral and symmetric lower limbs (LL) location was the 
most common (74.7%), while 4.1% of participants exhibited asymmet-
ric lower limbs localization. Only one patient (0.7%) showed symp-
toms confined to the upper limbs (UL), symmetrically. Four limbs 
symmetrical involvement was found in 17.8% of patients; symptoms 
were located asymmetrically at the four limbs in 2.7%. The severity of 
RLS was similar across the patients, independently of the localization 
of symptoms. Conversely, lower ferritin values were found in patients 
with symptoms located at the lower limbs. Patients with asymmetric 
symptoms had a younger age-at-onset than the others; nevertheless, 
the numerosity of the two samples was skewed, therefore an extended 
sample is needed to assess the statistical significance.
Conclusion: RLS symptoms typically were symmetrically located in 
the lower extremities. LL patients had higher ferritin values, while pa-
tients with a younger age-at-onset showed more asymmetric distribu-
tion compared with older patients. A larger sample of patients is needed 
in order to ascertain the significance of this findings.

0723
DEFINING THE PHENOTYPE OF RESTLESS 
LEGS SYNDROME (RLS) : A CLINICAL AND 
POLYSOMNOGRAPHIC STUDY
Rinaldi F1, Zucconi M2, Oldani A 2, Marelli S2, Galbiati A 2, 
Gasperi A 2, Cusmai M2, Ferini Strambi L2

1Clinica Neurologica, Spedali Civili di Brescia, Clinica Neurologica, 
Spedali Civili di Brescia, Italy, 2Vita-Salute San Raffaele University, 
Faculty of Psychology, Vita-Salute San Raffaele University, Italy

Introduction: RLS often has a familial component, and can be re-
garded as “idiopathic” or “secondary”. The clinical features of these 
forms has been previously investigated, with a younger age-at-onset in 
familial and idiopathic cases emerging. Notwithstanding, the results 

differ widely between different studies. Our aim was to determine the 
clinical and polysomnographic data in a large cohort of RLS patients.
Methods: 400 RLS patients were studied. Information including 
age-at-onset, comorbidities, familial history, time of symptoms onset, 
symptoms severity and the presence of impulse control and compul-
sive behaviours (ICBs) were obtained.
Results: Mean age-at-onset differed as a function of presence/absence 
of a familial history of RLS (40,44 years ± 16,43 vs. 49,03 years ± 15,33, 
p = 0,00). Clinical and polysomnographic characteristics were similar 
in both groups, except for WASO which was significantly longer in 
familial RLS (123,18 min ± 80,14 vs 91,65 min ± 96,36, p = 0,019). 
No difference was found for the age-at-onset between idiopathic and 
secondary RLS (44,89 years ± 16,35 vs. 45,02 years ± 16,64, p = 0,94). 
PLM index was significantly higher in idiopathic RLS (145 ± 44,65 vs. 
83 ± 31,91, p = 0,026). Time of onset of symptoms was in the evening 
or at bedtime in 28,04% and 37,80% of patients respectively, but in 
21,34% of patients onset was > 1 h after sleep onset. ICBs were found 
in 23/173 RLS patients on dopamine agonist (DA) therapy. IRLS val-
ues correlated positively with the number of awakenings and with age.
Conclusion: Our analyses of age-at-onset support to some extent the 
hypothesis that RLS is divided into early and late onset disease, with 
a smaller difference than previously reported. A high percentage of 
patients showed a time of onset of symptoms after sleep onset. RLS 
patients treated with DA showed a higher risk of ICBs than previously 
reported.

0724
PERIODIC LIMB MOVEMENTS OF SLEEP: CLINICAL 
PREDICTORS AND DIAGNOSTIC DECISION MODELING
Moro M, Bianchi M
Massachusetts General Hospital, Boston, MA

Introduction: Elevated periodic limb movements of sleep (PLMS) 
has been associated with cardiovascular and cerebrovascular morbid-
ity. However, most people with PLMS are either asymptomatic or have 
non-specific symptoms. Thus, predicting elevated PLMS in the ab-
sence of restless legs syndrome (RLS) represents a clinical challenge.
Methods: We undertook a retrospective analysis of demographic data, 
subjective symptoms, and objective polysomnogram (PSG) findings 
in a clinical cohort who underwent PSG in our laboratory (N = 443 
with OSA, N = 209 without OSA). Correlation analysis and regression 
modeling were performed to determine predictors of PLMI as a con-
tinuous variable and as a binary category (using 15 as a cutoff). Markov 
decision analysis was performed using TreeAge software to compare 
strategies of in-lab PSG, home PLMS device, and clinical prediction 
tool based on the regression analysis.
Results: Elevated PLMI values (> 15) were observed in over 25% of 
patients undergoing diagnostic PSG. PLMI values in no-OSA patients 
correlated with age, sex, and self-reported nocturnal leg jerks, RLS 
symptoms, and hypertension. In OSA patients, PLMI correlated only 
with age and self-reported psychiatric medications. Regression models 
indicated only a modest predictive value of demographics, symptoms, 
and clinical history. Decision modeling revealed conditions under 
which home testing was favored compared to three alternative strate-
gies of PSG, clinical prediction then PSG, and no testing, under a range 
of assumptions regarding morbidity and costs and effects of pharmaco-
logical therapy. In the setting of increased pre-test probability of PLMS, 
and reasonable assumptions of cost and accuracy of a home device, 
such testing was the preferred strategy.
Conclusion: Although elevated PLMI values were commonly ob-
served, routinely acquired clinical information had only modest pre-
dictive utility. As the clinical importance of elevated PLMI continues 
to evolve, it is likely that objective measures such as PSG or home-
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based limb-movement monitors will prove increasingly important 
tools to identify occult PLMS.
Support (If Any): Department of Neurology, Massachusetts General 
Hospital; Young Clinician Award, Center for Integration of Medicine 
and Innovative Technology, Milton Foundation

0725
INDIVIDUALS WHO DO NOT HAVE PERIODIC LIMB 
MOVEMENT DISORDER BUT PERIODIC LIMB 
MOVEMENTS DURING SLEEP MAY HAVE SLEEP 
DISTURBANCE
Choi J, Lee Y, Jeong D
Seoul National University College of Medicine and Hospital, Seoul, 
Korea, Republic of

Introduction: Periodic limb movement disorder (PLMD), due to its 
daily variations, has been several debates on its clinical significance 
and diagnostic criteria. The current diagnostic criteria for PLMD in 
adults has been changed from PLMI > 5/hour in ICSD-2 to PLMI > 15/
hour in ICSD-3. In this study, we aimed to investigate sleep struc-
tures in individuals who do not meet the new but old criteria for 
PLMD (5 < PLMI ≤ 15) compared to PLMD patients on new criteria 
(PLMI > 15).
Methods: Polysomnography of the 4,195 subjects were reviewed. 
Those diagnosed as OSA, CSA, RBD, chronic insomnia disorder, nar-
colepsy, or under 17 years old were excluded. Finally 666 patients were 
divided into three groups based on PLMI: group1 (PLMI ≤ 5), group2 
(5 < PLMI ≤ 15) and group3 (PLMI > 15). Sleep Efficiency (SE), Wake 
after sleep onset time (WASO), Sleep latency (SL) and Epworth sleepi-
ness scale (ESS) were compared among the three groups.
Results: There was significant difference between three groups in 
age (mean ± SD; group1, 40.9 ± 13.5 years; group2, 49.1 ± 13.4 years; 
group3, 57.4 ± 11.7 years, p < 0.001), and gender (%male; 63.6%, 
46.8%, 45.1%, p < 0.001). Adjusting for age and gender, SE in group1 
was significantly higher than those in group2 and 3 (85.6 ± 10.5% vs 
80.7 ± 13.3% vs 78.4 ± 12.2%, p = 0.005). WASO in group1 was signifi-
cantly less than those in group2 and 3 (58.6 ± 47.0 min vs 76.7 ± 57.0 
min vs 89.4 ± 58.9 min, p = 0.015). However, there were no significant 
differences in SE and WASO between group2 and 3 (p = 0.225 and 
p = 0.217). SL and ESS score did not differ significantly among the 
three groups (22.7 ± 43.9 min vs 26.4 ± 44.0 min vs 38.9 ± 53.9 min and 
10.0 ± 4.3 vs 8.9 ± 5.6 vs 5.5 ± 3.8, p = 0.096 and p = 0.813).
Conclusion: This study suggest that ICSD-3 criteria might not provide 
distinctive sleep quality from ICSD-2 for PLMD. In addition, we found 
ESS score might not be clinical characteristics for PLMD. To clarify 
diagnostic criteria and clinical significance of PLMD, further research 
will be needed.

0726
VALIDATION OF THE MAYO SLEEP QUESTIONNAIRE 
PATIENT VERSION IN A CLINICAL SLEEP MEDICINE 
PRACTICE
McCord S, McCarter SJ, St Louis EK, Silber MH, Ferman TJ, 
Boeve BF
Mayo Clinic and Foundation, Rochester, MN

Introduction: RBD is a parasomnia characterized by potentially in-
jurious dream enactment behaviors (DEBs) and a loss of normal REM 
sleep atonia requiring polysomnography (PSG) for diagnosis. The 
MSQp was developed as an efficient and inexpensive screening tool 
for several sleep disorders including RBD, obstructive sleep apnea, and 
restless legs syndrome. Our objective was to determine the validity of 

the Mayo Sleep Questionnaire Patient Version (MSQp) as a screening 
instrument for REM sleep behavior disorder (RBD).
Methods: Patients completed the MSQp, along with a clinical inter-
view and PSG. Chart review was carried out to confirm RBD diagnosis, 
PSG variables, and comorbidity and demographic data. Sensitivity and 
specificity analyses were performed using contingency tables for RBD 
diagnosis. Statistical significance was set at α < 0.05.
Results: Forty-seven patients (30 men, average age 52.8 ± 16.7 years) 
completed the MSQp and underwent PSG. Patients with RBD were 
older and had a higher frequency of smoking, depression, antidepres-
sant use, nightmares, and presumed synucleinopathy diagnoses com-
pared with non-RBD patients. The MSQp yielded a sensitivity of 100% 
and a specificity of 73% for RBD diagnosis with a positive predictive 
value of 50% and negative predictive value of 100%.
Conclusion: The MSQp is a sensitive and reasonably specific screen-
ing instrument useful for RBD diagnosis.
Support (If Any): This project was supported by the National Center 
for Research Resources and the National Center for Advancing Trans-
lational Sciences, National Institutes of Health, through Grant Number 
1 UL1 RR024120-01. The content is solely the responsibility of the au-
thors and does not necessarily represent the official views of the NIH.

0727
DECREASED INTERHEMISPHERIC AND 
INTRAHEMISPHERIC EEG COHERENCE IN PATIENTS 
WITH IDIOPATHIC REM SLEEP BEHAVIOR DISORDER
Jung K1, Lee C2, Koo Y3, Sunwoo J1, Byun J1, Shin J4

1Seoul National University, Seoul, Korea, Republic of, 2Hanyang 
University, Seoul, Korea, Republic of, 3Korea University, Seoul, 
Korea, Republic of, 4Cha University, Seoul, Korea, Republic of

Introduction: Idiopathic REM sleep behavior disorder (iRBD) is con-
sidered as a prodromal symptoms of synclein-associated neurodegen-
erative disorders. Patients with iRBD are frequently associated with 
early signs of neurodegenerative changes. Quantitative electroenceph-
alographic (EEG) study on waking and sleep state have revealed EEG 
slowing as manifesting a cortical dysfunction in patients with iRBD 
which could be an early marker for the development of mild cognitive 
impairment in patients with this disorder. Aberrant oscillatory activ-
ity and network connectivity represent a core feature of a wide range 
of neurological disorders such as Alzheimer’s dementia. However, it 
remains unclear how these neurobiological alterations change the func-
tional connectivity between local and distant brain regions as well as 
the overall organization of large scale brain networks in iRBD.
Methods: Ten patients with iRBD (mean age, 71.2 ± 7.3 years old) 
and 5 healthy subjects (mean age, 70.5 ± 6.7 years old) as control were 
participated in the present study. Electroencephalogram recordings 
were performed during resting awake state. Global cognitive function 
was assessed with mini-mental status examination. The relative power 
of the discrete frequency band was obtained. interhemispheric and in-
trahemispheric spectral coherence was also calculated and compared 
between both groups.
Results: MMSE was not different between both groups. The relative 
spectral power of iRBD patients did not differ from control subjects. 
Interhemispheric delta coherence in central and parietal regions was 
significantly decreased in iRBD group. iRBD patients also showed de-
creased intrahemispheric coherence at delta frequency band in fronto-
temporal and frontoparietal regions.
Conclusion: Our study suggests that network connectivity is altered in 
patients with iRBD who have normal cognition.
Support (If Any): “This work was supported by the National Research 
Foundation of Korea (NRF) grant funded by the Korea government 
(MSIP) (NRF-2014R1A2A2A04003858)
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0728
QUANTITATIVE ANALYSES OF REM SLEEP WITHOUT 
ATONIA DISCRIMINATES BETWEEN MAJOR 
SYNUCLEINOPATHY PHENOTYPES OF PARKINSON 
DISEASE AND MULTIPLE SYSTEM ATROPHY
Talley HN, Sandness DJ, McCarter SJ, Tabatabai GM, Duwell EJ, 
Commers NA, Erickson MK, Lieske EA, McCord S, Silber MH, 
Boeve BF, St Louis EK
Mayo Clinic and Foundation, Rochester, MN

Introduction: REM sleep behavior disorder (RBD) is a core feature 
of synucleinopathies, especially Parkinson Disease (PD) and mul-
tiple system atrophy (MSA). The neurophysiologic substrate of RBD 
is REM sleep without atonia (RSWA), comprised of excessive phasic 
and tonic muscle activity during REM. RSWA differences between 
PD and MSA are currently unknown. We aimed to determine whether 
polysomnographic RSWA profiles could discriminate between PD and 
MSA patients.
Methods: RSWA was manually scored in the submentalis (SM) and 
anterior tibialis (AT) muscles according to established methods in 25 
clinically diagnosed MSA patients and 20 PD and 25 OSA control pa-
tients. Group comparisons of phasic, tonic, and “any” muscle activity 
percentages, phasic burst duration, and automated REM atonia index 
(RAI) were completed utilizing non-parametric statistical tests.
Results: Automated RAI was significantly different across groups, 
with lowest RAI (and greatest atonia loss) in MSA patients (MSA: 0.34, 
PD: 0.59, OSA: 0.94, p < 0.02). Manual RSWA analyses demonstrated 
higher SM/AT combined “any” activity within synucleinopathy groups 
(MSA: 64%, PD: 70%, OSA: 17%, p < 0.0001). Manual RSWA profiles 
also varied across groups, with higher tonic muscle activity in MSA 
patients (MSA: 50%, PD: 23%, OSA: 0%, p < 0.03), but higher overall 
(combined SM/AT) phasic muscle activity in PD patients (PD: 67%, 
MSA: 36%, OSA: 17%, p < 0.0005). SM phasic burst duration was 
similar between PD and MSA patients (1.15 s vs. 1.02 s, p = 0.3917). 
Both REM atonia index and SM/AT combined activity were able to 
detect MSA among synucleinopathy patients with excellent sensitivity 
and specificity (RAI: 80%, 70%, AUC = 0.708; SM/AT: 80%, 80%, 
AUC = 0.81).
Conclusion: MSA and PD RSWA was greater than in OSA controls, 
with automated RAI discriminating most clearly between the three 
groups. Different quantitative RSWA profiles were found between 
the synucleinopathy groups, with comparatively higher tonic muscle 
activity in MSA, and higher phasic muscle activity in PD patients, 
suggesting that quantitative RSWA profiles could help discriminate 
synucleinopathy phenotypes.
Support (If Any): This project was supported by the National Center 
for Research Resources and the National Center for Advancing Trans-
lational Sciences, National Institutes of Health, through Grant Number 
1 UL1 RR024120-01. The content is solely the responsibility of the au-
thors and does not necessarily represent the official views of the NIH.

0729
ASSOCIATION BETWEEN PAIN AND SYMPTOMS 
OF RESTLESS LEGS SYNDROME (RLS) IN ADULTS 
WITH MODERATE-TO-SEVERE PRIMARY RLS IN A 
COMBINED TREATMENT POPULATION: POOLED 
ANALYSES FROM 3 RANDOMIZED CONTROLLED 
TRIALS
Irving G1, Fazzini E2, Fritz J3, Faber C 4, Jaros M5, Kim R6, Shang G 6

1Swedish Medical Center, Seattle, WA, 2NYU Medical Center, 
New York, NY, 3Hudson Primary Care, Jersey City, NJ, 4Neurology 
Associates, Saint Louis, MO, 5Summit Analytical, LLC, Denver, CO, 
6XenoPort, Inc., Santa Clara, CA

Introduction: We explored associations between pain and RLS symp-
toms in adults with moderate-to-severe primary RLS treated with ga-
bapentin enacarbil (GEn) or placebo. Correlations between pain and 
International Restless Legs Scale (IRLS) total and individual item 
scores were investigated.
Methods: Data from three randomized trials were pooled across treat-
ment groups (GEn 600 mg, GEn 1200 mg, placebo). This analysis in-
cluded patients with baseline IRLS total score ≥ 15 and pain score ≥ 4. 
IRLS total score response was defined as a decrease in score of ≥ 6 and 
total score < 15 at week 12. Pain response was defined as ≥ 30% im-
provement on a numerical rating scale, typically considered a notable 
improvement. Joint responders met both criteria. Spearman rank cor-
relation coefficients were calculated.
Results: 366/671 patients met analysis entry criteria (placebo, n = 133; 
GEn 600 mg, n = 86; GEn 1200 mg, n = 147). For all 3 groups com-
bined, 58% of patients were joint responders for pain and IRLS to-
tal score, 24% were not responders in either category, 13% were only 
pain responders, and 6% were only IRLS total score responders. For 
change from baseline to week 12, there was a significant correlation 
between IRLS total score and pain score (0.70; P < 0.0001). There were 
moderate to strong correlations between pain score and IRLS items 1 
(overall RLS discomfort, 0.62), 2 (overall need to move, 0.67), and 6 
(RLS severity as a whole, 0.65; all P < 0.0001). All other IRLS items 
had weaker correlations with pain score. The most common treatment-
emergent adverse events in the individual studies were somnolence and 
dizziness.
Conclusion: In this pooled analysis, most patients had a joint response 
for pain and RLS symptoms according to IRLS total score and pain 
score. There were significant correlations between pain and IRLS to-
tal score and individual item scores. These findings suggest that RLS 
symptoms and pain may be clinically related.
Support (If Any): These studies and this analysis were conducted by 
XenoPort, Inc., Santa Clara, CA. Medical writing support was provid-
ed by CodonMedical, a division of KnowledgePoint360 (an Ashfield 
Company), and was funded by XenoPort, Inc.
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0730
THE EFFECT OF GABAPENTIN ENACARBIL (GEN) ON 
PAIN OUTCOMES AND RESTLESS LEGS SYNDROME 
(RLS) SYMPTOMS IN ADULTS WITH MODERATE-TO-
SEVERE PRIMARY RLS: POOLED ANALYSES FROM 3 
RANDOMIZED CONTROLLED TRIALS
Ellenbogen A1, Boortz-Marx R 2, Bogan R 3, Faber C 4, Jaros M5, 
Kim R6, Shang G 6

1Michigan Institute for Neurological Disorders, Farmington Hills, MI, 
2Duke University - School of Medicine, Durham, NC, 3SleepMed, 
Columbia, SC, 4Neurology Associates, Saint Louis, MO, 5Summit 
Analytical, LLC, Denver, CO, 6XenoPort, Inc., Santa Clara, CA

Introduction: This pooled analysis explored whether adults with 
moderate-to-severe primary RLS experienced improved pain and RLS 
symptoms when treated with GEn. Pain and International Restless 
Legs Scale (IRLS) total score correlations were investigated.
Methods: Data were pooled by GEn (600 mg or 1200 mg) and placebo 
groups for 3 previous trials. Patients with baseline IRLS total score ≥ 15 
and pain score ≥ 4 were included. Pain responders had a ≥ 30% pain 
score improvement on a numeric rating scale, typically considered a 
notable improvement. IRLS total score responders had a score < 15 
with an improvement from baseline ≥ 6 at week 12, as defined previ-
ously. Spearman rank correlation coefficients were calculated.
Results: 366/671 patients met analysis entry criteria (placebo, n = 133; 
GEn 600 mg, n = 86; GEn 1200 mg, n = 147). Most patients were joint 
responders for pain and IRLS total score (placebo, 40%; GEn 600 mg, 
70%; GEn 1200 mg, 67%) and some were not responders in either cate-
gory (35%; 16%; 18%, respectively). Few patients were responders only 
for pain (placebo, 16%; GEn 600 mg, 9%; GEn 1200 mg, 12%) or IRLS 
total score (9%; 5%; 4%, respectively). Differences across all 4 cat-
egories were significant between GEn 600 mg vs placebo (Chi Square, 
P = 0.0003) and GEn 1200 mg vs placebo (Chi Square, P < 0.0001). 
Moderate to strong correlations were observed between IRLS total 
score and pain score for change from baseline to week 12 (placebo, 
0.69; GEn 600 mg, 0.54; GEn 1200 mg, 0.68; all P < 0.0001). The most 
common treatment-emergent adverse events in the individual studies 
were somnolence and dizziness.
Conclusion: In this pooled analysis, most patients were joint respond-
ers for pain and IRLS total score, and more GEn-treated patients (600 
mg and 1200 mg) had a joint response vs placebo. There were signifi-
cant correlations between the change from baseline in pain and IRLS 
total score.
Support (If Any): These studies and this analysis were conducted by 
XenoPort, Inc., Santa Clara, CA. Medical writing support was provid-
ed by CodonMedical, a division of KnowledgePoint360 (an Ashfield 
Company), and was funded by XenoPort, Inc.

0731
RESTLESS LEGS SYNDROME AND WHOLE BODY 
VIBRATION
Mitchell UH
Brigham Young University, Provo, UT

Introduction: Vascular disturbances leading to tissue hypoxia have 
been named as one of possible causes for RLS. Vibration to the whole 
body (WBV) in healthy individuals results in increased blood flow. 
Catecholamines influence blood flow and can be detected in venous 
blood. The purpose of this investigation was to determine if WBV will 
1) improve skin blood flow, as measured in flux, in individuals with 
RLS and thus 2) decrease symptoms associated with RLS; 3)to deter-
mine if there is a difference in catecholamines between subjects with 
and without RLS.

Methods: Twelve subjects with RLS underwent two weeks of 14 min-
utes of intermittent 30-second WBV. Pre- and post-two-week treat-
ment flux and RLS symptom severity (using the IRLS questionnaire) 
were compared. Flux and catecholamines were compared to age and 
gender-matched control group.
Results: Baseline flux was significantly lower in RLS group compared 
to control (p = 0.05), both groups demonstrated similar flux values 
after one vibration treatment. The dopamine levels were significantly 
higher (p = 0.005) in the RLS group. The IRLS significantly decreased 
(representing less RLS symptoms) (from 22 to 17, p = 0.001) after two 
weeks of vibration treatment.
Conclusion: Subjects with RLS have decreased pedal skin blood flow 
but are able to increase flux to the same level as normal subjects. WBV 
seems to have a positive effect on symptoms associated with RLS. 
Dopamine, which has influence on vasoconstriction, is elevated in 
subjects with RLS. This doesn’t seem to be related to dopaminergic 
medication as only 2 subjects who are on medication exhibit increased 
dopamine levels vs. 4 subjects who don’t take dopaminergic medicine 
have elevated DA levels.

0732
PUTTING THE PERIODICITY BACK INTO THE PLM 
INDEX: AN ALTERNATIVE ALGORITHM FOR THE 
COMPUTATION OF THE PERIODIC LEG MOVEMENT 
INDEX DURING SLEEP AND WAKEFULNESS
Ferri R1, Rundo F1, Zucconi M2, Manconi M3, Bruni O4, Ferini-
Strambi L2, Fulda S3

1Oasi Research Institute, Troina, Italy, 2Scientific Institute and 
University Ospedale San Raffaele, Vita-Salute University, Milano, 
Italy, 3Neurocenter of Southern Switzerland, Civic Hospital (EOC) 
of Lugano, Lugano, Switzerland, 4Department of Social and 
Developmental Psychology, Sapienza University, Rome, Italy

Introduction: The objective of this study was to evaluate an alterna-
tive index for periodic leg movements during sleep (PLMS) and wake-
fulness (PLMW) more correlated with the “genuine” periodic portion 
of leg movements than the current index and expected to be more simi-
lar to the current index when the leg movement activity is genuinely 
periodic but significantly lower when the leg movement activity peri-
odicity is low.
Methods: One-hundred-and-seven patients with restless legs syn-
drome (RLS) were retrospectively recruited (47 m and 60 f, mean age 
56.9 y), along with 63 normal controls (33 m and 30 f, mean age 42.2 
y). Night-to-night variability was analyzed in a subgroup of 17 RLS 
patients (7 m and 10 f, mean age 56.5 y) for whom two recordings were 
available while PLMW were measured in a subgroup of 66 patients 
with RLS (26 m and 40 f, mean age 58.9 y). The “alternative” PLMS/
PLMW index was calculated as the number of leg movements includ-
ed in a regular and non-interrupted series of 4 or more, separated by 
10–90 s, per hour of sleep and was compared to the “current” PLMS/
PLMW index, calculated following standard criteria.
Results: Despite the high correlation between them, the two methods 
(“current” and “alternative”) provided significantly different results 
with the “alternative” PLMS/PLMW index consistently lower than 
the “current” one; the difference was more evident in controls than 
in patients and during wakefulness, when periodicity was lower. The 
difference between the two indexes showed a significant negative 
correlation with the Periodicity index. Both PLMS indexes showed a 
night-to-night variability significantly higher than that of the periodic-
ity index and not different between them.
Conclusion: This methodological study introduces and successfully 
initiates the validation process of a new way to compute the PLMS/
PLMW index, more adherent to the parameters that allow a reliable 
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evaluation of their periodicity; the method shows the expected prop-
erties of being more similar to the old index when the leg movement 
activity is genuinely periodic but significantly lower when the leg 
movement activity periodicity is low, as indicated by the Periodicity 
index. Additional validation in different clinical conditions will consti-
tute the basis for accepting this algorithm as a better performing sub-
stitute of the old measure.

0733
ANALYSIS OF THE RELATIONSHIP BETWEEN THE 
OLFACTORY FUNCTION AND FREQUENCY OF REM 
SLEEP WITHOUT ATONIA IN REM SLEEP BEHAVIOR 
DISORDER.
Okabe M, Yamaguchi Y
Fukuoka Urasoe Clinic, Fukuoka, Japan

Introduction: REM sleep behavior disorder (RBD) is commonly asso-
ciated with neurodegenerative disorders characterized by α-synuclein 
deposition (α-synucleinopathy), including Parkinson disease, multiple 
system atrophy, and dementia with Lewy bodies. It has been reported 
that olfactory dysfunction occurs in most patients with these disorders. 
However, there have been few reports on the relationship between an 
impaired olfactory function and sleep parameters characterized by 
RBD and the frequency of REM sleep without atonia (RWA). To de-
termine the relationship between the severity of olfactory dysfunction 
and frequency of RWA in RBD patients, the Odor Stick Identification 
Test for Japanese (OSIT-J) and polysomnography (PSG) were carried 
out in patients with RBD.
Methods: OSIT-J for analyzing the olfactory function was performed 
in 23 patients with RBD, aged 62 ± 17.5 y.o. (15 males: 65.2 ± 13.1 y.o., 
8 females: 56.2 ± 24.1 y.o.) and 10 control subjects, aged 40.1 ± 12.4 y.o. 
(3 males: 50.7 ± 14.8 y.o., 7 females: 35.6 ± 8.8 y.o.). In addition, the re-
lationship between the severity of olfactory dysfunction and frequency 
of RWA (%RWA) was determined. %RWA refers to the percentage of 
epoch numbers observed in more than 50% of RWA in an epoch for the 
total epoch numbers of REM sleep.
Results: A significant difference in OSIT-J was observed between 
RBD patients and control subjects (mean OSIT-J score: 6.2 ± 3.1 versus 
11.2 ± 1.0, respectively, P < 0.05). At the cut-off point of 8.5 for OSIT-J, 
17 out of the 23 patients with RBD (74%) were found to have an abnor-
mal olfactory function. In addition, a significant negative correlation 
between the OSIT-J score and %RWA in RBD patients was observed 
(r = −0.4).
Conclusion: In RBD patients, an impaired olfactory function is one of 
the critical features and it may be correlated with the severity of clini-
cal symptoms.

0734
RBD PATIENTS WITH DEPRESSED MOOD ARE LESS 
LIKELY TO RECALL ENACTED DREAMS THAN THOSE 
WITHOUT DEPRESSED MOOD
Lee H, Choi J, Lee Y, Jeong D
Department of Psychiatry and Center for Sleep and Chronobiology, 
Seoul National University College of Medicine and Hospital, Seoul, 
Korea, Republic of

Introduction: RBD (REM sleep behavior disorder) is characterized by 
loss of REM sleep-related muscle atonia and consequent dream enact-
ment during sleep. Interestingly, SSRIs are known to be a risk factor 
of RBD, but there have been few studies on RBD and depression. In 
this study, we aimed to investigate on the relationship between RBD 
and depression.

Methods: A total of 94 patients (mean age: 61.9 ± 12.7 years, male: 
70.2%) diagnosed as RBD were reviewed through detailed clinical 
history, nocturnal polysomnography data, Beck Depression Inventory 
(BDI) and Epworth Sleepiness Scale (ESS) scores.
Results: Mean BDI score of the total patients was 12.4 ± 10.3, and 
50.0% of them had depressed mood (BDI ≥ 10). ‘The depressed RBD 
patients’ were reportedly less able to recall enacted dreams than ‘the 
non-depressed RBD patients’ (63.8% vs. 87.2%, p = 0.015). BDI score 
was higher in those who were not able to recall enacted dreams than in 
those who were able to do so (16.4 ± 12.1 vs. 10.9 ± 8.3, p = 0.014). Fail-
ure in recalling enacted dream was strongly associated with presence 
of depressed mood, when confounding variables such as respiratory 
disturbance index and history of psychiatric disorders were controlled 
(OR = 0.259, p = 0.014).
Conclusion: In this study, 50.0% of RBD patients revealed depressed 
mood and those depressed were less able to recall enacted dreams. We 
suggest routine evaluation of depression in RBD patients, particularly 
in relation to failure to recall enacted dreams, since it may be associ-
ated with neurodegeneration.

0735
RESTLESS LIMBS SYNDROME (RLS), BRUXISM AND 
MIGRAINE TRIAD: AN IMPORTANT CONSIDERATION 
IN THE DIAGNOSIS AND TREATMENT OF INSOMNIA
Dickoff DJ, Sirkin R, Dontje S
Metropolitan Neurological Consultants, PC, Yonkers, NY

Introduction: Restless Limb Syndrome (RLS) is estimated to affect 
up to 10% of the population and is a frequent cause of insomnia, al-
though sleep disorder is not required for its diagnosis. However, the 
actual contribution of RLS to the prevalence of insomnia is unknown. 
This etiology is important since RLS is treated, distinctly from other 
causes of insomnia, with Dopamine Agonists (DA). Previously, we 
have reported the association of RLS with migraine headaches and 
bruxism as well as the responsiveness of RLS-associated bruxism to 
DA’s. Recognition of these common comorbidities can improve diag-
nostic accuracy and lead to specific treatments.
Methods: 985 patients who met the IRLSSG criteria for RLS complet-
ed a 35 question survey addressing demographics, symptoms, comor-
bidities, family history and response to therapy. Charts were reviewed 
and interviews conducted to complete and clarify the data.
Results: 798 patients (81%) had sleep complaints. Other symptoms 
included: Pain (72%); paresthesiae (70%); migraine headaches (65%); 
cramps (38%); bruxism (37%); and, dysesthesiae (26%). 303 (30.8%) 
had the full “Triad” of RLS, migraines and bruxism. Analysis of the en-
tire study group did not reveal significant differences in the frequency 
of headaches or bruxism between the groups with insomnia and those 
without. However, when non-respondents were excluded both brux-
ism (Chi-Square = 8.66, p = 0.003) and migraines (Chi-Square = 15.25, 
p < 0.0001) were more frequent in patients with insomnia.
Conclusion: Estimates of the prevalence of insomnia (10–30%) vary 
widely based upon study methodology and diagnostic criteria, affect-
ing up to 90 million Americans. Using conservative estimates, and if 
our data prove to be accurate, RLS, affecting 35 million Americans, 
may be the etiology of up to 30% of sleep disorders. Awareness of im-
portant comorbidities, including the Triad of RLS, migraine headaches 
and bruxism can improve diagnostic acumen and allow for appropri-
ate treatment with DA’s. Administration of questionnaires addressing 
symptoms of RLS and its comorbidities and measuring bruxism in 
polysomnography may provide valuable future data.
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0736
PLM INDICES IN RLS PATIENTS WITH LOW VERSUS 
NORMAL IRON STORES
Heidbreder A, Stefani A, Mitterling T, Brandauer E, Högl B
Neurology, Medical University of Innsbruck, Austria

Introduction: Brain iron metabolism plays a fundamental role in rest-
less legs syndrome (RLS) and an association with body iron stores 
has been shown. Aim of this study was to evaluate polysomnography 
(PSG) characteristics and periodic limb movements (PLM) in RLS pa-
tients with low and normal ferritin values.
Methods: Patients with RLS diagnosed according to standard criteria 
were retrospectively selected from the RLS/WED database of Inns-
bruck sleep laboratory starting from 2012. Patients who underwent 
PSG and iron status examinations no more than 3 months apart from 
PSG were included and stratified according to ferritin values. In order 
to obtain two precisely distinguishable groups only patients with fer-
ritin values < 50 µg/l and ferritin > 75 µg/l were included. Patients 
with ferritin levels between 50–75 µg/l were excluded, as well as pa-
tients with iron intake at date of PSG. PLMS-Index was calculated with 
a computer-assisted software integrated in PSG system, with visual 
plausibility check.
Results: 101 patients were eligible. 8 patients with ferritin levels be-
tween 50–75 µg/l were excluded. Ninety-two patients were included, 
28 with ferritin levels < 50 µg/l (20 women, 56.4 ± 9.8 years) and 64 
with ferritin > 75 µg/l (18 women, 56.4 ± 12.5 years). PSG variables 
did not differ between the groups. PLMS-Index was 40.6/h ± 58.7 for 
patients with ferritin < 50 µg/l and 28.45/h ± 45.4 in the group with fer-
ritin > 75 µgl (p = 0.284). L-DOPA equivalence dose differed between 
both groups, 77.6 ± 133.3 vs. 22.3 ± 43.0 (p = 0.04). Twenty-five% of 
the ferritin < 50 µg/l group were treated with L-DOPA vs. 3.1% in the 
other group (p = 0.009).
Conclusion: While PSG variables and PLM indices did not differ 
between RLS patients with low versus normal iron stores, L-DOPA 
equivalence dose was higher in patients with ferritin < 50 µg/l. If this 
is related to a higher L-Dopa requirement in those with low iron stores 
or to an interaction of L-DOPA and iron remains to be determined.
Support (If Any): The study was supported by a Grant from the Trans-
lational Research Fund of the government of Tyrol Austria (coordina-
tor: Birgit Högl).

0737
SYMPTOMS OF RLS IN BIOLOGICAL CAREGIVERS OF 
CHILDREN WITH AUTISM SPECTRUM DISORDERS
Russell M1, Baldwin CM1, McClain D1, Smith C3, Matthews N2, 
Quan SF3

1Arizona State University, Phoenix, AZ, 2Southwest Autism Research 
and Resource Center, Phoenix, AZ, 3Harvard Medical School, 
Division of Sleep Medicine, Boston, MA

Introduction: There are a number of potential connections between 
sleep problems of children with autism spectrum disorders (ASD) and 
sleep problems of their caregivers that are likely rooted in genetic fac-
tors. This study explores relationships between symptoms of restless 
legs syndrome (RLS) in caregivers and the sleep and behavior of their 
children with ASD.
Methods: A subset of 50 biological caregivers of children with ASD 
completed a Sleep Habits Questionnaire (SHQ). Symptoms of RLS 
were ascertained using four questions regarding leg sensations, body 
position when experiencing the symptoms, time of day, and alleviation 
of symptoms. Participants completed measures of the sleep and behav-
ior of their child with ASD.

Results: Of the 50 participants, 22% of the caregivers indicated that 
they had RLS symptoms. Caregivers who reported RLS symptomatol-
ogy were more likely to report their children with ASD to have more 
night waking and restless sleep than caregivers who did not have symp-
toms of RLS. Children of parents with self-reported RLS were more 
also reported to demonstrate more internalized behavior problems, in-
cluding sadness, lack of energy, anxiety, and somatic complaints.
Conclusion: Findings suggest relationships between biological care-
givers with RLS and greater sleep/behavioral issues among their chil-
dren with ASD. RLS is known to have a strong heritability component 
and children with ASD may have RLS, but lack the verbal ability to 
describe their symptoms. Further research is needed to ascertain the 
prevalence of RLS in caregivers of children with ASD, and the preva-
lence of RLS among children with ASD. Exploration of the biological 
mechanism related to the role dopamine plays in RLS and ASD would 
likely provide insights into the pathogenesis, relationships, and treat-
ment of RLS in this population.

0738
RLS, MOVEMENT DISORDERS & PARASOMNIAS: 
ARTERIAL STIFFNESS DERIVED FROM THE DIGITAL 
VOLUME PULSE IN PATIENTS WITH PERIODIC LIMB 
MOVEMENT DISEASE AND/OR OBSTRUCTIVE SLEEP 
APNOEA
Drakatos P1, Higgins S1, Pengo MF1,2, Kent B1, Muza R1, 
Leschziner G1, Spiropoulos K 3, Williams AJ1,4

1Guy’s and St Thomas’ NHS Foundation Trust, London, United 
Kingdom, 2Department of Medicine (DIMED), Padua, Italy, 
3University Hospital of Patras, Patras, Greece, 4King’s College, 
London, United Kingdom

Introduction: An index of large artery stiffness (SIDVP) derived from 
the digital volume pulse (DVP) measured by transmission of IR light 
(photoplethysmography) has been validated against the stiffness of the 
aorta derived by measuring carotid-femoral pulse wave velocity. As 
arterial stiffness of the large arteries is considered an independent risk 
factor for cardiovascular diseases (CVD), we analysed the SIDVP in pa-
tients with periodic limb movement disease (PLMD) and/or obstruc-
tive sleep apnoea (OSA).
Methods: 49 male subjects non smokers, without known CVD, diabe-
tes mellitus, hypercholesterolemia, previously diagnosed or treated for 
sleep disorders, or on any vasoactive medication, were retrospectively 
identified and categorised into controls, PLMD, OSA and OSA+PLMD. 
The cutoff for PLMD was PLMIndex > 15 events/hour, for OSA ap-
noea hyponea index (AHI) > 10 events/hour and only patients above 18 
years old were included. SIDVP was derived from the photoplethysmog-
raphy of the nocturnal polysomnography averaged for 2 minutes prior 
to sleep study initiation, after completion in the morning and every half 
an hour after sleep onset.
Results: The four groups were comprised from 8 controls, 13 PLMD, 
17 OSA and 11 OSA+PLMD patients. The groups were age and BMI 
matched (p = 0.49 and p = 0.11 respectively). Controls showed low-
er baseline and morning SIDVP compared to the rest of the groups 
(p < 0.001). Control group had also the lower mean SIDVP overnight 
compared to the rest of the groups (p < 0.01).
Conclusion: The SIDVP as a validated marker for the arterial stiffness 
of the large arteries reveals increased numbers in PLMD patients 
when compared to controls and comparable to those with OSA. The 
OSA+PLMD group had the higher SIDVP, implying a synergistic role 
of OSA and PLMD on arterial stiffness. SIDVP could be used as an ad-
ditional marker of CVD in patients undergoing polysomnography.
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0739
POLYSOMNOGRAPHIC FEATURES IN PATIENTS WITH 
COMORBID PERIODIC LIMB MOVEMENT SYNDROME 
AND OBSTRUCTIVE SLEEP APNOEA
Mancebo V1, Hernandez A 2, Miranda J2, Mancilla V3, Poblano A1, 
Jimenez U2

1Sleep Disorders Clinic, School of Medicine, National University of 
Mexico, Distrito Federal, Mexico, 2National Autonomus University of 
Mexico UNAM, Distrito Federal, Mexico

Introduction: Prevalence of Obstructive Sleep Apnea-Hypopnea Syn-
drome (OSAHS) in Mexico is 3.2%. It is characterized by altered sleep 
architecture and poor quality of life. The overall prevalence of PLMS 
is 7.6% and 4.5%; and is featured by excessive daytime sleepiness; 
however, OSAHS and PLMS polysomnographic features have not yet 
been enough studied yet as comorbid conditions in the same patients.
Methods: The objective was to determine the Sleep Architecture in 
patients with comorbid OSAHS and PLMS. This was a retrospective, 
descriptive and comparative study that was carried out in the Sleep Dis-
orders Center at the National University of Mexico. The study included 
PSG records from 110 patients, they were divided into four groups: 
PLMS (n = 25), OSAHS (n = 30), PLMS/Primary Snoring (n = 30) and 
PLMS/OSAHS (n = 25). One-way analysis of variance (ANOVA) and 
Bonferroni test were used to assess statistical significance.
Results: In this study 52.7% were women, mean age 52.9 + 1.4. Com-
pared with the PLMS group; patients with PLMS/OSAHS group 
showed a significant increase of wakefulness (p < 0.054) and number 
of arousals (p < 0.006).
Conclusion: Patients with comorbid PLMS and OSAHS showed the 
worst sleep architecture; this could be explained by a summation of 
effects of each one of the studied sleep disorders.
Support (If Any): Facultad de Medicina, Universidad Nacional Au-
tonoma de Mexico

0740
PERIODIC LIMB MOVEMENT OF SLEEP IN 
PULMONARY HYPERTENSION
Jiramethee N, Arunthari V, Ussavarungsi K, Patel N, Burger C
Mayo Clinic Florida, Jacksonville, FL

Introduction: Periodic limb movement of sleep (PLMS) has been 
associated with elevated blood pressure and heart rate, suggesting 
increased left ventricular afterload due to increased sympathetic tone. 
This can lead to an upstream elevation in pulmonary vascular resis-
tance. We hypothesized that there may be a correlation between sever-
ity of PLMS and severity of pulmonary hypertension (PH).
Method: We conducted a retrospective chart review of patients seen 
in our institution PH clinic who underwent a polysomnography. Mean 
pulmonary artery pressure (mPAP) data were obtained from either 
right heart catheterization (RHC) or echocardiogram (ECHO) derived 
mPAP. Diagnosis of PLMS is based on American Academy of Sleep 
Medicine criteria and periodic limb movement index (PLMI) > 5 was 
considered abnormal.
Results: A total of 1170 patients diagnosed with PH were reviewed, 
with 156 (13%) patients received polysomnography. Ninety three pa-
tients (60%) underwent RHC, and 63 patients (40%) did not receive 
RHC, which mPAP was obtained from ECHO. Number of patient in 
each PH diagnostic subgroups were divided into 36% in group 1, 37% 
in group 2, 22% in group 3, 3% in group 4, and 2% in group 5. Preva-

lence of PLMS (PLMI > 5) in our PH patients was 52% (81/156). In-
creased in limb movement index had a strong correlation with higher 
limb arousal index with Spearman correlation coefficient (ρ) 0.74 and 
p-value < 0.0001; however, limb arousal index did not have correlation 
with mPAP. There are also no statistically significant correlations be-
tween mPAP to AHI (ρ = 0.11, p = 0.16), and PLMI (ρ = −0.06, p = 0.44). 
With subgroup analysis in PH group 1–3, we also found no correlation 
between mPAP and PLMI.
Conclusion: In our study, PLMS is a common occurrence among PH 
patients. The increased prevalence of PLMS did not translate into 
significant increase in PLMI that potentially worsens cardiovascular 
stress in PH patients.

0741
PHYSIOLOGICAL TIME STRUCTURE OF THE TIBIALIS 
ANTERIOR MOTOR ACTIVITY DURING SLEEP IN 
MICE, RATS, AND HUMAN
Manconi M1, Lo Martire V2, Salvadè A1, Bastianini S2, Ferri R 3, 
Berteotti C2, Baracchi F4, Pace M4, Bassetti C 4, Zoccoli G2, 
Silvani A 2

1Neurocenter of Southern Switzerland, Lugano, Switzerland, 2PRISM 
Laboratory, Department of Biomedical and Neuromotor Sciences, 
University of Bologna, Bologna, Italy, 3Sleep Research Center, 
Department of Neurology I.C., Oasi Research Institute, Troina, Italy, 
4Center for Experimental Neurology and Department of Neurology, 
Inselspital, Bern, Bern, Switzerland

Introduction: The validation of rodent models for restless legs syn-
drome (Willis-Eckbom disease, RLS/WED) and periodic limb move-
ments during sleep (PLMS) requires prior knowledge of physiological 
limb motor activity during sleep in rodents. The aim of this study 
was to determine the physiological time structure of tibialis anterior 
(TA) activity during sleep in mice and rats and compare it with that of 
healthy humans.
Methods: Wild-type mice (n = 9) and rats (n = 8) were instrumented 
with electrodes for recording the electroencephalogram and the elec-
tromyogram (EMG) of neck muscles and both TA muscles. Healthy 
human subjects (31 ± 1 years, n = 21) underwent standard overnight 
polysomnography.
Results: An algorithm for automatic scoring of TA EMG events of 
mice and rats during non-rapid-eye-movement (NREM) sleep was de-
veloped and validated. Visual scoring assisted by this algorithm had 
inter-rater sensitivity of 92–95% and false positive rates of 13–19% in 
mice and rats. The distribution of the time intervals between consecu-
tive TA EMG events during NREM sleep had a single mode extend-
ing up to 10 s in mice, rats, and human subjects. The TA EMG events 
separated by intervals < 10 s mainly occurred in series of 2–3 events, 
their occurrence rate in humans being lower than in mice and similar 
to that in rats.
Conclusion: This study proposes reliable rules for scoring TA EMG 
events during NREM sleep in mice and rats, demonstrating that their 
physiological time structure is similar to that of healthy young human 
subjects. These results strengthen the basis for translational rodent 
models of PLMS and RLS/WED.
Support (If Any): Research project conception: Silvani, Manconi, 
Zoccoli, Bassetti. Research project organization: Silvani, Manconi, 
Zoccoli, Salvadè. Surgery: Lo Martire, Salvadè, Bastianini, Pace, Ber-
teotti. Sleep scoring: Baracchi, Ferri, Salvadè, Bastianini, Berteotti, 
Manconi. Consensus motor events scoring: Silvani, Manconi. Auto-
matic algorithm for motor event detection: Silvani. Statistical analysis: 
Silvani, Ferri, Manconi. Writing of the first draft of the manuscript: 
Silvani, Manconi. Review and critique of the manuscript: Ferri, Bas-
setti, Zoccoli.
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0742
COGNITIVE MARKERS OF NEURODEGENERATION IN 
RAPID EYE MOVEMENT SLEEP BEHAVIOR DISORDER 
PATIENTS
Génier Marchand D, Montplaisir J, Postuma R, Rodrigues-Brazète J, 
Gagnon J
Center for Advanced Research in Sleep Medicine, Montréal, QC, 
Canada

Introduction: Rapid eye movement sleep behavior disorder (RBD) is 
a parasomnia considered as a risk factor for the development of certain 
neurodegenerative diseases (NDD), such as dementia with Lewy bod-
ies (DLB) and Parkinson’s disease (PD). As a specific and sensitive 
prodromal syndrome, RBD allows the investigation of potential pre-
clinical markers of NDD, such as cognition. The purpose of this study 
is to prospectively follow-up a cohort of RBD patients to find potential 
cognitive markers of neurodegeneration.
Methods: Sixty-nine RBD patients without dementia or NDD under-
went a neuropsychological assessment and a neurological exam. They 
were subsequently followed for a mean of 3.5 years, at least for one 
follow-up examination ≥ 1 year after the baseline exam. Mild cognitive 
impairment (MCI) diagnosis was defined according to standard cri-
teria. Clinical and neuropsychological characteristics were compared 
between disease-free RBD patients and RBD patients who developed 
NDD.
Results: Twenty-five patients (36%) converted during follow-up. At 
baseline, compared to disease-free RBD patients, RBD patients who 
developed NDD showed higher MCI frequency (72% vs 43%; p < 0.05) 
and poorer performance on Digit span (0.05), Trail Making Test (0.001), 
Semantic verbal fluency (0.015), Rey Auditory Verbal Learning Test 
(0.05) and Rey-O figure immediate recall (0.05) and delayed recall 
(0.02) tasks than disease-free patients. Subsequent analyses in NDD 
patients showed that patients who developed DLB showed more severe 
cognitive deficits at baseline characterized by a higher MCI frequency 
(92% vs 54%; p < 0.05) and a poorer performance in all cognitive do-
mains than patients who developed PD.
Conclusion: Our results identify cognitive markers associated with 
future neurodegeneration in RBD patients, including the presence of 
MCI and poorer cognitive performance in executive functions and 
attention as well as in verbal and non-verbal learning tasks. Future 
prospective studies should investigate neuropsychological markers to 
characterize cognitive decline through years.
Support (If Any): This study was supported by Fonds de recherche 
du Québec - Santé (FRQS) and Canadian Institutes of Health Research.

0743
LESIONAL REM SLEEP BEHAVIOR DISORDER
McCarter SJ, Tippmann-Peikert M, Sandness DJ, Boeve BF, 
Silber MH, St Louis EK
Mayo Clinic and Foundation, Rochester, MN

Introduction: REM sleep behavior disorder (RBD) is a frequent initial 
sign of synucleinopathy, although several reported cases have shown 
visible dorsal pontine lesional pathology. We report a case series of le-
sional RBD/RSWA with brainstem pathology on neuroimaging studies.
Methods: Ten patients fulfilling modified Iranzo/Aparicio criteria for 
lesional RBD were included, requiring: RBD onset temporally associ-
ated with a lesion; lesion location in a pontine or medullary area known 
to regulate REM sleep; and RBD not better explained by synucleinopa-
thy, medication use, or withdrawal.
Results: Six patients (60%) were men, with an average age of sleep 
symptom onset of 47.2 ± 21.2 years. No patients developed parkinso-
nian features or cognitive impairment over an average of 74.5 ± 70.2 

months follow-up. Pathologies included cerebello-pontine angle and 
petroclival meningiomas in 3, brain stem damage following neuro-
surgery in 2, and single cases each of: fibrillary astrocytoma; basilar 
fusiform aneurysm; vasculitis; multiple sclerosis; and epidermoid cyst. 
RBD symptoms began within 2 months of neurologic symptom onset, 
surgery, or neuroimaging identification. All patients had pontine le-
sions or compression, and discrete dorsal pontine tegmentum lesions 
were present in 5 (50%). In 2 (20%) DEB completely remitted follow-
ing surgical resection or radiographic lesion remission.
Conclusion: Lesional RBD includes a range of pathology impacting 
the pons, providing further supportive evidence that pontomedullary 
lesion location, not the underlying disease process, is the principle fac-
tor causing RBD symptoms.
Support (If Any): This project was supported by the National Center 
for Research Resources and the National Center for Advancing Trans-
lational Sciences, National Institutes of Health, through Grant Number 
1 UL1 RR024120-01. The content is solely the responsibility of the au-
thors and does not necessarily represent the official views of the NIH.

0744
PILOT QUANTITATIVE ANALYSIS OF PHYSIOLOGIC 
RAPID EYE MOVEMENT SLEEP ATONIA IN ADULTS 
WITHOUT REM SLEEP BEHAVIOR DISORDER
Jung Y , McCarter SJ, Boeve BF, Silber MH, St Louis EK
Mayo Clinic and Foundation, Rochester, MN

Introduction: REM sleep without atonia (RSWA) is seen in patients 
with REM sleep behavior disorder (RBD). Normative values for physi-
ologic atonia during REM sleep are not well-established, which makes 
quantitatively defining RSWA difficult.
Methods: We manually analyzed phasic and tonic muscle activity 
in submentalis (SM and anterior tibialis (AT) during REM, and also 
calculated automated submentalis REM atonia index (RAI) in neuro-
logically normal adults who had normal polysomnography or primary 
snoring without RBD or other parasomnia. Statistical comparisons 
were made in 36 subjects subdivided into 4 age groups: 20–39 years; 
40–59 years; 60–74 years; and > 75 years.
Results: SM and AT phasic burst durations were similar across the 
age groups (0.36 ± 0.29 seconds and 0.41 ± 0.28 seconds, respectively). 
Combined SM/AT phasic muscle activity and AT phasic muscle activ-
ity was significantly higher in those aged 60–74 years in comparison 
to the younger age groups and those aged over 75 years (p 0.9, indicat-
ing preserved REM atonia. Men over age 60 years had higher AT and 
combined SM/AT phasic muscle activity compared to younger men 
and women (20–59 years) and older women (> 60 years). No gender 
differences were observed in SM phasic muscle activity.
Conclusion: REM atonia may be increased in older adults, especially 
in men. Further study in a large number of healthy adults is planned 
to clarify the boundaries of physiologic REM atonia throughout the 
lifespan.
Support (If Any): This project was supported by the National Center 
for Research Resources and the National Center for Advancing Trans-
lational Sciences, National Institutes of Health, through Grant Number 
1 UL1 RR024120-01. The content is solely the responsibility of the au-
thors and does not necessarily represent the official views of the NIH.
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0745
DIAGNOSTIC THRESHOLDS FOR QUANTITATIVE 
REM SLEEP PHASIC BURST DURATION, PHASIC AND 
TONIC MUSCLE ACTIVITY, AND REM ATONIA INDEX 
IN IDIOPATHIC REM SLEEP BEHAVIOR DISORDER 
PATIENTS WITH AND WITHOUT COMORBID 
OBSTRUCTIVE SLEEP APNEA
McCarter SJ, Sandness DJ, Duwell EJ, Timm PC, Boeve BF, 
Silber MH, St Louis EK
Mayo Clinic and Foundation, Rochester, MN

Introduction: We aimed to determine whether visual and automated 
REM sleep without atonia (RSWA) methods could accurately diagnose 
idiopathic REM sleep behavior disorder (iRBD) patients with comor-
bid OSA.
Methods: We analyzed idiopathic RBD (iRBD) patients (n = 15) 
and matched controls (n = 30) with and without OSA. RSWA phasic 
burst durations, phasic, tonic and “any” muscle activity by 3-second 
mini-epochs, phasic activity by 30-second (AASM rules) epochs, and 
automated REM atonia index (RAI) analysis. Group RSWA metrics 
were analyzed with regression models. Receiver operating character-
istic (ROC) curves were used to determine the best diagnostic cutoff 
thresholds for RBD. Both split-night and full-night polysomnographic 
studies were analyzed.
Results: Six RBD patients (40%) and 11 control subjects (37%) were 
diagnosed with OSA. All mean RSWA phasic burst durations and mus-
cle activity percentages were higher in iRBD patients than controls 
(p < 0.01). Muscle activity (phasic, “any”) cutoffs for 3-second mini-
epoch scorings were: submentalis (SM) (15.8%, 19.5%), anterior tibi-
alis (AT) (29.7%, 29.7%), and combined SM/AT (39.5%, 39.5%). Tonic 
muscle activity cutoff was 0.70% and RAI (SM) cutoff 0.86. Phasic 
muscle burst duration cutoffs were: SM (0.66) and AT (0.71) seconds. 
Combining phasic burst durations with RSWA muscle activity im-
proved sensitivity and specificity of iRBD diagnosis.
Conclusion: This study provides evidence for quantitative RSWA di-
agnostic thresholds applicable in iRBD patients with OSA. Our find-
ings in this study were quite similar to those seen in PD-RBD patients, 
consistent with a common mechanism and presumed underlying etiol-
ogy of synucleinopathy in both groups.
Support (If Any): This project was supported by the National Center 
for Research Resources and the National Center for Advancing Trans-
lational Sciences, National Institutes of Health, through Grant Number 
1 UL1 RR024120-01. The content is solely the responsibility of the au-
thors and does not necessarily represent the official views of the NIH.

0746
PREGRESSION OF COGNITIVE IMPAIRMENTS IN 
IDIOPHATIC REM SLEEP BEHAVIOR DISORDER
Yoon I1, Youn S1, Jeong J1, Kim T 2, Sohn C3, Yoon S 4, Kim H1

1Seoul National University Bundang Hospital, Seongnam, Korea, 
Republic of, 2Kyung Hee University Hospital at Gangdong, Seoul, 
Korea, Republic of, 3Nanum Psychiatric Clinic, Seoul, Korea, 
Republic of, 4Korea University, Seoul, Korea, Republic of

Introduction: Aims of present study were to compare cognitive per-
formances between individuals with idiopathic REM sleep behavior 
disorder (iRBD) and healthy controls, and to explore how baseline 
cognitive deficits might evolve over time while RBD still remained 
idiopathic form without development of neurodegenerative disorders. 
We also tried to identify influencing factors for the evolvement of these 
cognitive deficits.
Methods: Fifty-seven individuals with iRBD and fifty-seven age-, 
sex- and education-matched healthy controls were compared on neu-

ropsychological performances. Patients were followed up on perfor-
mance changes in each cognitive domain with medication for RBD 
maintained (follow-up interval 50.84 ± 25.38 months [range: 12–108 
months]). Decline of cognitive performance during follow-up period 
was defined as more than one point fall in z-score from baseline. Sub-
group analysis was performed according to the existence of cognitive 
decline over time to find out possible influencing factors.
Results: Individuals with iRBD showed significantly lower z-scores 
than controls in general cognition (MMSE: −0.746 vs. 0.120; p < 0.001), 
executive function (Trail Making Test A: 0.635 vs. 1.010; p = 0.001), 
and visuo-spatial abilities (Constructional Praxis: 0.078 vs. 0.394; 
p = 0.014, CLOX2: −0.433 vs. 0.180; p = 0.007). Within iRBD, sub-
jects showed significant performance decline in memory (Digit Span 
Forward: 0.574 vs. 0.206; p = 0.003) and executive functions (Frontal 
Assessment Battery: 0.253 vs. −0.200; p = 0.007, Stroop Color Ward 
Interference Test: 0.198 vs. −0.041; p = 0.012) at the follow-up. None 
of demographic or clinical characteristics were significantly associated 
with cognitive declines in iRBD.
Conclusion: In iRBD, cognitive impairments were observed at base-
line and progressed over time. Even in idiopathic cases without devel-
opment of any neurodegenerative disease, degenerative changes seem 
to be under way.

0747
RETROSPECTIVE LIFE CHARTING OF RECURRENT 
ISOLATED SLEEP PARALYSIS
Runion JL, Leslie KR, Uhde TW
MUSC, Charleston, SC

Introduction: Retrospective Life Charting (LC) was developed as a 
method to examine the longitudinal course of individuals experienc-
ing recurrent Isolated Sleep Paralysis (ISP). LC has proven valuable 
in advancing knowledge about complex mood disorders (e.g. bipolar 
disorder). However, there are no known reports regarding LC methods 
in ISP.
Methods: Thirty-three participants with recurrent ISP completed self-
rated instruments for sleep habits, depression, anxiety, and specific 
features related to ISP. An initial interview was conducted by a clini-
cian (TU) with expertise in the diagnosis and treatment of parasomnias. 
A LC clinician (JR) organized a “preliminary” timeline, presented to 
participants as a visual reference on visit 2. This LC interview, a semi-
structured interview modified from LC methods of Uhde and cowork-
ers (1985) and Leverich & Post (2002), focused on expanding from 
one’s first, last, and worst episodes of ISP. Additional visits to complete 
the LC included plotting ISP episodes, life events (rated negative 1–4, 
neutral 0, or positive 1–4), anxiety and depressive symptoms, avoid-
ance, as well as additional details of medications, and drug and alcohol 
use.
Results: Although a large range of time (4–12 hours) was required to 
complete LCs and not all participants were able to fully complete due 
to memory difficulties, a high prevalence of co-existing parasomnias 
(e.g., sleep panic, recurrent nightmares, sleep hallucinations) were 
found. Additionally, these comorbidities occurred at various times 
within an individual’s life cycle.
Conclusion: 1) Retrospective life charting offers a useful clinical and 
research tool, 2) Similar methods can be employed prospectively to 
refine treatment approaches, 3) Recurrent ISP is associated with a high 
rate of other parasomnias, 4) Future directions will include a reliable 
and valid manualized method for collecting longitudinal course of ill-
ness data.
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0748
THE FREQUENCY AND SEVERITY OF ISOLATED 
SLEEP PARALYSIS IN AFRICAN AMERICAN AND 
WHITE ADULTS
Milanak ME, Cortese BM, Bogan RK, Uhde TW
MUSC, Charleston, SC

Introduction: Isolated sleep paralysis (ISP), the inability to perform 
voluntary movement during the transition between wakefulness and 
sleep, typically evokes extreme anxiety and, in some cases, fear of im-
pending death. This research examines ISP independently from other 
types of fearful arousal (e.g., nocturnal panic attacks), and also begins 
to explore the importance of individual differences (i.e., race) on preva-
lence, severity, and lifetime course of ISP.
Methods: Individuals seeking treatment for sleep related disturbances 
were invited to participate in a sleep research data repository. Taken 
from the larger database, 22 individuals reported ISP, most were female 
(68.2%), African American (77.3%), and ranged in age from 16–56.
Results: African Americans (AA) compared to white (W) partici-
pants reported significantly more lifetime ISP episodes (p = 0.04). A 
repeated measures ANOVA revealed a difference in severity (1 = ”not 
unpleasant”; 10 = ”extremely unpleasant”) between the “first”, “worst”, 

“typical” and “last” ISP episode (F(1,21) = 50.60, p = 0.000), with high-
est ratings for “first” and “worst” in both AA and W participants when 
compared to “typical” and “last” episodes. Additionally, there was a 
significant race by episode interaction (F (2,20) = 9.25, p = 0.006), with 
similar group ratings for “first” and “worst” episodes, but significantly 
lower ratings for AA “typical” and “last” ISP episode(s) in AAs. There 
was a significant inverse relationship between total lifetime ISP epi-
sodes and severity of the “typical” (r = −0.61, p = 0.01) episode of ISP in 
AA but not W (r = −0.51, p = 38) participants. There was no relationship 
between duration of illness and severity of ISP in either group.
Conclusion: African Americans with ISP report more frequent life-
time prevalence of ISP. In addition, AA appear to experience a greater 
habituation in the severity of ISP compared to W participants, which 
is mediated in part by an increased lifetime frequency of episodes but 
not age.
Support (If Any): Department of Psychiatry, MUSC

0749
HEART RATE VARIABILITY IN RESTLESS LEGS 
SYNDROME AND PERIODIC LIMB MOVEMENTS OF 
SLEEP
Barone DA1, Ebben MR1, Mortara DW2, DeGrazia M1, Krieger AC1

1Weill Cornell Medical College Center for Sleep Med, New York, NY, 
2Mortara Instrument, Inc., Milwaukee, WI

Introduction: The relationship between restless legs syndrome (RLS), 
periodic limb movements of sleep (PLMS), and the autonomic nervous 
system is not fully understood. A simple method to study changes in 
cardiac autonomic control is heart rate variability (HRV) measurement. 
It has been demonstrated that patients with RLS have reduced HRV, 
which is an indication of elevated sympathetic activity. Others have 
failed to demonstrate a basal autonomic disturbance (as determined 
via HRV analysis) in patients with PLMS. We hypothesize that patients 
with the combination of RLS and PLMS demonstrate altered HRV dur-
ing wakefulness.
Methods: An evaluation of 16 records demonstrating RLS only, 14 re-
cords demonstrating PLMS only, 17 records demonstrating both RLS 
and PLMS, and 14 control records was performed, including electro-
cardiogram analysis of HRV parameters taken from a 5-minute sample 
of quiet wakefulness. Time-domain (R to R interval [RR] length and 
RR standard deviation) and frequency-domain measures (HRV power 

and very low frequency, low frequency, and high frequency bands) 
were ascertained and tabulated.
Results: No statistical differences were found in any of the time or 
frequency-domain HRV measures in the RLS only, PLMS only, and 
RLS and PLMS combination groups as compared to the control group, 
at a P value of 0.05.
Conclusion: While our initial hypothesis was incorrect, this prelimi-
nary data adds to the existing literature and argues against a distur-
bance of basal cardiac autonomic control in patients demonstrating 
both RLS and PLMS, in a fashion similar to what has been found in 
patients with PLMS alone. In light of conflicting data suggesting HRV 
alteration both in patients with RLS, and during limb movements of 
patients with PLMS, our study argues for the need for larger, prospec-
tive studies to help further elucidate the role of RLS/PLMS in cardiac 
autonomic disturbance.

0750
DEVELOPMENT OF NEURODEGENERATIVE 
DISORDERS IN REM SLEEP BEHAVIOR DISORDER IN 
KOREA
Yoon I1, Youn S1, Jeong J1, Kim T 2, Sohn C3

1Seoul National University Bundang Hospital, Seongnam, Korea, 
Republic of, 2Kyung Hee University Hospital at Gangdong, Seoul, 
Korea, Republic of, 3Nanum Psychiatric Clinic, Seoul, Korea, 
Republic of

Introduction: Idiopathic REM sleep behavior disorder (iRBD) has 
been implicated as an early manifestation of Parkinson’s disease 
(PD) or Lewy body dementia (LBD). Development of these neurode-
generative disorders in iRBD has been reported in just a few cohorts 
worldwide, but no data has addressed the clinical course of iRBD in a 
Korean population.
Methods: A follow-up study of consecutive patients with iRBD was 
conducted at the sleep disorder center in Seoul National University 
Bundang Hospital. All patients were diagnosed using time-synchro-
nized video-polysomnography. Initial evaluation and regular follow-up 
for neurodegenerative disorders including PD, multiple system atrophy 
(MSA) and LBD have been performed by a neurologist and a psychia-
trist. Cognitive function test was also carried out initially and repeated 
during the follow-up period. Survival analysis for the development of 
neurodegenerative disorders was done with Kaplan-Meier’s method.
Results: We enrolled 85 patients (M:F = 56:26) who visited the sleep 
disorder center between 2004 and 2012. The mean age at the diagnosis 
of iRBD was 65.3 ± 6.8 years and mean follow-up period from diag-
nosis was 4.1 ± 2.1 (range 0.6–10.3) years. Overall, 19 patients (22.4%) 
developed neurodegenerative diseases; PD in 12 patients, Alzheimer’s 
dementia in 3 patients, LBD in 2 patients, MSA in 1 patient and spi-
nocerebellar ataxia in 1 patient. Estimated rates of developing neuro-
degenerative disorders were 18.8% and 50.7% at 5 and 10 years from 
diagnosis of iRBD, respectively. No significant risk factors were found 
to predict the development of neurodegenerative disorders.
Conclusion: We found that the risk of developing neurodegenerative 
disorders in iRBD in a Korean population is substantially high and 
comparable to Western countries. Studies to find predictive factors and 
preventive measures for the development of neurodegenerative disor-
ders should be warranted.



SLEEP, Volume 38, Abstract Supplement, 2015A263

B. Clinical Sleep Science IV. RLS, Movement Disorders and Parasomnias

0751
SLEEP AND INTENSITY OF CORTICAL AROUSALS 
ASSOCIATED WITH PERIODIC LIMB MOVEMENTS: 
A NEW APPROACH FOR PREDICTING SUBJECTIVE 
COMPLAINTS
Jishi Z1, Ahmed M1, Scharf M1, Azarbarzin A 2, Aamir R1

1Cleveland Sleep Research Center, Middleburg Heights, OH, 2YRT 
Limited, Winnipeg, MB, Canada

Introduction: The majority of patients with RLS experience fre-
quent periodic limb movements (PLMs), with associated EEG arous-
als thought to contribute to a sense of poor sleep quality. Mendelson 
(1996) however, reported no significant difference in PLM arousal in-
dex (PLMAI) and next day reports of non-restorative sleep. This may 
relate to the fact that PLM-associated arousals are scored as either pres-
ent or absent without accounting for differences in arousal intensity. 
Azarbarzin et al. developed a method for quantifying arousal intensity. 
Using this method, they showed that cortical arousals vary greatly in 
their intensity and that average arousal intensity varies considerably 
within and between patients. This suggests that the intensity of arous-
als may contribute to the subjective complaints. We explored the char-
acteristics of R&K scored arousals associated with PLMs and their 
relationship to subjective sleep quality.
Methods: PSG recordings from 12 patients meeting the International 
RLS Study Group criteria for moderate to severe RLS were scaled for 
arousal intensity using the method of Azarbarzin. PLMs arousal in-
tensity was measured on a 9-point scale, with 1 representing arous-
als barely meeting diagnostic criteria and 9 representing very intense 
arousals. Records were also scored for R&K parameters of sleep conti-
nuity (i.e., TST, WASO, Awakenings Index, Arousal Index, PLMI, and 
PLMAI). Subjective sleep disruption was assessed using the Medical 
Outcome Study Sleep Scale (MOS-SS).
Results: Patients averaged 50.8 ± 40. PLMs/hr and a PLMAI of 
9.21 ± 8.35 (2.8–34.1). Mean arousal intensity was 3.26 ± 0.63 (2.07–
4.50). Arousal intensity values correlated with both objective TST 
(r = −0.87, p < 0.01) and subjective sleep quantity on the MOS subscale 
(r = −0.574, p < 0.05). None of the remaining sleep continuity parame-
ters including PLMI and PLMAI correlated with subjective complaints.
Conclusion: The results suggest that intensity of arousals associated 
with PLMs maybe more useful than PLMI and PLMAI in predicting 
subjective sleep complaints in RLS patients.

0752
CEREBRAL HEMODYNAMICS SHOW DIFFERENT 
PATTERNS BETWEEN PATIENTS WITH OBSTRUCTIVE 
SLEEP APNEA AND PERIODIC LIMB MOVEMENT 
SLEEP SYNDROME DURING NOCTURNAL SLEEP
Zhang Z, Laures M, Schneider M, Hügli G, Qi M, Khatami R
Center for Sleep Medicine and Sleep Research, Clinic Barmelweid, 
Barmelweid, Switzerland

Introduction: Obstructive sleep apnea (OSA) and periodic limb 
movement syndrome (PLMS) are two highly prevalent sleep disorders. 
Previous studies showed that OSA and PLM share common features, 
including periodical occurrence of events, association with arousals, 
and changes in peripheral hemodynamics. However, whether apnea 
events and limb movements also show similar characteristics in cere-
bral hemodynamics and oxygenation has never been addressed.
Methods: In this pilot study we assessed cerebral hemodynamic 
changes associated with apnea events and periodic limb movements 
(PLMs) in patients with OSA (7 patients) and PLMS (5 patients) (age: 
53 ± 12) with near infrared spectroscopy during video-polysomnogra-
phies. Fragments (at least 10 min) of NIRS signals without motion arti-

facts were selected and divided into 3 subgroups according to events: 1) 
pure PLMs, 2) PLMs+arousals and 3) apnea/hyponea+arousals. Tem-
poral changes of HbO2, HHb and blood volume (BV) during these 
three events were described. Signal powers of these hemodynamic 
parameters within the fragments were estimated with Welch’s power 
spectral density (PSD) method.
Results: During pure PLM events, all cerebral hemodynamic param-
eters remained unchanged. During apnea/hyponea events HbO2 and 
BV decreased while HHb increased resulting in increasing PSDs of 
these hemodynamics in the frequency bands of apnea/hyponea. By 
contrast, hemodynamic changes associating with PLMs and arousals 
were accompanied by increasing HbO2 and BV, but without a signifi-
cant change in HHb.
Conclusion: The cerebral hemodynamics show different changing pat-
terns during apnea events and limb movements, suggesting different 
regulations of autonomic nervous system. While PLM events alone 
have no influence on cerebral hemodynamics, PLMs associated with 
arousals change cerebral perfusion.
Support (If Any): This work was supported by Scientific Foundation 
of Clinic Barmelweid and the ResMed foundation.

0753
ANALYSIS OF SLOW WAVE SLEEP EEG FUNCTIONAL 
CONNECTIVITY IN ADULT SOMNAMBULISM
Desjardins M1,2, Lina J3,2, Fortin M1,2, Carrier J1,2, Montplaisir J1,2, 
Zadra A1,2

1University of Montreal, Montreal, QC, Canada, 2Center for 
Advanced Research in Sleep Medicine, Montreal, QC, Canada, 3École 
de Technologie Supérieure (ETS), Montreal, QC, Canada

Introduction: There has been increasing interest in examining sleep 
EEG data in terms of functional brain connectivity. This new and pow-
erful investigative tool, however, remains practically unexplored in 
relation to sleep disorders. We studied the EEG coherence and inter-
dependencies between brain areas before the onset of somnambulistic 
episodes recorded in the sleep laboratory.
Methods: 38 adult sleepwalkers were investigated with polysomnog-
raphy. Patients were selected on the basis of having experienced a som-
nambulistic episode in the sleep laboratory during an overnight PSG 
recording as well as during daytime recovery sleep following 25 hrs 
of sleep deprivation. All of the 76 selected episodes occurred out of 
N3 sleep. EEG coherence in the 0.5–4 Hz EEG frequency band was 
investigated during the 20 seconds immediately preceding the onset of 
each episode and compared to the 20 seconds occurring two minutes 
prior to these episodes’ onset. Data from the F3, F4, C3, C4, P3, P4, O1, 
O2 leads were investigated for each night using two complimentary 
measures of brain connectivity: phase coherence and phase lag index 
(the latter addressing zero-lag interactions due to common sources).
Results: Indices of phase coherence and phase lag index yielded similar 
results. A main effect of time segment was found, revealing a significant 
difference between the 20-second periods immediately prior to episode 
onset and the 20-second segments taken 2 minutes before the episode, 
with greater connectivity occurring immediately before episode onset. 
No significant interaction with brain areas or sleep deprivation was found.
Conclusion: These findings are in line with early pilot results sug-
gesting that episodes of somnambulism are preceded by changes in 
brain connectivity. The study of EEG connectivity during sleep may 
thus help elucidate brain processes involved the occurrence of NREM 
parasomnias while providing a better understanding of fundamental 
processes underlying normal and pathological sleep.
Support (If Any): This research was supported by research grants 
from the Fonds de la recherche du Québec en nature et technologies 
(FRQNT) and from the Canadian Institutes of Health Research (CIHR).
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0754
INCIDENCE OF NARCOLEPSY IN GERMANY
Mayer G1, Drechsel-Bauerle U2, Schmidtmann I3, 
Keller-Stanislawski B4, Oberle D4

1Hephata Klinik, Schwalmstadt, Germany, 2IMBEI Institute of 
Medical Biometry, Epidemiology and Informatics, Paul Ehrlich 
Institute Langen, Germany, 3IMBEI Institute of Medical Biometry, 
Epidemiology and Informatics, Mainz, Germany, 4Paul Ehrlich 
Institute Langen, Langen, Germany

Introduction: Several publications associate AS03 adjuvanted H1N1 
pandemic influenza vaccination with narcolepsy. Our study aimed at 
determining background incidence rates for narcolepsy in Germany. 
Previously, no valid estimates were available. A further objective was 
to investigate a potential change in incidence rates of narcolepsy be-
tween pre- and postpandemic period.
Methods: A retrospective study on the incidence of narcolepsy was 
conducted in German sleep centers within the period from 1 January 
2007 to 31 December 2011 including patients with an initial diagnosis 
of narcolepsy (ICD 10 Code G47.4). In addition, a capture-recapture 
analysis was performed in one of the 16 German federal states in order 
to consider and adjust for undercount.
Results: Adequate and suitable data were provided by 233 of the 342 
sleep centers (68.1%) that were invited to participate in the study. The 
eligible study subjects comprised 1092 (91.2%) adults as well as 106 
(8.8%) children and adolescents under the age of 18 years. With re-
spect to the capture-recapture investigation conducted in Rhineland-
Palatinate, a total of 80 incident cases of narcolepsy were included. 
Regarding children and adolescents, a significant increase of the age-
standardized adjusted incidence rate from 0.14/100,000 person-years 
in the prepandemic period to 0.50/100,000 person-years in the post-
pandemic period was observed (incidence density ratio, IDR 3.57; 95% 
CI 1.94–7.00). This upward trend already started in spring 2009. In 
contrast, no significant change was detectable in adults (0.56/100,000 
PY in the prepandemic period, 0.67/100,000 PY in the postpandemic 
period; IDR 1.20; 95% CI 0.83–1.74).
Conclusion: Our study provides valid estimates for the incidence of 
narcolepsy in Germany. In individuals under 18, incidence rates con-
tinuously increased from spring 2009.
Support (If Any): The project was sponsored by the German Ministry 
of Health (chapter 1501, title 54401).

0755
REDUCED INFLUENCE OF SATIATION ON FOOD 
CHOICES IN HUMAN NARCOLEPSY
Overeem S1,2, van Holst RJ1,3, van der Cruijsen L3, Lammers G4, 
Cools R1,3, Aarts E3

1Radboud University Medical Center, Nijmegen, Netherlands, 2Sleep 
Medicine Center Kempenhaeghe, Heeze, Netherlands, 3Donders 
Institute for Brain, Cognition and Behavior, Nijmegen, Netherlands, 
4Sleep-Wake Center SEIN, Heemstede, Netherlands

Introduction: Narcolepsy with cataplexy is a chronic sleep disorder 
caused by a hypocretin (orexin) deficiency. Besides sleep regulation, 
hypocretin signaling is important for reward motivational processes, 
including appetite regulation. As obesity is a common symptom in 
narcolepsy, we explored food-related choices and their dependence on 
satiation in patients with type I narcolepsy (n = 20) compared with 
idiopathic hypersomnia (n = 13) as well as healthy matched controls 
(n = 18).
Methods: After fasting for at least 5 hours, subjects were first trained 
on a concurrent choice task to earn their favorite savory and sweet 
snack before one of the snack outcomes was devalued by sensory-spe-

cific satiation. Subsequently, choice for the savory or sweet snack was 
tested, without feedback (i.e. in extinction). Goal-directed behavior 
was measured by the selective reduction in button presses associated 
with the devalued outcome, e.g. satiation on a savory snack, leading 
to less button presses associated with obtaining that savory snack in 
the extinction test relative to the training phase. After the tests, we 
measured how many calories subjects consumed spontaneously from 
ad-libitum available food when they were completing food-related 
questionnaires.
Results: After satiation, all groups reported less wanting for the sati-
ated snack than before satiation. However, while controls and idiopath-
ic hypersomnia patients showed goal-directed behavior, patients with 
narcolepsy still chose the satiated snack as often as before satiation. 
Narcolepsy patients also spontaneously consumed more calories when 
completing the questionnaires, although not reporting to eat more in 
daily life.
Conclusion: While narcolepsy patients do report less wanting after 
being satiated, they do not adjust their behavior accordingly. This dis-
crepancy between self-report and actual behavior was also evident in 
their spontaneous caloric intake. We conclude that narcolepsy patients 
exhibit reduced goal-directed control of behavior towards food. This 
might contribute to the development of obesity.
Support (If Any): This study was supported by a VIDI research grant 
from the Netherlands Organization for Scientific Research awarded to 
S. Overeem (grant no. 016.116.371).

0756
PREVALENCE OF PSG NOCTURNAL SHORT 
ONSET REM (SOREM) AND FAILURE TO CONDUCT 
NECESSARY MSLTS IN SLEEPY ADULTS: PROFOUND 
MISSED OPPORTUNITY TO IDENTIFY NARCOLEPSY?
Bogan R1, Black J2, Cairns A1

1SleepMed, Inc., Columbia, SC, 2Stanford University Medical Center, 
Palo Alto, CA

Introduction: A diagnosis of narcolepsy is commonly delayed by 
more than a decade. SOREM during PSG (≤ 15 min) is highly specific 
and has a high positive predictive value for narcolepsy. However, little 
is known of the prevalence of PSG SOREM in sleep clinic patients and 
the clinical use of PSG SOREM to prompt MSLT testing and identifi-
cation of narcolepsy.
Methods: We evaluated the prevalence of PSG SOREMs and the rate 
of consecutive MSLTs in a database of 134,997 adult patients under-
going routine diagnostic PSG. Data were extracted from SleepMed’s 
repository from 2004 to 2013 and PAP titrations were excluded from 
these analyses based on other findings that a PSG SOREM occurs 
more frequently during titrations (see corresponding abstract entitled 

“Predictors and Potential Confounders of SOREM in 239,047 Adult 
Sleep Clinic Patients”).
Results: The prevalence of SOREMs on baseline PSG was 
0.8% (n = 1102/134,997) and increased slightly with increasing 
AHI (AHI < 5 = 0.8%, AHI 5–14.9 = 1.1%, AHI 15–29.9 = 1.0%, 
AHI ≥ 30 = 1.3%; p < 0.001). Characteristics of narcolepsy in patients 
with PSG SOREMs without OSA (AHI < 5) included excessive day-
time sleepiness (ESS ≥ 10 = 59%), difficulty maintaining sleep (self-
report; 50%), hypnogogic hallucinations (10%) and sleep paralysis 
(5%); 30% also reported regular napping. Despite these characteristics, 
only 6.1% of those exhibiting PSG SOREM (n = 12) had a consecutive 
MSLT.
Conclusions: Patients with a PSG SOREM rarely have a consecutive 
MSLT, suggesting that the MSLT may be critically under-utilized fol-
lowing PSG SOREMs. PSG SOREMs occur at a higher rate than that 
for the diagnosis of narcolepsy and critical opportunities to identify 
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narcolepsy may be missed in the sleep clinic. Additionally, PSG SO-
REMs can occur in the absence of “adequate” pre-test clinical markers 
that might otherwise prompt the clinician to order a consecutive MSLT. 
Further longitudinal analyses are underway to determine the final out-
comes in these cases and what percentage were eventually evaluated 
with an MSLT.
Support (If Any): Jazz Pharmaceuticals SIIR 13 009

0757
IDENTIFYING THE NEED FOR PSYCHOSOCIAL 
TREATMENTS IN HYPERSOMNIA DISORDERS
Neikrug AB1, Crawford MR 2, Ong JC2

1Veteran’s Administration Health Care System, Salt Lake City, UT, 
2Rush University Medical Center, Chicago, IL

Introduction: Patients with hypersomnia disorders (HD) suffer from 
debilitating symptoms that result in reduced psychosocial functioning, 
including depression, anxiety, and decreased quality of life (QOL). At-
tempts to develop interventions that focus on improving psychosocial 
functioning in this patient population are limited and little is known 
about the need and motivation of this population to engage in such 
treatment. The goal of this study was to gather preliminary data on 
the impact of HD symptoms on psychosocial functioning and potential 
interest in non-pharmacological interventions to improve these symp-
toms (e.g., cognitive behavioral therapy, mindfulness/yoga, support 
groups).
Methods: We developed an online survey that included 33 items on 
diagnosis, symptoms, pharmacological and non-pharmacological 
strategies for managing symptoms and perceived effectiveness, mental 
health history, interest and experience in psychosocial interventions, 
and demographics. The anonymous survey was distributed via email 
to the Wake Up Narcolepsy listserv.
Results: We obtained 426 respondents (61% narcolepsy, 31.5% idio-
pathic hypersomnia, 4.7% with HD symptoms but not formally diag-
nosed). Cardinal symptoms of depression and anxiety were endorsed 
by 60–86% of individuals and only 4 participants reported that they 
never experienced mood or anxiety symptoms associated with HD 
symptoms. Referrals to mental health specialists were reported by 45% 
of the respondents. The majority (82%) endorsed at least some interest 
in support groups, 72% endorsed interest in CBT, and 68% endorsed 
interest in mindfulness/yoga techniques. The majority (58%) indicated 
a preference for a BSM provider for providing non-pharmacological 
services for HD.
Conclusion: Respondents reported an overall strong negative impact 
on functioning and mental health as a result of HD symptoms. These 
data indicate that there is substantial interest and need for non-pharma-
cological approaches that focus on psychosocial functioning and cop-
ing with symptoms of HD.

0758
WAKE-UP ROUTINES
Gill A1, Buchanan P1, Behera A1, Lorenz R1, Koedbangkham J1, 
Aldahondo O1, Gotsis T 2, Malhotra R1, Paruthi S1

1Saint Louis University, St Louis, MO, 2DePaul Medical Center, St 
Louis, MO

Introduction: The effect of habits and activities that adults do when 
they wake up in the morning (wake-up routines) on subjective day-
time productivity and improvement of sleep inertia remains largely 
unknown. We hypothesized participants with a consistent wake-up 
routine will perceive greater daytime productivity.
Methods: An Institutional Review Board approved, anonymous 
13-question survey was given to patients and companions (if any) in 

the adult sleep center. The survey included questions about participant 
schedule, typical wake-up routine, and daytime productivity. Descrip-
tive analysis, Mann-Whitney U and Fisher’s Exact Tests were per-
formed.
Results: Thirty surveys were analyzed; there were 15 participants 
receiving treatment from a sleep medicine clinician. Participants re-
ported the following information: 18 (60%) had a wake-up routine ev-
ery weekday; of those, 6 (33%) follow the same routine on weekends. 
Twenty-four (80%) participants perceived the day is more productive if 
they wake up easier; additionally, 17 (56.7%) perceived if they woke up 
easier, the day would be more productive. Of the 18 participants who 
followed a daily weekday routine, 15 (83%) noted more positive/pro-
ductive days, compared to 10/12 (83%) of participants without a daily 
routine. There were no differences in the number of days per week that 
it was difficult to awaken (p = 0.13) or in subjective daytime productiv-
ity (p = 1.00) between these 2 groups. For patients who were treated by 
a sleep medicine clinician compared to those who were not, there were 
no differences in the bedtimes, wake-up times, or number of mornings 
it was difficult to awaken (p = 0.41).
Conclusion: The participants perceived that waking up easier would 
lead to a more productive day. A consistent wake-up routine did not 
correlate with improved productivity. Although much of the current 
literature focuses on falling asleep and maintaining sleep, waking from 
sleep may be of significant importance in daytime productivity.

0759
TREATMENT EFFECTS ON PATIENT-REPORTED 
OUTCOMES IN CENTRAL DISORDERS OF 
HYPERSOMNOLENCE IN A TERTIARY CARE 
CLINICAL PRACTICE
Cui C1, Bena J2, Lu W2, Moul D1, Foldvary-Schaefer N1

1Cleveland Clinic Sleep Disorders Center, Neurological Institute, 
Cleveland, OH, 2Quantitative Health Sciences, Cleveland Clinic, 
Cleveland, OH

Introduction: Real-world effectiveness data of central disorders of 
hypersomnolence (CDH) treatment are sparse. We hypothesized that 
treatment of CDH would improve patient-reported outcomes (PROs) 
in our clinic population.
Methods: Subjects ≥ 18 yrs with narcolepsy or idiopathic hypersom-
nia (IH) presenting to the Cleveland Clinic Sleep Disorders Center 
between 2008–2010 with completed PROs at baseline (BL) and 2–6 
months follow-up were studied. Data were obtained through the Cleve-
land Clinic Knowledge Program (KP), in which the Epworth Sleepi-
ness Scale (ESS), Fatigue Severity Scale (FSS), Functional Outcomes 
of Sleep Questionnaire (FOSQ), and Patient Health Questionnaire-9 
(PHQ9) were electronically archived. Changes in these PROs were as-
sessed by t-tests and linear regressions, controlling for follow-up dura-
tion.
Results: 95 subjects (67F:28M, 43.8 ± 15.3 yr, 53 (55.8%) narcolep-
sy, 42 (44.2%) IH) with follow-up 20.6 ± 14.2 months were included. 
Comorbid sleep apnea was present in 42 patients (61.9% IH; 30.2% 
narcolepsy) and 38 used PAP. Improvements were seen for ESS (BL 
14.04 ± 5.23; change 3.54 ± 5.02, [P < 0.001]), FSS (BL 47.36 ± 12.98; 
3.11 ± 12.26 [P = 0.017]), FOSQ (BL 25.24 ± 25.47; 10.47 ± 25.98 
[P < 0.001]), and PHQ9 (BL 9.5 ± 6.42; 2.06 ± 6.42 [P = 0.006]). At 
follow-up, 57 (60%) were on monotherapy, 34 (35.8%) polytherapy, and 
4 (4.2%) no medications. Mean changes in ESS, FSS and FOSQ were 
higher, but not statistically different, in those with medication change 
and not statistically different between mono- and polytherapy groups. 
Compared with IH, subjects with narcolepsy were more likely to use 
polytherapy at follow-up and to have changed to polytherapy (52.8 vs. 
14.3% [P < 0.001] for both), and less likely to have increased wake pro-
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moting/stimulant medications (32.1 vs. 57.1% [P = 0.038]). Addition of 
sodium oxybate was associated with reduction in other medications in 
40.7% of subjects.
Conclusion: Pharmacotherapy improves multiple domains of func-
tioning in patients with CDH. These clinic-based effectiveness data 
enhance existing clinical trial data demonstrating reduced sleepiness 
in narcolepsy.
Support (If Any): Cleveland Clinic Knowledge Program

0760
DIFFERENT FATES OF EXCESSIVE DAYTIME 
SLEEPINESS: SURVIVAL ANALYSIS FOR SYMPTOM 
REMISSION
Kim T1,2, Lee J3, Lee C2, Youn S2, Jeong J2, Sohn C 4, Yoon I2

1Department of Psychiatry, Kyung Hee University Hospital at 
Gangdong, Seoul, Korea, Republic of, 2Department of Psychiatry, 
Seoul National University Bundang Hospital, Seongnam-si, Korea, 
Republic of, 3Department of Psychiatry, Seoul National University 
Hospital, Seoul, Korea, Republic of, 4Nanum Psychiatric Clinic, 
Seoul, Korea, Republic of

Introduction: Excessive daytime sleepiness (EDS) is a symptom fre-
quently presented in sleep clinics. Only a paucity of data has addressed 
the clinical course of sleep disorders with EDS. Therefore, we sought 
to elucidate comparatively the clinical outcomes of the patients pre-
senting EDS.
Methods: A retrospective cohort study of patients who underwent 
polysomnography and multiple sleep latency test (MSLT) due to EDS 
was performed. The following four diagnoses were included in this 
analysis; 1) narcolepsy with cataplexy (N+C); 2) narcolepsy without 
cataplexy (N-C); 3) idiopathic hypersomnia (IH); 4) subjective hy-
persomnolence (SH) with mean sleep latency > 8 min in MSLT. The 
remission of EDS and treatment response was determined based on 
clinical evaluation and interview. Kaplan-Meier survival analysis was 
done.
Results: We included 108 patients diagnosed as N+C (n = 29), N-C 
(n = 22), IH (n = 24), or SH (n = 33). Remission rate were significantly 
different (p < 0.001, overall log rank test) among the four groups ex-
cept those between N-C and IH groups (p = 0.489). While N+C group 
showed no remission, predicted remission rates of N-C and IH group 
were 44.6% at 5 years after diagnosis and 32.5% at 5.5 years after diag-
nosis. The predicted remission rate of SH group was 66.7% at 3 years 
after diagnosis, the highest of the four groups. However, treatment re-
sponse did not differ (p = 0.953) among the four groups.
Conclusion: The similarity of clinical courses between N-C and IH 
suggest that N-C may be more related to IH compared to N+C. Con-
sidering different clinical courses but comparable treatment responses 
among EDS patients, thorough evaluation of EDS should be warranted 
before starting treatment.

0761
PATIENT GLOBAL IMPRESSION OF CHANGE 
CORRELATES WITH CLINICAL GLOBAL IMPRESSION 
OF CHANGE IN A CLINICAL TRIAL OF JZP-110 FOR 
THE TREATMENT OF NARCOLEPSY
Scrima L1, Emsellem H2, Becker P3, Ruoff C 4, Lankford A5, Bream G 6, 
Khayrallah M6, Black J4,7

1Sleep-Alertness Disorders Center, Inc., Aurora, CO, 2The Center 
for Sleep & Wake Disorders, Chevy Chase, MD, 3Sleep Medicine 
Associates of Texas, Dallas, TX, 4Stanford Sleep Medicine Center, 
Redwood City, CA, 5Sleep Disorders Center of Georgia, Atlanta, GA, 
6Aerial BioPharma, LLC, Morrisville, NC, 7Jazz Pharmaceuticals, 
Inc., Palo Alto, CA

Introduction: JZP-110 is a wake-promoting agent with a distinct 
mechanism of action that improved objective and subjective symptoms 
of excessive sleepiness in adults with narcolepsy in a 12-week trial 
[Black, et al. J Sleep Res 2014;23(Supp 1):32–33]. This post hoc analy-
sis evaluated the correlation between the patient and clinician perspec-
tives for overall change in disease status.
Methods: Adult patients with an ICSD-2 diagnosis of narcolepsy were 
enrolled in a double-blind, placebo-controlled, parallel-group study 
and were randomized to 12-week treatment with once-daily placebo 
(n = 49) or JZP-110 (n = 44) 150 mg/day weeks 1–4 and increased to 
300 mg/day weeks 5–12. Change in disease status from baseline was 
assessed at 1, 2, 4, 6, 8, and 12 weeks using the Clinical Global Im-
pression of Change (CGI-C) and Patient Global Impression of Change 
(PGI-C) scales, both scored using a 7-point Likert-type scale from 
1 = “very much improved” to 7 = “very much worse.” This analysis 
used a Spearman correlation to evaluate the relationship between the 
CGI-C and PGI-C at Week 12 using a last-observation-carried-forward 
imputation approach for the entire population.
Results: Data were available from 90 patients between the two treat-
ment groups who were similar in demographic and clinical character-
istics. At Week 12, JZP-110 resulted in significantly more patients with 
improvement on the CGI-C (86.0% vs 38.3%; P < 0.0001) and PGI-C 
(93.0% vs 38.3%; P < 0.0001) than placebo. A large percentage (74.4%) 
of PGI-C scores matched the CGI-C scores. The correlation between 
the PGI-C and CGI-C scores was strong and statistically significant 
(Spearman r = 0.868; P < 0.0001).
Conclusion: There was good concordance in the clinician- and patient-
reported assessments of change in disease status among patients with 
narcolepsy treated with JZP 110, as indicated by a strong and statis-
tically significant positive correlation between the CGI-C and PGI-C 
scores.
Support (If Any): This study was funded by Aerial BioPharma.

0762
UTILITY OF QR-CODED MEDICAL ALERT MATERIALS 
FOR PATIENTS WITH NARCOLEPSY: SURVEY 
RESULTS
Patterson MA1,2, Honig E2, Rorie K 2

1Carilion Clinic Children’s Hospital, Roanoke, VA, 2Narcolepsy 
Network, North Kingstown, RI

Introduction: Narcolepsy Network® is a member-based national non-
profit organization dedicated to the advocacy for those with the chronic 
neurological condition narcolepsy. Early in 2014, QR-coded medical 
alert materials (wristbands and wallet-sized cards) were distributed to 
over 1,000 members. The QR code on the materials connects to the 
web page http://narcolepsynetwork.org/narcolepsy-911/, which con-
tains links to commonly used medications, recommended treatment 
parameters, and a Harvard-based narcolepsy information website.
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Methods: Mid-year, a survey was conducted to see if the members 
found the medical alert materials to be useful in providing quick, ac-
curate information in medical situations. A total of 143 reply responses 
were received.
Results: Overall, 41% of members carried at least one of the medical 
alert materials; 52% felt the items were helpful. Many (74%) had used 
the information for personal reasons and 26% had used it for medical 
situations, including at least one urgent/emergency visit.
Conclusion: The rapid communication of critical medical information 
is requisite in order to provide optimal medical care. This is especially 
urgent when dealing with a patient with a poorly understood medical 
condition such as narcolepsy. The use of QR-coded medical alert mate-
rials provides an easy mechanism for transmitting this information in 
urgent or emergency settings. We have demonstrated that a relatively 
small non-profit organization can provide their members with these 
types of medical alert materials and that these items can prove useful 
in various situations. Based on feedback from the users of these prod-
ucts, we will continue to modify both the items and the information on 
the QR code-linked page in an effort to maximize the quality of the 
medical care provided for people with narcolepsy. We believe that this 
method could prove beneficial to other organizations who need to pro-
vide their members with easily retrievable information using widely-
available QR code readers.

0763
DEFINITION OF A RESPONDER TO NARCOLEPSY 
TREATMENT BASED ON THE RESULTS OF A CLINICAL 
TRIAL OF JZP-110
Scrima L1, Emsellem H2, Becker P3, Ruoff C 4, Lankford A5, Bream G 6, 
Khayrallah M6, Black J4,7

1Sleep-Alertness Disorders Center, Inc., Aurora, CO, 2The Center 
for Sleep & Wake Disorders, Chevy Chase, MD, 3Sleep Medicine 
Associates of Texas, Dallas, TX, 4Stanford Sleep Medicine Center, 
Redwood City, CA, 5Sleep Disorders Center of Georgia, Atlanta, GA, 
6Aerial BioPharma, LLC, Morrisville, NC, 7Jazz Pharmaceuticals, 
Inc., Palo Alto, CA

Introduction: Responder analyses are important to assess meaning-
ful changes to patients in clinical trials. This post hoc analysis evalu-
ated two patient-reported outcomes, the Patient Global Impression of 
Change (PGI-C) and the Epworth Sleepiness Scale (ESS), to establish 
a preliminary estimate of the optimal cut-off criterion for defining re-
sponders to JZP-110, a wake-promoting agent that appears to have a 
distinct mechanism of action.
Methods: Adults with an ICSD-2 diagnosis of narcolepsy enrolled in a 
phase 2b, double-blind, placebo-controlled, parallel-group study were 
randomized to 12-week treatment with once-daily placebo (n = 49) or 
JZP-110 (n = 44) 150 mg/day weeks 1–4 and increased to 300 mg/day 
weeks 5–12. Descriptive statistics and receiver operating characteristic 
(ROC) analysis compared the anchor measure, PGI-C, to the percent 
change from baseline in the ESS to establish the patient-reported re-
sponder criterion for this sample.
Results: Patients were predominantly female (64.5%), white (74.2%), 
with a mean (standard deviation [SD]) age of 38.7 (12.1) years and a 
baseline mean (SD) ESS of 17.3 (3.3). At Week 12, patients (n = 10) 
who reported that they were “very much improved” on the PGI-C had 
a mean reduction in their ESS score of 76.7% and patients (n = 33) who 
reported that they were “much improved” on the PGI-C had a mean 
reduction in their ESS score of 49.1%. ROC analysis was used to assess 
the accuracy of patient outcomes in predicting a “true” response, de-
fined as PGI-C ratings of “much improved” or “very much improved.” 
The ROC analysis resulted in an area-under-the-curve of 0.9 and sug-
gested that a 25% reduction in ESS (sensitivity, 81.4%; specificity, 

80.9%) may be an appropriate cut-off to use for defining a meaningful 
patient response to JZP-110.
Conclusion: A ≥ 25% reduction from baseline in ESS score may be 
used as a cut-off criterion to identify patients with narcolepsy who re-
spond to treatment with JZP 110.
Support (If Any): This study was funded by Aerial BioPharma.
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EVALUATION OF QUALITY-OF-LIFE IN PATIENTS 
WITH NARCOLEPSY TREATED WITH SODIUM 
OXYBATE: USE OF THE 36-ITEM SHORT-FORM 
HEALTH SURVEY IN A CLINICAL TRIAL
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Villa K 5, Montplaisir J 7
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Introduction: Sodium oxybate (SXB) improves daytime sleepiness 
and cataplexy in patients with narcolepsy, but clinical trial data on its 
effects on patient-reported quality-of-life is limited.
Methods: A phase 3, randomized, placebo-controlled clinical trial in 
patients with narcolepsy (N = 228) who were randomized to placebo 
or SXB 4.5 g, 6 g, or 9 g nightly for 8 weeks; 6 and 9 g/night doses 
were titrated in weekly 1.5-g increments. In addition to previously 
reported measures of sleepiness and cataplexy, quality-of-life was as-
sessed at baseline and end-of-treatment using the 36-Item Short-Form 
Health Survey (SF-36). Changes from baseline, using last-observation-
carried-forward, were compared between active treatment groups and 
placebo using the Mann-Whitney test, and effect sizes (ES) were esti-
mated (Cohen’s d; 0.20 = small, 0.50 = medium, and 0.80 = large).
Results: Baseline values on all SF-36 domains were substantially low-
er than normative values for the US general population. After 8 weeks 
of treatment, mean ± SD improvement from baseline on the Physical 
Component score was significantly greater than placebo (1.5 ± 6.2) 
with SXB 9 g/night (6.3 ± 9.1; P = 0.005), showed a moderate ES 
(0.616), and exceeded the minimal clinically relevant difference of 5. 
On the Mental Component score, none of the differences between SXB 
and placebo were significant. SXB 9 g/night resulted in significantly 
greater improvement on the individual domains of Physical Func-
tioning (4.4 ± 9.2 vs 1.0 ± 8.0; P = 0.016; ES = 0.394), General Health 
(3.1 ± 7.0 vs 0.4 ± 6.8; P = 0.036; ES = 0.395), and Social Functioning 
(6.8 ± 16.8 vs 1.1 ± 9.6; P = 0.033; ES = 0.417). On the Vitality domain, 
all SXB doses resulted in statistically significant improvements from 
baseline relative to placebo (P < 0.05), demonstrated moderate ES, 
and exceeded the clinically significant difference of 5. No significant 
differences versus placebo were observed on the domains of Physical 
Role, Emotional Role, and Mental Health.
Conclusion: SXB appeared to improve quality-of-life measures in a 
dose-dependent manner with positive impact at the 9 g/night dose on 
Physical Component score and individual SF-36 domains of Vitality, 
General Health, and Physical and Social Functioning.
Support (If Any): This study was funded by Jazz Pharmaceuticals.
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SODIUM OXYBATE TREATMENT IN PATIENTS WITH 
NARCOLEPSY STRATIFIED BY THE PRESENCE OF 
CATAPLEXY: RETROSPECTIVE SUBGROUP ANALYSIS 
OF A RANDOMIZED CLINICAL TRIAL
Black J1,2, Bassetti C3, Bogan R4, Lai C1, Swick T5

1Jazz Pharmaceuticals, Inc., Palo Alto, CA, 2Stanford Sleep Medicine 
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of Houston, Houston, TX

Introduction: The effects of sodium oxybate (SXB) on narcolepsy pa-
tients without cataplexy have not been evaluated in clinical trials.
Methods: This retrospective analysis evaluated data from a phase 
3, randomized, placebo-controlled trial of SXB+modafinil in adult 
narcolepsy patients with cataplexy (NC; n = 95) or without cataplexy 
(NWOC; n = 127). Cataplexy patients were identified based on medi-
cal history, concomitant medications, and sleep-onset REM periods on 
the nocturnal polysomnogram. Patients were randomized to 8-week 
treatment with placebo, SXB (6 g/nightly for 4 weeks increased to 9 g/
nightly for 4 weeks), 200–600 mg/day modafinil, or SXB+modafinil. 
Outcomes were changes from baseline at 8 weeks on the Epworth 
Sleepiness Scale (ESS), Maintenance of Wakefulness Test sleep laten-
cy, and percentage of patients with improvement on the Clinical Global 
Impression of Change (CGI-C).
Results: In the NC group, ESS improvement was significantly greater 
with SXB (−2.9; P = 0.011) and SXB+modafinil (−3.8; P = 0.002) vs 
placebo (0.8). Similarly, in the NWOC group, ESS improvement was 
significantly greater with SXB (−3.0; P = 0.021) and SXB+modafinil 
(−2.8; P = 0.015) vs placebo (0.8). In the NC group, sleep latency was 
significantly increased with SXB+modafinil (3.34 minutes; P < 0.001), 
and tended to be increased with SXB (0.90 minutes; P = 0.096) vs pla-
cebo (−2.58 minutes). In the NWOC group, sleep latency was signifi-
cantly increased for all groups vs placebo (P < 0.05). Significantly more 
NC patients treated with SXB (69.2%; P = 0.004) and SXB+modafinil 
(59.1%; P = 0.001) achieved “very much improved” or “much improved” 
on the CGI-C vs placebo (18.8%). More NWOC patients treated with 
SXB (44.1%) and SXB+modafinil (41.4%) achieved “very much im-
proved” or “much improved” on the CGI-C vs placebo (28.6%), but 
these differences were not significant. Adverse events were consistent 
with the drug profiles.
Conclusion: SXB alone or in combination with modafinil improved 
excessive sleepiness in both NC and NWOC patients.
Support (If Any): This study was funded by Jazz Pharmaceuticals.
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EFFECT OF L-CARNITINE ON THE NOCTURNAL 
SLEEP OF NARCOLEPSY PATIENTS
Honda M1,2, Miyagawa T3, Hazumi M2, Tokunaga K 3, Kodama T1
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Introduction: The gene for carnitine palmitoyltransferase 1B (CPT1B) 
and abnormally low serum acylcarnitine level have been linked to nar-
colepsy. We also reported that L-carnitine supplementation, which fa-
cilitates CPT1 activity, was effective to reduce the daytime napping in 
narcolepsy patients. We rechecked this data and found that among 9 
patients who reported favorable outcome in general health conditions, 
6 showed subjective improvement of nocturnal sleep. In order to clarify 
the details of nocturnal sleep improvement by L-carnitine supplemen-
tation, we performed pilot clinical study using sleep EEG recording 

as outcome measures to evaluate how L-carnitine improved nocturnal 
sleep.
Methods: Three narcolepsy patients who had reported improved gen-
eral conditions by L-carnitine supplementation and two healthy con-
trols were entered a clinical trial to find L-carnitine effect on sleep 
EEG record. All the participants gave written informed consent. Handy 
EEG home-monitoring system as well as hospital PSG recording were 
performed and scored. We calculate sleep stage transition probability 
in the latter half of nocturnal sleep record in order to evaluate sleep 
stability (especially REM sleep).
Results: L-carnitine supplementation resulted in the reduction of the 
probability of sleep stage transition from REM sleep to Wake in both 
narcolepsy and control groups (from 1.91 ± 1.05% to 0.96 ± 0.62% in 
all the epochs of stage transition (p = 0.050)) and increase the REM 
sleep stability in both groups shown by the increased probability of 
sleep stage transition from REM sleep to REM sleep (from 93.2 ± 1.4% 
to 96.0 ± 1.3% (p = 0.028), probability was divided by the amount of 
REM sleep).
Conclusion: Our preliminary data showed the reduction of REM-
Wake transition and the increase of REM sleep continuity at least in 
subgroup of narcolepsy patients and controls. This results suggest that 
L-carnitine was effective for nocturnal sleep stability (especially REM 
sleep), and fatty acid metabolism could be involved in the sleep stabil-
ity. Further studies were required and on-going to find the predictor of 
L-carnitine supplementation responders as well as the mechanism of 
its effectiveness.
Support (If Any): This study was supported by The Ministry of Edu-
cation, Culture, Sports, Science and Technology/Japan Society for the 
Promotion of Science KAKENHI Grant Number 22133008, 13398866, 
13380361, 23689022 and Mitsui Life Social Welfare Foundation.
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DROWSINESS AMONG DRIVERS IN SLOVENIA
Dolenc Groselj L1, Gnidovec Strazisar B2

1Institute of Clinical Neurophysiology, Ljubljana, Slovenia, 
2University Children’s Hospital, Ljubljana, Slovenia

Introduction: Excessive daytime sleepiness (EDS) with a prevalence 
of 20% in the adult population represents an important cause of traffic 
accidents. In addition to pathological sleepiness, EDS as a consequence 
of sleep deprivation is common additional risk for motor vehicle acci-
dents. The aim of the study was to raise awareness about dangerous 
consequences of sleepiness while driving and define driving habits 
among Slovene drivers and determine whether sleepy drivers pose a 
greater risk for traffic accidents.
Methods: On the World Sleep Day all drivers who stopped at gas 
stations “Petrol” received facts about the dangerous consequences of 
EDS while driving and advices to stop driving while drowsy. Drivers 
voluntarily filled anonymous questionnaire about their driving habits. 
Statistical analysis were performed with the program Graph Pad Prism 
5, descriptive statistics was used.
Results: The survey was completed by 962 drivers (308 women, 32.0% 
and 654 men, 68.0%). 18.5% of the surveyed women (57) and 31% (203) 
of men reported that they had already fallen asleep at the wheel. Men 
were significantly more sleepy than women (p = 0.00). Highest percent-
age of sleepiness was found among young people with 54% of respond-
ers (18–30 y) reporting drowsy driving. In 1.6% (5) of all female and 
2.8% (18) of all male drivers sleepiness resulted in driving accident. 
34% (128) of young drivers reported to continue driving despite feel-
ing drowsy. Maximum % of drowsiness-related accidents was among 
young drivers (2.2% (12 people from 18 and 30 years)).
Conclusion: Our survey shows, that drivers in Slovenia often feel 
sleepy while driving. Despite sleepiness they commonly continue 
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driving, posing them to higher risk for traffic accidents. We conclude, 
that prevention of excessive daytime sleepiness is therefore extremely 
important among drivers.
Support (If Any): The authors would like to thank Petrol for the sup-
port of the study.
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USE OF THE ODDS RATIO PRODUCT TO INVESTIGATE 
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Introduction: Subjective reports of daytime sleepiness may have mul-
tiple causes, including poor sleep quality, inadequate amount of sleep 
(sleep deprivation), or primary disorders of sleepiness. The Epworth 
Sleepiness scale (ESS) is currently the most widely used diagnostic 
tool for daytime sleepiness, evaluating patients’ likelihood of falling 
asleep in 8 different social situations. However, it does not provide in-
sight as to any distinguishing causes of sleepiness. The Odds Ratio 
Product (ORP) is a new continuous index of sleep quality. We used this 
index to distinguish between excessive somnolence due to poor sleep 
quality and other factors.
Methods: 101 patients with obstructive sleep apnea of different sever-
ity (AHI 23.4 ± 5.3, range: 5–107/hr) underwent full polysomnography 
(PSG). Subjective sleepiness was evaluated by the 24-point ESS. ORP 
values were calculated in 30-second epochs from the electroencepha-
logram (C3/A2 and C4/A1). ORP was expressed as the average of all 
30-second values in total sleep time (TSTORP), this value representing 
the overall sleep quality during the PSG. A value < 0.8 was considered 
normal.
Results: 44 patients had excessive sleepiness, defined as an ESS ≥ 10 
(ESS = 14.1 ± 3.0). Of these 22 had a normal TSTORP. Average TSTORP 
in these patients was (0.59 ± 0.13). In the other 22 patients TSTORP 
ranged 0.81 to 1.39 (1.05 ± 0.16). Interestingly, 18 patients had normal 
ESS scores (5.3 ± 2.6) despite poor sleep quality (TSTORP > 1; Av-
erage, 1.30 ± 0.22), in keeping with the common clinical observation 
that some patients do not show polysomnographic sleepiness despite 
severely fragmented sleep.
Conclusion: The Odds Ratio Product may be a useful new tool to 
categorize patients with subjective sleepiness into those in whom the 
problem may be poor sleep quality and those in whom sleep quantity is 
inadequate due to limited time in bed or excessive sleep needs.
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Introduction: Narcolepsy can have a pervasive impact on functioning 
during wakefulness. It is also associated with significant psychiatric 
comorbidity. Medications often control symptoms but may not do so 
completely. As a result, narcolepsy could have broad implications for 
health-related quality of life and mental health. However, few popula-
tion-based studies have examined this relationship.
Methods: These analyses were conducted on 2011–2013 U.S. National 
Health and Wellness Survey (NHWS) data. The NHWS is an annual, 
representative, cross-sectional general health survey (2011 NHWS 

n = 75,000; 2012 n = 71,157; 2013 n = 75,000). Respondents who re-
ported a previous diagnosis of narcolepsy were matched 1:2 with con-
trols via propensity score matching on demographics and health risk 
behaviors (e.g., alcohol use). Analyses examined differences between 
patients with and without narcolepsy on health-related quality of life 
(SF-36v2) and psychiatric comorbidities.
Results: Respondents with narcolepsy (n = 437) compared to matched 
controls (n = 874) reported significantly lower health-related quality of 
life. Specifically, those with narcolepsy reported lower Mental Com-
ponent Summary (Mean = 39.67 vs. M = 46.12), Physical Component 
Summary (M = 40.64 vs. M = 45.46), and health utility (M = 0.59 vs. 
M = 0.68) scores than did controls (one-way ANOVAs, each p < 0.001). 
Additionally, respondents with narcolepsy reported significantly 
higher rates of psychiatric comorbidities than matched controls; those 
with narcolepsy were more likely to report a diagnosis of depression 
(48.23% vs. 25.9%), anxiety disorder (40.7% vs. 17.7%), or posttrau-
matic stress disorder (14.9% vs. 3.5%; Chi-square tests, each p < 0.001).
Conclusion: These data indicate that narcolepsy is associated with 
substantially reduced health-related quality of life and increased psy-
chiatric comorbidities. Screens for impaired quality of life and psy-
chiatric morbidity, sensitivity to these issues by sleep specialists, and 
referral when appropriate for psychiatric consultation may provide an 
opportunity to improve care for patients with narcolepsy.
Support (If Any): Research was funded by Jazz Pharmaceuticals.
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Introduction: Narcolepsy has been associated with increased medical 
utilization and costs, as has sleep apnea, a common comorbidity. The 
cumulative impact of narcolepsy and concomitant obstructive sleep ap-
nea (OSA) on medical-related costs has not been well studied.
Methods: Truven Health Analytics MarketScan® Research Databases 
were accessed to identify individuals > 18 years of age with ≥ 1 diag-
nosis code for narcolepsy (ICD9 347.0, 347.00, 347.01, 347.1, 347.10 
or 347.11) continuously insured between 2006 and 2010, and controls 
without narcolepsy matched 5:1 on age, gender, region, and payer. Con-
comitant OSA was defined by ≥ 1 appearance of a related diagnosis 
code (ICD9 327.20, 327.21, 327.23, 327.27, 327.29). Mean annual costs 
per patient (PP) were calculated for inpatient admissions, emergency 
department visits, hospital outpatient visits, other outpatient services 
(e.g., chiropractors, in-home oxygen/supplies, labs), physician visits, 
narcolepsy-related drugs, and other drugs.
Results: Of the 9312 patients with narcolepsy diagnoses in the 5-year 
period, 51% had concomitant OSA. Specifically, there were 4,787 
narcolepsy patients with OSA (N+OSA; 45% male; 99% with diag-
nosis 327.23; 22,489 matched controls) and 4,525 narcolepsy patients 
without OSA (N-OSA; 37% male; 21,395 matched controls). Annual 
allowed costs PP were significantly higher in the N+OSA group vs the 
N-OSA group for total medical visits ($9587 vs $7032; P < 0.0001) 
and total drug costs ($3535 vs $3167; P = 0.0008). All individual cost 
categories were also significantly (P < 0.0001) higher for N+OSA 
compared with N-OSA except for narcolepsy-related drugs ($1239 
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vs $1313; P = 0.1495). The largest percentage difference in costs be-
tween the groups was for other outpatient services (N+OSA, $1,111; 
N-OSA, $728). For both narcolepsy cohorts, all evaluated costs were 
significantly higher (P < 0.0001) compared with their respective con-
trol groups.
Conclusion: These findings confirm that comorbid OSA is common 
among patients with narcolepsy and that narcolepsy is associated with 
significant medical costs, which are further increased among patients 
with concomitant OSA.
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Introduction: The symptoms of narcolepsy can occur during the 
course of other neurological conditions. Inherited disorders, tumors 
and head trauma were the three most frequent causes for symptomatic 
narcolepsy. Among inherited disorders, Niemann-Pick type C (NPC), 
Myotonic dystrophy type 1 (MYD1) and Prader-Willi syndrome were 
mainly reported. NPC is an autosomal recessive and congenital neu-
rological disorder characterized by the accumulation of cholesterol 
and glycosphingolipids in the peripheral tissues and of the glycosphin-
golipids in the brain. Some cases frequently display narcolepsy-like 
symptoms, including cataplexy. Treatment by Miglustat (Brazaves) 
was started from 2012 in Japan. This is only one curative treatment for 
NPC. We had 3 cases of treatment by Miglustat, and one of these cases, 
orexin levels was increased and the symptom (cataplexy etc.) got better 
after treatment by it for one year.
Methods: The subjects were 8 patients with NPC (4 Male and 4 Fe-
male) Patients gave informed consent for the lumbar puncture. We 
checked clinical symptoms, PSG, MRI/CT and measured orexin lev-
els. Three of them we used Miglustat. We checked orexin levels before 
medication and one year after medication.
Results: Two cases were low orexin levels (< 110 pg/ml), 2 cases were 
intermediate (110–200 pg/ml), 1 case was normal. Four subjects having 
cataplexy had low or intermediate orexin levels. Three patients were 
treated by Miglustat. Before medication, one case with cataplexy had 
intermediate orexin level, and two other cases without cataplexy had 
normal levels. After 1 year treatment, all three cases got better their 
symptoms. Two cases with normal range have no change about the 
orexin levels, but in one case with intermediate orexin level increased 
the concentration to the normal and her cataplexy frequency was de-
creased.
Conclusion: The NPC patients with cataplexy have low or interme-
diate orexin levels. In the cases without cataplexy, their orexin levels 
were normal. Cataplexy and orexin measurement would make a chance 
to early diagnose and treatment for NPC. It is also suggested that Mi-
glustat is effective in NPC, especially in young and onset early stage 
of patients.

0772
CSF OREXIN LEVELS IN HYPERSOMNIA FOLLOWING 
HPV VACCINATION
Sagawa Y1, Imanishi A1, Omori Y1, Omokawa M1, Taniguchi T 2, 
Usumoto A 2, Yuge K 3, Kotorii N4, Kinoshita T5, Hirai T6, Narita E1, 
Narumi Takeshima A7, Shiota M 7, Kanbayashi T1, Shimizu T1

1Akita University School of Medicine Department of Neuropsychiatry, 
Akita, Japan, 2Kagoshima University School of Medicine Department 
of Neurology and Geriatrics, Kagoshima, Japan, 3Kurume 
University School of Medicine Department of Pediatrics, Kurume, 
Japan, 4Kurume University School of Medicine Department of 
Neuropsychiatry, Kurume, Japan, 5Sinshu University School of 
Medicine the Third Department of Internal Medicine, Matsumoto 
City, Japan, 6The Jikei University Department of Neurology, Tokyo, 
Japan, 7Imamura Hospital, Akita, Japan

Introduction: There are many reports about adverse reaction associ-
ated with administration of vaccines. These reports showed that some 
patients had severe symptoms, such as systemic joint pain or central 
nervous system manifestation or motor disorder after they were vac-
cinated. It is known as HPV associated with neuropathic syndrome 
(HANS). But there are few studies that have examined hypersomnia 
as an adverse reaction of the HPV vaccination in detail. There are two 
type of HPV vaccine, Gardasil and Cervarix. Both vaccines contain 
adjuvant that has been found to boost the immune system response, 
respectively. It is well known that, in 2009–10, the incidence of nar-
colepsy with cataplexy (Type I Narcolepsy) was increased after H1N1 
Influenza vaccination in some European countries. That vaccine con-
tains a different adjuvant from HPV vaccine. We had 6 cases with 
hypersomnia following Human HPV vaccination. We would like to 
report the results of our investigations including the measurement of 
CSF Orexin levels for those cases.
Methods: The subjects were 6 patients with hypersomnia after HPV 
vaccination (Cervarix: n = 4, Gardasil: n = 2). Patients were given in-
formed consent for the lumbar puncture. We checked clinical symp-
toms and CSF orexin levels.
Results: Mean age is 16 y.o. Mean length of period from vaccination 
to onset the symptom is 11 months. Mean score of Epworth Sleepi-
ness Scale is 13 point. In all cases, CSF Orexin levels were normal 
(mean CSF Orexin level is 326 pg/ml). One case who has symptoms of 
sleep paralysis and hypnagogic hallucination showed sleep onset REM 
periods in Multiple Sleep Latency Test for four times. She might be 
affected with Narcolepsy without cataplexy (Type II Narcolepsy) after 
vaccination.
Conclusion: It shows that there is no relation between hypersomnia 
following HPV vaccination and Orexin system in this small number 
study. However, we have one case with narcolepsy without cataplexy. 
Further studies are needed for more large scale of examination of the 
patients with HANS.

0773
PHYSICIAN KNOWLEDGE OF RECENT UPDATES TO 
NARCOLEPSY DIAGNOSTIC CRITERIA: RESULTS OF 
AN ONLINE SURVEY
Rosenberg R1, Kim A 2

1NeuroTrials Research, Inc. and the Atlanta School of Sleep Medicine 
and Technology, Atlanta, GA, 2Jazz Pharmaceuticals, Inc., Palo Alto, 
CA

Introduction: Narcolepsy diagnostic criteria (ICSD-3 and DSM-5) 
were recently revised. An earlier survey in April 2014 suggested that 
physician knowledge of these revisions and their clinical impact was 
limited.
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Methods: During April and October 2014, an online survey was con-
ducted by InCrowd among physicians (neurologists, pulmonologists, 
primary care, psychiatrists, and other) who treat narcolepsy patients 
and were either board-certified in sleep medicine (BC; n = 103; ≥ 5 
narcolepsy patients/month) or non-board-certified in sleep medicine 
(NBC; n = 101; ≥ 3 narcolepsy patients/month). Questions elicited 
information on knowledge of the revised narcolepsy criteria and how 
these changes affect their diagnostic approach.
Results: In response to the October 2014 survey, 50% of total respon-
dents self-reported being “very familiar” with the new ICSD-3 narco-
lepsy diagnostic criteria, more BC than NBC physicians were “very 
familiar” (rating 6 or 7 on a scale from 1 to 7, with 1–2 being “not fa-
miliar” and 6–7 being “very familiar”) with it (82% vs 19%; P < 0.05). 
While 35% and 34% of BC and NBC, respectively, were “very familiar” 
with DSM-5 narcolepsy diagnostic criteria, more NBC respondents 
were “somewhat familiar” with DSM-5 relative to BC (60% vs 45%; 
P < 0.05), and unfamiliarity among BC was high (20% vs 6%; P < 0.05). 
Among their sleep disorder patients not previously diagnosed with nar-
colepsy, respondents reclassified an average of 4 patients with Narco-
lepsy Type 1 and 5 patients with Narcolepsy Type 2.
Conclusion: While physician familiarity with recently updated narco-
lepsy diagnostic criteria improved from April to October 2014, famil-
iarity could be further improved, especially among NBC physicians. 
Revisions resulted in BC and NBC physicians increasing their level of 
suspicion of narcolepsy and re-evaluating, re-testing, and re-classify-
ing their patients for narcolepsy.
Support (If Any): This study was funded by Jazz Pharmaceuticals.

0774
IMPLICATIONS OF THE NEW ICSD-3 DIAGNOSTIC 
CRITERIA FOR NARCOLEPSY IN PATIENTS 
DIAGNOSED BY ICSD-2
Konikkara J, Tavella R, Breuninger W, Doghramji K
Thomas Jefferson University, Philadelphia, PA

Introduction: In contrast to the ICSD-2, the ICSD-3 allows one sleep-
onset REM period (SOREMP) during polysomnogram (PSG) to estab-
lish the diagnosis of narcolepsy.
Methods: To evaluate the implications of this revision for patients di-
agnosed in accordance with ICSD-2, we reviewed records of 531 pa-
tients with hypersomnia.
Results: 90 exhibited 1 SOREMP during MSLT (mean age of 32.5, 
SD = 11.89; 62 females). Of these patients, 7 had narcolepsy with cata-
plexy according to ICSD-2 criteria, 38 had idiopathic hypersomnia 
(IH) and 45 had other diagnoses of hypersomnolence. Mean MSLT 
sleep latency (SL) was 8.38 (SD = 4.39), MSLT REM latency (RL) was 
7.96 (SD = 4.03), PSG SL was 23.4 (SD = 30.49) and PSG RL was 109.5 
(SD = 81.2). No differences were found between patients having narco-
lepsy with cataplexy and IH in MSLT and PSG variables. PSG SL and 
MSLT SL were positively correlated (p < 0.001), as well as PSG SL and 
MSLT RL (p = 0.045). Reclassification using ICSD-3 criteria resulted 
in a shift in diagnosis of only one patient (1%). Of the 531 patients who 
received a MSLT, significant correlation was found between number 
of SOREMPs in MSLT and PSG RL (p < 0.001) as well as PSG SL 
(p = 0.038). A strong correlation was found between MSLT SL and 
PSG SL (p < 0.001), as well as PSG RL (P < 0.001). The number of 
SOREMPs in MSLT was also correlated significantly with the MSLT 
SL (p < 0.001), as well as the MSLT RL during the 1st (p < 0.001) and 
3rd (p < 0.003) SOREMPs.
Conclusion: 1.ICSD-3 criteria for narcolepsy do not significantly alter 
the diagnostic sensitivity, when compared to ICSD-2. 2.A shorter PSG 
SL and RL as well as a shorter MSLT RL predict a higher number of 
SOREMPs in MSLT. An MSLT should be considered in patients with 

short PSG RL and SL in the absence of significant AHI, when clini-
cally appropriate.

0775
PREVALENCE, SENSITIVITY, AND SPECIFICITY 
OF NOCTURNAL SHORT ONSET REM (SOREM) 
DURING POLYSOMNOGRAPHY (PSG) FOR 
NARCOLEPSY IN PATIENTS BEING EVALUATED FOR 
HYPERSOMNOLENCE
Bogan R1, Pope P2, Cairns A1

1SleepMed, Inc., Columbia, SC, 2Jazz Pharmaceuticals, Palo Alto, CA

Introduction: Nocturnal PSG SOREM (REM latency ≤ 15 min) is 
suggested to be highly specific (99.2%) but not sensitive for the diag-
nosis of narcolepsy with cataplexy/hypocretin deficiency. Prevalence 
estimates of PSG SOREM range between 35.7%-57.4% in confirmed 
narcolepsy cases compared to ≤ 1.0% in the general population and 
sleep clinic samples. We present data on the base rate and diagnostic 
utility of PSG SOREM for narcolepsy in a heterogeneous sample of 
patients being evaluated for hypersomnolence (including narcolepsy) 
via an MSLT.
Methods: Data were extracted from SleepMed’s repository of 4,318 
human-edited autoscored PSG records with consecutive MSLTs from 
2007–2013. The sample included pediatric and adult patients (age 1–95 
yr; Mage = 37.2). MSLT findings with ≥ 2 SOREMs and a mean sleep 
latency ≤ 8 min was considered confirmatory of narcolepsy.
Results: The prevalence of PSG SOREM was 1.7% (n = 73) and corre-
lated with the number of MSLT SOREMs observed (from ≤ 1.0% for up 
to 4 MSLT SOREMs to > 26% for those with 5 MSLT SOREMs). The 
majority of patients with a PSG SOREM (65.8%) evidenced narcolepsy 
based on MSLT characteristics. The specificity of a PSG SOREM for 
narcolepsy based on MSLT findings was 99.5% (95% CI: 99.2–99.7%). 
Positive and negative predictive values were 72.7% (95% CI: 60.4–
83.0%) and 83.8% (95% CI: 82.7–85.0%), respectively.
Conclusion: PSG SOREMs are more common in patients being evalu-
ated for hypersomnolence compared to patients being evaluated for 
other sleep disorders (e.g. sleep apnea; see accompanying abstract 
entitled “Predictors and Potential Confounders of SOREM in 239,047 
Adult Sleep Clinic Patients”). Our data support published guidelines 
that practitioners should consider a diagnosis of narcolepsy when a 
PSG SOREM is present, especially in the absence of other confound-
ing factors (accompanying abstract).
Support (If Any): Jazz Pharmaceuticals SIIR 13 009

0776
REPEATABILITY OF THE MSLT IN PATIENTS WITH 
KNOWN CSF HYPOCRETIN LEVELS
Ruoff C1, Einen M1, Hekmat A1, Leary E1, Nevsimalova S2, Plazzi G3, 
Mignot E1

1Stanford University, The Stanford Center for Sleep Sciences 
and Medicine, Redwood City, CA, 2Department of Neurology, 
Charles University in Prague, 1st Faculty of Medicine and General 
Teaching Hospital, Prague, Czech Republic, 3Sleep Disorders Center, 
Department of Neurological Sciences, University of Bologna; IRCCS 
Istituto delle Scienze Neurologiche di Bologna, Bologna, Italy

Introduction: It has been recently suggested that the multiple sleep 
latency test (MSLT) has poor test-retest reliability. This retrospec-
tive study was undertaken to evaluate the test-retest reliability of the 
MSLT in individuals with known human leukocyte antigen (HLA) 
DQB1*06:02 status and/or CSF hypocretin (hcrt) measurement. We 
hypothesized that test-retest reliability of the MSLT would be higher in 
individuals with versus without CSF hcrt deficiency.
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Methods: Patients with at least two MSLTs and known HLA/CSF sta-
tus were identified retrospectively in our clinical and research database.
Results: We identified 23 subjects (52% women, mean age 22 years 
old at time of first MSLT) with at least two MSLTs and known CSF 
hcrt levels. Hcrt deficiency (less than 110 pg/ml) was present in 12 sub-
jects (mean hcrt = 15.75 pg/ml, 12/12 HLA DQB1*06:02 positive) from 
which 11 reported typical cataplexy. The remaining 11 subjects had 
normal hcrt levels (greater than 110 pg/ml, mean hcrt = 248.1 pg/ml, 
4/11 HLA DQB1*06:02 positive ) from which 3 reported atypical cata-
plexy. Average change of mean sleep latency (delta MSL ± SEM) from 
the first to second MSLT in hcrt deficient individuals was +1.19 ± 0.73 
compared to −1.82 ± 0.97 minutes in normal hcrt individuals. Average 
change of number of SOREMPS (delta MSL ± SEM) from the first to 
second MSLT in hcrt deficient individuals was −0.33 ± 0.26 compared 
to −1.0 ± 0.45 in normal hcrt individuals. In hcrt deficient individuals, 
the MSLT was positive for narcolepsy both times in 9/12 (75%) when 
compared to only 3/11 (27%) of normal hcrt individuals. In subjects 
with 2 successive positive MSLTs, 82% (9 of 11) were hcrt deficient. 
The odds ratio of having hcrt deficiency when presenting with 2 posi-
tive MSLTs was 13.5 (95% CI: 1.8–101.1, p < 0.01).
Conclusion: Repeating the MSLT is likely useful to confirm a diag-
nosis of type 1 narcolepsy. Additional subjects are being identified to 
increase power.

0777
PREDICTORS AND POTENTIAL CONFOUNDERS OF 
NOCTURNAL SHORT ONSET REM (SOREM) PERIODS 
IN 239,047 ADULT SLEEP CLINIC PATIENTS
Cairns A, Bogan R
SleepMed, Inc., Columbia, SC

Introduction: PSG SOREMs are considered diagnostic for narcolepsy 
in the absence of other known causes. However, the majority of re-
search has studied PSG SOREMs in confirmed narcolepsy cases or 
hyersomnolence and little is known of the base rate and clinical corre-
lates of the phenomenon in general sleep clinic patients. Here we pres-
ent data on the prevalence of PSG SOREM in a large sample of adult 
patients being evaluated for various sleep disorders.
Methods: Data were extracted from SleepMed’s repository of 239, 
047 PSGs performed from 2004 to 2013. Multiple logistic regression 
analyses were employed to predict the odds (odds ratio; OR) of PSG 
SOREM across multiple domains including demographic/anthropo-
metrics, medical comorbidities, daytime sequelae, habitual sleep tim-
ing, and PSG outcomes.
Results: Overall, the prevalence of PSG SOREM was 0.9% (n = 2248). 
Race contributed the most variance in PSG SOREM (2.0%); African 
Americans were 2.92 times more likely to have a SOREM compared to 
Caucasians (3.3% vs. 1.8%). Other predictors included working night 
shift (OR: 2.21), male sex (OR: 1.76), taking a nap the day of the PSG 
(OR: 1.48), having a PAP titration (OR: 1.28), taking weekday naps 
(OR: 1.27), and sleepiness (ESS ≥ 10; OR: 1.26), but effect sizes were 
generally very small (R2 < 0.004). Patients with a PSG SOREM did not 
have more disturbed nocturnal sleep (subjective or objectively-mea-
sured) compared to those without a SOREM.
Conclusion: These data suggest that PSG SOREMs are more common 
than may be expected and support published guidelines that other sleep 
disorders and insufficient and/or poorly-timed sleep should be ruled 
out and/or adequately controlled for prior to conducting PSG/MSLTs. 
The finding that those with a PSG SOREM do not exhibit some of the 
“known” indications of narcolepsy (disturbed sleep, sleep paralysis, and 
hypnogogic hallucinations) highlights the need for more systematic re-
search of this group. Racial differences require further exploration as 
well.

Support (If Any): Jazz Pharmaceuticals SIIR 13 009

0778
THE CLINICO-POLYSOMNOGRAPHIC FEATURES IN 
NARCOLEPSY PATIENTS WITH CATAPLEXY
Na G, Park Y, Hong S
Samsung Medical Center, Seoul, Korea, Republic of

Introduction: To investigate the demographics and sleep study data 
(overnight polysomnography, PSG and multiple sleep latency test, 
MSLT) in patients who have cataplexy.
Methods: We reviewed demographics and PSG with MSLT results 
in clinically diagnosed narcolepsy with cataplexy. Demographics in-
volves history of excessive daytime sleepiness (EDS), cataplexy, sleep 
paralysis, hypnagogic hallucination, and nightmare. Patients are ex-
cluded who have definite obstructive sleep apnea syndrome (apnea-
hypopnea index ≥ 15/h) or severe depression.
Results: All patients have definite cataplexy according to the criteria 
suggested by Mignot et al. Among 233 patients, 86% (206/233, group-1) 
of them were satisfied with the criteria of two or more sleep-onset 
REM periods (SOREMP) and mean sleep latency ≤ 8 min in MSLT. 
The remaining 27 patients (group-2) showed one or no SOREMP and 
cataplexy on history (9: 1 SOREMP, 18: 0 SOREMP) in MSLT. There 
were no clinical or neuroradiological etiologies to provoke cataplexy. 
Between two groups, there were no significant differences in the distri-
bution of following features (Epworth sleepiness scale, Stanford sleep-
iness scale, sleep paralysis, hypnagogic hallucination, or nightmare). 
Group-1 showed significantly shorter REM latency (52.99 ± 54.71 vs. 
111.5 ± 92.36, p < 0.001) at night and mean sleep latency [2.63 ± 2.04 
vs. 6.00 ± 4.62, p < 0.001] during daytime. The presence of SOREM 
in nocturnal PSG was found in 43% of group-1 (88/206) and 22% of 
group-2 patients (6/27).
Conclusion: Most patients with cataplexy satisfied with the current 
criteria of narcolepsy, however, 14% did not. Repeated MSLT or CSF 
hypocretin assay may be helpful to confirm the diagnosis in patients 
with cataplexy who do not fulfill current criteria of narcolepsy.

0779
ADDED VALUE OF ACTIGRAPHY IN CHILDREN WITH 
SUSPECTED NARCOLEPSY
Morkous S1, Lewis O1, Loplumlert J1, Dunbeck K 2, Rosen C3

1UH Case Medical Centre, Cleveland, OH, 2Case Western Reserve 
University, Cleveland, OH, 3Rainbow Babies and Children’s Hospital, 
Cleveland, OH

Introduction: ICSD-3 recommends multiple sleep latency testing 
(MSLT) be preceded by at least one week of actigraphy. However, there 
is a paucity of data on its added value when narcolepsy is suspected. 
We hypothesize that children who meet MSLT criteria for a primary 
hypersomnolence disorder will be less likely to have either insufficient 
sleep (IS) or delayed circadian rhythm shifts (DCRS) when compared 
to other children with a “non-diagnostic” MSLT findings.
Methods: We retrospectively identified 27 children over the past two 
years who had actigraphy in addition to PSG/MSLT as part of their 
evaluation for suspected narcolepsy. IS was defined as total sleep time 
by actigraphy < 2nd percentile for age. DCRS were defined by a ≥ 2 hr 
shift in either estimated sleep onset or wake time on weekend nights vs. 
week nights. Organic hypersomnia (OH) was defined as children who 
had mean sleep latencies > 8 min.
Results: Age was 12 ± 4 years (mean ± SD) with 63% female, 56% 
African-American and 19% obese. PSG/MSLT findings were consis-
tent with narcolepsy (NC) in 4 (15%), idiopathic hypersomnia (IH) in 
4 (15%) and organic hypersomnia (OH) in 19 (70%). After actigraphy, 
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IS was present in 75%, 75% and 63% of children with NC,IH and OH 
respectively while DCRS was present in 50% , 75% and 74% respec-
tively. Statistical significance was in the OH group (for both IS and 
DCRS p < 0.001). Parents reported earlier sleep onset compared with 
actigraphy (11 pm ± 1.4 hr vs 12 am ± 1.6, parent report vs. actigraphy, 
p < 0.01 )
Conclusion: IS and DCRS were common findings in those with pri-
mary hypersomnolence disorders. Thus, actigraphy has an added value 
in the identification of other sleep disorders that potentially mimic nar-
colepsy.
Support (If Any): University Hospitals Case Medical Center

0780
UTILITY OF THE FIFTH NAP IN THE DIAGNOSIS OF 
NARCOLEPSY
Muza RT, Rees K, Higgins S
Guy’s and St Thomas NHS Trust, London, United Kingdom

Introduction: Narcolepsy is a disabling condition whose diagnosis has 
significant impact on the patient. It is therefore imperative to get the di-
agnosis right. Multiple Sleep Latency Tests are currently used to objec-
tively confirm the clinical suspicion with 4 and sometimes 5 naps being 
carried out to confirm pathological sleepiness and also confirm entry 
into Rapid Eye Movement sleep in at least 2 of the naps. However the 
utility of the fifth nap has been questioned by some. We sought to spe-
cifically look at the utility of the 5th nap in the diagnosis of narcolepsy.
Methods: Data was collected from a tertiary Sleep Disorders Centre 
on patients that had a 5th nap during their Multiple Sleep Latency Tests 
from the 12th November 2013 to 12th November 2014. Their case notes 
and sleep studies were reviewed.
Results: Fourteen patients had a 5th nap performed out of 5798 nap 
studies. In 17% of the cases a diagnosis of narcolepsy was made di-
rectly due to the inclusion of the 5th nap on the Multiple Sleep Latency 
Tests. In 57% of cases the Mean Sleep Latency increased due to 5th nap 
inclusion.
Conclusion: The 5th nap is rarely performed but when it was carried out 
it helped secure the diagnosis in 17% of the cases in whom it was car-
ried out. This should be balanced against the possible false negatives, 
the extra time, cost, labour and increased patient anxiety involved. Per-
haps greater reliance on Sleep-Onset Rapid Eye Movement sleep from 
the previous night’s polysomnography could obviate the need for the 
fifth nap. Arguably, incorporating clinicians’ judgement into the util-
ity of the 5th nap on an individual patient basis could refine standard 
techniques of the Multiple Sleep Latency Tests.

0781
IDIOPATHIC HYPERSOMNIA - DEMOGRAPHIC AND 
POLYSOMNOGRAPHIC FEATURES IN COMPARISON 
WITH NARCOLEPSY WITHOUT CATAPLEXY
Bollu P , Kale A, Goyal M, Manjamalai S, Johnson J, Sahota P
University of Missouri, Columbia, MO

Introduction: Both Idiopathic hypersomnia (IH) and Narcolepsy 
without Cataplexy are characterized by increased daytime sleepiness. 
One of the differentiating features between these two disorders is the 
presence of 2 or more sleep onset REM episodes in the latter. We aim 
to understand other demographic and polysomnographic features that 
separate these two conditions.
Methods: A retrospective chart review was performed at the Univer-
sity of Missouri Sleep center on the patients who were diagnosed with 
either idiopathic hypersomnia or Narcolepsy without cataplexy since 
2009.

Results: 31 and 23 patients met the criteria for IH and Narcolepsy 
without Cataplexy respectively. In the IH group, there were a total of 
6 males (19.4%) and 25 females (80.6%) The mean age at the onset of 
the disease was 26.5 years in men and 37.4 years in women. The mean 
Epworth sleepiness score was 18.9 (19.5 in men vs 17.3 in women). The 
mean sleep onset latency (SOL) during the baseline study was 13.4 
minutes while the mean REM sleep onset latency (ROL) was 131.1 
minutes. Narcolepsy without cataplexy group also showed increased 
sleepiness during the baseline polysomnogram with a mean SOL of 
8.5 minutes and the mean ROL was 105.1 minutes. The mean SOL dur-
ing the MSLT in the idiopathic hypersomnia group (4.7 minutes) was 
comparable with the mean SOL in the Narcolepsy without cataplexy 
group (4.4 minutes). The mean age at the onset of the disease in males 
was 28.7 years and 25.3 years in females. Neither of the groups showed 
sleep onset REM during the baseline polysomnogram.
Conclusion: Our study suggests that Idiopathic hypersomnia has a 
female predominance. The age of onset of the disease appears to be 
earlier in men than in women. There was female predominance in the 
Narcolepsy without cataplexy group as well but the age of onset did not 
appear to significantly differ between men and women. Though the 
extent of daytime sleepiness appears to be similar in both the groups, 
IH differs from Narcolepsy without cataplexy in these demographic 
and polysomnographic features.

0782
PREVALENCE AND REPERCUSSIONS OF THE 
ASSOCIATED SYMPTOMS OF NARCOLEPSY IN A 
REPRESENTATIVE SAMPLE OF SAO PAULO CITY 
INHABITANTS
Kim LJ, Coelho FM, Hirotsu C, Araujo P, Bittencourt L, Tufik S, 
Andersen ML
Universidade Federal de São Paulo, São Paulo, Brazil

Introduction: Narcolepsy is a disabling disease with a delayed diag-
nosis. At least 3 years before the disorder identification, several co-
morbidities can be observed in patients with narcolepsy. The early 
recognition of the narcolepsy symptoms may improve the long-term 
prognosis of the patients. Thus, we aimed to investigate the prevalence 
of the symptoms associated with narcolepsy and its social and psy-
chological repercussions in a representative sample of Sao Paulo city 
inhabitants.
Methods: We performed a cross-sectional evaluation with 1,010 in-
dividuals from the Sao Paulo Epidemiologic Sleep Study (EPISONO). 
The associated symptoms investigated were excessive daytime sleepi-
ness (EDS), hypnagogic or hypnopompic hallucinations, and cata-
plexy. EDS was assessed by the Epworth Sleepiness Scale. Volunteers 
were also asked about the occurrence of cataplexy, and hypnagogic or 
hypnopompic hallucinations. The participants underwent a full-night 
polysomnography and completed questionnaires about psychological, 
demographic, and quality of life parameters.
Results: We observed a prevalence of 13.7% of cataplexy, 36.9% of 
EDS, and 9.7% of hypnagogic or hypnopompic hallucinations in Sao 
Paulo city inhabitants. A frequency of 6.7% was observed when cata-
plexy and EDS were grouped. The other associations were cataplexy 
+ hallucinations (3.9%) and EDS + hallucinations (5.3%). Symptom-
atic participants were predominantly women, younger, and had poor 
socioeconomic parameters compared with patients without symptoms. 
Narcolepsy symptomatology was also associated with a poor quality of 
life and symptoms of depression, anxiety, and fatigue.
Conclusion: Narcolepsy symptoms are associated with worst psycho-
logical outcomes and poor repercussions in the quality of life of the 
patients.
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Support (If Any): Associação Fundo de Incentivo à Pesquisa (AFIP), 
São Paulo Research Foundation (FAPESP) [#2013/14420-1 to L.J.K., 
#2014/15259-2 to C.H., and #2014/10255-9 to P.A.], and CNPq.

0783
PREGNANCY AND CONTRACEPTION EXPERIENCES 
IN WOMEN WITH NARCOLEPSY: RESULTS OF THE 2012 
NARCOLEPSY NETWORK PREGNANCY SURVEY
Kapoor M, Foldvary-Schaefer N
Cleveland Clinic Sleep Disorders Center, Cleveland, OH

Introduction: We examined the experiences of narcoleptic women on 
issues related to pregnancy and contraception and their perception of 
adequacy of provider counseling and education.
Methods: Narcoleptic women were invited to complete a question-
naire posted on the Narcolepsy Network website in 2012 addressing 
knowledge and experiences related to relationships between narcolep-
sy pharmacotherapy and contraception and pregnancy.
Results: 182 women (age 41.6, range 17–87) participated. 67.6% re-
ported 318 pregnancies resulting in 217 live births. 12.1% reported 
unplanned pregnancies. 22.0% of women with pregnancies took narco-
lepsy medications during 36 pregnancies resulting in 21 live births, 12 
miscarriages, and 3 elective terminations. Medications used included 
modafinil (16.7%), traditional stimulants (72.2%), sodium oxybate 
(5.6%), and antidepressants (55.6%). Respondents took 1 medication in 
58.3%, 2 medications in 33.3%, and 3 medications in 8.3% pregnancies. 
Complications included pre-term labor (n = 5), preeclampsia (n = 3), 
and cataplexy during labor (n = 1). Among 21 live births exposed to 
narcolepsy medications in utero, 90.5% were reported as normal, 4.8% 
had developmental delay, and 4.8% had a birth defect (ear deformity). 
34.2% of women with pregnancies reported discontinuing medica-
tions for reasons which included fear of fetal adverse effects (92.9%), 
advice of narcolepsy provider (54.8%), and advice of other provider 
(38.1%). Management after discontinuing medications included sleep 
extension (83.3%), increased caffeine (40.5%), medical leave (31.0%), 
and driving abstinence (26.2%). Counseling from narcolepsy providers 
was recalled by 29.1% respondents regarding medication use, 21.4% 
regarding contraception, and 24.2% regarding interaction of hormonal 
contraception and medications. Only 21.4% respondents reported re-
ceiving adequate counseling.
Conclusion: Most women with narcolepsy perceive inadequate edu-
cation/counseling relative to contraception and pregnancy, potentially 
increasing unplanned pregnancy and abnormal pregnancy outcomes. 
Albeit with limitations of recall bias and self-report, this research 
highlights the need to optimize narcolepsy education in pregnancy 
planning and provide relevant information to guide patient-provider 
decision-making.
Support (If Any): Narcolepsy Network.

0784
NARCOLEPSY WITH CATAPLEXY IN THE ELDERLY
Sonka K, Kovalská P, Nevsimalova S, Kemlink D
Charles University, First Faculty of Medicine and General University 
Hospital, Prague, Czech Republic

Introduction: There is limited evidence about health status of subjects 
suffering from narcolepsy with cataplexy (NC) in the elderly.
Methods: All patients aged more than 60 years who were previously 
diagnosed with NC according to ICSD 2 criteria were invited to par-
ticipate in the study. In total, 41 patients (17 men and 24 women) under-
went semistructured interview, physical and neurological examination, 
and filled out a set of questionnaires. Their median age was 69 (range 

61–87) years. The patient ś answers were completed from their hospital 
records when they were available.
Results: Median age at onset was 22 (0–59) years. The lifelong expe-
rience of hypnagogic hallucinations and sleep paralysis was reported 
by 46% and 46%, respectively. 83% subjects had disturbances of the 
nocturnal sleep continuity and 72% experienced automatic behavior. 
32 (78%) patients were currently on medication against NC symp-
toms—26 on stimulants (63%), 19 on antidepressants (46%), and 2 on 
sodium oxybate (5%). The Epworth sleepiness scale median was 17 
(4–24). Current median BMI was 32 (21–44). The median menopause 
age in women was 52 (42–58) years. Medians and ranges of scores in 
applied questionnaires were as follows: Beck Depression Inventory 5 
(0–27), Geriatric Depression Scale 5 (0–27), European Quality Inven-
tory 50 (30–92), Addenbrooke ś cognitive examination 90 (69–100). 17 
patients scored below 88 in Addenbrooke ś cognitive examination, but 
the scores in some subjects were also influenced by sleepiness. OSA 
was previously found in 21 from 36 subjects examined polysomno-
graphically after the age of 60 years. 6 patients suffered from RLS. 
Hypertension was reported by 33 (80%), coronary heart disease by 9 
(22%), stroke including TIA by 6 (15%), hypothyreosis by 14 (34%), 
diabetes by 14 (34%), and oncological diseases by 12 (29%). One pa-
tient suffered from Parkinson’s disease.
Conclusion: Symptoms of NC persist life-long and the symptomatic 
therapy is needed also in old patients. The spectrum of comorbidities is 
similar to general population.
Support (If Any): Supported by the Czech Ministry of Health grant 
NT 13238–4 and Charles University grant PRVOUK P26/LF1/4.

0785
SLEEP AND PSYCHIATRIC COMORBIDITIES IN OBESE 
AND NON-OBESE NARCOLEPSY PATIENTS IN MID-
MISSOURI
Kale A, Bollu P, Goyal M, Thakkar M, Sahota P
University of Missouri Columbia, Columbia, MO

Introduction: Numerous reports have suggested a link between Nar-
colepsy and increased body mass index (BMI). While studies have as-
sessed the prevalence of sleep disorders like obstructive sleep apnea 
(OSA) in Narcolepsy patients (with the suggestion that increased BMI 
may predispose one to comorbid obstructive sleep apnea), there is little 
information about psychiatric conditions associated with Narcolepsy.
Methods: We performed a retrospective chart review of patients with 
Narcolepsy seen at the University of Missouri Sleep Disorders Center 
since 2009 with confirmed diagnosis by nocturnal polysomnogram 
and multiple sleep latency test. We reviewed details in their sleep his-
tory including comorbid sleep and psychiatric disorders as well as BMI. 
Based on the definition provided by the Centers for Disease Control 
and Prevention, Narcolepsy patients were divided into two groups 
based on their BMI: Obese (BMI ≥ 30) and Non-obese (BMI < 30).
Results: In our initial analysis, charts of 27 patients with Narcolepsy 
were examined. The sleep comorbidities reported were OSA, insom-
nia, and restless leg syndrome (RLS). The psychiatric comorbidities 
present were depression, anxiety, attention deficit hyperactivity disor-
der (ADHD), and bipolar disorder. Out of 27 patients, 14 patients were 
considered obese (51.9%) and 13 patients were considered non-obese 
(48.1%). Of 14 obese patients, OSA was the most common sleep disor-
der present in 5 (35.7%) patients and depression was the most common 
psychiatric disorder present in 8 (57.1%) patients. Of 13 non-obese pa-
tients, OSA was the most common sleep disorder present in 1 (7.7%) 
patient and ADHD was the most common psychiatric disorder present 
in 2 (15.4%) patients.
Conclusion: Based on our study, OSA is the most common sleep disor-
der in patients with Narcolepsy irrespective of BMI. Depression is the 
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most common psychiatric disorder in obese patients with Narcolepsy, 
while ADHD is most common psychiatric disorder in non-obese pa-
tients with Narcolepsy.

0786
NARCOLEPSY SYMPTOMS AND MORTALITY IN A 
LONGITUDINAL STUDY OF FAMILY MEMBERS OF 
NARCOLEPTIC INDIVIDUALS
Ohayon MM
Stanford University, Palo Alto, CA

Introduction: Genetic etiology in narcolepsy has been documented: 
Multi-family cases can be found in 8% to 10% of narcoleptics’ families. 
It exists however nearly no longitudinal information on the evolution of 
narcolepsy symptoms in the narcoleptics’ families.
Methods: Information on 4,397 individuals was collected: 358 sub-
jects with narcolepsy and 4039 family members at 3 to 5 year-intervals. 
In both cases, interviews were conducted by telephone with the Sleep-
EVAL system.
Results: At the follow-up, 192 family members were deceased and 54 
couldn’t be interviewed due to debilitating or terminal disease. The 
incidence of narcolepsy among family members was 1.2%. Diagnosed 
obstructive sleep apnea syndrome has a 5-year incidence of 3.7% 
among men and 2.7% among women. 50.1% of the family remembers 
reported moderate to severe sleepiness at follow-up. Of them, 34.2% 
reported an increase in their sleepiness; it was substantial for 11.7% of 
the family members. 12.2% experienced sleep paralysis at the initial 
interview. At follow-up frequency increased in 57% and decreased in 
19% of cases. The predictors of developping narcolepsy at the second 
interview were presence of sleep paralysis at the first interview (AOR: 
4.73) and presence of excessive sleepiness (AOR: 4.95).
Conclusion: Risks for narcolepsy are high in family members. Preva-
lence of excessive sleepiness is about two times higher in narcolpetic 
family members compared to the general population.
Support (If Any): Educational grant from Jazz Pharmaceuticals
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0787
AMBULATORY MONITORING OF SLEEP IN SERVICE 
MEMBERS WITH POST-CONCUSSIVE SYMPTOMS FROM 
MILD TRAUMATIC BRAIN INJURY THROUGH ANALYSIS 
OF LINEAR AND NONLINEAR MEASURES OF HEART-
RATE VARIABILITY.
Mirow S1, Wilson SH2, Churchill S3, Weaver LK 3,4

1Department of Psychiatry, University of Utah School of Medicine, 
Salt Lake City, UT; 2The Emmes Corporation, Rockville, MD; 
3Hyperbaric Medicine Department, Intermountain Medical Center, 
Murray, UT and Intermountain LDS Hospital 4University of Utah 
School of Medicine, Salt Lake City, UT

We report pre-intervention sleep results from 62 randomized par-
ticipants with post-concussive symptoms following mild Traumatic 
Brain Injury (mTBI). These service members are part of an ongoing 
Department of Defense-sponsored, double-blind, sham-controlled, 
clinical trial investigating hyperbaric oxygen as treatment for post-
concussive symptoms following mTBI. Participants wore an ambula-
tory, battery-operated device (CamNTech) for 24-hours. It combines a 
single-channel ECG (Holter) with a three-channel accelerometer. The 
sleep segment was chosen manually. Interbeat interval, called heart-
rate variability (HRV), was measured using NevroKard and Matlab 
programs. Linear and nonlinear dynamics of HRV during sleep are 
reported. Median age of participants was 32 (range 21–53) with 73% 
had multiple injuries and 34% (n = 21) sustained blast injuries. PTSD 
is present in 50% of service members with mTBI. Participants took an 
average of eight medications daily (SD = 4.7): 55% took antidepres-
sants, 42% sedatives, 36% narcotics, 5% antipsychotics, yet forty per-
cent (n = 25) slept less than seven hours per night. Linear analysis of 
HRV in frequency measured LF/HF, a ratio of sympatho-vagal balance 
(LF/HF mean = 2.3, median = 1.6, interquartile range = 2.0, min–max 
0.3–10.4). Several sequelae of mTBI were evaluated and correlated 
with specific HRV parameters during sleep. Nonlinear analysis of se-
rial five-minute segments of Poincare (recurrence) plots differentiated 
those with mTBI from those with mTBI plus PTSD, as did Detrended 
Fluctuation Analysis, a measure of long-term correlation in the data. 
High scores in “Trait Anger” from psychological testing (STAXI-2) 
were associated with a pathological increase in sympathetic nervous 
system activity (“tone”) during sleep. A five-point increase in “Trait 
Anger” correlated with a 19% increase in LF/HF after age adjustment 
(p = 0.03). Entropy range (ΔH) during sleep distinguished blast from 
other head injuries (p = 0.005). Linear and nonlinear analysis of HRV 
during sleep provides various objective quantifiers of dysfunction in 
service members with post-concussive symptoms from mTBI. “Opin-
ions, interpretations, conclusions, and recommendations are those of 
the presenter and are not necessarily endorsed by the other members of 
the HBO2 research consortium, the U.S. Army Medical Research and 
Materiel Command, or the Department of Defense.”

0788
SLEEP DISTURBANCES ARE UNDERRECOGNIZED 
AND ERODE QUALITY OF LIFE IN PROGRESSIVE 
MULTIPLE SCLEROSIS
Timm PC, Tabatabai GM, Commers NA, Sandness DJ, Duwell EJ, 
Jinnus P, Kantarci OH, StLouis EK
Mayo Clinic, Rochester, MN

Introduction: We aimed to determine the frequency of sleep distur-
bances in progressive multiple sclerosis (MS) and the relationship of 
these problems to health-related quality of life (HRQOL).
Methods: We surveyed common sleep disturbances in 437 patients 
with MS, including symptoms of probable restless legs syndrome 

(RLS), excessive daytime sleepiness (EDS), sleep quality, fatigue, ob-
structive sleep apnea (OSA), and probable REM sleep behavior disor-
der (pRBD). Descriptive statistics of sleep disturbance frequencies and 
multiple linear and logistic regression analyses were conducted for the 
dependent variable of HRQOL, for the independent variables of EDS, 
fatigue severity (FS), and sleep quality.
Results: 131 (30%) MS patients responded to the survey (88 women, 
mean age 62.4, range 25–92 years). 73 (55.7%) self-reported symptom-
atic sleep disturbances, and of these, only 22 (30%) reported having 
been previously diagnosed with a sleep disorder. The frequency of 
sleep disturbances were: 57 (43.5%) with insomnia, 25 (19.1%) with 
hypersomnia, 15 (11.5%) parasomnia (8 (6.1%) with RBD symptoms), 
probable OSA in 29 (22%), probable RLS in 61 (47%), and poor sleep 
quality in 73 (56%). EDS and poor sleep quality were independently 
associated with HRQOL after controlling for age and sex (p < 0.0001). 
FS was independently associated with HRQOL related to physical 
functioning (p = 0.002). Poor sleep quality and FS were independently 
associated with HRQOL related to mental functioning (p < 0.0001).
Conclusion: Sleep disturbances in patients with MS appear to be un-
derrecognized, and EDS, poor sleep quality, and fatigue independently 
impair HRQOL. Further studies utilizing objective sleep measures are 
needed to better characterize sleep comorbidities in MS.
Support (If Any): This project was supported by the National Center 
for Research Resources and the National Center for Advancing Trans-
lational Sciences, National Institutes of Health, through Grant Number 
1 UL1 RR024120-01. The content is solely the responsibility of the au-
thors and does not necessarily represent the official views of the NIH.

0789
SLEEP PROBLEMS AND ALZHEIMER’S DISEASE: 
A META-ANALYTIC APPROACH
Bubu OM, Mortimer J, Schwartz SW, Sebastiao Y, Borenstein A
University of South Florida, Tampa, FL

Introduction: Mounting evidence implicates sleep as one of the risk 
factors for Alzheimer’s disease (AD) but the extent of the risk is uncer-
tain. We conducted a systematic review and a meta-analysis to quantify 
the effect of sleep problems/disorders on cognitive decline/AD.
Methods: Original published literature assessing any association of 
sleep problems/disorders with cognitive decline/AD was identified by 
searching four bibliographic databases (PubMed, Embase, Web of Sci-
ence, and the Cochrane library). Effect estimates of individual stud-
ies were pooled and relative risks (RR) and 95% confidence intervals 
(CI) were calculated using random effects models. Additionally, the 
population attributable risk (PAR) was estimated. Heterogeneity of re-
sults across studies was quantified using I-square statistics. To explore 
potential causes of heterogeneity, subgroup analyses were conducted. 
Multivariate meta-regression analysis was undertaken to examine the 
effect of possible influential factors (sex, mean age, sample size and 
study quality).
Results: Seventy-two publications that met the selection and final 
inclusion/exclusion criteria were identified for the systematic review. 
Altogether there was substantial evidence providing support that sleep 
is associated with cognitive decline/AD. Sixteen observational studies 
(n = 63,045 participants) that provided 71 RR estimates were included 
for the meta-analysis. Individuals with sleep problems had a 1.35 times 
higher risk of cognitive decline/AD than individuals without sleep 
problems (RR: 1.35, 95% CI: 1.20–1.50). Approximately 9% of AD 
could be attributed to sleep problems. I-square was 74.9% suggesting 
heterogeneity among studies; this was not explained by different sub-
groups. No factors in the meta-regression analysis significantly influ-
enced the effect size between sleep and AD.
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Conclusion: This systematic review confirmed the association be-
tween sleep and AD and, for the first time, consolidated the evidence 
to provide an “average” magnitude. As sleep problems are of growing 
concern in the population, these findings are of interest for both sleep 
researchers and AD caregivers.

0790
A RANDOMIZED SHAM-CONTROLLED TRIAL OF 
CONTINUOUS POSITIVE AIRWAY PRESSURE IN 
PATIENTS UNDERGOING INTENSIVE INPATIENT 
REHABILITATION AFTER ACUTE STROKE
Khot S1, Davis A1, Crane D1, Tanzi P1, Li Lue D1, Claflin E2, Bell K1, 
Becker K1, Longstreth JrW1, Watson N1, Billings M1

1University of Washington, Seattle, WA, 2University of Michigan, 
Ann Arbor, MI

Introduction: Obstructive sleep apnea (OSA), present in over 70% of 
stroke patients, predicts poor functional outcome after stroke. The im-
pact of OSA treatment on stroke recovery is poorly understood.
Methods: This pilot randomized, double-blind clinical trial compared 
sham to auto-titrating CPAP during inpatient rehabilitation among 
patients with acute stroke. The primary outcome was feasibility of 
recruitment into a sham-controlled CPAP trial. Secondary outcomes 
were CPAP adherence, defined as ≥ 4 hours per night and the Function-
al Independence Measure (FIM) change from rehabilitation admission 
to discharge. to discharge.
Results: Of 125 patients screened over an18-month period, 65 were 
eligible and 40 (62%) were randomized (25 with ischemic and 15 with 
hemorrhagic stroke). Of the 40, 55% were men, and 58%, white. The 
mean age was 56 (SD = 12); mean body mass index, 29.8 (SD = 5.0); 
and mean NIH Stroke Scale, 7.4 (SD = 4.9). Median rehabilitation 
length of stay was 17.5 days (IQR 13, 25). The median apnea-hypopnea 
index among the 25 patients who completed polysomnography was 13, 
with 88% ≥ 5. Ten patients withdrew from the study (7 active, 3 sham). 
Patients who withdrew were significantly more likely to complain of 
anxiety than those who did not withdraw (p < 0.001). Median CPAP 
duration was 14 days, average CPAP use was 3.7 hours/night, and 15 
out of 30 patients (50%) used CPAP for at least 4 hours nightly. Adher-
ence rates did not differ by treatment assignment. Among 30 patients 
who completed the study, the FIM changed slightly more in active com-
pared to sham-CPAP (29.9 [SD = 4.0] versus 21.1 [SD = 3.0], p = 0.06).
Conclusion: Although CPAP adherence fell short of goal, enrolling 
stroke patients in a pilot sham-controlled CPAP trial during inpatient 
rehabilitation was feasible. Unanswered is whether CPAP use will 
improve functional outcome in this population. Larger studies should 
examine long-term CPAP adherence and stroke recovery, recurrence 
and mortality.
Support (If Any): University of Washington Institute of Translational 
Health Sciences Pilot Grant (UL1TR000423); NIH National Center for 
Advancing Translational Sciences

0791
DAYTIME NAPPING IS INVERSELY ASSOCIATED WITH 
COGNITIVE DECLINE IN COMMUNITY-DWELLING 
ELDERLY
Koutentaki E1, Basta M1, Zaganas I2, Bertsias A3, Panagiotakis S 4, 
Kapetanaki S2, Samaras A1, Fountoulakis N4, Boumpas D5, Simos P1, 
Lionis C3, Vgontzas A1

1Department of Psychiatry, University Hospital of Heraklion, Crete 
Greece, Heraklion, Greece, 2Department of Neurology, University 
Hospital of Heraklion, Heraklion, Crete, Greece, 3Clinic of Social and 
Family Medicine, School of Medicine, University of Crete, Heraklion, 
Crete, Greece, 4Department of Internal Medicine, University Hospital 
of Heraklion, Heraklion, Crete, Greece, 5Department of Internal 
Medicine,University of Athens, Athens, Greece

Introduction: Subjective sleep problems are very prevalent among 
elderly with cognitive decline. However, objective assessment of the 
24-h sleep/wake patterns in this population is very limited. The goal 
of this study was to assess objectively via actigraphy the 24-h sleep 
patterns in a community dwelling elderly population with cognitive 
decline.
Methods: A subsample of 211 subjects with a diagnosis of Alzheimer’s 
Disease (AD) [N = 63], mild cognitive impairment (MCI) [N = 115] 
and normal controls [N = 33] were recruited from a large population-
based study in the island of Crete, Greece of 3222 older adults (> 60 
yrs), of which the objective was to assess the prevalence and risk fac-
tors associated with cognitive impairment. All participants underwent 
a medical history/physical examination, an extensive neuropsychiatric 
evaluation and a 3-day 24-h actigraphy. We examined the association 
of key actigraphy variables (Total Sleep Time, Sleep Efficiency, Sleep 
Latency, Wake Time after Sleep Onset and number of naps over the 
3-day recorded period) among the 3 groups using ANOVA controlling 
for age, gender, and BMI. Nap was considered as any sleep period dur-
ing the daytime that was longer than 30 mins.
Results: Patients with AD showed a significantly longer Total Sleep 
Time (TST) compared to patients with MCI and normal controls 
(443.9 ± 11.0 min vs. 390.5 ± 7.9, p < 0.02 and vs. 396.9 ± 15.4, p < 0.01, 
respectively). Also, daytime napping was borderline significantly more 
frequent in normal controls compared to patients with AD (1.9 ± 0.25 vs. 
1.3 ± 0.17, p = 0.06) and to patients with MCI (1.9 ± 0.25 vs. 1.4 ± 0.13, 
p = 0.07).
Conclusion: Our study shows that elderly patients with dementia sleep 
longer at night compared to both MCI patients and normal controls. 
Also, and contrary to our expectations, both groups with cognitive de-
cline nap less than normal controls. It appears that daytime napping is 
a characteristic of healthy aging and may be a protective factor against 
cognitive decline.
Support (If Any): Thales, University of Crete, A multi-disciplinary 
network for the study of the Alzheimer’s disease National Strategic 
Reference Framework (ESPA) 2007–2013

0792
POLYSOMNOGRAPHIC FINDINGS IN HOSPITALIZED 
PATIENTS WITH SEVERELY IMPAIRED 
CONSCIOUSNESS
Ji K
Inje University College of Medicine, Busan Paik Hospital, Busan, 
Korea, Republic of

Introduction: Polysomnography (PSG) is the only reliable tool evalu-
ating sleep status. However, there is a paucity of sleep studies of pa-
tients with severely impaired consciousness.
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Methods: We studied the consecutive five patients who showed with 
severely impaired consciousness from January to April in 2014. We 
investigated the sleep pattern and PSG findings. As all showed dif-
fuse continuous slowing in electroencephalography (EEG), evident 
decreased electromyographic (EMG) amplitude compared to back-
ground with posterior background slowing in EEG or presence of sleep 
spindles was defined as sleep. We also defined REM sleep when there 
was an absence of EMG tone and/or presence of rapid eye movement.
Results: Five adults (3 males; 52 ± 18.9 yrs), with severely impaired 
consciousness, underwent PSG on average 77 days (range 49–130 days) 
during their hospital day in Rehabilitation department. They were all 
received the tracheostomy. Median Glasgow coma scales (GCS) were 
4 (range 4–9). EMG tone increased in all who showed spastic paraly-
sis, and it obscured EEG signals. In two patients, sleep spindles were 
evident. In hypnogram analysis, all had a few episodes of visually ob-
served consecutive sleep period in night time. Total sleep time, sleep 
efficiency, waking after sleep onset, arousal index, periodic leg move-
ment index, and NREM vs. REM proportion were variable to each pa-
tient. In three, reduced sleep efficiency and severely fragmented sleep 
was observed, but not in two. All patients remained GCS within nine 
after three months follow-up.
Conclusion: Studying and defining sleep is challenging in patients 
with severe impaired consciousness. Although our sample size was 
small, these findings indicate that patients with severely impaired con-
sciousness have diverse sleep status with some night sleep tendency.

0793
SLEEP IN CHILDREN WITH AUTISM SPECTRUM 
DISORDERS: HOW ARE MEASURES OF PARENT 
REPORT AND ACTIGRAPHY RELATED?
Veatch OJ1, Reynolds A 2, Katz T 2, Weiss SK 3, Loh A4, Wang L5, 
Malow BA1

1Department of Neurology, Vanderbilt University Medical Center, 
Nashville, TN, 2Department of Pediatrics, Anschutz Medical Campus, 
University of Colorado School of Medicine, Aurora, CO, 3Hospital 
for Sick Children, Toronto, ON, Canada, 4Department of Pediatrics, 
University of Toronto, Toronto, ON, Canada, 5Department of 
Biostatistics, Vanderbilt University, Nashville, TN

Introduction: Sleep disturbance is common in children with autism, 
resulting in a great need for effective treatments. To evaluate treat-
ments for sleep disturbance in this population, it is critical to under-
stand the relationship between measures of sleep captured by parent 
report and objective measures.
Methods: Parent report using the Children’s Sleep Habits Question-
naire (CSHQ) and actigraphy-measured data from 80 children with 
autism and sleep onset delay were evaluated. Responses on the CSHQ 
were evaluated focusing on whether or not the child had problems with 
sleep duration, night wakings, and/or bedtime resistance, in relation 
to sleep onset delay. Actigraphy measurements in children whose par-
ent indicated the corresponding behavior was a problem on the CSHQ 
were compared to measurements in children who did not have a re-
ported problem by performing Wilcoxon rank sum tests. Further, the 
correlation structure across CSHQ subscale item scores, questions of 
interest to insomnia, and the comparable actigraphy measurements 
was determined by calculating pairwise Spearman’s correlation coef-
ficients (ρ).
Results: Reported problems with sleep onset delay were concurrent 
with sleep duration problems in 66% of children, night wakings in 72% 
of children, and bedtime resistance in 66% of children; 38% of children 
were reported to have problems with all insomnia domains. Actigra-
phy-measured sleep duration was correlated with estimates based on 
CSHQ-reported bed and waketimes. The relationship between parent 

report and actigraphy measures was stronger following intervention 
with parent education.
Conclusion: Parent report provides information regarding sleep dura-
tion that is related to sleep duration measured with actigraphy. This 
indicates that, in the absence of objectively-measured sleep duration 
data, parent-reported sleep durations derived from bedtimes and wake-
times collected via the CSHQ provide estimates of total sleep time that 
are consistent with actigraphy measurements. This calculated variable 
from the CSHQ should be useful for future research studies of sleep 
duration in autism.
Support (If Any): Autism Speaks Autism Treatment Network and the 
Autism Intervention Research Network on Physical Health. Main sup-
port came from a cooperative agreement (UA3 MC 11054) from the 
U.S. Department of Health and Human Services, Health Resources 
and Services Administration, Maternal and Child Health Research 
Program, to the Massachusetts General Hospital. Additional support 
was provided by CTSA award No. UL1TR000445 from the National 
Center for Advancing Translational Sciences.

0794
PREVALENCE OF SLEEP PROBLEMS IN CHILDREN 
WITH NEURODEVELOPMENTAL DISORDERS: A 
FOLLOW-UP STUDY
Sultana R
Baylor College of Medicine, Houston, TX

Introduction: Importance of sleep to proper health has emerged in 
recent years. Sleep disturbances have significant adverse effects on the 
quality of life of children and their families. Individuals with neuro-
developmental disease are at particular risk because sleep disruptions 
lead to exacerbation of daytime behaviors and result in poor cognitive 
performance. We have reported results of questionnaire survey reflect-
ing frequent occurrence of sleep problems in these patients. We are 
now reporting the results of 1 year follow up survey to assess the per-
sistence of sleep problems among these groups.
Methods: Subjects with Angleman Syndrome (AS), Rett Syndrome 
(RTT), Prader-Willi Syndrome (PWS), and normal siblings were re-
cruited from the Rare Disease Clinical Research Network consortium 
registries. Comparisons were made between neurodevelopmental dis-
ease groups and between these and control group. Study participants 
and parents/guardians were asked to complete these questionnaires. 
The questionnaires include Pediatric Sleep Questionnaire (PSQ) sleep 
disordered breathing subscale (SRBD); Children’s Sleep Habits Ques-
tionnaire (CSHQ) including Insomnia Subscale; Pediatric Daytime 
Sleepiness Scale (PDSS); Cleveland Adolescent Sleepiness Question-
naire (CASQ). The questionnaires were repeated after 1 year for fol-
low-up assessment.
Results: AS patients had highest mean scores in CSHQ (53.73) com-
pared to other disease groups and controls (45.51). RTT group had 
highest scores in CASQ and PDSS and Insomnia Subscale. All neu-
rodevelopmental disease groups score higher in all questionnaires in-
cluding insomnia subscale and SRBD as compared to control group 
at baseline and at 1 year follow-up. Higher scores are associated with 
more sleep problems. For example, 21% of RS patient report insomnia 
at base line and 12% at follow-up, as compared to 1.69% of controls at 
baseline and 2.8% at follow-up.
Conclusion: Sleep problems in general and specifically insomnia, 
SDB and daytime sleepiness are prevalent and chronic in patients with 
neurodevelopmental disorder as compared to their normal siblings.
Support (If Any): The Rare Disease Clinical Research Network, The 
AS, RTT and PWS Consortium and Rettsyndrome.org
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0795
THE CORRELATION OF OREXIN (HYPOCRETIN) 
SYSTEM AND ASTROCYTE ACTIVATION IN 
PARKINSON’S DISEASE WITH HYPERSOMNOLENCE
Takahashi Y1, Kanbayashi T1,2, Hoshikawa M3, Yamamoto J3, 
Imanishi A1, Sagawa Y1, Tsutsui K1, Tsukamoto K4, Takeda Y3, 
Shimizu T1,2

1Akita University School of Medicene, Akita, Japan, 2Intl. Inst.for 
Integrative Sleep Med. (WPI-IIIS), Tsukuba, Japan, 3Discovery 
Research Laboratories I, Department of Biology & Pharmacology, 
Ono Pharmaceutical Co, Osaka, Japan, 4Kaiseikai Hospital, Akita, 
Japan

Introduction: We studied the correlation of the orexin (hypocretin) 
system and astrocyte activation in hypersomnolence symptom (HS) in 
Parkinson’s disease (PD).
Methods: In a total of 30 subjects, including 5 PD patients with HS, 
8 PD patients without HS, 8 patients with narcolepsy, and 9 control 
subjects, orexin and glial fibrillary acidic protein (GFAP) as well as 
S100B levels, which are markers of astrocyte activation, in CSF were 
measured and compared.
Results: In the comparison of orexin levels among the 4 groups of sub-
jects, only narcolepsy group showed significantly lower levels. The PD 
with HS tended to be lower orexin levels compared with those in the 
control group, although the difference was not statistically significant. 
The majority of reports have indicated that CSF orexin levels are in the 
normal range in most PD patients, some PD patients with severe HS 
showed low orexin levels. Compared with those of the control group, 
GFAP levels were significantly higher in the group of PD with HS and 
narcolepsy group, but not PD without HS. No groups showed a signifi-
cant difference in S100B levels.
Conclusion: In the whole subjects with PD, narcolepsy and controls, 
orexin levels were inversely correlated with GFAP. Therefore, in-
creased GFAP may indicate orexin deficiency both in narcolepsy and 
PD with HS.

0796
EXCESSIVE DAYTIME SLEEPINESS IN PARKINSON’S 
DISEASE
Viola-Saltzman M, Patel S, Markopoulou A, Premkumar A, 
Schoneburg B, Walters S, Maraganore D
North Shore University HealthSystem, Evanston, IL

Introduction: Sleep disorders are common in Parkinson’s disease 
(PD). The aim of this study was to investigate the association of day-
time sleepiness with other non-motor or motor manifestations of PD.
Methods: 201 PD patients were enrolled from a movement disorders 
clinic over two years. Using structured clinical documentation sup-
port tools built into the electronic medical record, we captured the 
following measures at initial office visits: disease duration, Epworth 
Sleepiness Scale (ESS), Geriatric Depression Scale (GDS), Montreal 
Cognitive Assessment (MoCA), Nine Hole Peg Test (9-HPT), Unified 
Parkinson’s Disease Rating Scale (UPDRS), Hoehn and Yahr stage 
(HY), and Schwab and England activities of daily living scale (SE).
Results: PD patients were 70.6% male, 92.0% Caucasian. Median age 
was 71 years (range 42–91), median age at onset was 65 years (range 
28–86) and the median disease duration was 4 years (range 0–43). 
71.8% were receiving dopaminergic therapy. Spearman correlation 
analyses showed that the ESS (median 7, range 0–23) and GDS (me-
dian 3, range 0–13) were correlated, adjusted (ρ = 0.23, p < 0.001) and 
unadjusted for dopaminergic therapy. ESS was also correlated with 
UPDRS mentation, behavior, and mood scores (median 1, range 0–12), 
adjusted (ρ = 0.25, p < 0.001) and unadjusted for dopaminergic thera-

py; and with UPDRS ADL scores (median 9, range 0–34) unadjusted 
(ρ = 0.26, p < 0.001) for dopaminergic therapy. ESS was not correlated 
with disease duration, MoCA, 9-HPT, UPDRS motor, UPDRS compli-
cations of therapy, HY, or SE. Principal component analysis showed 
that the ESS captures an important domain of variability in untreated 
but not in treated patients.
Conclusion: In PD, self-reported sleepiness is correlated with sub-
jective depression or mentation, behavior, and mood measures. In-
terestingly, it is not correlated with objective measures of motor and 
cognitive impairment. In this cohort, the variance between daytime 
sleepiness and disease severity measures is treatment dependent.

0797
QUALITY OF LIFE AND WILLIS-EKBOM DISEASE IN 
PARKINSON’S DISEASE
Eckeli AL, Sobreira Neto M, Pena Pereira M, Sobreira E, Chagas MH, 
Tumas V, Fernandes RM
University of São Paulo, Ribeirão Preto, Brazil

Introduction: Parkinson’s disease (PD) is a progressive neurodegen-
erative disorder, which reduces substantially the quality of life of af-
fected individuals. Changes in sleep occur in up to 80% of patients 
causing underestimated damage. Among half of PD`s patients suffers 
from Willis-Ekbom Disease (WED). The objective is to evaluate the 
quality of life in PD`s patients with and without WED in a tertiary 
center for movement disorders.
Methods: A cross-sectional study was conducted. Eighty eight con-
secutive PD patients were selected from a tertiary center of movement 
disorders. They were interviewed by a neurologist specialist in sleep 
medicine and movement disorders. The International Restless Legs 
Syndrome Study Group criteria was used to diagnosis WED, and the 
PD quality of life questionnaire (PDQ-39) was used to stratify the qual-
ity of life in these patients.
Results: Among the 88 individuals with PD, 28.4% had WED. The 
PDQ-39 total and domain values (mean ± standard deviation) in PD 
patients with and without WED were respectively: total 54.8 ± 12.2 vs 
39.5 ± 17.5; p < 0.001; mobility 22.1 ± 8.3 vs 17.4 ± 10.3; p < 0.05; activi-
ties of daily living 14.6 ± 5.8 vs 11.1 ± 7.0, p < 0.05; emotional wellbeing 
14.5 ± 4.2 vs 10.4 ± 5.1, p < 0.05; stigma 9.0 ± 3.3 vs 5.6 ± 4.3, p < 0.05; 
social support 3.7 ± 2.7 vs. 2.1 ± 2.5, p < 0.05; cognitive impairment 
8.2 ± 3.0 vs 6.3 ± 3.3, p < 0.05; communication 4.7 ± 2.0 vs 3.8 ± 2.6; 
bodily discomfort 8.0 ± 1.7 vs 4.9 ± 2.8, p < 0.05.
Conclusion: We observed that PD patients with WED have a poorer 
quality of life when measure by PDQ-39 and compared with those 
without WED.
Support (If Any): CAPES

0798
INSOMNIA CORRELATES WITH OTHER NON-MOTOR 
FEATURES IN PARKINSON’S DISEASE
Huo Y, Ojo O, Bena J, Wang L, Drerup M, Fernandez H, Ahmed A, 
Schaefer NF
Cleveland Clinic, Cleveland, OH

Introduction: Insomnia is a common complaint of patients with Par-
kinson’s disease (PD) but its association with other non-motor, motor, 
functional and behavioral features has been poorly elucidated. We ex-
plored associations between Insomnia Severity Index (ISI) scores and 
demographic and disease-specific variables in PD patients as part of 
screening for an insomnia treatment trial.
Methods: Consecutive subjects with PD visiting the Movement Dis-
orders Clinic completed ISI in addition to disease-specific-metrics as 
part of standard care including: demographics (age, gender, PD dura-
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tion, levodopa equivalent daily dosage, use of deep brain stimulation, 
sleep aid use); MDS-UPDRS (Movement Disorder Society-Unified 
Parkinson’s Disease Rating Scale) Part IB (Non-motor subscale minus 
two items addressing sleep quality and daytime sleepiness) and Part II 
(Motor subscale), Patient Health Questionnaire-9 (PHQ-9), General-
ized Anxiety Disorder-7 (GAD-7) and EuroQol (EQ5D quality of life 
scale). Cronbach’s α was used to determine the internal consistency of 
ISI. Correlations between ISI and motor and non-motor PD variables 
were evaluated using Spearman’s correlation. Linear models measured 
associations between modified MDS-UPDRS IB and ISI adjusting for 
key covariates.
Results: 96 subjects participated: mean age 68 ± 9.6, 59 (61.5%) male, 
6.0 (4.0, 10.5) years mean PD duration. Median ISI was 7.0; 31 (32.3%) 
had ISI > 7 (mild symptoms); 16 (16.7%) ≥ 5 (moderate-to-severe 
symptoms). Cronbach’s α was 0.85, indicating good internal consis-
tency among ISI items. Total score of MDS-UPDRS Parts IB and II, 
GAD-7 and PHQ-9 were positively correlated with ISI, while EQ5D 
was negatively correlated (P < 0.005). After adjusting for demograph-
ics, MDS-UPDRS II, GAD-7, PHQ-9 and EQ5D, modified MDS-UP-
DRS IB remained significantly associated with ISI (p = 0.002).
Conclusion: ISI has good internal consistency in PD patients and cor-
relates with PD non-motor symptom severity even when eliminating 
items specific to nighttime and daytime sleep. This work supports the 
need for further investigation into the role of insomnia and its treat-
ment in PD.

0799
SLEEPINESS, IMPAIRED VIGILANCE, AND VISUAL 
PROCESSING DEFICITS AFFECT PEDESTRIAN SAFETY 
IN PARKINSON’S DISEASE
Ford KJ, Schwebel DC, Johnston A, Cutter G, Amara AW
University of Alabama at Birmingham, Birmingham, AL

Introduction: Daytime sleepiness is common in Parkinson’s disease 
(PD) and negatively affects quality of life in these patients.
Methods: In order to evaluate the impact of daytime sleepiness and 
vigilance on safe pedestrian behavior, 45 subjects with Parkinson’s 
disease and 15 healthy older controls participated in a virtual reality 
(VR) pedestrian environment. Additionally, subjects were adminis-
tered the Epworth Sleepiness Scale (ESS); the psychomotor vigilance 
task (PVT); the Useful Field of View (UFOV), a measure of visual 
processing speed; and the Unified Parkinson’s Disease Rating Scale 
(UPDRS) Part III, a measure of PD motor symptoms. The primary out-
come measure was the mean time to contact (TTC), or the shortest time 
between an approaching vehicle and the participant, as measured by 
the VR task. We hypothesize a negative correlation between subjective 
sleepiness and TTC.
Results: Compared to control subjects, participants with Parkinson’s 
disease had a significantly shorter TTC (p = 0.0187) and more hits and 
close calls (p = 0.0044), indicating less safe pedestrian behavior. PD 
subjects also had more subjective sleepiness (p = 0.0186) and slower 
response time as measured by the PVT (p = 0.0268). In subjects with 
PD, TTC showed a significant negative correlation with subjective day-
time sleepiness (r = −0.334, p = 0.0268) and a positive correlation with 
response time on the PVT (r = 0.551, p = 0.0024), indicating less safe 
pedestrian behavior in those who were sleepier and less vigilant. There 
was also a significant negative correlation between TTC and the UFOV 
(r = −0.481, p = 0.0011), indicating that those with more visual process-
ing deficits have less safe pedestrian behavior. The UPDRS did not 
correlate with any of the other measures.
Conclusion: Patients with PD have less safe pedestrian behavior com-
pared to healthy older control subjects and this behavior is influenced 
by daytime sleepiness, vigilance, and visual processing deficits.

Support (If Any): NIH/NINDS (1K23NS080912-01), American Sleep 
Medicine Foundation, Parkinson’s Disease Foundation, Francis and In-
geborg Heide Schumann Fellowship in Parkinson’s Disease Research, 
Center for Clinical and Translational Science (CCTS) (UL1 TR000165), 
UAB Center for Aging

0800
SLEEP CHARACTERISTICS OF INDIVIDUALS WITH 
CHRONIC STROKE: A POLYSOMNOGRAPHIC STUDY
Siengsukon C1, Al-dughmi M1, Al-Sharman A 2, Stevens S1

1University of Kansas Medical Center, Kansas City, KS, 2Jordan 
University of Science and Technology, Irbid, Jordan

Introduction: Changes in sleep characteristics in individuals with 
chronic stroke are not well described particularly compared to healthy 
individuals, and it is not clear how sleep is altered according to lesion 
side (left vs. right) in individuals with chronic stroke. Therefore, the 
purpose of this study was to explore the sleep characteristics in indi-
viduals with chronic (> 6 months) stroke compared to age- and sex-
matched controls as well as explore sleep characteristics according to 
lesion side.
Methods: Seventeen individuals with chronic stroke (> 6 months; 13 
right vs 4 left-sided lesions) and 10 age- and sex-matched controls 
underwent two nights of polysomnograhic recording. The sleep char-
acteristics of interest included: total sleep time, sleep efficiency, and 
percent time as well as time in minutes spent in stages N1, N2, and N3 
and stage R sleep.
Results: The individuals with chronic stroke spent less percent time 
in stage N3 compared to controls (p = 0.044). Those with right sided 
lesions spent less time in stage N3 (p = 0.017) and less percent time in 
stage N3 (p = 0.011) compared to those with left sided lesions. No sig-
nificant difference in the other sleep characteristics was found between 
the stroke and control groups.
Conclusion: Individuals with chronic stroke present with altered stage 
N3 sleep compared to healthy controls. Furthermore, individuals with 
right sided lesions spent less time in stage N3 sleep compared to those 
with left sided lesion. These alterations in stage N3 sleep might im-
pact recovery following stroke and should be investigated and assessed 
carefully. However, lesion side analysis should be interpreted with cau-
tion due to the small sample size of individuals with left-sided lesions.
Support (If Any): This work is supported by the American Heart As-
sociation Scientist Development Grant (09SDG2060618) awarded to 
CS.

0801
INVESTIGATION INTO THE FREQUENCY OF APNEA 
IN THE SETTING OF ACUTE INTRACEREBRAL 
HEMORRHAGE
Guardia CF1, Greenough GP2

1University of Vermont College of Medicine, Burlington, VT, 
2Dartmouth Hitchcock Medical Center, Lebanon, NH

Introduction: The frequency of sleep disordered breathing (SDB) in 
those with acute intracerebral hemorrhage (ICH) is not well defined. 
We undertook a single center prospective observational pilot study in 
order to better well delineate the frequency of SDB in ICH.
Methods: This was a prospective observational single center pilot 
study. Eligible patients were aged > 18 years with CT-confirmed spon-
taneous ICH and were identified within 72 hours of admission to our 
hospital. Hematoma volume was determined using Cartesian approxi-
mation (the ABC/2 method). Bedside unattended 4 channel polysom-
nograms were utilized in order to delineate the frequency of SDB. A 
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validated survey questionnaire, the STOP survey, was administered at 
the time of enrollment.
Results: A total of 24 patients were screened and three patients suc-
cessfully completed enrollment. Sleep disordered breathing was found 
in all patients enrolled with a mean AHI of 7.9 (range 7–9) and mean 
ICH volume of 16.27 cc (range 7.3–35 cc). Thalamic, Basal Ganglia 
and Cortical ICH were captured in the cohort studied. Main barriers to 
enrollment included exclusion of patients with intra-ventricular exten-
sion due to possible neurosurgical intervention, as well as declination 
of enrollment.
Conclusion: SDB does occur in the acute ICH setting and further study 
is warranted in order to replicate these findings, as well as determine 
whether or not treatment of SDB would impact outcomes or morbidity 
and mortality in hemorrhagic stroke.

0802
HIGH FREQUENCY OF NEUROPSYCHIATRIC 
FEATURES IN IDIOPATHIC REM SLEEP BEHAVIOR 
DISORDER
Irfan M1, StLouis EK1, Silber M1, Aakre J1, Ferman TJ2, Tippman-
Peikert M1, Lipford MC1, Junna MR1, Boeve B1

1Mayo Clinic Rochester, MN, Rochester, MN, 2Mayo Clinic 
Jacksonville, FL

Introduction: Idiopathic REM sleep behavior disorder (iRBD) has a 
strong association with the synucleinopathies. Our goal was to identify 
cross sectionally, the frequency of neuropsychiatric (NP) features in 
iRBD cases in order to facilitate prediction of eventual phenoconver-
sion.
Methods: We analyzed the demographic, clinical, and neuropsychi-
atric (NP) features of participants in a longitudinal research program 
with iRBD diagnosis, who did not meet standard criteria for mild cog-
nitive impairment (MCI), Parkinson’s disease (PD) or Dementia with 
Lewy Bodies (DLB) (n = 16). Frequency and severity of NP features 
on the 12 item Neuropsychiatric Inventory (NPI) were reviewed, ex-
cluding the item on sleep disturbances in order to avoid circularity. 
Automated submentalis REM atonia index (RAI) analysis was also 
performed.
Results: 87% (14/16) were men with mean age 63 years, mean UP-
DRS motor subtest score 0.625, mean Short Test of Mental Status score 
36.18, mean Mini-Mental State Examination score 29.13, and mean 
RAI 0.69. The majority (68.75%) had ≥ 2 NP features, with irritability 
being most frequent (50%). 6/6 cases with subjective cognitive com-
plaints but normal performance on neuropsychological testing had 3 
NP features. Among the cases with UPDRS > 0 (n = 6), the 2 with 
subjective cognitive complaints had ≥ 5 NP features while 3/4 who did 
not have subjective cognitive complaints had ≤ 3 features. Lower RAI 
predicted MMSE scores (F = 6.3, R2 = 0.38, p = 0.03).
Conclusion: NP features are frequent in iRBD patients in the absence 
of diagnosis of MCI, PD or DLB. We hypothesize that cases with NP 
features and subjective cognitive complaints may be on the course of 
phenoconversion to MCI/DLB, whereas those with UPDRS > 0 and 
low NPI, but without any cognitive symptoms may develop PD. Lon-
gitudinal assessment of iRBD patients using neuropsychiatric as well 
as cognitive, motor, and REM muscle atonia measures may provide 
insights into subsequent phenoconversion.

0803
THE USE OF DATSCAN IN IDIOPATHIC REM SLEEP 
BEHAVIOR DISORDER (IRBD) AS A SCREENING TOOL 
TO IDENTIFY PATIENTS AT RISK FOR DEVELOPING 
PARKONSINISM SYNDROMES (PS)
Meskill GJ, Simmons JH
Comprehensive Sleep Medicine Associates, Houston, TX

Introduction: DaTscan (Ioflupane I 123 Injection) is a radiopharma-
ceutical indicated for striatal dopamine transporter visualization using 
single photon emission computer tomography (SPECT) brain imag-
ing to assist in the evaluation of adult patients with suspected Parkin-
sonism syndromes (PS). Studies have demonstrated that the motor 
symptoms of PS become apparent when about 80% of basal ganglion 
dopamine neurons are lost. In one study, researchers found that up to 
75% of patients with REM Sleep Behavior Disorder (RBD) went on to 
develop a PS years later.
Methods: Patients with identified idiopathic RBD (iRBD) have been 
identified and counseled about the association between RBD and PS 
and agreed to dopamine transporter imaging. Imaging consists of Io-
flupane I 123 Injection 111–185 MBq administered intravenously and 
SPECT images are taken 3–6 hours after administration. Quantitative 
analysis methods are being assessed with the data but qualitative im-
age interpretation divides abnormal scans into three categories: (1) 
asymmetric putaminal dopaminergic activity, (2) absent putaminal do-
paminergic activity in both hemispheres with activity confined to the 
caudate nuclei, and (3) absent putaminal dopaminergic activity bilater-
ally with greatly reduced activity in one or both caudate nuclei.
Results: We have at this time identified 10 patients that fit the criteria 
and are going forward with SPECT striatal dopamine transporter visu-
alization testing. Preliminary data show abnormal striatal dopaminer-
gic activity in the aforementioned patterns that have been associated 
with PS. Analysis of the data will be presented along with additional 
patients beyond the current ten. Qualitative assessment and results 
from new quantitative methods will be presented.
Conclusion: This trial in iRBD will determine whether SPECT striatal 
dopamine transporter visualization testing can be used as a viable tool 
to screen which of these patients are at greatest risk for developing PS. 
This will open the window to initiate treatments that may hinder the 
progression of  PS.

0804
RAPID EYE MOVEMENT SLEEP BEHAVIOR DISORDER 
IN PATIENTS WITH PROBABLE ALZHEIMER’S 
DISEASE
Wang P1, Wing Y2, Xing J3, Liu Y4, Zhou B1, Zhang Z5, Yao H6, 
Guo Y1, Shang Y1, Zhang X1

1Chinese PLA General Hospital, Beijing, China, 2Department of 
Psychiatry, Sleep Assessment Unit, Faculty of Medicine, The Chinese 
University of Hong Kong, Shatin, Hong Kong, 3Department of Third 
Cadre Ward, General Hospital of Beijing Military Area Command 
of Chinese PLA, Beijing, China, 4Brainnetome Center, Institute 
of Automation, Chinese Academy of Sciences, Beijing, China, 
5Department of Neurology, Hainan Branch of Chinese PLA General 
Hospital, Hainan, China, 6Department of Radiology, Chinese PLA 
General Hospital, Beijing, China

Introduction: The rapid eye movement (REM) sleep behavior disor-
der (RBD) is commonly associated with neurodegenerative disorders 
characterized by α-synuclein deposition, including Parkinson’s disease 
(PD), multiple system atrophy (MSA), and Lewy body dementia (DLB). 
However, this tendency in the tauopathy-mediated diseases is rare and 
only sporadically reported. Our study aimed to systemically illustrate 
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the occurrence of RBD and sleep features among a cohort of patients 
with Alzheimer’s disease (AD), a nonsynucleinopathy.
Methods: We recruited 105 clinically probable AD patients. Fifteen 
AD patients who complained of sleep-related abnormal behaviors un-
derwent a video-polysomnography (vPSG) examination, neuropsycho-
logical tests and MRI/CT examination.
Results: Five patients with probable AD showed RBD. One of the pa-
tients performed repeated touching of the head and face with his hands 
and flailed his arms. Three patients showed hands twisting, exploring, 
prominent limb kicking, and jerking. The last patient had all of the fea-
tures of RBD (he could recall a dream about fighting animals), and his 
wife was awakened by his screaming. Of the five patients, one patient 
took the acetylcholinesterase inhibitor drug, donepezil. The patients 
with AD +RBD demonstrated increases in both tonic and phasic EMG 
activity during REM sleep, but the sleep architecture did not differ 
between the AD+RBD and AD groups.
Conclusion: RBD can occur in patients with AD. The occurrence of 
RBD in patient with dementia does not completely rule out the diag-
nosis of AD.

0805
PROLONGED SLEEP LATENCY AND SLEEP ONSET REM 
IN A NEURODEGENERATIVE TAUOPATHY DISEASE
Walsh CM1, Ruoff L2, Varbel J2, Walker K1, Boxer AL1, Kramer JH1, 
Miller BL1, Neylan TC2

1Memory & Aging Center, Department of Neurology, UCSF, San 
Francisco, CA, 2San Francisco VA Medical Center, San Francisco, CA

Introduction: Though there has been little research in the area to date, 
tauopathies are typically thought to be associated with sleep distur-
bance. Of the tauopathies, sleep in individuals with Progressive su-
pranuclear palsy (PSP), a 4 repeat (4r)-tauopathy, may be particularly 
affected as early neurodegenerative processes start in the brainstem. 
We hypothesized that individuals with PSP have a higher incidence of 
sleep disorders, poorer night-time sleep and are sleepier during the day 
compared to controls.
Methods: Individuals with PSP (n = 13; 8 men; mean age: 61.5 ± 6.4 
years) and clinically healthy older adults (n = 9; 5 men; mean age: 
72.7 ± 4.5 years) were studied in the UCSF clinical research center with 
overnight polysomnography and a multiple sleep latency test (MSLT) 
the next day.
Results: We found an increased incidence of periodic limb movements 
but not sleep apnea in PSP. Individuals with PSP took longer to fall 
asleep (p = 0.005), spent less time asleep (p = 0.03), less time in REM 
sleep (p = 0.02) and overall had poorer sleep efficiency (p = 0.004) and 
maintenance (p = 0.01). Unexpectedly, on the MSLT, 3/13 PSP never 
fell asleep. Of those that did fall asleep (10 PSP, 9 controls), individuals 
with PSP took longer to fall asleep (p = 0.02) and 3/10 individuals en-
tered REM sleep. REM sleep was absent in the daytime sleep periods 
in controls.
Conclusion: As expected, PSP had a higher incidence of some sleep 
disorders and greater nighttime sleep disturbance. Contrary to our hy-
potheses, PSP individuals appeared less able to sleep though had in-
creased incidence sleep-onset REM episodes. Sleep-onset REM sleep 
during an MSLT with prolonged sleep latencies are both unexpected 
and novel. Based on our current findings, regulatory mechanisms for 
sleep/waking, as well as REM sleep are disrupted in PSP. Future work 
includes increasing our sample and adding an additional 4r-tauopathy 
cohort (Corticobasal Degeneration).
Support (If Any): Tau Consortium and R01AG032289 (Kramer)

0806
VALIDATION OF TURKISH VERSION OF REM SLEEP 
BEHAVIOR DISORDER QUESTIONNAIRE
Pelin Z, Tarı Comert I, Arıcak OT
Hasan Kalyoncu University, Gaziantep, Turkey

Introduction: This study aim to validate the Turkish version of the 
REM sleep behavior disorder questionnaire and to investigate its reli-
ability, validity, and responsiveness of this instrument for diagnostic 
and monitoring purposes.
Methods: For the Turkish adaptation of the REM sleep behavior dis-
order questionnaire (RBDSQ), the objectives of this study were ex-
plained to the Stiasny-Kolster and approval was given to translate the 
original version of RBDSQ to establish the first RBDSQ-Turkish. This 
study enrolled 78 non-patients population,17 patients with REM sleep 
behavior disorder (RBD) and 28 consecutive patients with obstructive 
sleep apnea syndrome (OSAS)
Results: One hundred and twenty three subjects participated in the 
present validation study. Seventeen RBD patients were identified in 
sleep clinics (5 females and 12 males; mean age 68.6 ± 6.3 years, range 
55–77 years), twenty eight OSAS patients were identified in sleep clin-
ics and they all had their polysomnographic recordings (9 females and 
19 males; M age 50.04 ± 10.8 years, range 34–77 years), and seventy 
eight healthy adults were recruited from general population (57 females 
and 21 males; M age 40.01 ± 6.9 years, range 30–58 years). 57.7% of 
the participants (n: 71) were female and 42.3% (n: 52) were men. Mean 
age was 46.2 ± 12.6. Data revealed that there are significant differences 
between these three groups [F(2, 120) = 57.04, p = 0.000, η² = 0.49]. 
RBDSQ-T can discriminate RBD patients from healthy group with a 
sensitivity of 100% and specificity of 87% at a cut-off level of five.
Conclusion: The RBDSQ-T had high sensitivity, specificity, and reli-
ability and would be applicable as a screening method for RBD in the 
Turkish population. These results indicate that RBDSQ-T is a valid and 
reliable tool.

0807
NOCTURNAL FRONTAL LOBE EPILEPSY (NFLE): 
PRELIMINARY EXPERIENCE WITH LACOSAMIDE AS 
A NEW AGENT FOR TREATMENT
Krumholz A, Sanchez AM, Georgsson H, Kabir A
University of Maryland Medical School, Baltimore, MD

Introduction: Nocturnal frontal lobe epilepsy (NFLE) is a partial epi-
lepsy syndrome with seizures characterized by a spectrum of stereo-
typed motor behavior occurring predominantly or exclusively during 
sleep. There are two recognized forms of NFLE, sporadic and auto-
somal dominant. In the autosomal dominant form mutations coding 
for the nicotinic acetylcholine receptor subunit (nAChR) genes and 
corticotropin-releasing hormone gene have been identified, suggestive 
of a channelopathy. Carbamazepine is the agent that has been highly 
effective therapy for up to 70% of patients, however a substantial por-
tion of NFLE patients fail to respond or have adverse events with stan-
dard medications, and might benefit from alternative agents. Our study 
evaluate the potential value of a newer and different sodium-channel 
mediating agent, lacosamide (LCM), for treatment-resistant NFLE.
Methods: A retrospective analysis of all patients diagnosed with 
NFLE at the University of Maryland Epilepsy Center from 2008 to 
2011 was performed. Patient response to current treatment was as-
sessed and those who were treatment-resistant or had adverse effects 
from medications were offered alternatives, including lacosamide. 
Among patients given lacosamide, responses were evaluated.
Results: We identified 18 patients diagnosed with NFLE. Twelve (67%) 
reported satisfaction with seizure control and lack of adverse effects. 
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For the remaining 6 patients, 4 chose to add lacosamide on as adjuvant 
therapy. Two patients discontinued lacosamide due to intolerable side 
effects. The other two patients reported improved seizure control and 
tolerability after one year follow-up, with one patient seizure-free and 
the other experiencing rare, mild episodes when sleep-deprived.
Conclusion: A substantial portion of patients diagnosed with NFLE 
and treated with standard medication report unsatisfactory seizure 
control or adverse effects warranting consideration of alternative 
treatments. Based on our preliminary experience, lacosamide, a new 
sodium-channel mediating agent, may be an alternative treatment for 
NFLE, and warrants consideration in future prospective studies.

0808
THE EPWORTH SLEEPINESS SCALE IN EPILEPSY: 
INTERNAL CONSISTENCY AND DISEASE-RELATED 
ASSOCIATIONS
Sap-Anan N, Andrews ND, Wang L, Bena J, Foldvary-Schaefer N
Cleveland Clinic Sleep Disorder Center, Cleveland, OH

Introduction: Daytime sleepiness is one of the most common com-
plaints of people with epilepsy (PWE). No validated instruments have 
been explored in this population. We investigated the internal consis-
tency of items of the Epworth Sleepiness Scale (ESS) and correlations 
between total ESS and disease-specific variables in an observational 
study exploring the prevalence of sleep disorders in PWE.
Methods: 117 subjects underwent sleep testing and completed ESS, 
Insomnia Severity Index (ISI) and Beck Depression Inventory (BDI). 
Cronbach’s α and factor analysis were performed to assess the inter-
nal consistency and validity of ESS. Spearman’s correlation was used 
to evaluate relationships between total score and item scores, and to 
assess associations between total score and demographic and disease-
specific variables (seizure frequency, antiepileptic drug [AED] number, 
standardized dose). Analysis was performed using an overall signifi-
cance level of 0.05 and SAS software (version 9.3, Cary, NC).
Results: Sample characteristics: mean age 39 ± 13, 33.3% female, BMI 
28.6 ± 6.9, median seizures/month 0.50. Mean ESS was 7.9 ± 4.3 and 44 
(37.6%) had ESS ≥ 10. All items had statistically significant Spearman’s 
correlation with total score (p < 0.001). Cronbach’s α was 0.75, indicat-
ing a good internal consistency among items. Only one factor was gen-
erated in factor analysis (eigenvalue 2.22). The loadings of each item in 
the factor were balanced, from 0.4 to 0.6. Significant correlations were 
found between total ESS and AED polytherapy (rho = 0.20, p = 0.029), 
BDI (rho = 0.27, p = 0.007) and ISI (rho = 0.25, p = 0.018). 
Conclusion: Internal consistency of the ESS was good. Correlations 
between ESS and ISI/BDI suggest that self-reported sleepiness may be 
related to depressive symptoms and sleep satisfaction in this popula-
tion. Among disease-specific variables, AED polytherapy was associ-
ated with higher ESS, but not standardized dose or seizure frequency 
as expected. This work is a step toward developing a sleepiness scale 
that could be incorporated into clinical trials and routine care of PWE.
Support (If Any): This research was funded in part by the Research 
Programs Committee of the Cleveland Clinic.

0809
EFFECT OF SEIZURES ON SLEEP QUALITY IN 
PATIENTS WITH CHRONIC EPILEPSY
Hwang K1, Lee J1, Shin W1, Hong S2, Kim J3

1Kyung Hee University medical center, Seoul, Korea, Republic of, 
2Samsung Medical center, Seoul, Korea, Republic of, 3Pusan National 
University, Busan, Korea, Republic of

Introduction: Epilepsy patients have high prevalence of various sleep 
disturbance compared to general population. The aim of this study was 

to investigate sleep quality in epilepsy patients according to the seizure 
control.
Methods: We enrolled the consecutive 111 epilepsy patients (M: F 
84:27, age 20–65 y) from January 2009 to May 2013. All completed 
overnight polysomnography (PSG), sleep-habit questionnaire, Ep-
worth Sleepiness Scale, and Beck Depression Inventory. Patients were 
divided into well-controlled group (WC, n = 62, no seizures ≥ recent 6 
m) and uncontrolled group (UC, n = 49, seizure persisting 1/m). Data 
was compared between patients and controls and patients with WC and 
UC.
Results: Patients had poorer sleep quality (lower sleep efficiency, high-
er apnea-hypopnea index & arousal indices) than controls. UC had a 
longer duration of epilepsy (mean 14.4 ± 10.6 y vs. 6.6 ± 9.5, p < 0.01) 
and a higher number of antiepileptic drug (2.5 ± 1.1 vs. 1.1 ± 0.7, 
p < 0.01) than WC. No significant difference was observed in frequency 
of nocturnal seizure between UC and WC. UC reported significantly 
longer sleep time during weekday (454.2 ± 100.5 vs. 392.8 ± 70.7 min, 
p < 0.01) and weekend (479.2 ± 90.4 vs. 428.3 ± 97.3 min, p = 0.01) than 
WC, however, other sleep habits were not different. Objective sleep 
time in PSG was longer in UC than WC (382.0 ± 71.8 vs. 366.2 ± 61.6 
min, p = 0.04), while sleep efficiency and arousal indices were not sig-
nificantly different between them. In patients with uncontrolled sei-
zures, BDI seems to be higher than patients with controlled seizures 
(13.0 vs. 9.8, p = 0.08), but not significant.
Conclusion: These findings showed that epilepsy patients had dete-
riorated sleep compared to controls, however, sleep quality was not 
remarkably influenced by seizure control. It remains whether sedative 
antiepileptic drugs may affect sleep quality in UC patients as a future 
study.

0810
INVESTIGATING THE RELATIONSHIP BETWEEN H1N1 
INFECTION, VACCINATION AND THE DEVELOPMENT OF 
NARCOLEPSY USING IMMUNOPHENOTYPIC ANALYSIS
Mahlios J
Stanford University, Palo Alto, CA

Introduction: Narcolepsy is a life-long neurological disorder char-
acterized most commonly by hypersomnia and cataplexy, which is 
caused by the destruction of the approximately 70,000 neurons respon-
sible for generating the wake-promoting neurotransmitter hypocretin 
(hcrt). Narcolepsy has a strong genetic linkage to HLA, with more than 
98% of narcoleptic patients expressing HLA DQB1*06:02, suggesting 
antigen presentation by this allele to CD4+ T cells is crucial to disease 
development. Numerous studies have indicated that the development of 
narcolepsy may also be associated with H1N1 infection or vaccination, 
suggesting that the presentation of antigenic peptides to CD4+ T cells 
by DQB1*06:02 following influenza infection/vaccination is capable of 
triggering an autoimmune cascade that ultimately leads to the loss of 
hcrt-producing neurons and the onset of narcolepsy.
Methods: To further our understanding about the relationship between 
H1N1 and the development of narcolepsy, we tested the T cell reactivity 
of patients and DQB1*06:02+ controls, before and after seasonal influ-
enza vaccination, to various seasonal H1N1 vaccines, H1N1-specific 
peptides, and to the functionally active forms of hcrt using fluores-
cently activated cell sorting (FACS) analysis.
Results: Seasonal influenza vaccination resulted in an increased Th1 
memory response in both patients and controls to various H1N1 vac-
cines, with both groups responding in a similar manner. Vaccination 
also modulated the immune response to various H1N1 and hcrt pep-
tides in some patients and controls, an observation that is currently be-
ing investigated.
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Conclusion: We find that seasonal vaccination results in increased 
Th1 memory response various influenza vaccines in both narcoleptic 
patients and DQB1*06:02+ controls in a similar manner. Vaccination 
also altered the response to hcrt peptides in many individuals, a result 
that has the potential to substantially further our understanding of the 
connection between H1N1 infection, vaccination, and the development 
of narcolepsy.

0811
COMPARISON OF PANDEMRIX AND AREPANRIX, TWO 
PH1N1 AS03-ADJUVANTED VACCINES DIFFERENTIALLY 
ASSOCIATED WITH NARCOLEPSY DEVELOPMENT
Bonvalet M1, Jacob L1, Leib R 2, Ollila HM1, Adams CM2, Mignot E1

1Center for Sleep Sciences and Medicine, Stanford School of 
Medicine, Palo Alto, CA, 2Stanford University Mass Spectrometry, 
Palo Alto, CA

Introduction: 2009 influenza A H1N1 pandemic and vaccination with 
Pandemrix have been associated to narcolepsy onset in children. How-
ever, this was not clearly observed with other adjuvanted pH1N1 vac-
cines, such as Arepanrix or Focetria.
Methods: We used 2D-DIGE and mass spectrometry to identify some 
differences between Pandemrix (batch 2009) and Arepanrix (batch 
2009 and 2010) as well as additional H1N1 vaccines that might explain 
the risk to develop narcolepsy after Pandemrix vaccination.
Results: The firsts vaccine batches we analyzed (Pandemrix 2009 and 
Arepanrix 2010) contained 5 main viral proteins: hemagglutinin HA1 
and HA2 subunits, neuraminidase NA, nucleoprotein NP, and matrix 
protein MA1 and non-viral proteins from the Gallus gallus growth ma-
trix used in the manufacturing of the vaccines. Latticed patterns of 
HA1, HA2 and NA indicated charge and molecular weight heterogene-
ity, a phenomenon likely caused by glycosylation and sulfation. Over-
all, NP and NA were more present in Pandemrix, whereas Arepanrix 
displayed a larger diversity of viral and chicken proteins, with the ex-
ception of five chicken proteins (PDCD6IP, TSPAN8, H-FABP, HSP 
and TUB proteins) that were relatively more abundant in Pandemrix. 
Glycosylation patterns were comparable in both vaccines. A higher 
degree of deamidation and dioxidation was observed in Pandemrix, 
probably reflecting differential degradation across batches. Interest-
ingly, in Arepanrix, HA1 146N (residue 129N in the mature protein) 
displayed a 10-fold higher deamidation when compared to Pandemrix. 
Moreover, in Focetria and recent vaccine strains, 146N is mutated to D, 
which is associated with increased production yields, suggesting that 
146N deamidation may have also occurred during the manufacturing 
of Arepanrix.
Conclusion: The presence of 146N in large relative amounts in Pan-
demrix and the wild type virus and in lower relative quantities in 
Arepanrix or other H1N1 vaccines may have affected predisposition 
to narcolepsy. The analysis of more H1N1 vaccine batches will be per-
formed to confirm this hypothesis.

0812
INTERMEDIATE DECLINE OF CEREBROSPINAL FLUID 
OREXIN (HYPOCRETIN) LEVEL AND SIGNIFICANT 
OBESITY IN PRADER - WILLI SYNDROME PATIENTS 
COMPARED WITH NARCOLEPSY AND IDIOPATHIC 
HYPERSOMNIA
Omokawa M1, Ayabe T 2, Kanbayashi T1,3, Imanishi A1, Omori Y1, 
Tsutsui K1, Takahashi J1, Takahashi Y1, Kikuchi Y1, Narita E1, 
Sato M4, Kubota H5, Noguchi A5, Takahashi T5, Shimizu T1,3

1Department of Neuropsychiatry, Akita University Graduate 
School of Medicine, Akita, Japan, 2Department of Pediatrics, 
Dokkyo Medical University Koshigaya Hospital, Saitama, Japan, 
3International Institute for Integrative Sleep Medicine (WPI-IIIS), 
University of Tsukuba, Tsukuba, Japan, 4Yokote Kohsei Hospital, 
Yokote, Japan, 5Department of Pediatrics, Akita University Graduate 
School of Medicine, Akita, Japan

Introduction: Prader-Willi syndrome (PWS) is an acquired neurode-
velopmental disorder caused by deletion in chromosome. Patients with 
PWS often exhibit excessive daytime sleepiness, increased appetite, 
and obesity. As well as in narcolepsy, orexin (hypocretin) may be re-
sponsible for the symptoms. However, report regarding the correlation 
between obesity and orexin level in PWS is scarce. Here we discuss the 
relationship between obesity and orexin level in PWS patients, com-
pared with narcolepsy and idiopathic hypersomnia (IHS) patients.
Methods: We examined orexin levels in the cerebrospinal fluid (CSF) 
of 10 patients with clinically and genetically confirmed PWS with 
excessive daytime sleepiness, compared with 37 cases of narcolepsy 
patients with cataplexy, and 13 cases of IHS patients. Patients’ body 
mass index (BMI) at the time of CSF examination was determined. All 
patients are Japanese and aged 15 to 50 years old.
Results: CSF orexin levels (mean ± S.D.) in PWS, narcolepsy, and 
IHS were 194 ± 45 pg/ml, 79 ± 75 pg/ml, and 291 ± 74 pg/ml, respec-
tively. BMI (mean ± S.D.) in PWS, narcolepsy, and IHS was 34.4 ± 8.5, 
23.4 ± 4.0, and 22.6 ± 2.1, respectively. Orexin levels in PWS were 
significantly higher than narcolepsy, and lower than IHS. BMI was sig-
nificantly higher in PWS than narcolepsy and IHS.
Conclusion: Orexin level and BMI was higher in PWS than narco-
lepsy patients. Intermediately decreased orexin level in PWS patients 
suggests that both impaired secretion and receptor function of orexin 
may play a role in exhibiting symptoms such as sleepiness, increased 
appetite and obesity.

0813
DEEP BRAIN STIMULATION OF THE AMYGDALA: 
A POTENTIAL SURGICAL INTERVENTION FOR 
NARCOLEPSY WITH CATAPLEXY
Bass DI, Inman C, Vaughan CH, Gross RE, Hamann S, Willie JT
Emory University, Atlanta, GA

Introduction: Laughter is associated with brief periods of postural 
instability and coincides with increased activity in the amygdala, an 
integrator of emotional-motor networks. Sustained activation of the 
amygdala has been observed during cataplexy, the sudden loss of pos-
tural tone with preserved consciousness that can be elicited by laugh-
ter in patients with narcolepsy. Thus, amygdala activity may induce 
or maintain cataplexy. We hypothesized that deep brain stimulation 
(DBS) of the amygdala would modulate Hoffmann-reflex (an EMG 
metric of postural tone) and cataplexy.
Methods: (1) We enrolled four inpatients with epilepsy that had depth 
electrodes surgically implanted into their amygdala for clinical moni-
toring of seizures. Subjects watched stand-up comedy while receiving 
sham stimulation versus high frequency DBS to either amygdala or lat-
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eral temporal cortex at amplitudes below patient awareness. Through-
out the duration of the session, we measured the Hoffmann-reflex as 
well as measures of laughter and autonomic arousal (galvanic skin con-
ductance [GSC] and heart/respiratory rates). (2) A narcoleptic orexin/
ataxin-3 transgenic mouse was implanted with stimulating electrodes 
in bilaterally amygdalae and underwent restricted feeding to elicit cata-
plexy. Behavior was video-monitored to determine how various stimu-
lation frequencies affected cataplexy.
Results: (1) DBS was well tolerated by patients. Amygdala DBS rapidly 
increased GSC and reduced heart rate by ~10% without any objective 
impact on laughter or subjective change in mood compared to con-
trols. Amygdala DBS specifically preserved postural tone compared 
to control conditions in 3/4 test subjects as measured by maintenance 
of Hoffmann-reflex during laughter. (2) In the narcoleptic mouse, high 
frequency amygdala stimulation decreased the frequency of cataplexy 
events more effectively than lower frequencies.
Conclusion: Amygdala DBS preserves postural tone during laughter 
in humans and reduced cataplexy frequency in the narcoleptic mouse. 
Amygdala DBS may be a viable therapeutic strategy for treating narco-
lepsy with cataplexy. Further studies are on-going.
Support (If Any): NREF, SRSF

0814
TARGETING SUBGROUPS OF PATIENTS WITH ALS: A 
STEP TOWARDS INDIVIDUALIZED THERAPY
Calero K, Elamin E, Anderson WM
University of South Florida, Tampa, FL

Introduction: Amyotrophic Lateral Sclerosis (ALS) is a progressive 
neurodegenerative disorder causing muscle weakness, respiratory fail-
ure and death. Global cervical (GC) and bulbar (GB) ALS are the two 
subtypes most commonly associated with respiratory failure and sleep 
disordered breathing. Early ALS subtype classification, serial moni-
toring and early introduction of noninvasive mechanical ventilation 
(NIMV) may improve outcomes.
Methods: Demographics, spirometry, portable sleep study data (Por-
table type 3- Nox T3® device, Carefusion, Inc), and need for either 
treatment with NIMV and/or tracheostomy data of patients with ALS 
in a veteran population were analyzed (1/1/2010 to 1/31/2014). Standard 
clinical criteria were used to determine when to initiate NIMV with 
average volume assured pressure support (AVAPSTM, Respironics, Inc).
Results: The GC (N = 8) and GB (N = 11) ALS subgroups were similar 
in age (64.7 ± 10.3 vs 68.3 ± 10.4), nadir SpO2 (81.4 ± 14 vs 80 ± 14), 
sitting FVC % predicted (73.5 ± 21.4 vs 67.3 ± 21.4) and supine FVC 
% predicted (64.8 ± 20.8% vs 61.5 ± 24.5%). Both GC and GB groups 
had a tendency towards lower supine (12% decline) vs sitting FVC (8% 
decline). There was a trend to a higher AHI (28.4 ± 17.2 vs 16.7 ± 17.2) 
on the GC vs GB ALS group. However, the use of AVAPS was greater 
in the GB (7/11) vs GC (2/8) group despite equal subsequent need for 
tracheostomy (GC 3/8 vs GB 4/11).
Conclusion: Early identification and intervention in the GB group with 
NIMV may delay need for tracheostomy. Further data are needed to 
determine if a decrease in FVC from sitting to supine can be used to 
guide NIMV intervention.

0815
PREVALENCE AND PREDICTORS OF NOCTURNAL 
HYPOVENTILATION IN AMYOTROPHIC-LATERAL- 
SCLEROSIS PATIENTS WITH PRESERVED 
RESPIRATORY FUNCTIONS: A TWO-CENTER TRIAL
Lee P1, Hsu N1,2, Wu H1, Tsai C3, Shiao G3, Shiao T3, Yang C1

1National Taiwan University Hospital, Taipei, Taiwan, 2Institute of 
Health Care Organization Management and Center for Health Policy 
Research, College of Public Health, National Taiwan University, 
Taipei, Taiwan, 3Taipei Veterans General Hospital, Taipei, Taiwan

Introduction: Nocturnal hypoventilation (NH) is not uncommon in 
amyotrophic-lateral-sclerosis (ALS) patients with forced vital capac-
ity (FVC) < 50% of predicted and daytime hypercapnia. However, it 
is unclear that if NH is common in patients with relatively preserved 
respiratory function. This study aimed to determine the prevalence 
of NH and predicting factors in normocapnic ALS patients with FVC 
40–80% of predicted.
Methods: Patients with ALS were screened in the neurologic clinics in 
two medical centers in Taiwan. Patients who had FVC of 40%–80% of 
predicted, maximal inspiratory pressure (Pimax) < −60 cmH2O, and 
daytime normocapnia (PaCO2 < 50 mmHg) were eligible. All enrolled 
subjects received a polysomnography (PSG) with transcutaneous car-
bon dioxide (PtcCO2) monitored where NH was defined as increment 
of PtcCO2 ≥ 10 mmHg at sleep compared to supine awake. Nighttime 
symptom, subjective sleepiness, sleep quality, and ALS functional rat-
ing scale revised (ALSFRS-R), arterial blood gas, and PSG parameters 
were compared between patients with and without NH to identify fac-
tors independently associated with NH. Predictive ability of those fac-
tors was assessed by multivariate logistic regression and area under 
receiver operation curve (AUROC).
Results: From Apr 2010 to May 2012, totally 61 patients were eligible. 
Twenty-eight patients were enrolled where NH was diagnosed in nine 
(32.1%). Patients with NH were older (68.8 vs. 55.6 y/o, P = 0.006) and 
had lower ALSFRS-R (19.0 vs. 25.7, P = 0.040), less deep sleep (0 vs 
5.0 ± 8.5%, P = 0.028), higher TiSpO2 < 90% (20.6 ± 28.5 vs 2.0 ± 3.3%, 
P = 0.014), and higher daytime PaCO2 (47.5 ± 11.1 vs 40.1 ± 4.3 mmHg, 
P = 0.027). Multivariate logistic regression analysis identified age 
(OR:1.16, P = 0.020) and ALSFRS-R (OR:0.86, P = 0.041) were predic-
tors for NH where the AUROC were 0.80 and 0.71, respectively.
Conclusion: One-third of normocapnic ALS with relatively preserved 
respiratory function had NH where age and ALSFRS-R could predict 
the development of it.
Support (If Any): This work was supported by Ministry of Science 
and Technology (MOST 103-2314-B-002-139-MY3) and Taiwan Foun-
dation of Rare Disorders

0816
CONTINUED EXCESSIVE DAYTIME SLEEPINESS 
AFTER REMOVAL OF A FOURTH VENTRICLE 
EPENDYMOMA
Rane M1, Aghamdi A1, Jain V2, Kimbro S2, Potolicchio S2

1George Washington University Hospital, Washington, DC, 2Medical 
Faculty Associates, Washington, DC

Introduction: Excessive daytime sleepiness (EDS) is common with 
intracranial tumors located in proximity to prominent sleep centers 
such as the thalamus, hypothalamus and pons. Even with resection and 
or radiation there is usually no change in the EDS. There is no standard 
in screening this group of patients.
Methods: A 33 year old non-obese female with past medical history 
significant for a fourth ventricle ependymoma status post resection 
four years back. She continued to have EDS, which had initially pre-
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sented four years ago at the time of her diagnosis, and was referred to 
the sleep clinic for evaluation. Her overnight polysomnogram showed 
moderate obstructive sleep apnea with an apnea-hypopnea index 
(AHI) of 22.5. She was assessed for CPAP titration and on 30 day fol-
lowup she had 97% compliance of over four hours per night of use 
with a reduced AHI of 3. She continued to complain of excessive day-
time sleepiness in the form of sleep attacks leading to a daily nap and 
nightmares which comprised of dream enactment behavior. She states 
that these episodes started only after she had the cranial surgery. She 
denied any symptoms of cataplexy, hypnogogic or hypnopompic hal-
lucinations. She deferred the multiple sleep latency test to a later date. 
She was given the option of stimulant medications but declined due to 
palpitations. She was started on an antidepressant to reduce the rapid 
eye movement stage as well as given clonazepam to prevent episodes 
of thrashing in her sleep.
Results: The coincident timing between symptoms of EDS and the 
fourth ventricular ependymoma is likely due to disruption of sleep 
pathways within the pons. The new onset REM behavior disorder 
(nightmares with increased muscle tone) suggests an increased REM 
presence (that has worsened since the treatment of the ependymoma) 
that points towards narcolepsy. With the persistence of hypersomnia 
despite cpap therapy leads to an inquiry of secondary causes for exces-
sive daytime sleepiness or narcolepsy.
Conclusion: Intracranial tumors causing initial symptoms of EDS are 
unlikely to resolve after treatment. This group of of patients require 
overnight polysomnograms as well as multiple sleep latency tests due 
to increased incidence of obstructive sleep apnea as well as secondary 
causes of hypersomnia respectively. If EDS does not resolve despite 
CPAP therapy, the patient can be given a trial of stimulant medication 
and assessed for symptom improvement.

0817
BILATERAL PHRENIC NEUROPATHY FREQUENTLY 
REQUIRES BI-LEVEL POSITIVE AIRWAY PRESSURE 
THERAPY
Jinnur PK1, McCarter SJ2, St Louis EK 2

1Pulmonary & Critical Care, Mayo Clinic, Rochester, MN, 2Mayo 
Clinic Center for Sleep Medicine, Rochester, MN

Introduction: Diaphragmatic paralysis due to bilateral phrenic neu-
ropathy (BPN) frequently causes dyspnea and orthopnea. Sleep-related 
breathing disorders are also common in these patients with associated 
symptoms of fatigue, somnolence, and frequent awakenings during 
sleep. We review here clinical, sleep, and polysomnographic features 
of 15 cases of bilateral phrenic neuropathy.
Methods: We retrospectively reviewed bilateral phrenic neuropathy 
cases who had polysomnography between 2004–2014. Data regarding 
pulmonary function, nerve conduction, electromyography, and poly-
somnography were obtained.
Results: 15 (8 men and 7 women) BPN patients were identified, with 
mean age of 61.5 years (range 42–84 years) and mean BMI of 33 kg/m2. 
The most common presenting symptoms were dyspnea (100%), fatigue 
(100%), daytime sleepiness (70%) and snoring (60%). Etiology for BPN 
included 12 (80%) idiopathic, 2 (14%) autoimmune and 1 (6%) trau-
matic. 10 had complete bilateral neuropathy, while it was incomplete in 
5. Functional vital capacity (FVC) was < 50% predicted in 10/15 (66%), 
and maximal inspiratory pressure (MIP) was < 60 mm Hg in 12/15 
(80%). 8 patients qualified for bi-level PAP based on FVC (< 50%) and/
or MIP (< 60 mmHg) criteria. Satisfactory bi-level PAP titration in 
spontaneous mode (S) was obtained in 50% and remaining 50% need-
ed spontaneous/timed (S/T) mode. 7 patients underwent diagnostic and 
therapeutic polysomnography studies, which revealed OSA in 4 (58%), 
sleep related hypoxemia in 1 (14%), sleep related hypo-ventilation in 1 

(14%), and no sleep disordered breathing in 1 (14%). Satisfactory PAP 
titrations included CPAP in 3, bi-level PAP-S in 2, and bi-level PAP-
S/T in 1. Only 7/15 patients had follow-up data (6 month–5 years), and 
all tolerated PAP therapy well. 2 underwent subsequently successful 
Bi-level PAP re-titration.
Conclusion: Bilateral phrenic neuropathy patients have frequent need 
for bi-level PAP therapy modalities for their sleep disordered breathing, 
with CPAP successful in only a minority of patients.

0818
THE USE OF BODY MASS INDEX AND NECK 
CIRCUMFERENCE TO PREDICT OBSTRUCTIVE SLEEP 
APNEA IN SPINAL CORD INJURED PATIENTS
Fast Z, Singh K, Hobson J, Radulovic M, Wecht J, Schilero GJ
Center of Excellence for the Medical Consequences of Spinal Cord 
Injury, James J. Peters VA Medical Center, Bronx, NY

Introduction: In the general population obesity is considered a risk 
factor in the development of obstructive sleep apnea. As such, clini-
cians may use different parameters to estimate adiposity with body 
mass index (BMI) the most widely accepted form. However, certain 
neurological disorders such as spinal cord injury (SCI) may result in 
loss of lean muscle mass and fat tissue redistribution. With the loss of 
lean muscle mass below the level of injury in SCI, neck circumference 
(NC) may provide clinicians with a better tool for predicting OSA than 
that of BMI.
Methods: The study was performed on 18 chronic (> 1 year) cervical 
SCI men (n = 16) and women (n = 2). Subjects completed an overnight 
unwitnessed polysomnography screening for OSA that recorded air-
flow at the mouth and nostrils, respiratory effort at chest and abdomen, 
as well as oxygen saturation and heart rate at the index finger. Prior to 
performing the sleep screen, the participant’s neck circumference was 
measured using a tape measure.
Results: The population studied was described as follows: age- 
48.11 ± 12.57 years; height- 1.79 ± 1.12 meters; weight- 82.78 ± 17.69 kg. 
The overnight sleep screen resulted in an apnea-hypopnea index (AHI) 
of 20.24 ± 12.00. The relationship between BMI and AHI revealed a 
mild correlation that trended toward significance (r = 0.43; p = 0.08), 
whereas the relationship between NC and AHI revealed a moderate 
correlation (r = 0.75; p < 0.01), respectively. Additionally, when using 
a NC of ≥ 43 cm as a cutoff, there was a significant difference in AHI 
between the two groups (NC-, n = 9, AHI = 9.67 ± 8.52; NC+, n = 9, 
AHI = 32.13 ± 20.55; p < 0.01), respectively.
Conclusion: Our findings demonstrate that in SCI, NC may be a better 
clinical tool for the prediction of OSA than BMI. As a result of SCI, 
loss of lean tissue mass, redistribution of fat tissue, along with loss 
of respiratory muscle innervation may predispose these individuals to 
complications related to sleep disordered breathing that may go undi-
agnosed. This highlights the importance of an easy, quick screening 
tool for the diagnosis of OSA in SCI with future studies needed to 
validate NC in this population.

0819
NOCTURNAL SWALLOWING IN PATIENTS WITH 
CHRONIC SPINAL CORD INJURY
Rizwan A, Sankari A, Bascom A, Badr M
John D. Dingell VA Medical Center, Detroit, MI

Introduction: Respiratory complications are one of the most com-
mon causes of death in spinal cord injury (SCI) patients. The effect 
of nocturnal swallowing on aspiration risk during breathing in SCI is 
not known. The objectives of this study were (1) to determine whether 
swallowing is more common in SCI than able-bodied subjects and (2) 
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to determine risk factors for aspiration associated with nocturnal swal-
lowing in SCI.
Methods: Four SCI [3 males; age 46.8 ± 21.6 years; BMI 30.0 ± 0.8 kg/
m2] and 4 matched able-bodied subjects with sleep disordered breath-
ing (SDB) completed in lab polysomnography with pharyngeal cathe-
ter. Swallowing (SW) was defined as a positive spike in the pharyngeal 
pressure to calculate the swallow index defined as #SW events/total 
recording time (SWI). Each SW event was assessed for relationship 
to the respiratory cycle [(beginning to peak inspiration (phase 1), peak 
to end inspiration (phase 2), beginning to peak expiration (phase 3) 
and peak to end expiration (phase 4)], associated arousals (A) and chin 
activation (ChA).
Results: SCI had similar SWI compared with able-bodied group 
(9.8 ± 3.5 vs. 7.0 ± 5.6 event/h, P = NS). Majority of SW events oc-
curred during expiratory phases and no significant difference were 
found between SCI and able-bodied groups (34.0 ± 19.0 and 62.0 ± 19% 
vs. 48 ± 27 and 49 ± 25% of SW events occurred during phase 3 and 
4, respectively, P = NS). The majority of SW events occurred during 
wake or after arousals and no significant difference was found between 
SCI and able-bodied groups (56.0 ± 35.0 vs. 69 ± 38% of SW events, 
respectively, P = NS). SW resulted in ChA in both groups (55.0 ± 30.0 
vs. 70 ± 33.0% respectively, P = NS).
Conclusion: Our findings suggest that nocturnal swallowing is com-
mon in both SCI and able-bodied individuals who have SDB. Noctur-
nal swallowing occurs mainly during expiration in both groups and is 
less likely to explain the increased risk of respiratory complications 
and aspiration in SCI compared to the general population.
Support (If Any): The study was funded by the U.S. Department of 
Veterans Affairs R&D Awards# 1I01CX001040 and # 1IK2CX000547.

0820
POLYSOMNOGRAPHIC PREDICTORS OF 
VISUOSPATIAL FUNCTIONING IN MULTIPLE 
SCLEROSIS
Braley TJ1, Kratz AL2

1University of Michigan Department of Neurology, Ann Arbor, 
MI, 2University of Michigan Department of Physical Medicine & 
Rehabilitation, Ann Arbor, MI

Introduction: Sleep disturbances affect up to 50% of patients with 
multiple sclerosis (MS). Although the detrimental effects of sleep dis-
turbances on cognitive functioning are well-established in the general 
population, little is known about the effects of sleep disturbances on 
cognitive dysfunction in MS, and in particular, effects on visuospatial 
functioning.
Methods: Thirty-seven MS patients completed a validated neuro-
psychological battery (Minimal Assessment of Cognitive Function 
in MS—MACFIMS), followed by full, overnight polysomnography 
(PSG). The MACFIMS includes: the Brief Visuospatial Memory Test 
(BVMT)—a test of visuospatial learning and memory that evaluates 
immediate and delayed recall of six geometric figures. Additional 
MACFIMS components include the Judgment of Line Orientation Test 
(JLO)—a test of visuospatial processing; and the Symbol Digit Mo-
dalities Test (SDMT)—a test of attention, visual tracking, and motor 
speed. For all tests, higher scores indicate better functioning.
Results: In regression models adjusted for age, disability, and edu-
cation, the oxygen desaturation index and minimum oxygen satura-
tion (MinO2) explained significant amounts of variance (R2 = 0.18, 
regression parameter = −0.482, p = 0.014; and R2 = 0.20, regression 
parameter = 0.466, p = 0.009, respectively) in BVMT delayed recall 
scores (BVMT-DR). Wake time after sleep onset, total sleep time, and 
sleep efficiency significantly predicted BVMT immediate recall Trial 
1, BVMT immediate recall total, and BVMT-DR scores, explaining 

13.3–21.5% of the variance across models (p < 0.05 for each). MinO2 
also marginally predicted JLO (R2 = 0.07, regression parameter = 0.277, 
p = 0.097) and SDMT scores (R2 = 0.075, regression parameter = 0.290, 
p = 0.062).
Conclusion: Our findings suggest that sleep disturbances contribute 
to impairments in visuospatial function in MS, and in particular, im-
pairments in immediate and delayed visuospatial memory. If a causal 
role exists, the identification and treatment of such sleep disturbances 
could offer a new opportunity to improve cognitive function in patients 
with MS.
Support (If Any): This study was supported in part by a CTSA/Michi-
gan Institute for Clinical and Health Research (MICHR) Seed Grant 
(UL1TR000433)

0821
SLEEP AND PAIN SENSITIVITY IN ADULTS: A LARGE 
POPULATION-BASED STUDY
Sivertsen B1, Lallukka T 2, Petrie KJ3, Steingrímsdóttir Ó4, 
Stubhaug A5, Nielsen C 4

1Norwegian Institute of Public Health, Bergen, Norway, 2Finnish 
Institute of Occupational Health, Helsinki, Finland, 3University of 
Auckland, Auckland, New Zealand, 4Norwegian Institute of Public 
Health, Oslo, Norway, 5Oslo University Hospital, Oslo, Norway

Introduction: Sleep problems and pain are major public health con-
cerns, but the nature of the association between the two conditions is 
inadequately studied. The aim of this study was to determine whether 
a range of sleep measures is associated with experimental increased 
pain sensitivity.
Methods: A cross-sectional large population-based study from 2007–
2008, the Tromsø 6 Study, provided data from 10,412 participants 
(mean [SD] age, 58 [13] years; 54% women). Self-reported sleep mea-
sures provided information on, sleep duration, sleep onset latency, and 
sleep efficiency, as well as frequency and severity of insomnia. The 
main outcome measure was pain sensitivity tests, including assess-
ment of cold-pressor pain tolerance.
Results: We found that all sleep parameters, except sleep duration, 
were significantly associated with reduced pain tolerance. Both the 
frequency and severity of insomnia, in addition to sleep onset latency 
and sleep efficiency, were associated with pain sensitivity in a dose-
response manner. Adjusting for demographics and psychological dis-
tress reduced the strengths of the Hazard Ratios, but most associations 
remained significant in the fully adjusted models. There was also a 
synergistic interaction effect on pain tolerance when combining in-
somnia and chronic pain.
Conclusion: We conclude that impaired sleep significantly increases 
the risk for reduced pain tolerance. As comorbid sleep problems and 
pain have been linked to elevated disability, the need to improve sleep 
among chronic pain patients, and vice versa, should be an important 
agenda for future research.



SLEEP, Volume 38, Abstract Supplement, 2015 A288

B. Clinical Sleep Science VI. Neurological Disorders and Sleep

0822
SLEEP DISORDERS ASSOCIATED WITH MILD 
TRAUMATIC BRAIN INJURY USING SPORT 
CONCUSSION ASSESSMENT TOOL 3 (SCAT-3)
Tkachenko N1,2, Singh K 3, Hasanaj L 4, Serrano L1, Kothare S1

1Sleep Center, Department of Neurology, New York University 
Langone Medical Center, New York, NY, 2Department of Pediatrics, 
Dnepropetrovsk State Medical Academy, Dnepropetrovsk, Ukraine, 
3Department of Pediatrics, University of Massachusetts Medical 
School, Massachusetts, MA, 4Department of Neurology, New York 
University Langone Medical Center, New York, NY

Introduction: Sleep problems affect 30–80% of mild traumatic-brain-
injury (mTBI) patients. We assessed the prevalence of sleep disorders 
following mTBI and its correlation with other symptoms.
Methods: Data from 95 patients was retrospectively analyzed. Inclu-
sion criteria were patients assessed in the Concussion-Center during 
2013–2014 with available SCAT3 following mTBI or at follow-up. 
Relationship between symptoms of sleep-disturbances (drowsiness, 
trouble sleeping, fatigue/low energy), psychiatric symptoms (sadness, 
nervous/anxious), headache and dizziness was analyzed by spearman 
correlation and logistic regression analysis using moderate/severe vs. 
none/mild categorization for symptoms.
Results: Median age was 31 ± 16 years (41 males). There was a positive 
correlation between: dizziness with drowsiness (r = 0.51, p < 0.0001) 
and trouble sleeping (r = 0.36, p = 0.0003), headache with drowsiness 
(r = 0.41, p < 0.0001) and trouble sleeping (r = 0.39, p = 0.0001), sadness 
with drowsiness (r = 0.51, p < 0.0001) and trouble sleeping (r = 0.49, 
p < 0.0001), anxiety with drowsiness (r = 0.55, p < 0.0001) and trou-
ble sleeping (r = 0.52, p < 0.0001), fatigue with drowsiness (r = 0.77, 
p < 0.0001) and trouble sleeping (r = 0.49, p < 0.0001), irritability 
with drowsiness (r = 0.52, p < 0.0001) and trouble sleeping (r = 0.53, 
p < 0.0001) and all psychiatric symptoms and sleep problems (r = 0.47, 
p < 0.0001). Patients with moderate/severe psychiatric symptoms 
were associated with moderate/severe sleep symptoms: dizziness with 
drowsiness (OR = 8.34, p = 0.0039) and trouble sleeping (OR = 3.64, 
p = 0.006); headache with drowsiness (OR = 2.96, p = 0.02) and trouble 
sleeping (OR = 5.28, p = 0.001); sadness with drowsiness (OR = 3.66, 
p = 0.008) and trouble sleeping (OR = 7.11, p = 0.0001); anxiety with 
drowsiness (OR = 6.15, p = 0.0003) and trouble sleeping (OR = 7.19, 
p < 0.0001); fatigue with drowsiness (OR = 69.24, p < 0.0001) and 
trouble sleeping (OR = 3.50, p = 0.008); irritability with drowsiness 
(OR = 5.78, p = 0.0003) and trouble sleeping (OR = 6.63, p = 0.0001); all 
psychiatric problems and all sleep problems (OR = 23.10, p = 0.0004). 
All 3 sleep symptoms became more severe with increased time interval 
from mTBI to SCAT3 administration (OR = 1.005, 1.006, and 1.008, 
p < 0.05).
Conclusion: Our data demonstrates that patients who report moderate/
severe headache, dizziness, and psychiatric symptoms have a higher 
likelihood of reporting moderate/severe sleep disorders following 
mTBI and should be counselled and initiated with early interventions.

0823
SLEEP-ASSOCIATED ABNORMALITIES IN MILD 
OR MODERATE TRAUMATIC BRAIN INJURY OR 
CONCUSSION, AS IDENTIFIED BY DENSE ARRAY 
ELECTROENCEPHALOGRAPHY (DEEG)
Russo MB1, Stetz M2, Nillo R 3, Endicott S2

1University of Hawaii John Burns School of Medicine, Honolulu, HI, 
2Hawaii Pacific DEEG, Honolulu, HI, 3Carleton College, Honolulu, HI

Introduction: Electrocortical abnormalities associated with mild trau-
matic brain injuries have been reported but have not been well-char-

acterized electroencephalographically. The frequency of occurrence 
and types of abnormalities identified during both wake and sleep by 
128 channel Dense-array ElectroEncephaloGraphy (DEEG) in patients 
with mild to moderate brain injury or concussion are described.
Methods: DEEG of 100 traumatic brain injury (TBI) patients present-
ing to a general neurology clinic with mild or moderate brain injury 
or concussion were evaluated. Abnormalities were noted as occurring 
during wake, during sleep, or during both wake and sleep. Abnormali-
ties were described by brain regions as being frontal, temporal, parietal, 
or occipital. DEEG was acquired at 500 Hz for at least 60 minutes in a 
wake and sleep protocol using EGI, 128 channel System 300. Patients 
underwent strobe and hyperventilation, and performed a mathematics 
task (Counting backwards from 100 by 7). Frequency bands reviewed 
were Delta (0.1–3.5 Hz), Theta (3.5–7.5 Hz), Alpha (7.5–12.5 Hz), Beta 
(12.5 – 20 Hz), Upper Beta (20–30 Hz), and Gamma (30–40 Hz).
Results: 90 of 100 DEEG’s were abnormal (P < 0.001). 34% showed 
abnormalities only during wake, and 65% during both wake and sleep. 
None of the records showed abnormalities only during sleep. Of the 
90 abnormal DEEG’s 25 showed single focus abnormalities (27.8%) 
and 47 showed multi-focus abnormalities (52.2%). 54 showed spikes 
(60.0%), 81 sharp waves (90.0%), and 43 slow waves (47.8%).
Conclusion: Abnormalities seen during hyperventilation mirrored ab-
normalities seen during sleep. We believe that hyperventilation trig-
gered the emergence of abnormal activities that may otherwise have 
been seen only during sleep. DEEG identified abnormalities in 90% 
of 100 patients with mild to moderate brain injury or concussion, with 
65% having abnormalities during both wake and sleep. Representative 
of abnormalities are spikes, sharp waves, and slow waves in single and 
multiple focal regions.

0824
CENTRAL SLEEP APNEA IN TRAUMATIC BRAIN 
INJURY
Tallavajhula S1, Pathania P1, Benavidez E2, Castriotta RJ1

1University of Texas Health Science Center, Houston, TX, 2TIRR 
Memorial Hermann Neurological Sleep Disorders Center, Houston, 
TX

Introduction: Sleep disorders in traumatic brain injury (TBI) are com-
mon and impact recovery in this population. Previous literature has 
demonstrated sleep-disordered breathing (SDB) manifested predomi-
nantly as obstructive sleep apnea (OSA) in about 23% of patients with 
TBI. We sought to explore the occurrence of central sleep apnea (CSA) 
in this group of patients.
Methods: A retrospective chart review of attended polysomnograms 
(PSGs) was performed on TBI subjects at a tertiary care rehabilitation 
hospital. Subjects were referred for suspected SDB. PSGs were ana-
lyzed according to 2007 AASM guidelines. Patients > 14 years who 
were at least 3 months from the date of TBI were included.
Results: There were 21 subjects (4 female, 17 male) aged 14–68 years 
who were included. Mean Body Mass Index (BMI) was 26.7 ± 4.9 (SD) 
kg/m2. Sixteen (16) patients had severe TBI, 1 had moderate and 3 had 
mild TBI. Subjects were 4.3 ± 7.5 years from occurrence of injury. 
There were 16 patients (76%) with clinically significant SDB. These 
had 18.7 ± 15.5 apneas and hypopneas per hour of sleep. There were 
4 patients (19%) with pure CSA, 2 (9.5%) with complex sleep apnea 
(CompSA) and 10 (48%) with pure OSA. Thus CSA was seen alone or 
in combination with OSA in 28.5% of subjects. Only one subject was 
on opiate medication and he had no SDB. Three subjects had ventricu-
lostomy catheters, and one each had OSA, CSA and CompSA. Both 
patients with CompSA, one with CSA and one with OSA were on ba-
clofen. Cheyne-Stokes respiration was not seen in any of the patients 
with CSA.
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Conclusion: In patients with TBI and SDB, OSA is the predominant 
form of SDB. However, CSA was seen either alone or in combination 
with OSA in about 28.5% of these TBI subjects. CSA in this population 
may be multifactorial, consequent to either the primary injury itself or 
medications used.

0825
ACUTE SLEEP LOSS AFFECTS SYMPTOM REPORT 
BUT NOT PERFORMANCE ON IMMEDIATE POST-
CONCUSSION ASSESSMENT AND COGNITIVE 
TESTING (IMPACT)
Hope CR, Henry L, Germain A
University of Pittsburgh Medical Center, Pittsburgh, PA

Introduction: Immediate Post-Concussion Assessment and Cognitive 
Testing (ImPACT) is used in the management of concussion. Recent 
research has shown that subjects reporting to sleep less than 7 hours 
the night prior to baseline testing had worse cognitive, affective, and 
vegetative symptoms and had poorer objective performance on verbal 
memory, visual memory, and reaction time tasks when compared to 
those that slept 7 to 9 hours. We chose to study the effects of acute sleep 
loss on both subjective symptom report and objective neurocognitive 
performance with the ImPACT.
Methods: 70 non-concussed participants (31 male, 23.3 mean years 
old) were randomly assigned to habitual sleep, sleep restriction (50% of 
habitual duration) and total sleep deprivation conditions. The ImPACT 
was administered at baseline, after sleep loss condition, and again after 
a night of recovery sleep (100% of habitual sleep). One-way repeated 
measures ANOVA was utilized with an α of 0.05 to assess for sleep loss 
across testing conditions. Greenhouse-Geisser correction was utilized 
when Mauchley’s test of sphericity was violated.
Results: When adjusting for age and sex, repeated measures ANOVA 
revealed significant group differences in total reported symptoms as 
well as all symptom clusters, except for affective symptoms. Pairwise 
comparisons with Bonferroni correction revealed a dose-dependent 
effect of acute sleep loss on increased symptom report on both cogni-
tive and sleep symptom clusters. However there were no differences 
between groups on verbal memory, visual memory, reaction time, or 
visual-motor processing performance.
Conclusion: Both acute sleep restriction and sleep deprivation con-
ditions resulted in worsened next day cognitive and sleep symptoms, 
but not neurocognitive performance. These findings contrast with 
previous research which found objective performance impairments. 
Chronic sleep loss may be necessary to cause detectable impairments 
in objective measures of neurocognitive performance as assessed by 
the ImPACT.
Support (If Any): Department of Defense 11293006
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SLEEP AND WAKE DISTURBANCES IN PATIENTS WITH 
SEVERE BRAIN OR ORTHOPEDIC INJURY
Duclos C1,2, Dumont M1,2, Paquet J1, Blais H1, Menon D3, 
Bernard F4,5, Gosselin N1,6

1Center for Advanced Research in Sleep Medicine, Hôpital du 
Sacré-Coeur de Montréal, Montréal, QC, Canada, 2Department 
of Psychiatry, Université de Montréal, Montréal, QC, Canada, 
3Division of Anaesthesia, University of Cambridge, Cambridge, 
United Kingdom, 4Traumatology Program, Hôpital du Sacré-Coeur 
de Montréal, Montréal, QC, Canada, 5Department of Medicine, 
Université de Montréal, Montréal, QC, Canada, 6Department of 
Psychology, Université de Montréal, Montréal, QC, Canada

Introduction: Studies have shown that sleep-wake disturbances 
(SWD) are present as early as the acute phase of traumatic brain injury 
(TBI), when patients are hospitalized in the intensive care unit (ICU). 
However, it remains difficult to assert that such disturbances arise as 
a consequence of TBI, and not as a result of the hospital environment, 
medication, or pain. The goal of the present study was to compare the 
rest-activity cycle of moderate-severe TBI patients to that of patients 
with severe orthopedic injuries (SOI), hospitalized in the same envi-
ronment.
Methods: Twenty-nine moderate-severe TBI patients (Glasgow Coma 
Scale score: 6.5 ± 3.2; 29.3 ± 13.6 years old; 22 men) and 24 SOI patients 
(33.3 ± 15.2 years old; 17 men) were recruited in the ICU, once they 
had reached medical stability. Wrist actigraphs were worn for 9.8 ± 3.9 
days. The ratio of daytime period activity (7:00–21:59 h) to total 24-h 
activity was calculated. This daytime activity ratio (DAR) was used 
to quantify the consolidation of the rest-activity cycle. Groups were 
compared on the daily DAR and proportion of days with a DAR ≥ 80% 
using Student’s t-tests.
Results: When all days of actigraphy recording were considered, the 
DAR of TBI patients was significantly lower than that of SOI patients 
(TBI: 77.8 ± 12.6%; SOI: 85.7 ± 8.5%; t(509) = −7.9, p < 0.001). TBI 
patients also had a lower proportion of days with a DAR ≥ 80%, when 
compared to the SOI group (TBI: 54.5 ± 32.6%; SOI: 78.9 ± 27.8%; 
t(51) = −2.9, p < 0.01).
Conclusion: This study shows that moderate-severe TBI patients have 
more severe SWD than other trauma patients hospitalized in the same 
environment, which suggests that the SWD observed in acute TBI may 
not solely be attributable to the hospital environment. Further studies 
are needed to understand whether such SWD are due to circadian fac-
tors, and how TBI contributes to aggravating SWD in acute care.
Support (If Any): The research was supported by the Canadian In-
stitutes of Health Research (CIHR), by the Fonds pour la recherche du 
Québec, Santé (FRQS), by the University of Montréal (studentship to 
CD), by the Fondation Neurotrauma Marie-Robert (studentship to CD) 
and by the J. A. De Sève foundation (studentship to CD).
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ASSOCIATION OF SLEEP DISTURBANCE, INSOMNIA, 
AND SLEEPINESS WITH CORTICAL ACTIVATION ON A 
GO-NOGOTASK IN VETERANS WITH AND WITHOUT 
HISTORY OF MILD-MODERATE TRAUMATIC BRAIN 
INJURY
Orff HJ1, Eyler LT 2, Delano-Wood L1, Twamley EW1, Sorg S3, 
Kim RT3, Luc ND3, Schiehser DM3

1VA Center of Excellence for Stress and Mental Health, San Diego, 
CA, 2VA San Diego Mental Illness Research Education and Clinical 
Center, San Diego, CA, 3VA San Diego Research Service, San Diego, 
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Introduction: For many Veterans, mild-moderate traumatic brain in-
jury (mTBI) can be associated with persistent sleep disturbances and 
increased sleepiness, which are not always synonymous. Dissociating 
these symptoms at a neural level may help identify underlying mecha-
nisms of symptomatology and could have beneficial prognostic and 
diagnostic implications.
Methods: 53 Veterans with a history of mTBI (age: 32.5 ± 6.7; educa-
tion: 14.3 ± 1.4; 94% male) and 25 Veterans with no history of mTBI 
(age: 31.8 ± 8.1; education: 14.6 ± 1.7; 68% male) were studied. The 
Pittsburgh Sleep Quality Inventory (PSQI), Insomnia Severity Index 
(ISI), and Epworth Sleepiness Scale (ESS), and a Functional Magnetic 
Resonance Imaging (fMRI) Go-No-Task were administered. BOLD 
signal from the NoGo condition (inhibition) relative to non-NoGo con-
dition was obtained for several regions of interest and correlated with 
sleep scores.
Results: mTBI Veterans reported greater impairments on the PSQI 
(p = 0.009), ISI (p < 0.001), and ESS (p < 0.001). For both groups, PSQI 
and ISI scores were negatively correlated with response in bilateral 
middle, transverse, and/or inferior temporal regions (r’s = −0.577 to 

−0.279; p’s ≤ 0.01–0.05). In mTBI Veterans, additional significant cor-
relations were observed, namely, between the PSQI and ISI and middle 
frontal and left inferior parietal regions (r’s = −0.29 to −0.38) and be-
tween the ESS and response in the left caudate and right lateral and 
medial orbital-frontal regions (r’s = 0.28–0.35; p’s ≤ 0.01–0.05).
Conclusion: Two novel findings emerged in this preliminary inves-
tigation: 1) Sleep disturbance and sleepiness were associated with 
more numerous areas of inhibitory brain response in mTBI relative 
to non-TBI Veterans; 2) Sleep disturbance was associated with lower 
responsiveness of middle frontal and parietal regions, and sleepiness 
was associated with higher inhibition-related response in the basal 
ganglia/orbitofrontal regions, and these associations were not evident 
in controls. Overall, these results suggest that sleep disturbance and 
sleepiness following mTBI may lead to differing and more widespread 
cortical demands during cognitive tasks requiring executive function/
inhibitory response.

0828
RESTING-STATE FUNCTIONAL CONNECTIVITY 
AND SUBJECTIVE SLEEP-WAKE DISTURBANCES IN 
INDIVIDUALS WITH TRAUMATIC BRAIN INJURY
Sanchez E1,2, Arbour C1, Cyr C1, Marcotte K1,3, Gosselin N1,4

1Centre de Recherche de l’Hôpital du Sacré-Coeur de Montréal, 
Montreal, QC, Canada, 2Département de Neuroscience, Université de 
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Faculté de Médecine, Université de Montréal, Montreal, QC, Canada, 
4Département de psychologie, Université de Montréal, Montreal, QC, 
Canada

Introduction: Chronic sleep-wake disturbances are frequently report-
ed following a traumatic brain injury (TBI), but their pathophysiologi-
cal mechanisms are still poorly understood. The aim of the present 
study was to investigate whether brain connectivity abnormalities 
within the default mode network (DMN) are associated with subjec-
tive reports of poor sleep quality, fatigue and daytime sleepiness in 
individuals with TBI.
Methods: Sixteen subjects (11M/5F; age: 32.3 ± 12.0 years) were test-
ed 24.2 ± 11.4 months following a moderate to severe TBI (Glasgow 
Coma Scale Score at emergency room: 8.1 ± 3.3) with resting state 
functional magnetic resonance imaging (3 Tesla magnetic resonance 
imaging scanner) and questionnaires (Pittsburgh Sleep Quality Index, 
Fatigue Severity Scale and Epworth Sleepiness Scale). Slice timing 
and realignment were performed using SPM8. A data-driven spatial 
independent component analysis was applied to extract the DMN. A 
measure of hierarchical integration was used to quantify functional 
connectivity between the sub-systems of the DMN. Pearson correla-
tions were performed between measures of connectivity and scores on 
questionnaires.
Results: Increased functional connectivity within the DMN was asso-
ciated with higher levels of fatigue and poorer subjective sleep quality 
(r values: 0.52–0.63, p < 0.05), but not with daytime sleepiness. When 
the DMN was divided into sub-systems, higher lateral prefrontal cor-
tex and hippocampus connectivity was correlated with poorer sleep 
quality (r values: 0.62–0.69, p < 0.05). However, lower connectivity 
of the parietal sub-system was associated with more fatigue and more 
severe subjective sleepiness (r values: −0.53–0.63, p < 0.05).
Conclusion: Our preliminary results showed a specific pattern of con-
nectivity changes associated with sleep-wake disturbances that par-
ticularly involved the lateral prefrontal cortex, the parietal lobes and 
the hippocampus. Further studies in TBI patients should investigate 
whether these changes in brain connectivity are associated with objec-
tive modifications of the sleep architecture.
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0829
INTERPLAY OF SHORT SLEEP DURATION AND 
IMPAIRED COGNITION ON ALL-CAUSE MORTALITY
Fernandez-Mendoza J, He F, Vgontzas AN, Liao D, Bixler EO
Pennsylvania State University, Hershey, PA

Introduction: Short sleep duration has been associated with increased 
risk of neurocognitive, cardiovascular, and cerebrovascular morbidity. 
It is unknown, however, whether short sleep duration plays a signifi-
cant role in the relationship between neurocognitive impairment and 
all-cause mortality.
Methods: We addressed this question in a general population sample 
of 1,741 men and women (48.7 ± 13.5 years) who were followed-up 
for 15.5 ± 4.1 years (Penn State Adult Cohort). A neuropsychological 
battery assessed processing speed and executive attention. Polysomno-
graphic sleep duration was classified into three categories: ≥ 6 hours 
(i.e., ≥ 50th percentile), 5–6 hours (i.e., 25–50th percentile), and ≤ 5 
hours (i.e., ≤ 25th percentile). We tested the interaction between neu-
rocognitive functioning and objective sleep duration on all-cause mor-
tality, while controlling for sex, age, race, obesity, diabetes, history of 
heart disease and stroke, smoking, depression, insomnia, and sleep 
apnea.
Results: The multivariable-adjusted odds ratio (OR) of all-cause 
mortality associated with impaired processing speed and executive 
attention were 2.14 (95% CI: 1.47–3.12) and 1.93 (95% CI: 1.26–3.01), 
respectively. We found significant interactions between objective sleep 
duration and impaired processing speed or executive attention on all-
cause mortality (p < 0.05). For example, the multivariable-adjusted 
ORs associating impaired executive attention and all-cause mortality 
were 1.40 (95% CI: 0.77–2.56), 2.59 (95% CI: 1.01–6.66), and 3.91 (95% 
CI: 1.47–10.39) for individuals with ≥ 6 hours, 5–6 hours, and ≤ 5 hours 
of sleep, respectively.
Conclusion: Objective sleep duration modifies the relationship be-
tween impaired cognition and all-cause mortality in a dose-response 
manner, with the largest magnitude of association observed in those 
who slept ≤ 5 hours. Short sleep duration in individuals with neurocog-
nitive impairment may be biologically driven, behaviorally induced, or 
a marker of the severity of cognitive decline per se or of an underlying 
cerebrovascular dysfunction.
Support (If Any): AHA 14SDG19830018 and NIH RO1 HL51931, 
RO1 HL40916, and RO1 HL64415
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INSOMNIA COMORBID WITH FIBROMYALGIA: SLEEP 
DIARY IMPROVEMENTS REALIZED VIA COGNITIVE-
BEHAVIORAL INSOMNIA THERAPY LEAD TO 
IMPROVEMENTS IN THE COMORBID CONDITION
Sanchez-Ortuno MM1, Edinger JD2, Krystal AD3

1School of Nursing - University of Murcia, Murcia, Spain, 2National 
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Introduction: Research has indicated that insomnia can worsen the 
symptoms of comorbid medical conditions, therefore suggesting that 
sleep improvements following insomnia treatment may also result in 
an improvement of the medical condition itself. In a sample of patients 
with insomnia occurring comorbid with fibromyalgia (FM), we ex-
plored whether treating and improving sleep with cognitive-behavioral 
insomnia therapy (CBT) would also exert a positive and enduring ef-
fect on other FM symptoms.
Methods: Sixty-one individuals (59 women; ages 24–65) meeting 
research diagnostic criteria for insomnia and American College of 
Rheumatology criteria for FM were randomized to: treatment as usual 

(TAU; n = 21), TAU+ sham therapy (ST; n = 20), or TAU+CBT (n = 20). 
The primary sleep outcome considered herein was mean total wake 
time (TWT) derived from sleep diaries completed for two weeks at 
post-treatment (POST). The severity and impact of FM symptoms 
were evaluated with scores on the Fibromyalgia Impact Questionnaire 
(FIQ) and with the Brief Pain Inventory (BPI), the latter providing two 
separate scores for the subscales Pain intensity and Pain interference 
with daily activities. We conducted mediation models using a non-
parametric bootstrapping procedure to ascertain whether there was an 
indirect effect of CBT via sleep improvement on these 3 FM-related 
outcomes at POST and 6-month follow-up (FU) assessments.
Results: Compared to individuals receiving TAU and TAU+sham 
therapy, those receiving CBT showed statistically significant shorter 
TWT at POST (p = 0.004). Our mediation model indicated that there 
was a beneficial and statistically significant indirect effect of CBT on 
the 3 FM-related outcomes at POST occurring through a reduction of 
nocturnal TWT (FIQ score: point estimate = −4.48, 95% bootstrap 
confidence interval (CI) = −7.98/-1.56; pain intensity = −0.39, 95% 
CI = −0.79/−0.06; and pain interference = −0.50, 95% CI = −0.91/−0.17). 
The indirect effects of CBT on these 3 FM-related outcomes at FU, oc-
curring through a reduction of TWT at POST, were also statistically 
significant.
Conclusion: Our results indicate that, in patients with FM, CBT can 
improve self-reported nocturnal sleep which, in turn, can improve 
FM-related symptoms. These beneficial indirect effects of CBT on FM 
symptoms seem to persist long term, well beyond treatment termina-
tion. This supports the notion that disturbed nocturnal sleep may ex-
acerbate other FM symptoms and highlights the usefulness of CBT for 
insomnia for the overall management of FM.
Support (If Any): National Institute of Arthritis, Musculoskeletal and 
Skin Diseases, Grant # R01AR052368.
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Introduction: Sleep and fatigue difficulties have been reported to be 
prevalent among individuals with end stage renal disease and individu-
als who received a kidney transplant. While there is some evidence of 
biopsychosocial factors predicting sleep disturbance in these popula-
tions, previous studies have been limited in their reliance on single 
time point retrospective measurements.
Methods: This study included two weeks of prospective longitudinal 
measurement of sleep among pre- and post-kidney transplant patients 
(N = 55), including one night of polysomnographic measurement, daily 
sleep diaries, and self report measures of health, fatigue, and mood. 
Regression analyses and multilevel models were used to predict nightly 
wake time and sleep time.
Results: The current study demonstrates the high rate of sleep prob-
lems among both pre- and post-transplant patients; 32% vs 33% re-
porting sleep apnea, 32% vs 13% reporting RLS symptoms, and 68% 
vs 48% reporting chronic insomnia symptoms. Further analyses re-
vealed that a number of psychological and behavioral factors, includ-
ing negative mood, quality of life, napping, and caffeine consumption, 
are related to insomnia symptoms among both pre- and post-kidney 
transplant patients at the average and daily levels. Specifically, female 



SLEEP, Volume 38, Abstract Supplement, 2015 A292

B. Clinical Sleep Science VII. Medical Disorders and Sleep

gender (p < 0.05) among pre-kidney transplant patients, more negative 
mood among post-transplant patients (p = 0.09), and decreased quality 
of life among post-transplant patients (p < 0.05) were uniquely related 
to increased insomnia symptoms. At the daily level, days of above 
average caffeine consumption predicted greater total wake time [X2 
(N = 10) = 1246.43, p < 0.001] and greater than average fatigue was as-
sociated with greater total sleep time [X2 (N = 10) = 1270.95, p < 0.001].
Conclusion: Not only are sleep problems highly common, these results 
also suggest that insomnia symptoms are uniquely related to specific 
biopsychosocial factors that may be worthwhile areas for intervention 
in treating insomnia among pre- and post-transplant patients. Further-
more, daily variations in sleep related behaviors appear to be mean-
ingful predictors of sleep disturbance and should be considered in 
treatment planning.

0832
LATER SLEEP AND CIRCADIAN TIMING ARE 
ASSOCIATED WITH LOWER ESTIMATED INSULIN 
SENSITIVITY
Knutson KL1, Rangaraj V1, Pannain S1, Mokhlesi B1, Burgess HJ2

1University of Chicago, Chicago, IL, 2Rush University Medical Center, 
Chicago, IL

Introduction: Emerging research suggests that later sleep timing is 
associated with impaired glucose metabolism. The goal of this study 
was to determine the association between glucose metabolism, habit-
ual sleep timing, and a direct measure of endogenous circadian timing 
(dim light melatonin onset, DLMO).
Methods: This ongoing study is enrolling non-diabetic adults aged 
21–50 years. Habitual sleep duration, sleep onset and sleep end are es-
timated from approximately one week of wrist actigraphy. The DLMO 
is assessed from saliva samples collected every 30 minutes in dim light 
in the 6 hours before habitual bedtime. Subjects spend one night in the 
laboratory at the University of Chicago and undergo a 5-hour, 12-sam-
ple oral glucose tolerance test (OGTT) in the morning. The Matusda 
Index of insulin sensitivity is calculated using the 12 measurements 
of glucose and insulin from the OGTT. Spearman’s correlations were 
estimated to assess associations between sleep and circadian timing 
and insulin sensitivity.
Results: To date, 26 subjects (10 women) have participated. Mean 
(SD) age was 28.8 (7.7) years. Ten subjects were African American 
and 16 were non-Hispanic white. On average subjects slept for 6.6 (SD 
0.7) hours, fell asleep at 0:28 (1:30) and woke at 7:44 (1:40) hours. The 
average DLMO was at 20:58 (1:42) hours. The mean Matsuda Index 
of insulin sensitivity was 9.7 (4.6). As expected, sleep start time and 
sleep end time were both negatively correlated with insulin sensi-
tivity (rho = −0.53, p = 0.03; and rho = −0.62, p = 0.01 respectively). 
The DLMO was also negatively correlated with insulin sensitivity 
(rho = −0.66, p = 0.005).
Conclusion: In a sample of non-diabetic adults, later habitual sleep and 
circadian timing was associated with worse estimated insulin sensitiv-
ity. Later circadian timing may therefore be a novel risk factor for type 
2 diabetes, which warrants further examination.
Support (If Any): R01DK095207

0833
SLEEP-RELATED ELECTROPHYSIOLOGIC VARIABLES, 
SLEEP DISORDERED BREATHING AND INCIDENT 
ATRIAL FIBRILLATION
Raman D1, Redline S2, Loparo K 3, Lui L 4, Stone P2, Kaffashi F3, 
Mannen PC 4, Stone KL 4, Ensrud K 5, Ancoli-Israel S 6, Mehra R1

1Cleveland Clinic Foundation, Cleveland, OH, 2Brigham and Women’s 
Hospital and Beth Israel Deaconess Medical Center2, Boston, MA, 
3Case Western Reserve University, Cleveland, OH, 4California Pacific 
Medical Center, San Francisco, CA, 5Veterans Affairs Medical Center, 
Minneapolis, Minneapolis, MN, 6University of California, San Diego, 
San Diego, CA

Introduction: Autonomic dysfunction is a contributor to atrial fibril-
lation (AF), the most common sustained arrhythmia associated with 
morbidity and mortality. We hypothesize that polysomnogram (PSG)-
derived heart rate variability (HRV) measures (markers of autonomic 
function) predict incident AF and that this relationship is modified by 
sleep disordered breathing (SDB).
Methods: 2388 participants of a multi-center prospective study (Out-
comes of Sleep Disorders in Older Men Study) without baseline AF 
underwent polysomnograms with follow up for incident clinically ad-
judicated AF (7.8 ± 2.5 years). Cox proportional hazard models were 
used to analyze the primary predictor: spectral HRV indices [low fre-
quency power (LF), high frequency power (HF) and LF/HF)] and sec-
ondary predictors: time domain indices [time between normal beats 
(SDNN), short term variability (STV), long term variability (LTV) and 
STV/LTV] derived from the PSG electrocardiogram per standard de-
viation change in relationship to AF (HR and 95% CI presented). The 
interaction of HRV indices and SDB (apnea hypopnea index ≥ 15) with 
AF was examined. Models were adjusted for age, race, body mass in-
dex (BMI), waist circumference, cardiac medications, alcohol use and 
history of co-morbid disease (hypertension, diabetes, cholesterol level, 
coronary artery disease and heart failure).
Results: Participants were 75.9 ± 5.3 years of age, 89.8% Caucasian 
with BMI 27.2 ± 3.7 kg/m2. LF/HF (HR = 1.19: 1.01–1.39) per SD de-
crease and HF (HR = 1.15: 1.01–1.31) per SD increase; STV (HR = 1.15: 
1.03–1.28) and STV/LTV (HR = 1.12: 1.01–1.25) per SD increase sig-
nificantly predicted AF in adjusted models. Other indices did not sig-
nificantly predict AF. A significant SDB interaction was observed with 
SDB for all spectral indices, driven primarily by obstructive apnea (ob-
structive apnea hypopnea index ≥ 15) (all p-values < 0.10).
Conclusion: Sleep-related increased parasympathetic tone (HF) and 
reduced sympathovagal tone (LF/HF) served as predictors of future 
AF risk. This relationship was modified by SDB (mainly obstructive 
apnea) suggesting SDB-related enhanced vagal influences as a risk for 

“cholinergic” AF development.
Support (If Any): The National Heart, Lung, and Blood Institute 
(NHLBI) provides funding for the MrOS Sleep ancillary study “Out-
comes of Sleep Disorders in Older Men” under the following grant num-
bers: R01 HL071194, R01 HL070848, R01 HL070847, R01 HL070842, 
R01 HL070841, R01 HL070837, R01 HL070838, and R01 HL070839. 
National Heart, Lung, and Blood Institute (NHLBI) R21HL108226
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0834
LONG, RATHER THAN SHORT SLEEP, IS A PREDICTOR 
OF STROKE RISK: A COMPARATIVE ANALYSIS 
OF MULTIPLE LINEAR REGRESSION MODEL AND 
BAYESIAN BELIEF NETWORK MODEL
Seixas A1, Henclewood D2, Gyamfi L1, Atiase Y3, Gordon G4, Zizi F1, 
Jean-Louis G1

1Center for Healthful Behavior Change, Department of Population 
Health, New York University Medical Center, New York, NY, 2Booz 
Allen Hamilton, Boston, MA, 3University of Ghana, Accra, Ghana, 
4University of the West Indies, Kingston, Jamaica

Introduction: Short and long sleep durations are linked to stroke and 
cardiovascular disease. However, results have relied primarily on re-
gression analysis, which may not be optimal to model associations 
between sleep and medical outcomes. Big-data and complex-system 
analyses provide unique opportunities to quantify dynamic interac-
tions between sleep and medical outcomes, adjusting for multiple risk 
factors.
Methods: The current study utilized two types of analyses: logistic 
regression and Bayesian Belief Network, a form of complex system 
analysis, to assess sleep-related stroke risk. We used data from the 
2004–2013 National Health Interview Survey, yielding 231,111 cases, 
to investigate how short (8 hrs) sleep durations impact stroke risk. In 
both analyses, we assessed the contribution of 34 demographic, medi-
cal, behavioral, and psychosocial factors. We used SPSS 20 to conduct 
regression analyses and Bayesia Lab’s Tree Augmented Naïve Bayes 
learning algorithm for complex system analysis. We compared results 
of both analytic models to determine their ecological and clinical util-
ity.
Results: Forty-eight percent of volunteers were ≤ 45 yrs; 77.40% were 
White; 15.96%, Black/African American; and 45.1% made < $35K 
annually; 29.55% reported short sleep and 8.9%, long sleep; 61.55% 
were average sleepers (7–8 hrs.). Adjusted regression models indicated 
that relationships between short sleep and stroke were not significant 
(OR = 0.97, 95% CI = 0.92–1.02, p = 0.21); however, long sleep was 
associated with stroke (OR = 1.43, 95% CI = 1.32–1.52, p < 0.001). Re-
sults from Bayesian analysis indicated both short and long sleep were 
associated with stroke, but that long sleep doubled stroke risk (7.48%) 
relative to short sleep (3.74%). Regression model had a R2 of 0.24 for 
short sleep and long sleep, while the R2 for Bayesia was 0.73.
Conclusion: Bayesia Belief Network analysis is superior to regression 
modeling because it provides ecologically and clinically valid findings. 
Although both short and long sleep durations are associated with stroke 
risk, long sleep seems a stronger predictor.
Support (If Any): This research was supported by funding from the 
National Institutes of Health (R01MD007716-01A1, R25HL105444, 
R01HL78566, R01HL095799 and K24HL2222315).

0835
IMPACT OF SLEEP DURATION AND QUALITY ON 
CANCER SURVIVAL
Phipps AI1,2, Bhatti P1,2, Neuhouser ML2, Chen C2, 
Crane T3, Kroenke CH4, Ochs-Balcom H5, Rissling M6, Snively BM 7, 
Stefanick M 8, Treggiari M9, Watson NF10

1Department of Epidemiology, University of Washington, Seattle, 
WA, 2Public Health Sciences Division, Fred Hutchinson Cancer 
Research Center, Seattle, WA, 3Health Promotion Sciences Division, 
University of Arizona, Tucson, AZ, 4Kaiser Permanente Northern 
California, Division of Research, Oakland, CA, 5Department of 
Epidemiology and Environmental Health, University at Buffalo, 
Buffalo, NY, 6Durham VA Medical Center, Durham, NC, 7Division of 
Public Health Sciences, Wake Forest University School of Medicine, 
Winston-Salem, NC, 8Stanford Prevention Research Center, Palo Alto, 
CA, 9Anesthesiology and Perioperative Medicine, Oregon Health 
and Science University, Portland, OR, 10Department of Neurology, 
University of Washington, Seattle, WA

Introduction: Indicators of poor sleep quality and short sleep duration 
are associated with elevated risk for several types of cancer. However, 
the relationship between sleep and cancer outcomes has not been well-
characterized. Using data from the Women’s Health Initiative (WHI), 
we assessed the relationship between pre-diagnostic sleep measures 
and subsequent cancer survival.
Methods: We identified WHI participants diagnosed with a first 
primary invasive cancer during follow-up (N = 18,552). Participants 
provided information on several sleep attributes at study baseline, in-
cluding sleep duration, snoring, and components of the WHI Insomnia 
Rating Scale. Cox regression was used to calculate hazard ratios (HRs) 
and 95% confidence intervals (CIs) for associations between these pre-
diagnostic sleep measures and cancer-specific survival for all cancers 
combined and separately for common cancers. Analyses were adjusted 
for age at enrollment, study arm, cancer site, marital status, household 
income, smoking, physical activity, and time-lag between baseline 
data collection and cancer diagnosis.
Results: In analyses stratified by cancer site, short sleep duration and 
frequent snoring were associated with significantly poorer breast can-
cer-specific survival [HR = 1.45, 95% CI: 1.05–2.00 for ≤ 5 vs. 7–8 
hours/night, HR = 1.44, 95% CI: 1.04–2.00 for frequent vs. never-snor-
ing]. In analyses combining information on these attributes, women 
with breast cancer who were frequent snorers and reported ≤ 6 hours 
sleep/night had the poorest prognosis [HR = 2.27, 95% CI: 1.53–3.37 vs. 
never-snorers who slept 7–8 hours/night]. This pattern of association 
with combined sleep duration/snoring was also noted in women with 
lung cancer [HR = 1.40, 95% CI: 1.00–1.97] and analyses of all cases 
combined [HR = 1.36, 95% CI: 1.16–1.59]; however, no individual sleep 
measures were significantly associated with cancer-specific survival in 
analyses of all cases combined, or in women with lung, colorectal, or 
ovarian cancers.
Conclusion: Pre-diagnostic short sleep duration and frequent snoring 
were associated with significantly poorer cancer-specific survival, par-
ticularly among women with breast cancer.
Support (If Any): The Women’s Health Initiative was supported by 
the National Heart, Lung, and Blood Institute, National Institutes of 
Health, U.S. Department of Health and Human Services contracts HH-
SN268201100046C, HHSN268201100001C, HHSN268201100002C, 
HHSN268201100003C, HHSN268201100004C, HH-
SN271201100004C.
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0836
IS OBSTRUCTIVE SLEEP APNEA ASSOCIATED WITH 
POORER OUTCOMES IN A BEHAVIORAL WEIGHT 
LOSS INTERVENTION STUDY?
Chasens ER1, Imes CC1, Kline CE2, Strollo PJ2, Burke LE1

1University of Pittsburgh, Pittsburgh, PA, 2School of Medicine, 
Pittsburgh, PA

Introduction: While overweight and obesity are known risk factors 
for obstructive sleep apnea (OSA), it is unclear whether OSA is as-
sociated with successful weight loss in persons participating in a be-
havioral weight loss study. The purpose of this study is to examine 
whether the presence and severity of OSA is associated with less favor-
able weight loss outcomes.
Methods: 125 overweight adults (Mean age = 51.5 ± 9.8 years; 90% 
female; 82% Caucasian) completed the first 6-months in a 12-month 
behavioral weight loss intervention study that focused on sustained 
weight loss. Baseline measures included height and weight for calcula-
tion of body mass index (BMI kg/m2), a sociodemographic question-
naire, and use of an at-home ApneaLink Plus device to measure the 
presence and severity of OSA device. Participants attended weekly 
group counseling sessions to learn how to adopt healthy lifestyle habits. 
Assessments of weight and OSA were repeated at 6 months. Descrip-
tive statistics and ANOVA were performed.
Results: The mean baseline BMI was 34.3 ± 4.6; over 50% of the par-
ticipants had OSA (Apnea + hypopnea index [AHI] ≥ 5). The mean 
percent weight loss at 6 months was 9.2% ± 6.0 of baseline body 
weight. Participants who did not have OSA (n = 57) lost an average 
of 10.24% ± 6.77 of baseline weight, those (n = 42) with “mild” OSA 
(AHI 5–14/hr) lost an average of 8.96% ± 4.79 baseline body weight 
and those (n = 4) with “moderate to severe” OSA (AHI ≥ 15) lost an 
average of 7.43% ± 6.18 baseline body weight. Post hoc tests revealed 
that participants without OSA (baseline and 6 months) had significant-
ly more weight loss (mean difference −4.82%) than participants who 
did not have OSA at baseline but met the criteria for OSA at 6 months 
(p = 0.008).
Conclusion: The presence at OSA at baseline and/or at 6 months is as-
sociated with less favorable weight loss. Further study is needed on the 
effect of OSA on sustaining weight loss.
Support (If Any): R01 HL107370-01, PI: L. Burke

0837
THE ROLE OF POOR SLEEP QUALITY IN MOTIVATING 
AND MAINTAINING HEALTHY BEHAVIOR: DATA 
FROM THE KANSAS STATE EMPLOYEE WELLNESS 
PROGRAM
Hui S1, Grandner MA 2

1Fox Chase Cancer Center, Philadelphia, PA, 2University of 
Pennsylvania, Philadelphia, PA

Introduction: Using the Transtheoretical Model of behavioral change, 
this study evaluates the relationship between sleep quality and the mo-
tivation and maintenance processes of healthy behavior change.
Methods: Data collected in 2008 from the Kansas State employee 
wellness program (N = 13,322). Sleep quality was assessed by describ-
ing the frequency of “Trouble Sleeping” as “Never,” “Seldom,” “Some-
times,” “Often,” or “Always.” Stage of change was assessed with the 
question, “Right now, are you planning to make any of the following 
changes to keep yourself healthy or improve your health?” with the fol-
lowing behaviors: “Limiting the amount of alcohol,” “Increase physi-
cal activity or exercise,” “Quit or cut down smoking,” “Cope or deal 
with stress better,” and “Lose weight.” Stage of change was coded as 
precontemplation, contemplation, preparation, action, or maintenance. 

Multinomial logistic regression analyses were adjusted for age, sex, 
race/ethnicity, education, and income.
Results: Poor sleep quality was generally associated with an increased 
likelihood of contemplation, preparation, and in some cases action 
when engaging in the health behavior change process, but generally a 
lower likelihood of maintenance of healthy behavior. For example, poor 
sleep quality “Always” (vs “Never”) was associated with greater like-
lihood of contemplation for managing stress (OR = 3.32, p < 0.0001), 
weight (OR = 4.99, p = 0.0006), and smoking (OR = 2.70, p = 0.0026), 
relative to precontemplation. Poor sleep “Always” (vs “Never”) was 
associated with preparation and action for managing stress (OR = 2.47, 
p < 0.0001; OR = 2.04, p = 0.0006; respectively) and weight (OR = 3.45, 
p = 0.0076; OR = 2.94, p = 0.0204; respectively). Contrastingly, it was 
associated with decreased likelihood of maintenance of behaviors 
aimed to improve stress (OR = 0.64, p = 0.0375) and physical activity 
(OR = 0.41, p = 0.0024).
Conclusion: Poor sleep quality was associated with an elevated likeli-
hood of contemplating or initiating behavior change, but a decreased 
likelihood of maintaining healthy behavior change. It is important 
to include sleep improvement as one of the lifestyle management in-
terventions offered in wellness programs to comprehensively reduce 
health risks and promote health.
Support (If Any): Dr. Hui is supported by the National Cancer Insti-
tute (R03CA159903). Dr. Grandner is supported by the National Heart, 
Lung and Blood Institute (K23HL110216) and the National Institute 
of Environmental Health Sciences (R21ES022931). We also thank Drs. 
Ellerbeck, Shireman at University of Kansas Medical Center, and Ms. 
Cheryl Miller (the former Program Administrator of KS employee 
wellness Program) for facilitating the data acquisition for this study. 
The authors report no conflicts of interest.

0838
SLEEP AND QUALITY OF LIFE AMONG CAREGIVERS 
OF CHILDREN WITH AUTISM SPECTRUM DISORDERS
Russell M1, Baldwin CM1, McClain D1, Smith C2, Matthews N2, 
Quan SF3

1Arizona State University, Phoenix, AZ, 2Southwest Autism Research 
and Resource Center, Phoenix, AZ, 3Harvard Medical School, 
Division of Sleep Medicine, Boston, MA

Introduction: Autism Spectrum Disorder (ASD) holds potential for 
significantly impacting the primary caregiver and family, as well as the 
child with ASD. In particular, sleep problems occur frequently among 
children with ASD, and their poor sleep may negatively affect that of 
their caregivers. Health-related quality of life (HRQoL) and Family 
Quality of Life (FQoL) are salient indices of caregiver and family well-
being. This pilot study explored associations between sleep problems 
on HRQoL and FQoL of caregivers who have children with ASD.
Methods: Family caregivers (N = 62) of children (M = 7.6, range 6 to 
11 years old) with ASD participated in this survey study. Participants 
completed the Sleep Habits Questionnaire (SHQ), the SF-12, the Beach 
Center Family Quality of Life Scale, and the Children’s Sleep Habits 
Questionnaire (CSHQ).
Results: Caregivers with longer sleep duration reported better mental 
health and better FQol. Caregivers who reported insomnia symptoms, 
non-restorative sleep, and insufficient sleep were more likely to report 
poorer mental health than caregivers who did not report these sleep 
disorder symptoms. Caregiver-reported child sleep problems were sig-
nificantly and negatively associated with caregiver sleep duration (i.e., 
shorter sleep duration and more child sleep problems), and with other 
caregiver sleep disorder symptoms, including difficulty staying asleep, 
early morning awakening with difficulty returning to sleep, and insuf-
ficient sleep.



SLEEP, Volume 38, Abstract Supplement, 2015A295

B. Clinical Sleep Science VII. Medical Disorders and Sleep

Conclusion: The physical and mental health of the primary caregiv-
er is essential to the support of the child with ASD and to the family 
functioning. The results of this study support findings from many prior 
studies and point to salient approaches for future research and inter-
ventions to promote healthy caregiver sleep and a better quality of life.

0839
RELATIONSHIPS BETWEEN SLEEP CONTINUITY, 
SOCIAL JETLAG, AND BODY MASS INDEX
Culnan E, Kloss JD
Drexel University, Department of Psychology, Philadelphia, PA

Introduction: Health behaviors, in general, and sleep, in particular, 
are increasingly recognized for their propensity to increase BMI (body 
mass index). For example, total sleep time is inversely related to BMI 
through alterations in satiety hormones, greater caloric intake, and de-
creased metabolic efficiency. Few studies, however, have examined the 
potential contribution of other aspects of sleep, such as sleep continuity 
or circadian dysregulation. Toward this end, the present study sought 
to examine the extent to which sleep efficiency (as an index of sleep 
continuity) and social jetlag (as an index of circadian dysregulation) 
are associated with BMI.
Methods: Data were culled from a larger study in which college stu-
dents (N = 208) completed self-report measures including a demo-
graphic questionnaire and the Sleep Timing Questionnaire (STQ). The 
demographic questionnaire was used to obtain participants’ weight 
and height to calculate BMI. Responses from the STQ were utilized 
to calculate participants’ total sleep time (TST), sleep efficiency (SE), 
and social jetlag (SJ), which was operationalized as the absolute value 
of the difference between the midpoint of sleep on workdays (MSW) 
and free days (MSF), represented as [|MSW – MSF|].
Results: Results from three linear regressions, with TST, SE, and SJ 
as predictor variables and BMI as outcome variable, indicated that SE 
(B = −0.31, p = 0.001, R2 = 0.09), SJ (B = 0.16, p = 0.02, R2 = 0.03), and 
TST (B = −0.20, p = 0.003, R2 = 0.04), were associated with BMI. SE 
predicted the largest amount of variance. Post-hoc analysis indicated 
that SOL was correlated with BMI (r = 0.24, p = 0.01), while WASO 
was not.
Conclusion: SE and SOL may be improved through behavioral sleep 
strategies and thus, may be important variables to target when con-
cerned with both sleep and BMI. Additionally, given that sleep ef-
ficiency is lowered in several sleep disorders (e.g., insomnia), future 
studies should assess the relationships between sleep disorders, their 
treatment, and BMI.

0840
ASSOCIATIONS OF SHORT SLEEP, BMI, PHYSICAL 
ACTIVITY AND EMOTIONAL DISTRESS ON CHRONIC 
DISEASES
Vallon J1, Seixas A1, Grant A 2, Boby A1, Camille P1, Rogers A1, 
Butler M1, Zizi F1, Jean-Louis G1

1Center for Healthful Behavior Change, Department of Population 
Health, New York University Medical Center, New York, NY, 
2Veterans Affair, New York Harbor Healthcare System, NY

Introduction: The prevalence of short sleep (< 7 hours) has gradually 
increased over the last four decades, warranting an in-depth analysis 
of its influence on health outcomes. This study explored influences of 
body mass index (BMI), physical activity, and emotional distress on 
associations between short sleep and chronic diseases.
Methods: Data for the present analysis came from the National Health 
Interview Survey, an ongoing nationally representative cross-sectional 
study of non-institutionalized US adults (≥ 18 years) from 2004–2013 

(N = 911,773). They provided health data including physician-diag-
nosed hypertension, coronary heart disease, diabetes, stroke, kidney 
disease, cancer, and history of heart attack. We used the recommended 
criterion of ≥ 150 minutes/week of moderate physical activity or ≥ 75 
minutes/week of vigorous to define physical activity and Kessler’s 6 
scales to measure emotional distress. Structural equation modeling 
was used to assess effects of physical activity, BMI, and emotional dis-
tress on relationships between short sleep and chronic diseases.
Results: Analysis showed 51.6% of the sample was female; 76.2%, 
white; and 15.6%, black with a mean age of 35.79 ± 22.4 yrs. Physical 
activity negatively mediated relationships between short sleep and can-
cer, stroke, coronary heart disease, heart attack, hypertension, and dia-
betes (path coefficient estimate = −0.053), (p < 0.001). BMI positively 
mediated relationships between short sleep and smoking, hypertension, 
and diabetes (point coefficient estimate = 0.828), (p < 0.001). Emotion-
al distress also positively mediated relationships between short sleep 
and hypertension, diabetes and coronary heart disease (point coeffi-
cient estimate = 0.743), (p < 0.743). Adjusted covariates included age, 
race, gender, marital status, and income.
Conclusion: Results are consistent with previous reports regarding 
associations between short sleep and chronic diseases. Of interest, 
emotional distress and increased BMI had significant effects on rela-
tionships between short sleep and chronic diseases. Increased physical 
activity however, was not associated with short sleep.
Support (If Any): This research was supported by funding from the 
NIH (R01MD007716, R01HL78566, and R01HL095799).

0841
HIGH SELF-EFFICACY MAY BENEFIT SLEEP QUALITY 
AND FATIGUE
Eliasson A, Kashani M, Fuller C, Walizer E, Engler R, Villines T, 
Vernalis M
Walter Reed National Military Medical Center, Bethesda, MD

Introduction: Self-efficacy has been shown to correlate with adher-
ence to positive health outcomes and serves as a pre-condition to 
promote heart healthy behaviors. Although prior studies associate 
self-efficacy scores with healthy diet and exercise behaviors, little is 
known about the association with sleep quality. Given the critical role 
of healthy sleep behaviors for cardiovascular (CV) disease we sought 
to correlate the role of self-efficacy with sleep quality and symptoms 
of fatigue.
Methods: The Integrative Cardiac Health Project (ICHP) CV health 
registry focuses on improving lifestyle behaviors in nutrition, exer-
cise, sleep and stress. Consecutive patients (n = 89) in the ICHP reg-
istry completed validated questionnaires, specifically the Pittsburgh 
Sleep Quality Index (PSQI, range 0–21), Fatigue Visual Analog Scale 
(range 0–10), Rate Your Plate diet questionnaire (RYP, range 24–72), a 
question estimating minutes of aerobic exercise per week and a Self-
Efficacy Questionnaire for CV health behaviors (range, 0–45). In this 
retrospective analysis, patients were sorted by a median of 36 into low 
(18–35) and high (36–45) score groups for self-efficacy. Groups were 
compared utilizing t-tests.
Results: At baseline, subjects scoring high for self-efficacy (n = 44) 
were not different from those scoring low (n = 45) with regard to age 
(56.2 ± 11.9 vs 54.8 ± 13.1 years, p = 0.60), gender (50% vs 51% men, 
p = 0.90), or race (p = 0.66). The high self-efficacy group did show bet-
ter sleep quality (PSQI = 6.4 ± 3.0 vs 7.9 ± 4.1, p = 0.05), less fatigue 
(3.5 ± 2.3 vs 4.9 ± 2.5, p = 0.007), better RYP score (64.4 ± 7.8 vs 
60.0 ± 8.5, p = 0.01) and greater exercise minutes (216 ± 131 vs 107 ± 86, 
p < 0.001).
Conclusion: Our findings agree with prior reports that high self-effi-
cacy correlates with healthful diet and exercise habits. We extend this 
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association to include better sleep quality and less fatigue. These find-
ings suggest that efforts to increase self-efficacy may benefit both tra-
ditional measures of CV health as well as to encompass non-traditional 
measures, such as sleep health.

0842
ASSOCIATION BETWEEN SELF-REPORTED SLEEP 
DURATION AND SERUM VITAMIN D LEVEL IN 
ELDERLY KOREAN ADULTS
Kang J, Kim J
Jeju National University Hospital, Jeju, Korea, Republic of

Introduction: Inadequate sleep duration is relatively common in el-
derly patients and sleep disturbance is also related to the change of 
various hormone levels and metabolic diseases. However, there are few 
studies on the association between sleep duration and vitamin D in 
the aged person. Therefore, we attempted to investigate the association 
between self-reported sleep duration and serum vitamin D level in the 
Korean elderly.
Methods: The data of non-institutionalized adults aged 60 to 80 
(N = 1,614) from the 2010 Korean National Health and Nutrition Ex-
amination Survey were used for this research. The confounding vari-
ables were serum 25-hydroxy vitamin D level, age, sex, body mass 
index, smoking history, alcohol consumption, and self-reported daily 
sun exposure and sleep duration. Self-reported daily sleep duration 
was divided into four groups: Q1 (≤ 4 hours), Q2 (5–6 hours), Q3 (7–8 
hours), and Q4 (≥ 9 hours).
Results: Mean serum vitamin D levels of subjects in the Q1, Q2, Q3, 
and Q4 groups were 44.18, 48.08, 48.83, and 51.78 nmol/L, respec-
tively. On multivariate linear regression analysis, subjects in the Q2 
(B = 3.80, 95% confidence interval (CI) = 0.42–7.19), Q3 (B = 4.89, 95% 
CI = 1.54–8.24), and Q4 (B = 5.18, 95% CI = 0.78–9.58) groups had sig-
nificantly higher serum vitamin D levels than subjects in the Q1 group.
Conclusion: Serum vitamin D level is positively associated with self-
reported daily sleep duration in elderly Korean individuals. These re-
sults suggest that inadequate sleep duration may be associated with 
lower vitamin D levels in elderly adults.

0843
SLEEP AS A MEDIATOR BETWEEN SOCIOECONOMIC 
STATUS AND HEALTH OUTCOMES
Gangwisch JE1, Turner JB1, Opler MG2, Malaspina D2

1Columbia University, College of Physicians and Surgeons, New York, 
NY, 2New York University Langone Medical Center, New York, NY

Introduction: A paper published in 1999 theorized that the detrimen-
tal effects of low socioeconomic status (SES) on health were partially 
mediated by curtailments in sleep duration and quality. Low SES is 
often associated with pressured work conditions and crowded, unsafe, 
and noisy neighborhood environments that can compromise sleep du-
ration and quality. Sleep restriction, in turn, is associated with negative 
health outcomes. Despite the wide dissemination of this theory, to our 
knowledge no published studies have been conducted to test it using a 
large nationally representative sample.
Methods: We analyzed longitudinal data from multiple waves of the 
NHANES I. Initial analyses involved the estimation of models regress-
ing health outcomes (hypertension, heart attack, diabetes, mortality) on 
indicators of SES (education, income, occupation). Subsequent analy-
ses added sleep variables (sleep duration; early, middle, late insomnia; 
daytime sleepiness) to explore whether these variables acted as partial 
mediators of the relationship between SES and health outcomes. Sepa-
rate models were conducted for each SES variable and health outcome. 
An attenuation of ≥ 10% in the β coefficients of the SES exposure terms 

after the inclusion of the sleep variables in the multivariate models was 
deemed sufficient to be consistent with mediation.
Results: Consistent with the sleep variables acting as partial mediators, 
the significant associations between education, income, and health out-
comes (hypertension, heart attack, diabetes, and mortality) were ap-
preciably attenuated (range 10.5% to 31.0%) with the inclusion of the 
sleep variables in the multivariate models. The sleep variables did not 
appreciably attenuate the relationships between occupation and health 
outcomes.
Conclusion: Our results are congruent with the hypothesis that the ad-
verse impact of low SES on health is partially mediated by decrements 
in sleep duration and quality. Physical health improvements among 
the disadvantaged could therefore be achieved through targeted public 
health and policy interventions designed to promote sleep quality.

0844
RELATIONSHIPS AMONG HABITUAL 
SLEEP DURATION, RACE/ETHNICITY, AND 
CARDIOMETABOLIC DISEASE OUTCOMES: 
DATA FROM > 450,000 US ADULTS FROM THE 2013 
BEHAVIORAL RISK FACTOR SURVEILLANCE SYSTEM
Grandner MA1, Perlis M1, Petrov M2, Jean-Louis G3

1University of Pennsylvania, Philadelphia, PA, 2Arizona State 
University, Phoenix, AZ, 3New York University, New York, NY

Introduction: Habitual sleep duration is associated with race/ethnicity 
and cardiometabolic disease risk. Previous studies have been limited 
in terms of which groups were examined. Also, few previous studies 
have explored whether cardiometabolic risks depend on race/ethnicity. 
Finally, the degree to which disparities in health outcomes are medi-
ated by sleep duration has generally not been explored.
Methods: The 2013 BRFSS was used (N = 483,495). Habitual sleep 
duration was categorized as “Very Short” (≤ 4 h), “Short” (5–6 h), 

“Normal” (7–8 h, reference), and “Long” (≥ 9 h). Cardiometabolic out-
comes assessed were self-reported hypertension, diabetes, and obesity. 
Covariates included age, sex, race/ethnicity, education, income, smok-
ing, BMI (except for obesity) and overall health. Weighted regression 
analyses examined whether sleep duration categories were dispropor-
tionately distributed among race/ethnicity groups and whether sleep 
duration was associated with cardiometabolic outcomes. Interaction 
terms were computed for sleep by race/ethnicity interactions. To test 
whether sleep mediates race differences in obesity/diabetes/hyper-
tension, regression models with these outcomes and race/ethnicity as 
predictor tested sleep as a mediator. Sobel tests evaluated partial me-
diation.
Results: Very short sleep was more prevalent among Blacks/African-
Americans (OR = 1.96; p < 0.0001), Native-Americans (OR = 1.82; 
p < 0.0001), Others (OR = 1.85; p < 0.0001), and Multiracial (OR = 2.08; 
p < 0.0001), and less prevalent among Hispanics/Latinos (OR = 0.7; 
p < 0.0001). Short sleep was more prevalent among Blacks/African-
Americans (OR = 1.69; p < 0.0001), Asians (OR = 1.34; p < 0.0001), Na-
tive-Americans (OR = 1.28; p < 0.0001), Others (OR = 1.54; p < 0.0001), 
and Multiracial (OR = 1.48; p < 0.0001). Long sleep (≥ 9 h) was more 
prevalent among Blacks/African-Americans (OR = 1.53; p < 0.0001), 
Native-Americans (OR = 1.27; p < 0.05), and Multiracial (OR = 1.42; 
p < 0.05), and less prevalent among Hispanics/Latinos (OR = 0.84; 
p < 0.0001). Very short, short, and long sleep were associated with 
obesity, diabetes, and hypertension, and all race/ethnicity interactions 
were significant (p < 0.0001). Partial mediation was found for many 
relationships between race/ethnicity and cardiometabolic outcomes. 
For example, Black-White differences were significantly partially ex-
plained by sleep duration for hypertension (7.3%), diabetes (8.4%), and 
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obesity (9.7%), and 16% of Hispanic/Latino-White differences in hy-
pertension are explained by sleep duration.
Conclusion: Very short, short, and long sleep duration were associ-
ated with cardiometabolic risk, and this relationship depended on race/
ethnicity. Further, several relationships between race/ethnicity and out-
comes were partially mediated by sleep duration.
Support (If Any): K23HL110216, R21ES022931

0845
ASSOCIATIONS BETWEEN SELF-REPORTED SLEEP 
DURATION AND PHYSICAL ACTIVITY IN WORKING-
AGED HISPANIC/LATINO ADULTS IN THE US: RESULTS 
FROM THE HISPANIC COMMUNITY HEALTH STUDY/
STUDY OF LATINOS (HCHS/SOL)
Tom SE1, Brown JP2, Aviles-Santa L3, Castañeda SF4, Gonzalez P4, 
Marshall SJ5, Patel SR6, Krista P7, Sanchez-Johnsen LA8, Sotres-
Alvarez D7, Shah NA9, Zee PC10, Redline S 6

1University of Maryland School of Pharmacy, Baltimore, MD, 
2University of Maryland School of Medicine, Baltimore, MD, 
3National Heart, Lung, and Blood Institute, Bethesda, MD, 4Institute 
for Behavioral and Community Health, Graduate School of Public 
Health, San Diego State University, San Diego, CA, 5Department of 
Family Medicine and Public Health, School of Medicine, University 
of California, San Diego, San Diego, CA, 6Brigham and Women’s 
Hospital and Beth Israel Deaconess Medical Center/Harvard 
Medical School, Boston, MA, 7Collaborative Studies Coordinating 
Center, Department of Biostatistics, Gillings School of Global Public 
Health, University of North Carolina, Chapel Hill, Chapel Hill, NC, 
8Department of Psychiatry, University of Illinois at Chicago, Chicago, 
IL, 9Albert Einstein College of Medicine/Montefiore Medical Center, 
Bronx, NY, 10Feinberg School of Medicine, Northwestern University, 
Chicago, IL

Introduction: The role of physical activity as a potential mediator in 
the association between sleep duration and obesity is unclear. To ini-
tially address this relationship, we tested the hypothesis that short sleep 
duration is related to lower levels of physical activity.
Methods: The analysis included baseline data from 13,316 non-retired 
adults age 18–74 years from the HCHS/SOL, a community-based co-
hort study in 4 metropolitan areas of the US. Participants self-reported 
on usual times into bed and waking up, age, sex, immigrant generation, 
hours worked weekly, marital status, educational attainment, income, 
Hispanic background, insomnia, daytime sleepiness, heart disease, 
depressive symptoms, alcohol use, smoking, and the Global Physical 
Activity Questionnaire. Weight and height were measured, and diabe-
tes was assessed with laboratory testing. We used negative binomial 
regression to examine the relationship between daily sleep duration 
(< 7.0, 7.0–7.9, 8.0–8.9, and ≥ 9 hours) and physical activity (min/day) 
by domain (transportation, recreation, work), adjusting for potential 
confounders. Analysis accounted for the complex survey design and 
sampling weights.
Results: Of the target population, 80% had > 0 minutes of all daily 
physical activity. The mean daily total physical activity in those sleep-
ing < 7 hours was 178 minutes, compared to 125 minutes in those sleep-
ing 8–8.9 hours and 102 minutes in those sleeping ≥ 9 hours. In a fully 
adjusted model, sleeping < 7 hours was associated with 38% greater 
work-related activity, compared to sleeping 8–8.9 hours (Prevalence 
Rate Ratio = 1.38, 95% CI = 1.18, 1.62). Recreational and transporta-
tion physical activity levels did not vary by sleep duration.
Conclusion: Among non-retired US Hispanic adults, short sleep du-
ration is associated with higher levels of work-related physical activ-
ity. Sleep duration may not be a useful target in encouraging physical 
activity.

Support (If Any): The HCHS/SOL was carried out as a collaborative 
study supported by contracts from the National Heart, Lung, and Blood 
Institute (NHLBI) to the University of North Carolina (N01-HC65233), 
University of Miami (N01-HC65234), Albert Einstein College of Med-
icine (N01-HC65235), Northwestern University (N01-HC65236), San 
Diego State University (N01-HC65237). The following Institutes/Cen-
ters/Offices contribute to the HCHS/SOL through a transfer of funds to 
the NHLBI: National Institute on Minority Health and Health Dispari-
ties, National Institute on Deafness and Other Communication Disor-
ders, National Institute of Dental and Craniofacial Research, National 
Institute of Diabetes and Digestive and Kidney Diseases, National In-
stitute of Neurological Disorders and Stroke, NIH Institution-Office of 
Dietary Supplements.

0846
ASSOCIATION BETWEEN EMOTIONAL DISTRESS, 
SLEEP, AND DIABETES: ANALYSIS OF THE NATIONAL 
HEALTH INTERVIEW SURVEY DATA
Ojike N1, Masters-Israilov A 2, StLaurent-Ariot K 3, Zaheer S3, 
Rosenthal D1, Weatherhead K1, Pandi-Perumal SR1, Zizi F1, Jean-
Louis G1, McFarlane SI2

1Center for Healthful Behavior Change, Department of Population 
Health, NYU School of Medicine, New York, NY, 2Department of 
Medicine, SUNY Downstate Medical Center, Brooklyn, NY, 3SUNY 
Downstate College of Medicine, Brooklyn, NY

Introduction: Stress influences blood glucose control and cardiovas-
cular risk factors, including hypertension, among individuals with type 
2 diabetes. Evidence also shows that stress might be associated with 
type 1 diabetes. We examined associations of emotional distress and 
type 2 diabetes and evaluated interactions between sleep duration with 
emotional distress on diabetes risk.
Methods: We used 2004–2013 NHIS dataset, which applied a mul-
tistage area probability sampling design. Diabetes was self-reported 
and the Kessler-6 (K6) scale was used to assess emotional distress; a 
score ≥ 13 indicated distress. Descriptive statistics and logistic regres-
sion modeling were used to evaluate hypothesized relationships.
Results: Of the 425,510 individuals surveyed, 53.0% were female; 
mean (± SEM) age and BMI were 35.3 ± 0.02 years and 26.1 ± 0.07 
Kg/m2, respectively. Prevalence of diabetes was 6.6%, with 56.0% 
being female. Individuals reporting diabetes were older (60.7 ± 0.08 
versus 35.1 ± 0.03; p < 0.01) and had higher BMI (30.3 ± 0.04 versus 
26.7 ± 0.01; p < 0.01). Prevalence of hypertension was higher among 
diabetics (72.0% versus 26%; p < 0.01). Of those with diabetes, 5.6% 
reported daily exercise, compared to 22.7% among non-diabetics, 
p < 0.01. Prevalence of dyslipidemia was also higher among diabetics 
(59.1% versus 24.3%; p < 0.01). There was higher prevalence of diabe-
tes among short sleepers [8 hrs] (10.9%), compared to healthy sleepers 
[7–8 hrs] (7.7%); p < 0.01). Individuals with diabetes had higher fre-
quency of emotional distress (7.07% versus 3.3%; p < 0.01). Based on 
logistic regressions, emotional distress was associated with diabetes 
(OR = 1.45; 95% CI = 1.27–1.66; p < 0.05), after adjusting for diabetes 
risk factors: age, race, BMI, hypertension, dyslipidemia, physical ac-
tivity, sleep duration, and marital, educational and poverty status.
Conclusion: Our study indicates high risk of diabetes associated with 
emotional distress, even with adjustment for traditional diabetes risk 
factors. Further research is needed to delineate the pathophysiological 
factors underlying associations of diabetes with stress and to deter-
mine whether stress could induce diabetes.
Support (If Any): This research was supported by funding from 
the National Institutes of Health (R01MD007716, R01HL78566, and 
R01HL095799.
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0847
SLEEP EFFECTIVENESS AND GLUCOSE AND INSULIN 
HOMEOSTASIS
Pogach M, Lee A, Wood C, Boucher J, Thomas RJ
Beth Israel Deaconess Medical Center, Boston, MA

Introduction: Evidence from experimental studies supports the gen-
eral hypothesis that fragmented and insufficient sleep contribute to 
impaired glucose and insulin homeostasis. The sleep spectrogram, 
an EEG-independent measure of sleep effectiveness, maps coupled 
oscillations of heart rate variability and ECG-derived respiration. We 
previously explored the association between ECG-spectrogram de-
rived biomarkers and glucose metabolism in a sample of non-diabetic 
subjects with and without sleep apnea and found that that the spec-
trographic marker of effective sleep, High Frequency Coupling (HFC), 
is associated with reduced diabetes risk (increased Disposition Index, 
DI). HFC is also enhanced by sedative medications (benzodiazepines, 
zolpidem, and eszopiclone).
Methods: In this study we 1.) explore the relationship between sleep 
effectiveness and insulin sensitivity across the sleep period, by fre-
quently sampling (simultaneous, in the CRC) glucose and insulin dur-
ing nocturnal polysomnography in healthy subjects (n = 9 completed); 
and 2.) evaluate the impact of pharmacologic enhancement of effective 
sleep with nightly eszopiclone (1 week, home environment) on glyce-
mic profiles (CGM system X 72 hours) in diabetics (n = 4 completed) 
compared to pretreatment baseline.
Results: In healthy subjects (n = 5 analyzed) HFC was associated with 
lower cortisol levels compared to low frequency coupling (LFC) at the 
0.05 level of significance. All other comparisons were not significant. 
Using pharmacologic enhancement of effective sleep with nightly 
eszopiclone, diabetic subjects (n = 2 analyzed) report subjective im-
provement in sleep quality and demonstrate improved 72-hour continu-
ous glucose profiles compared to baseline
Conclusion: Preliminary data demonstrates a relationship between 
sleep state and cortisol in normal healthy subjects. The spectrographic 
HFC (a marker of stable or “effective” sleep) duration is associated with 
decreased cortisol levels compared to LFC (a marker of unstable or “in-
effective” sleep) duration. The primary significance of this study is a 
novel approach, that of measuring and manipulating “sleep effective-
ness”, in relation to glucose/insulin metabolism in health and disease.
Support (If Any): This work was conducted with support from: Amer-
ican Sleep Medicine Foundation, Physician Scientist Training Award 
and Harvard Catalyst | The Harvard Clinical and Translational Science 
Center (National Center for Research Resources and the National Cen-
ter for Advancing Translational Sciences, National Institutes of Health 
Award 8UL1TR000170-05 and financial contributions from Harvard 
University and its affiliated academic health care centers). The content 
is solely the responsibility of the authors and does not necessarily rep-
resent the official views of Harvard Catalyst, Harvard University and 
its affiliated academic health care centers, or the National Institutes of 
Health.

0848
PERCENTAGE OF N3 SLEEP IS DECREASED IN OBESE 
PATIENTS WITH METABOLIC SYNDROME
Valencia-Flores M1, Santiago-Ayala V2, Aguilar-Salinas C2, Castaño-
Meneses A1, Santiago-Ayala S1, Resendiz-Garcia M1, Mendoza A1, 
García-Ramos G3, Mokhlesi B4

1Clínica Trastornos del Dormir, Departamento de Neurología 
y Psiquiatría, INCMNSZ-División de Investigación y Estudios 
de Posgrado, UNAM, México, D.F., Mexico, 2Departamento de 
Endocrinología, INCMNSZ, México, D.F., Mexico, 3Departamento 
de Neurología, INCMNSZ, México, D.F., Mexico, 4Department of 
Medicine, Sleep Disorders Center and Sleep Fellowship Program 
Section of Pulmonary and Critical Medicine, University of Chicago, 
Chicago, IL

Introduction: The prevalence of Metabolic Syndrome (MetS) is high 
in the Mexican population and its prevalence increases with obesity. It 
is well known that obstructive sleep apnea (OSA) in patient with MetS 
has a detrimental effect on cardiovascular risk and glycemia. The aim 
of this study was to compare the sleep characteristics in obese men 
with and without MetS.
Methods: Sixty-three obese men with mean (SD) age of 40.4 (10.3) y/o 
and body mass index of 42.1 (9.8) kg/m2 who underwent standard in-
laboratory polysomnography for suspicion of OSA at INCMNSZ were 
assessed for the presence of MetS according to the NCEP ATP-III.
Results: Sixty-five percent of the subjects were diagnosed with 
MetS and 86% had OSA defined by an apnea-hypopnea index 
(AHI) ≥ 5. There were no statistically significant difference in age 
(non-MetS = 38.6 ± 10.8 vs. MetS = 41.4 ± 10.0, p = 0.294), BMI (non-
MetS = 42.9 ± 10.0 vs. MetS = 41.7 ± 9.84, p = 0.630) and in total 
sleep time (non-MetS = 393.3 ± 57.1 min vs. MetS = 386.6 ± 55.23 
min). The percentage of N3 sleep was decreased in the obese MetS 
group = 6.4 ± 6.7 vs. non-MetS = 12.3 ± 6.8, t = 3.330, p = 0.001. AHI and 
arousal index were higher in the MetS group (51.0 ± 34.6 vs. 32.5 ± 29.9, 
t = −2.118, p = 0.038 and 25.7 ± 17.9 vs 15.5 ± 13.5, t = −2.327, p = 0.023, 
respectively. There was no correlation between the presence of MetS 
and AHI, oxygen desaturation variables or arousal index. However, 
there was a correlation between N3% and AHI (r = −0.470, p = 0.0001). 
In the regression model the only variable that predicted the presence of 
MetS was N3%, B = 0.349 (95% CI 0.171–0.712), p = 0.004.
Conclusion: In obese men, low levels of N3 deep sleep as opposed to 
severity of OSA is associated with the presence of MetS. Whether the 
impact of OSA in increasing the risk of MetS is mediated by reduction 
in N3% requires further investigation.
Support (If Any): This work was supported by UNAM-DGAPA.

0849
SLEEP DURATION AND INSULIN RESISTANCE: A META-
ANALYSIS
Iftikhar IH1, Donley MA1, Mindel J2, Pleister A 2, Soriano S2, 
Magalang UJ2

1University of South Carolina School of Medicine, Columbia, SC, 
2The Ohio State University Wexner Medical Center, Columbus, OH

Introduction: A U-shaped association exists between sleep duration 
and various medical co-morbidities such as hypertension, coronary 
vascular disease and mortality. However, data on the association be-
tween insulin resistance (I.R) and sleep duration has been rather con-
flicting. In this first of a kind meta-analysis, we sought to synthesize 
data from current literature on the magnitude of I.R observed in short 
and long sleep.
Methods: We searched in the databases of PubMed, Web of Science 
and Ovid from inception to October 4th, 2014 for cross-sectional stud-
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ies in adolescents and adults, in which I.R was assessed by homeostatic 
model assessment (HOMA-IR). Pooled mean difference in HOMA-
IR was analyzed between short sleepers (< 6 hours) and those report-
ing normal sleep duration, along with 95% confidence intervals (CIs). 
Similar analysis was separately conducted between long sleepers (> 9 
hours) and those reporting normal sleep duration.
Results: Based on 8 studies enrolling a total of 7392 participants , the 
pooled mean difference in HOMA-IR between participants reporting 
short sleep duration and normal sleep duration was 0.075 (95% CIs: 
0.006 to 0.145), p = 0.03, I2 96%. Based on a 6 studies enrolling a to-
tal of 7204 participants, the pooled mean difference in HOMA-IR be-
tween those reporting long sleep duration and those with normal sleep 
duration was 0.06 (95% CIs: 0.04 to 0.08), p < 0.001, I2 64%. No publi-
cation bias was observed. In the funnel plot, the intercept (B0) was 0.70 
(95% CIs: −4.48 to 5.90), p-value (1-tailed) = 0.37.
Conclusion: Both short and long sleep duration are significantly as-
sociated with insulin resistance.

0850
PREVALENCE OF OBSTRUCTIVE SLEEP APNEA 
(OSA) AMONG A PRE-DIABETIC POPULATION IN A 
COMMUNITY PRACTICE
Siddique R1, Mahmud I1, Cannon A 2

1Sleep and Wellness Med Ass., Hamilton, NJ, 2Endocrine Metabolic 
Associates, P.C, Philadelphia, PA

Introduction: Very little is known regarding the prevalence of OSA 
among populations with pre-diabetes and metabolic syndrome. The 
purpose of this study was to determine the prevalence of OSA among 
pre-diabetic patients in a community practice.
Methods: There were a total of 64 pre-diabetic patients. Pre-diabetes 
was defined as anyone who had a HA1c between 5.7%–6.4% according 
to the American Diabetes Association. These patients also underwent 
polysomnography. OSA was defined according to mild, moderate or 
severe categories based on the Apnea Hypopnea Index (AHI). Mild 
AHI is classified as greater than 5 but less than 15 apneas per hour. 
Moderate is greater than 15 but less than 30 apneas per hour. Severe is 
greater than 30 apneas per hour.
Results: Mean age of the pre-diabetes sample was 51 years old. The 
percent male was 68. The mean HA1c in this group was 5.7%. The per-
centage of patients with mild, moderate and severe OSA was 28%, 31% 
and 40% respectively. The average BMI were as follows, 33, 34, and 38, 
respectively for each group. The mean AHI in the mild category was 
10. In the moderate and severe categories the mean AHI was 21 and 56 
respectively. There was a statistically significant difference in mean 
AHI between mild and moderate OSA (difference: 11.14; p < 0.0001). 
There was also significant difference in AHI between mild and severe 
OSA (difference:46; p < 0.0001) and moderate and severe OSA (differ-
ence: 34; p < 0.0001).
Conclusion: The prevalence of OSA in this pre-diabetic population is 
significant, with about 70% having moderate to severe apnea. Patients 
with a higher BMI had a greater likelihood of having more severe ap-
nea. A larger sample size is needed to confirm the validity of these 
results.

0851
THE RELATIONSHIP BETWEEN GLUCOSE 
VARIATIONS AND SLEEP EEG IN YOUNG ADULTS 
WITH TYPE 1 DIABETES
Farabi SS, Quinn L, Carley DW
University of Illinois at Chicago, Chicago, IL

Introduction: Glucose homeostasis is disrupted in type 1 diabetes 
(T1DM) which can have negative effects in the brain, a predominantly 
glucose dependent organ. Sleep plays an important role in glucose ho-
meostasis, but the relationships between sleep and glucose homeostasis 
have not been systematically investigated in individuals with T1DM. 
Quantitative EEG analysis (qEEG) represents a useful tool for charac-
terizing brain function. The purpose of this investigation was to deter-
mine the relationship between qEEG measures and glucose variations 
during sleep in young adults with T1DM.
Methods: Twelve participants with T1DM (6 males), age 18–30, wore 
a continuous glucose monitoring system (CGMS) to provide interstitial 
glucose values every 5 minutes and underwent in-laboratory overnight 
polysomnography (PSG). qEEG metrics included delta, theta, alpha, 
sigma, beta and gamma band power at 5-minute intervals. Additionally, 
activation ratio (AR) [alpha + sigma / delta + theta] was quantified as 
a marker for EEG activation during the sleep period. Cross correlation 
function and wavelet coherence analyses were used to quantify the re-
lationships between glucose and qEEG measures.
Results: Cross-correlation analysis revealed highly significant correla-
tions of glucose with power in each of the EEG bands (p < 0.0001 for 
each band). In particular, the peak correlation between glucose and AR 
demonstrated a mean amplitude of 0.82 ± 0.07 (p < 0.0001) with AR 
lagging 10.0 ± 3.0 minutes (p = 0.01) behind glucose variations. More-
over, wavelet coherence analysis revealed that the coupling between 
AR and glucose was most consistent during rapid variations (periods 
between 10 and 20 minutes) with significant coherence observed for 
16 ± 2.7% (p < 0.0001) of recording time.
Conclusion: Our findings suggest a potential causal relationship be-
tween variations in glucose and brain activation in young adults with 
T1DM. Larger scale, interventional, studies will be necessary to con-
firm and determine the causal mechanisms underlying these findings.
Support (If Any): 5TL1TR000049-05 (NIH)

0852
NOCTURIA AND NEXT-DAY PHYSICAL ACTIVITY IN 
ADULTS WITH TYPE 2 DIABETES
Morris J1, Sereika SM1, Strollo JrPJ2, Burke LE1, Houze MP1, 
Chasens ER1

1University of Pittsburgh, Pittsburgh, PA, 2Division of Medicine, 
Pittsburgh, PA

Introduction: Previous studies suggest that nocturia has a negative 
effect on daytime function. The purpose of this study is to examine the 
association of nocturia with subjective physical energy and objective 
time in sedentary activity in adults with excessive daytime sleepiness 
(Epworth Sleepiness Scale ≥ 10) and type 2 diabetes.
Methods: A secondary analysis of baseline data (R21 HL 089522) ex-
amined 7-day sleep diaries (nocturia [yes/no], sleep duration, wake af-
ter sleep onset [WASO], 100 mm visual analog scales on nightly sleep 
quality “poor” to “excellent,” and next-day subjective physical energy 

“exhausted” to “energetic”). Date-matched physical activity data (aver-
age metabolic equivalent [METS] < 3 MET) were obtained from the 
BodyMedia Sensewear armband. Linear mixed effects modeling was 
used to examine the associations between the daytime outcomes of 
subjectively measured physical energy and time in sedentary physical 
activity the following day and the sleep predictor variables of nocturia, 
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WASO, sleep quality and sleep duration measured the previous night 
taking into account longitudinal data clustering within each individual.
Results: The sample (N = 107) was middle-aged 
(Mean ± SD = 52.23 ± 9.28 years, range = 31–82), had suboptimal 
glucose control (Mean A1C = 7.33 ± 1.52) and was well distributed 
by gender, race, education, and marital status (58% female, 53% non-
Caucasian, 63% > high school education; 42% married/partnered). 
Participants spent an average of 92% of wake time (16 hours) in seden-
tary activity. Sleep quality and sleep duration were independently as-
sociated (p-values < 0.01) with decreased next-day subjective physical 
energy. Nocturia increased sedentary activity by an additional 2.2%.
Conclusion: The findings suggest that impaired sleep including noc-
turnal voiding negatively affect physical activity in persons with type 2 
diabetes. Subjective measurements of physical energy may not provide 
a complete assessment of the effect of nocturia on physical activity.
Support (If Any): Support: R21 HL 089522: E. Chasens, PI

0853
THE IMPACT OF SLEEP DEBT ON ADIPOSITY AND 
INSULIN SENSITIVITY IN PATIENTS WITH EARLY 
DIABETES
Arora T1, Chen MZ 2, Cooper AR 2, Andrews RC2, Taheri S1

1Weill Cornell Medical College in Qatar, Doha, Qatar, 2University of 
Bristol, Bristol, United Kingdom

Introduction: To cross-sectionally and prospectively assess potential 
associations between baseline weekday sleep debt and obesity, as de-
termined by body mass index (BMI), as well as HOMA-insulin resis-
tance in a large sample of newly diagnosed type 2 diabetes mellitus 
patients.
Methods: Participants (n = 522), recruited into the Early Activity in 
Diabetes trial, were randomized into one of three groups (usual care, 
physical activity intervention or diet and physical activity intervention). 
Information was obtained at baseline and then at six and 12 months 
post-intervention. Seven-day sleep diaries were completed and week-
day sleep debt calculated. Objective height (cm) was obtained at base-
line and weight (kg) ascertained at all visits to determine obesity status 
(BMI ≥ 30 kg/m2), and fasting blood samples were drawn to determine 
insulin resistance using a standardized technique.
Results: At baseline, compared to those without weekday sleep debt, 
those with positive weekday sleep debt were 72% more likely to be 
obese (OR = 1.72 [95% CI: 1.03–2.88]). At six months post-interven-
tion, positive weekday sleep debt was significantly associated with 
obesity and insulin resistance after adjustment, where OR = 1.80 (95% 
CI: 1.05–3.08) and OR = 2.04 (95% CI: 1.01–4.11), respectively. A fur-
ther increase was observed, 12 months post-intervention, for positive 
weekday sleep debt with obesity and insulin resistance OR = 1.83 (95% 
CI: 1.01–3.29) and OR = 2.96 (95% CI: 1.31–6.67), respectively. For 
every 30 minutes of positive weekday sleep debt at baseline, the risk 
of obesity and insulin resistance at 12 months post-intervention was 
significantly increased by 17% and 39%, respectively.
Conclusion: The long-term effects of weekday sleep debt may cause 
metabolic disruption, which may exacerbate the progression of type 2 
diabetes mellitus. Future interventions designed to slow progression, 
or reverse metabolic disease, should consider all factors that impinge 
on metabolic function. Consistent optimum sleep hygiene/education 
may be a key component for driving successful future trials in meta-
bolic disease control.

0854
THE RELATIONSHIP OF PAIN, SLEEP, MOOD AND 
FUNCTION IN A COMMUNITY SAMPLE
Castelli MS
University at Buffalo, Buffalo, NY

Introduction: In studying the affects of the high prevalence of sleep 
disorders and the high incidence of pain disorders, we can begin to 
understand the suffering of people in a community as well as tailor 
interventions to individualize treatment. In this study, we assessed the 
relationships of sleep, pain, mood, and function.
Methods: The design for this study was cross-sectional and included 
a sample (n = 299) of participants recruited from the community at 
large using posters, research match, and the university recruiting web-
site. Data was collected for a larger study; this is a secondary analysis 
of study variables. Variables included demographics, the PROMIS-57 
profile component standard scores, Insomnia Severity Index (ISI) total 
score and Epworth Sleepiness Scale (ESS) total score, actigraphy mea-
sures of total sleep time in hours, and the AHI as measured by the Ap-
nealink device. Analysis procedures were descriptive and correlational.
Results: Two hundred ninety-nine subjects completed all study proce-
dures. Age M (sd) 40 (17), BMI M (sd) 27 (6), Physical Functioning M 
(sd) 55 (6.5), Anxiety M (sd) 50 (8.9), Depression M (sd) 46 (7.9), Social 
Role M (sd) 52 (8.3), Fatigue M (sd) 49 (8.6), Pain Interference M (sd) 
47 (7.7), ISI Total M (sd) 8.1 (5.6), AHI M (sd) 4.32 (8.04), Total Sleep 
Time M (sd) 6.93 (0.8). Significant correlations with Pain Interference 
were Sleep (r = −0.219, p = 0.000), Fatigue (r = 0.381, p = 0.000), Physi-
cal Function (r = −0.618, p = 0.000), Depression (r = 316, p = 0.000), and 
Anxiety (r = 0.221, p = 0.000).
Conclusion: Patients with pain are likely to also suffer from poor sleep, 
increased fatigue, decreased physical functioning, depression, and 
anxiety. Caring for patients with pain should also assess for and ad-
dress associated symptoms.
Acknowledgment: This abstract is a product of the Rochester Preven-
tion Research Center: National Center for Deaf Health Research and 
was supported by Cooperative Agreement Number U48DP001910 
from the CDC. The findings and conclusions in this abstract are those 
of the author(s) and do not necessarily represent the official position of 
the CDC.

0855
UNPLANNED PHYSICAL ACTIVITY IS POSITIVELY 
ASSOCIATED WITH STAGE N3 SLEEP AMONG WOMEN 
WITH TEMPOROMANDIBULAR JOINT DISORDER
Richards JM, Buenaver LF, Hand MM, Pejsa MC, 
Haythornthwaite JA, Smith MT
Johns Hopkins University School of Medicine, Baltimore, MD

Introduction: Patients with chronic pain, including temporomandibu-
lar joint disorders (TMJD), frequently report that their sleep is non-
restorative, and show disrupted slow wave (N3) sleep. Slow wave sleep 
(SWS) is a marker of homeostatic sleep drive and is believed to under-
lie restorative aspects of sleep. Physical activity (PA) is associated with 
improved sleep quality and reduced clinical pain levels. Moreover, re-
search suggests that compared to planned PA (PPA: deliberately sched-
uled PA), unplanned PA (UPA: PA, excluding PPA, that occurs during 
daily living, including climbing stairs/heavy housework) is easier to 
maintain and may occur more regularly during daily demands. How-
ever, the relationship between PA (PPA & UPA) and sleep (especially 
SWS) among chronic pain patients is poorly understood. The current 
study tested the hypothesis that greater self-reported PA (PPA & UPA) 
would be associated with enhanced N3 sleep in a sample of female 
TMJD patients.
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Methods: Forty-eight women (Mean age = 36.35; SD = 13.24) with 
TMJD and poor subjective sleep quality completed self-report mea-
sures (demographics, Brunel Lifestyle Physical Activity Questionnaire 
(BLPAQ; separate subscales for PPA and UPA)) and underwent an 
overnight home polysomnographic (PSG) assessment.
Results: Separate multiple linear regression analyses were conducted 
with each BLPAQ subscale (UPA & PPA) as independent variables, 
and percentage of sleep time spent in N3 as the dependent variable. 
Controlling for age and total sleep time, UPA significantly predicted 
percentage of time spent in stage N3 (β = 0.296; t = 2.245; p = 0.03). 
Notably, UPA was not associated with any other sleep stage, nor did 
PPA predict any sleep stage.
Conclusion: Greater UPA was associated with increased N3 sleep. 
Findings suggest that routine daily UPA may boost homeostatic sleep 
drive, thus enhancing N3 sleep. Future research should aim to examine 
whether increased PA can reduce clinical pain levels via boosts in N3 
sleep among TMJD patients.
Support (If Any): The present work was supported by NIH grant RO1 
NA_00070364 (PIs: Haythornthwaite, JA & Smith, MT).

0856
PATIENT AWARENESS AND RISK OF SLEEP APNEA 
USING STOP-BANG IN THE PAIN CLINIC POPULATION
Tentindo GS1,2, Fishman S2, Brass SD2, Li C2

1University of California San Fancisco, San Francisco, CA, 
2University of California Davis, Sacramento, CA

Introduction: It is known that patients utilizing chronic opiate thera-
py are at high risk for sleep-disordered breathing. Opiates have been 
shown to both decrease central respiratory drive and the patency of the 
upper airway. The STOP-BANG questionnaire has been validated in 
several populations and determined to be of the highest methodologi-
cal quality and sensitivity, but it has not been used to date to screen for 
sleep apnea in patients using opiates. It is also unclear whether patients 
consuming opiates are aware of their increased risk for sleep apnea.
Methods: A total of 340 consecutive patients presenting to the UC 
Davis Pain Clinic were invited to participate in an anonymous sleep 
survey. The survey included questions regarding demographics and 
opiate use, as well as, the STOP-BANG questionnaire and Epworth 
Sleepiness Scale. The survey also included questions about patient’s 
knowledge of, testing, diagnosis, or treatment of sleep apnea and if 
their health care providers have discussed with them their increased 
risk of sleep apnea.
Results: Among the 340 consecutive patients, 84.7% (n = 288) of 
them agreed to participate in the survey. Among these patients 69.4% 
(n = 200) screened positive for sleep apnea based on the STOP-BANG 
questionnaire. Among the 171 patients on opiate therapy 78.4% 
(n = 134) were STOP-BANG positive. Of these 134 patients, only 
44.7% (n = 60) discussed their risk of sleep apnea with a health care 
provider and only 38.8% (n = 52) underwent testing.
Conclusion: A significant percentage of the pain clinic population on 
opiates screened positive for sleep apnea. The vast majority of these 
patients were unaware of their increased risk of sleep apnea and de-
nied undergoing the necessary testing. Greater attention to screening, 
testing and educating for sleep apnea needs to occur in the pain clinic 
population given the potentially dangerous ramifications of opiate in-
duced sleep apnea.

0857
PHYSICAL ACTIVITY PREDICTS 
POLYSOMNOGRAPHIC SLEEP EFFICIENCY IN 
FEMALES WITH TEMPOROMANDIBULAR JOINT 
DISORDER
Pejsa MC, Hand MM, Richards JM, Estremadoyro C, Campbell CM, 
Smith MT, Buenaver LF, Haythornthwaite JA
Johns Hopkins University, Baltimore, MD

Introduction: Sleep disturbance and pain have a bidirectional rela-
tionship. Recent studies using sophisticated statistical methodologies 
suggest that in some pain conditions, such as temporomandibular joint 
disorder (TMJD), sleep disturbance might be a more robust predictor 
of subsequent pain than vice versa. High levels of self-reported daily 
physical activity are associated with enhanced sleep quality in the 
general population and reduced clinical pain ratings in chronic pain 
patients. The present study investigates the effects of self-reported 
physical activity (PA) on polysomnographic (PSG) sleep in a sample 
of females diagnosed with TMJD and self-reported poor sleep. We hy-
pothesized that increased PA would be associated with better objective 
sleep assessed through PSG.
Methods: Forty-seven women with TMJD (mean age = 35.85, 
SD = 12.92) completed measures of clinical pain and PA (Godin Lei-
sure-Time Exercise Questionnaire), and underwent home sleep testing 
and a Research Diagnostic Criteria (RDC) exam to confirm TMJD.
Results: Hierarchical multiple regression assessed the association be-
tween PA and PSG sleep, controlling for age and body mass index (BMI). 
17% of the variance in PSG sleep efficiency was explained by age and 
BMI (step 1) and 10% by PA (step 2) [F change (1, 43) = 6.03, p = 0.02]. 
The final model accounted for 27.2% of the variance [F(3, 43) = 5.36, 
p < 0.01]; only age (beta = −0.35, p = 0.01) and PA (beta = 0.33, p = 0.02) 
were independently associated with PSG sleep efficiency. PA showed a 
trend toward significance (p = 0.057) in predicting PSG total sleep time.
Conclusion: Participants reporting increased PA (combined mild, 
moderate, strenuous) had greater sleep efficiency than those reporting 
lower levels of PA. Our findings are consistent with previous litera-
ture and suggest that PA is associated with objectively measured sleep 
efficiency. Consequently, PA, a modifiable risk factor, may represent 
a pathway through which persistent pain may be ameliorated via en-
hanced sleep. Future work should examine whether increased PA im-
proves sleep and reduces pain in TMJD.

0858
DIFFERENCES IN SLEEP CONTINUITY BETWEEN 
CRISIS AND NON-CRISIS PAIN DAYS IN ADULTS WITH 
SICKLE CELL DISEASE
Moscou-Jackson G1, Campbell CM2, Finan PH2, 
Haythornthwaite JA 2

1Johns Hopkins University School of Nursing, Baltimore, MD, 2Johns 
Hopkins University School of Medicine, Baltimore, MD,

Introduction: In previous work we demonstrated daily variation in 
sleep continuity impacts pain in adults with Sickle Cell Disease (SCD). 
Specifically worse sleep continuity (i.e. increased sleep latency and 
sleep fragmentation and decreased sleep duration and sleep efficiency) 
were associated with increased clinical pain during the day. Building 
upon previous work, the present analyses examined sleep continuity on 
sickle cell crisis and non-crisis days. We were particularly interested in 
modeling differences in sleep continuity around crisis days.
Methods: Seventy-five adults with SCD who completed daily morn-
ing (sleep) and evening (pain) diaries over a three-month period were 
included (Mage 38.5 years). Data were analyzed using descriptive sta-
tistics and one-way ANOVA with correction for multiple comparisons.
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Results: During the three-month diary period, 4,411 morning diaries 
and 4,549 evening diaries were completed. Approximately 29.3% of 
participants (n = 22) never reported a crisis, while 8% of participants 
(n = 6) reported a crisis on 50% or more of their dairy days. Compared 
to consecutive non-crisis nights, nights preceding and during a crisis 
were characterized by longer sleep latency (Mdiff 10.9 min and Mdiff 17.1 
min, p < 0.01, respectively) and greater sleep fragmentation (Mdiff 23.4 
min and Mdiff 30.1 min, p < 0.001, respectively). Additionally, sleep du-
ration (Mdiff −43.2 min and Mdiff −49 min, p < 0.01, respectively) and 
sleep efficiency (Mdiff −7% and Mdiff −9% min, p < 0.001, respectively) 
were lower on nights before and during a crisis as compared to con-
secutive nights without a crisis (p < 0.001). With the exception of sleep 
latency, all other sleep continuity parameters trended toward improve-
ment the night after a crisis (ps < 0.01).
Conclusion: We demonstrate that sleep continuity is disrupted during 
a sickle cell crisis. Future analyses should examine whether changes in 
sleep continuity can be used to predict the onset of a sickle cell crisis.
Support (If Any): Supported by grant NIH/NHLBI 5R01HL098110.

0859
RESISTANT HYPERTENSION AND SLEEP DURATION 
AMONG BLACKS WITH METABOLIC SYNDROME
Rogers A1, Williams S1, Penesetti S1, Akinseye O2, Donat M3, 
Vincent M3, Ogedegbe O1, Jean-Louis G1

1Center for Healthful Behavior Change, Department of Population 
Health, New York University Medical Center, New York, NY, 2Icahn 
School of Medicine at Mount Sinai, Jamaica, NY, 3SUNY Downstate 
Department of Family Medicine, Brooklyn, NY

Introduction: Resistant hypertension (RHTN) is an important con-
dition affecting 3–29% of the US population, albeit more common 
among blacks. We evaluated associations of RHTN with short sleep 
among blacks.
Methods: Data came from the Metabolic Syndrome Outcome Study 
(MetSO), an NIH-funded cohort study characterizing metabolic syn-
drome (MetS) among blacks. Analysis was based on 883 patients 
(mean age: 62 ± 14 years; female: 69.2%). MetS was defined accord-
ing to criteria from the Adult Treatment Panel (ATP III). RHTN was 
defined as failure to achieve blood pressure goal (BP) of < 140/90 mm/
Hg or < 130/80 mm/Hg among patients with diabetes or kidney disease 
when on maximal doses of a three-drug regimen. This also includes 
patients requiring more medications to achieve BP goal. Short sleep, 
derived from subjective reports, was defined as < 7 hours, referenced 
to healthy sleep (7–8 hours). OSA risk was assessed using the Apnea 
Risk Evaluation System (ARES™); patients with a score ≥ 6 were con-
sidered at high OSA risk, based on validated studies.
Results: Most (90.4%) were overweight/obese; 61.4% had diabetes; 
74.8%, dyslipidemia; 30.2%, heart disease; and 48% were at OSA risk. 
Overall, 92.6% had HTN, and 20.8% met criteria for RHTN. Analyses 
showed no significant difference in HTN prevalence comparing short 
(91.4%) and healthy sleepers (93.1%), but those with RHTN were more 
likely to be short sleepers (26.8% vs. 14.9%, p < 0.001). Based on lo-
gistic regression analysis, adjusting for effects of age, sex and medical 
comorbidities, patients with RHTN had increased odds of being short 
sleepers (OR = 1.90, 95% CI: 1.27–2.90, p = 0.002). Of interest, odds of 
being short sleepers among those at OSA risk were similar (OR = 1.92, 
95% CI: 1.38–2.68, p < 0.001).
Conclusion: Among blacks with metabolic syndrome, patients meet-
ing criteria for RHTN showed a twofold greater likelihood of being 
short sleepers. Adjusted odds of short sleep were remarkably similar to 
those observed for patients at OSA risk.

Support (If Any): This research was supported by funding from 
the National Institutes of Health: R25HL105444, R01HL095799, 
RO1MD004113, and K24HL2222315.

0860
ANALYSIS THE RELATED FACTORS OF ESSENTIAL 
HYPERTENSION WITH OBSTRUCTIVE SLEEP APNEA-
HYPOPNEA SYNDROME IN RENAL FUNCTION
Chen Y1, Jiang Q1, Sun X 2, Xu X1, Zhang X1, Simayi Z1

1The First Teaching Hospital of Xinjiang Medical University, Urumqi 
in Xinjiang, China, 2The Second Teaching Hospital of Xinjiang 
Medical University, Urumqi in Xinjiang, China

Introduction: To study the related factors of the renal function in pa-
tients with hypertension associated with obstructive sleep apnea-hy-
popnea syndrome (OSAHS).
Methods: Hypertensive who complaining of snoring at night from the 
First Affiliated Hospital of Xinjiang Medical University were enrolled 
and conducted the polysomnography. The patients were divided into 4 
groups according to the apnea hypoventilation index (AHI): AHI < 10/h 
for the simple hypertension group (EH group, n = 106), 10~15/h for the 
hypertension associated with mild OSAHS group (mild group, n = 102), 
and 15~30/h for hypertension with moderate OSAHS group (moder-
ate group, n = 153), AHI ≥ 30/h for hypertension with severe OSAHS 
group (severe group, n = 96). The quantitative level of blood urea, cre-
atinine, 24 hour urinary total protein (24 h UTP), 24 hours urinary 
microalbumin, cystatin C (Cyst C) were compared among each groups, 
and analyzed the related factors of above results.
Results: The baseline date of gender, age, body mass index (BMI), 
24-hour systolic blood pressure (24 h SBP), fasting blood-glucose had 
significant difference between the four groups (P < 0.05). 24 h UTP 
and 24 h urinary microalbumin in the sever group were higher than 
those in the mild group and simple hypertension group; the Cyst C in 
each of the group with OSAHS were higher than the simple hyperten-
sion group (all P < 0.05). The multi-factor Logistic regression analysis 
indicates that: BMI (OR = 1.555, 95% CI 1.082–2.235), severe OSAHS 
(OR = 4.112, 95% CI 1.311–12.897) were the influencing factors of the 
24 h UTP; blood pressure control (OR = 2.337, 95% CI 1.325–4.112), 
BMI (OR = 1.636, 95% CI 1.241–2.157) were the influencing factors 
of 24 h urinary microalbumin; age (OR = 2.092, 95% CI 1.419–3.085), 
blood pressure control (OR = 2.817, 95% CI 1.231–6.445), severe 
OSAHS (OR = 5.094, 95% CI 1.042~24.897) were the influencing fac-
tors of the Cyst C.
Conclusion: In the patients of the hypertension associated with 
OSAHS, BMI, severe OSAHS as influencing factors for 24 h UTP; 
blood pressure control, BMI as influencing factors for 24 h urinary 
microalbumin; Age, blood pressure control, severe OSAHS as influ-
encing factors for Cyst C. OSAHS as risk factor for early renal damage.

0861
WITHIN-PERSON SHORTER SLEEP DURATION LEADS 
TO INCREASES IN BLOOD PRESSURE
Ma RA1, Samy L2, Macey K1, Mousavi Z1, Brecht M1,3, Shaboyan S1, 
Sarrafzadeh M2, Macey PM1

1UCLA School of Nursing, University of California at Los Angeles, 
Los Angeles, CA, 2Department of Electrical Engineering, University 
of California at Los Angeles, Los Angeles, CA, 3Department of 
Psychiatry and Biobehavioral Sciences, University of California at 
Los Angeles, Los Angeles, CA

Introduction: Short sleep is associated with detrimental health effects, 
including higher blood pressure. However, the mechanisms and timing 
of how short sleep duration impacts blood pressure are unclear. In this 
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pilot study, the objective was to identify any daily impact of short sleep 
duration on blood pressure within individuals.
Methods: Using a home wireless mobile system, we studied 11 healthy 
control participants for up to 42 days each over 6 to 12 weeks. Partici-
pants received a blood pressure monitor and smart phone with an app 
to record blood pressure data via Bluetooth, and guide them through 
the following ~15 minute testing protocol: After setup, participants 
were asked about their sleep patterns including estimated sleep dura-
tion. Blood pressure and heart rate readings were obtained following 
a 5 minute rest period. Data were automatically uploaded to UCLA 
Wireless Health Institute servers. Sleep duration was classified as short 
(≤ 5 hours; SSD) or normal (5 hours; NSD), with long (≥ 10 hours) 
excluded. Mean arterial pressure (MAP) was calculated from monitor 
readings. Using subjects with some SSD, we estimated the relationship 
between sleep duration and MAP or heart rate with generalized esti-
mating equations (GEE), indicating repeated measures within subjects.
Results: After 582 tests, seven participants reported a mix of SSD 
(N = 87) and NSD (N = 224); the remaining four reported NSD only. In 
the seven participants with mixed sleep duration, GEE showed greater 
sleep duration predicting lower MAP (−2.06 mmHg/hour; p = 0.04). 
Heart rate showed only a trend towards increasing with sleep duration 
(1.86 bpm/hour; p = 0.07).
Conclusion: In this pilot study, within-subject short sleep duration was 
associated with a 2 mmHg/hour-of-sleep decrease in blood pressure 
over normal sleep duration. This finding suggests the impact of a short 
night’s sleep is immediate, and may reflect elevated sympathetic ner-
vous system activity due to the physiologic and psychological stress of 
inadequate sleep.
Support (If Any): NIH National Institute of Nursing Research 
NR013693

0862
DISCORDANCE BETWEEN SELF-REPORTED SLEEP 
QUALITY, DAYTIME SLEEPINESS, AND OBJECTIVELY 
MEASURED BEHAVIORAL ALERTNESS IN PATIENTS 
WITH HEART FAILURE
Varrasse M1, Masterson Creber R 2, Pak V1, Riegel B1

1University of Pennsylvania School of Nursing, Philadelphia, PA, 
2Columbia University School of Nursing, New York, PA

Introduction: Although sleep disordered breathing is common in per-
sons with heart failure, less is known about daytime sleepiness and be-
havioral alertness in this population. The primary aim of this study was 
to describe characteristics of sleep in community-dwelling adults with 
heart failure across three domains; subjective sleep quality, subjective 
daytime sleepiness and objective behavioral alertness.
Methods: A community-based sample of 280 participants with chron-
ic heart failure was recruited from medical centers in the Northeast-
ern United States. Data were collected at baseline using widely used 
measures validated to be sensitive to sleep quality (Pittsburgh Sleep 
Quality Index (PSQI)), sleepiness (Epworth Sleepiness Scale (ESS), 
Stanford Sleepiness Scale (SSS)), and behavioral alertness (Psychomo-
tor Vigilance Test (PVT)).
Results: Participants had a mean age of 62 years, were predominantly 
white male, and were functionally compromised. The majority of the 
sample (73%) reported poor sleep quality on the PSQI and 76% report-
ed routine daytime napping with an average length of 1.5 (± 0.13) hours. 
Behavioral alertness was poor as evidenced by a slow PVT mean re-
sponse time (3.09 ± 0.76), a high number of lapses (8.52 ± 13.10), and a 
long mean duration of lapses (slowest 10% response time: 1.92 ± 0.70). 
However, only 14% of the sample reported feeling sleepy on the SSS 
and the mean (± SD) ESS was low (7.0 ± 4.6), indicating they did not 
perceive daytime sleepiness.

Conclusion: We found a distinct mismatch between self-reported 
sleepiness and behavioral alertness. The observation that the typical 
match between daytime sleepiness and behavioral alertness was not 
found in patients with heart failure highlights the importance of objec-
tive measures of neurobehavioral performance when assessing sleep 
parameters in heart failure patients. The mechanism underlying this 
mismatch requires further research.
Support (If Any): NHLBI R01 HL084394 and NRSA T32NR009356-
06A1
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SLEEP DISTURBANCE, SYMPTOMS AND PHYSICAL 
FUNCTIONING IN PULMONARY ARTERIAL 
HYPERTENSION
Matura L1, McDonough A 2, Carroll D3

1University of Pennsylvania, Philadelphia, PA, 2University of 
Massachusetts, Lowell, MA, 3Massachusetts General Hospital, 
Boston, MA

Introduction: The aim of this study was to determine if there are dif-
ferences in self-reported sleep disturbance, pulmonary arterial hyper-
tension (PAH) symptoms and health-related quality of life (HRQOL) 
among New York Heart Association (NYHA) functional class (FC) 
groups in people with PAH.
Methods: This was a cross-sectional design. A convenience sample 
included 191 adults with PAH. Participants completed a socio-demo-
graphic and clinical data form, the Pulmonary Arterial Hypertension 
Symptom Scale (PAHSS) which measured sleep difficulty (scores 
range 0–10), and the Medical Outcomes Survey Short Form 36 (SF-36) 
(scores range 0–100). The sample was categorized into the four NYHA 
FC groups. NYHA FC I are those with no symptoms with ordinary 
physical activity, in contrast to those categorized as NYHA FC IV 
who have symptoms at rest. Descriptive statistics described the sample. 
Analysis of variance (ANOVA) and chi square determined differences 
among continuous and categorical variables with post hoc analyses to 
account for multiple comparisons.
Results: Eighty-five percent of the sample were female with a mean 
age of 53 years. Twelve percent (n = 22) were NYHA FC I; 19% (n = 36) 
NYHA FC II; 28% (n = 54%) NYHA FC; and 41% (n = 79) NYHA FC 
IV. Mean sleep difficulty scores were significantly different among the 
NYHA FC groups (p < 0.0001) with higher sleep difficulty reported 
as the NYHA FC groups increased. All symptoms measured by the 
PAHSS were significantly different (p < 0.0001) among the NHYA 
FC groups except for syncope. HRQOL measured by the SF-36 were 
significantly worse (< 0.0001) as NYHA FC increased except for role 
emotional and emotional subscales.
Conclusion: Sleep difficulty was significantly worse as the NYHA FC 
increased. PAH symptoms and HRQOL were also significantly worse 
in the higher NHYA FC groups. As disease severity increases assess-
ing and employing strategies to improve sleep is needed.
Support (If Any): This study was partially funded by a Bouve Col-
lege of Health Sciences, Northeastern University intramural grant and 
Sigma Theta Tau International Gamma Epsilon grant.



SLEEP, Volume 38, Abstract Supplement, 2015 A304

B. Clinical Sleep Science VII. Medical Disorders and Sleep

0864
PERIPHERAL NEUTROPHILIA : RISK FACTOR FOR 
CARDIOVASCULAR DISEASE IN PATIENTS WITH 
COPD-OSA OVERLAP SYNDROME
Campbell S1, Oursler K 2, Martin T 2, Horowitz M2, Macrea M2

1Virginia Tech Carilion School of Medicine, Roanoke, VA, 2Salem 
VAMC, Salem, VA

Introduction: Obstructive sleep apnea (OSA) and chronic obstructive 
pulmonary disease (COPD) co-exist as overlap syndrome (OS) in up to 
1% of the adult male population. These patients have higher cardiovas-
cular (CVD) morbidity and mortality than either OSA or COPD-only 
patients, likely due to the increased chronic intermittent hypoxia (IH) 
that leads to increased neutrophils survival, inflammation and endo-
thelial dysfunction. We therefore hypothesized that OS patients have 
increased neutrophils survival compared with COPD-only patients.
Methods: A cross-sectional study of patients with COPD and severe 
comorbidities as defined by the Care Assessment Need score above 95 
were seen in the Pulmonary Tele-Health Clinic at the Salem VAMC 
over a 1 year period of time. Demographic and polysomnographic data, 
FEV1 and Charlson Comorbidity Index (CCI) were extracted from the 
Electronic Medical Records. OSA was defined as per AASM guide-
lines. Serum WBC with neutrophils’ percentages were obtained after 
the Tele-Health appointment. Age, body mass index (BMI), FEV1, and 
CCI were analyzed as predictors. The outcome was the percentage of 
neutrophils in OS patients. Data was analyzed using multivariable lo-
gistic regression, adjusted for potential confounders.
Results: Data was available on 38 patients with COPD, 14 (36%) of 
whom also had OSA and were considered OS. The COPD severity in 
the OS patients was as follows: mild 7%; moderate 29%; severe 50%; 
and very severe 14%. In OS patients the age, BMI, FEV1, CCI and WBC 
with neutrophils’ percentages were as follows (mean ± SEM): 69 ± 5.9 
years; 34 ± 7.5; 47 ± 17.5%; 6 ± 2.1; 7.9 ± 0.3 mg/L and 67.8 ± 1.8%. No 
differences in age, FEV1 and CCI were found between OS and COPD-
only patients. There was a statistically significant difference (p = 0.04) 
in the mean percentage of neutrophils of OS (74 ± 8.3) vs COPD-only 
(63 ± 9). Patients with OS had a higher percentage of peripheral neutro-
phils (OR 1.14.; 95% CI 1.01–1.29) compared with COPD independent 
of BMI.
Conclusion: Peripheral neutrophils were 14% percent higher in OS 
than in COPD-only patients. These findings suggest that one of the 
mechanisms by which IH contributes to worse CVD outcomes in OS is 
inflammation due to increased neutrophils survival.
Support (If Any): This project titled “Integrated rural care for COPD 
disease in severely-comorbid geriatric veterans (IRC-COPD)” is fund-
ed by the Office of Rural Health N06-FY14Q1-S1-P00855
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PULMONARY REHABILITATION IN SEVERELY 
COMORBID PATIENTS WITH COPD-OSA OVERLAP 
SYNDROME
Kuchelan D1, Campbell S1, Martin T 2, Macrea M2

1Virginia Tech Carilion School of Medicine, Roanoke, VA, 2Veterans 
Affairs Medical Center, Salem, VA

Introduction: The co-existence of both OSA and COPD in a single 
patient is called “Overlap Syndrome” (OS) and is associated with 
worse outcomes than that of OSA or COPD-only patients. As in COPD 
patients pulmonary rehabilitation (PR) reduces symptoms, disability, 
number of hospitalizations,emergency department or physician office 
visits and improves the overall quality of life and survival, PR could be 
a promising strategy towards improving outcome of OS patients. Little 
is known about the need of PR in OS patients. Therefore, our project 

aimed to evaluate the prevalence and possible predictors of PR in a 
cohort of OS patients.
Methods: Individuals with COPD and severe comorbidities (CAN 
score above 95) were selected from the Salem VAMC outpatient clin-
ics for Tele-Health services over 1 year period of time. Information on 
age, body mass index (BMI), home oxygen therapy (HOT), FEV1, and 
comorbidities (Charlson Comorbidity Index) were available from the 
Electronic Medical Record. OSA was defined as per AASM guidelines. 
The need for PR in OS patients was determined by applying GOLD 
recommendations.
Results: Data was available on 38 patients with COPD and severe 
comorbidities, 14 (36%) of whom also had OSA and were considered 
OS. In COPD patients the age, BMI, FEV1 and CCI were as follows 
(mean ± SEM): 72 ± 1.2 years; 29 ± 1.2; 50 ± 2.4%; 5.7 ± 2.9, respective-
ly. No differences between age, FEV1 and CCI were found between OS 
and COPD-only patients. Only one patient with OS had mild COPD. 
Patients with more severe COPD had a higher frequency of HOT (OR 
2; 95% CI) independent of age, BMI and CCI.
Conclusion: A third of COPD patients with severe comorbidities had 
OS. A majority of these patients qualified for PR. HOT predicted need 
for PR in OS. OS patients need to be identified within the OSA and/or 
COPD population and targeted for PR intervention.
Support (If Any): This project titled “Integrated rural care for COPD 
disease in severely-comorbid geriatric veterans (IRC-COPD)” is fund-
ed by the Office of Rural Health N06-FY14Q1-S1-P00855

0866
SLEEP QUALITY, SYMPTOMS AND AFFECTIVE 
DISTRESS IN CHRONIC OBSTRUCTIVE PULMONARY 
DISEASE
Kapella MC, Roan S, Kim DL, Carley DW, Herdegen JJ
University of Illinois at Chicago, Chicago, IL

Introduction: People with chronic obstructive pulmonary disease 
(COPD) experience multiple symptoms that affect daytime function-
ing. The theory of unpleasant symptoms suggests interaction among 
symptoms in COPD, but there is limited empirical evidence to support 
this. The purpose of this research was to identify and examine clusters 
of symptoms that commonly occur in COPD and their predictors.
Methods: This was a cross-sectional, secondary analysis of two data-
sets totaling 150 subjects (86 men, 64 women) with moderate to severe 
COPD (Mean (SD) FEV1 percent predicted = 48 (19)). Measures in-
cluded the Chronic Respiratory Disease Questionnaire Dyspnea scale, 
the Profile of Mood States, the Pittsburgh Sleep Quality Index and the 
Functional Performance Inventory. Data were analyzed using linear re-
gression and two step cluster analysis to determine clusters.
Results: Three distinct clusters were identified. Thirty-one subjects 
(21%) fell into cluster 1 (greater affective distress (anxious and de-
pressed mood), dyspnea, fatigue and poorer sleep quality), 72 subjects 
(48%) fell into cluster 2 (less affective distress, dyspnea, fatigue and 
better sleep quality), and 47 (31%) fell into cluster 3 (lowest affective 
distress, fatigue, dyspnea and normal sleep quality). Anxious mood 
was the most important predictor of cluster, followed by depressed 
mood, fatigue, sleep quality and level of dyspnea. Age, but not gender, 
body mass index or amount of airflow obstruction predicted cluster 
membership. Cluster was significantly associated with daytime func-
tioning (r = 0.48, p = 0.000).
Conclusion: Results support the notion that there are distinct symptom 
clusters in people with moderate to severe COPD that are associated 
with functioning. Understanding symptom clusters has important im-
plications for treatment strategy in COPD.
Support (If Any): This abstract is funded by: NIHKO1NR010749 and 
NIHRO1NR013937.
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0867
NOCTURNAL OXYGEN SATURATION PROFILES OF 
LUNG CANCER SURVIVORS COMPARED TO MATCHED 
HEALTHY CONTROLS
Dean GE1, Ferreira da Rosa Silva C1, Demey Zambrano JA1, 
Dhillon S2, Dexter E2, Jungquist CR1,2, Dickerson SS1

1University at Buffalo, Buffalo, NY, 2Roswell Park Cancer Institute, 
Buffalo, NY

Introduction: Research on nocturnal oxygen saturation has been re-
ported for patients with obstructive sleep apnea, neurologic diseases 
(ALS and MS) and lung disease such as chronic obstructive lung dis-
ease; however, data on lung cancer survivors is lacking. Low nocturnal 
oxygen saturation may contribute to fatigue symptoms in these patients. 
The purpose of this study was to obtain a profile of oxygen saturation 
(SpO2) that represent reference ranges of nocturnal SpO2 recordings 
from a cohort of lung cancer survivors compared to matched controls.
Methods: Twenty participants > 6-weeks surgery for stage I/II non-
small cell lung cancer were included. Healthy controls were matched 
for age, BMI, gender and smoking history. Healthy controls were ob-
tained from data on healthy sleep study that was conducted by one of 
the authors (CJ). All subjects were screened with the Apnea-Link de-
vice (overnight at-home screening). A Board Certified sleep medicine 
physician reviewed the results for obstructive sleep apnea and referred 
those patients for definitive diagnosis and treatment if their AHI was 
greater than > 5. Outcome measures included number of apneas, hy-
popneas, snoring events, as well as oxygen saturation (SpO2) at base-
line, lowest saturation and percentage of time during the night at 90, 85 
and less than 80% saturation.
Results: Lung cancer survivors had a mean baseline SpO2 of 93 (4.89) 
range 78–99. The lowest saturation mean was 80 (6.66) range 69–89. 
Healthy controls baseline saturation 96 (sd 7.03) range 69–100, and 
lowest saturation was mean 82 (sd 12.7) range 40–93. Profiles are de-
picted in reference curves representing SpO2 saturation and percent-
age of night in each saturation.
Conclusion: This pilot study demonstrated differences between lung 
cancer survivors and healthy controls in nocturnal SpO2 levels that 
may lead to recommendations regarding routine screening of lung 
cancer survivors post-operatively for nocturnal O2 therapy. Additional 
research is needed prior to dissemination and translation into practice.
Support (If Any): This study was supported by the NIH-NINR-
R15NR013779.

0868
ASTHMA AND SLEEP IN URBAN CHILDREN WITH 
ASTHMA AND HEALTHY CONTROLS
Koinis Mitchell D1, Kopel SJ1, LeBourgeois M2, Boergers J1, Seifer R1, 
Esteban CA1

1Alpert Medical School - Brown U., Providence, RI, 2Department of 
Integrative Physiology, University of Colorado Boulder, CO

Introduction: Urban minority children are at increased risk for asthma 
morbidity and poor sleep quality. Nocturnal asthma symptoms disrupt 
sleep, especially in children with poorly controlled asthma, and can af-
fect daytime functioning. In this study, we compare sleep quality in our 
sample of urban minority, school-aged children with persistent asthma 
to enrollees free of chronic illness, to national recommendations (NSF, 
2014) for this age group, and to published data from other samples of 
healthy, ethnically diverse children (Nixon et al., 2008).
Methods: Data are from the 4-week, fall monitoring period of a 
larger study examining asthma, sleep, and school outcomes over the 
academic year in ethnically diverse, urban children ages 7–9 and their 
caregivers. Sleep quality (efficiency, duration, night wakings) was as-

sessed through actigraphy, and sleep hygiene via the Children’s Sleep 
Hygiene Scale. Asthma diagnosis and severity were assessed by study 
clinicians using clinical guidelines.
Results: 376 participants (254 asthma, 122 healthy controls) completed 
the fall monitoring period. When compared to recommendations for 
sleep duration in this age group (10.5–11 hours nightly), our sample 
had shorter sleep duration (M = 9 hours), t = −28.7, p < 0.001. Likewise, 
sleep efficiency in our asthma sample (M = 86.7%) was significantly 
lower than in a normative sample (M = 93%), t = −26, p < 0.001, and our 
participants had shorter duration (9 hours) relative to a healthy, ethni-
cally diverse community sample (10 hours, Scholle et al., 2011), t = 9.1, 
p < 0.001. On average, participants with asthma had 56% of nights 
with sleep efficiency greater than 87% (our sample’s mean), compared 
to controls (M = 63%), F = 5.7, p < 0.05. Sleep hygiene did not differ by 
group. Asthma participants had lower sleep efficiency (M = 87%) than 
controls (M = 88%), F = 6.2, p < 0.05; and more night wakings (M = 5.1 
and 4.4, respectively), F = 3.8, p < 0.05.
Conclusion: Interventions for decreasing asthma symptoms are need-
ed to enhance sleep quality and may assist in improving daytime func-
tioning in urban children.
Support (If Any): R01 HD057220, Eunice Kennedy Shriver National 
Institute of Child Health and Development (D. Koinis Mitchell, PI)

0869
SLEEP QUALITY AND NOCTURNAL SYMPTOMS IN A 
CANADIAN COPD COHORT
Jen R1,2, Tan W1, Malhotra A 2, Bourbeau J3, Aaron S 4, Ayas NT1

1University of British Columbia, Vancouver, BC, Canada, 2University 
of California, San Diego, San Diego, CA, 3McGill University, 
Montreal, QC, Canada, 4University of Ottawa, Ottawa, ON, Canada

Introduction: Small studies have suggested that patients with chronic 
obstructive pulmonary disease (COPD) have poor sleep quality. Our 
aim was to examine the prevalence of subjective sleep related com-
plaints including insomnia, obstructive sleep apnea, and restless leg 
syndrome in a large community based cohort.
Methods: We analyzed cross-sectional data on sleep questionnaire 
responses from the Canadian Cohort Obstructive Lung Disease (Can-
COLD) study, a population-based, prospective longitudinal cohort 
study across Canada. The cohort comprises a COPD group (classified 
by pulmonary function test in terms of severity) and two matched non-
COPD (never smokers and ever-smokers) groups. Sleep related symp-
toms were assessed using questionnaires including Pittsburgh Sleep 
Quality Index (PSQI). PSQI consists of seven elements of sleep quality, 
and a total score of PSQI > 5 indicates poor sleep quality. Data were 
compared between groups using Wilcoxon-Mann-Whitney test.
Results: Of the 1117 subjects, 262 were healthy controls, 321 were 
smokers without COPD, and 534 had COPD (297, 210, and 27 had mild 
(GOLD 1), moderate (GOLD 2), and severe (GOLD 3 and 4) disease 
respectively). The median PSQI score was 4 across all groups; how-
ever, a higher percentage (40.7%) of patients with severe COPD had 
poor sleep compared to the other groups (33.7–37.4%). Also, a signifi-
cantly higher percentage of patients with severe COPD complained of 
nocturnal breathing discomfort (22.2%) compared to normal controls 
(p < 0.05).
Conclusion: Compared to normal controls and smokers, subjects with 
mild to moderate COPD have similar subjective sleep quality. Patients 
with severe COPD have a tendency towards poor sleep quality and a 
high prevalence of nocturnal breathing related symptoms.
Support (If Any): CIHR/Rx&D Collaborative Research Program 
Grants (No. 93326); and industry partners (Astra Zeneca Canada Ltd., 
Boehringerâ€‘Ingelheim Canada Ltd., GlaxoSmithKline Canada Ltd, 
Merck,Novartis Pharma Canada Inc., Nycomed Canada Inc., Pfizer 
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Canada Ltd).; the Respiratory Health Network of the FRQS and the 
Canadian Respiratory Research Network (CRRN). CIHR Sleep Team 
Grant.

0870
ASSOCIATION OF SLEEP DURATION AND 
SOCIOECONOMIC FACTORS WITH HEADACHE/
MIGRAINE: ANALYSIS OF THE NATIONAL HEALTH 
INTERVIEW SURVEY DATA- 1997-2013
Masters-Israilov A1, Gibilaro J1, Collado A 2, Pandi-Perumal SR 2, 
Ojike N2, Zizi F2, Williams NJ3, McFarlane SI1, Jean-Louis G2

1SUNY Downstate Medical Center, Brooklyn, NY, 2NYU School of 
Medicine, New York, NY, 3Center for Healthful Behaivor Change, 
Department of Population Health, NYU School of Medicine, New 
York, NY

Introduction: We assessed associations of sleep duration and socio-
demographic factors with severe headaches/migraine.
Methods: National Health Interview Survey (NHIS) data collected 
from 1997–2013 was utilized. NHIS applied a multistage area prob-
ability sampling design. Descriptive statistics were used to character-
ize the sample, and multivariate logistic regression model was used 
to test associations of sleep duration and socioeconomic factors with 
severe headaches/migraine.
Results: Of 515,456 adults surveyed, the mean (± SEM) age was 
54.3 ± 0.016 ranging from 18 to 85 years; the mean body mass index 
(BMI) in kg/m2 was 26.8 ± 0.007. A greater proportion of women re-
ported headaches compared to men (20.1% vs 9.5%, p < 0.001). Individ-
uals with headaches were younger (42.2 ± 0.05 vs. 48.1 ± 0.02, p < 0.01) 
and had higher BMI (27.3 ± 0.02 vs. 26.7 ± 0.01, p < 0.01). Headaches 
were more common among short sleepers, < 7 hours (21.5%) and long 
sleepers, ≥ 8 hours (15.7%), compared to those averaging 7–8 hours 
(12%), p < 0.01. Headaches were more common among blacks, com-
pared to whites and Asians (16.5%, 15.4% and 10.9%, respectively), 
p < 0.01. Headaches were reported by individuals who were separated 
(23.1%), divorced (18.3%), never married individuals (16.8%,) married 
(14.6%) or 9 widowed (6%), p < 0.01. After adjusting for age, BMI and 
sleep duration, the odds ratio (OR) for headaches for married was 1.126 
(95% CI = 1.093–1.159), p < 0.01; for widowed: OR was 1.28 (95% 
CI = 1.207–1.36), p < 0.01; for divorced: OR was 1.57 (95% CI = 1.52–
1.63), p < 0.01 and for separated: OR was 1.85 (95% CI = 1.75–1.95), 
p < 0.01, using never married as a referent. Headaches were more 
common among individuals below (23.0%), compared to those above 
(14.8%) poverty level, p < 0.01.
Conclusion: Both short and long sleep durations were associated 
with higher frequency of headaches. Female sex, increasing BMI and 
younger age were also associated with increased headaches. Compared 
to individuals who were never married, those of other marital status 
had increased odds of having headaches. Poverty level was significant-
ly associated with increased headaches.
Support (If Any): This research was supported by funding from 
the National Institutes of Health (R01MD007716, R25HL105444, 
R01HL78566, and R01HL095799.

0871
DO WOMEN WITH CHRONIC MIGRAINE HAVE 
PARADOXICAL INSOMNIA? A PRELIMINARY 
CONTROLLED INVESTIGATION
Taylor HL1, Park M1, Snyder S1, Burgess HJ1, Wyatt J1, Rains J2, 
Ong JL1

1Rush University Medical Center, Chicago, IL, 2Elliot Hospital, 
Manchester, NH

Introduction: Sleep disturbance commonly occurs during the course 
of chronic migraine with up to 85% reporting insomnia symptoms. 
However, the majority of the existing literature is limited by primarily 
subjective measures of sleep. To examine the possibility of paradoxical 
insomnia, we conducted preliminary analyses between women with 
chronic migraine (CM) and healthy controls (HC) on self-report mea-
sures and polysomnography (PSG).
Methods: Fifteen women with CM (mean age = 33 years) and 11 HC 
women (mean age = 30 years) completed an overnight laboratory PSG 
with a fixed 8-hour time in bed and several headache and sleep-related 
measures, including sleep diaries. Difference scores were calculated 
for sleep parameters by subtracting PSG from sleep diary data cor-
responding to the PSG night. CM and HC were compared using para-
metric (t-test) and non-parametric tests (Mann-Whitney) on PSG, sleep 
diaries, difference scores, and other measures of insomnia symptoms.
Results: No significant differences were found between individuals 
with CM and HC on PSG or sleep diary measures of sleep parame-
ters. However, a Mann-Whitney test revealed a significant difference 
(p < 0.05) between CM and HC on total sleep time (TST) difference 
score (diaries-PSG), with CM underestimating TST (median = −14.5 
minutes) and HC overestimating TST (median = +10 minutes). Com-
pared to HC, CM also reported significantly higher scores (p < 0.05) 
on the Insomnia Severity Index, Epworth Sleepiness Scale, Fatigue 
Severity Scale, Pre-Sleep Arousal Scale, and Migraine Disability As-
sessment.
Conclusion: These preliminary results indicate a relative difference 
between women with CM and HC on the accuracy of sleep-diary 
estimated TST compared to PSG-derived TST, despite similar sleep 
parameters. On self-report measures, women with CM report global 
insomnia symptoms and daytime dysfunction that are consistent with 
an insomnia disorder. The subjective/objective discrepancy raises the 
possibility that paradoxical insomnia may be more prevalent in women 
with CM. Further data collection is underway to examine this hypoth-
esis.
Support (If Any): This research is supported by a grant (R21 
NS081088) from the National Institute of Neurological Disorders and 
Stroke (NINDS) and the National Institutes of Health

0872
SHORT SLEEP DURATION MODIFIES THE 
ASSOCIATION BETWEEN STROKE AND IMPAIRED 
EXECUTIVE AND MEMORY FUNCTIONS
He F, Fernandez-Mendoza J, Vgontzas AN, Liao D, Bixler EO
Pennsylvania State University, Hershey, PA

Introduction: Short sleep duration has been associated with increased 
risk of neurocognitive, cardiovascular, and cerebrovascular morbidity 
and mortality. It is unknown, however, whether short sleep duration 
plays a role in increasing the risk of neurocognitive impairment in in-
dividuals with a history of cerebrovascular disease.
Methods: We addressed this question in the Penn State Adult Co-
hort, 1,741 men and women studied in the sleep laboratory. Stroke 
was defined as a lifetime history of stroke upon clinical history and 
physical examination. Polysomnographic short sleep duration was de-
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fined as < 6 hours of sleep. Neurocognitive scores were calculated on 
processing speed, executive attention, verbal fluency, and short-term 
memory. MANCOVA was used to examine the effect of stroke, short 
sleep duration, and their interaction on neurocognitive functioning, 
while controlling for sex, age, race, obesity, sleep apnea, diabetes, hy-
pertension, smoking, and depression.
Results: Stroke survivors showed significantly impaired functions on 
all neurocognitive domains (all p < 0.05), among which the impact of 
stroke on executive attention and short-term memory was significantly 
stronger in those with short sleep duration. Specifically, executive at-
tention and short-term memory scores in stroke survivors with short 
sleep duration were 52.3 seconds and 2.1 points higher, respectively, as 
compared to controls with short sleep duration (both p < 0.01). In con-
trast, in those with normal sleep duration, stroke was not significantly 
related to executive attention (52.2 ± 10.5 vs. 44.1 ± 1.4, p = 0.44) or 
short-term memory deficits (5.3 ± 0.9 vs. 5.2 ± 0.1, p = 0.89).
Conclusion: Overall, stroke survivors showed impaired neurocogni-
tive functioning. However, the impact of stroke on executive attention 
and short-term memory was more pronounced in those with short sleep 
duration, while in stroke survivors with normal sleep duration these 
specific cognitive functions appeared to be preserved. These findings 
expand on the known association of sleep with executive functioning 
and memory consolidation by highlighting the potential role of treating 
sleep in stroke survivors.
Support (If Any): AHA 14SDG19830018 and NHI RO1 HL51931, 
RO1 HL40916, and RO1 HL64415.

0873
USING MACHINE LEARNING TO DETERMINE 
EFFECTS OF SLEEP DURATION AND PHYSICAL 
ACTIVITY ON STROKE RISK: ANALYSIS OF THE 
NATIONAL HEALTH INTERVIEW SURVEY
Seixas A1, Henclewood D2, Gyamfi L1, Weatherhead K1, Boateng L3, 
Dzifa D3, Zizi F1, Jean-Louis G1

1Center for Healthful Behavior Change, Department of Population 
Health, NYU School of Medicine, NY, NY, 2Booz Allen Hamilton, 
Boston, MA, 3University of Ghana, Accra City, Ghana

Introduction: Big data and complex system analyses provide unique 
opportunities to quantify dynamic omnidirectional interactions among 
multiple factors that impact diseases and health outcomes. Applying 
this type of analysis to sleep data is crucial, as sleep is linked to a host 
of chronic medical conditions.
Methods: Analysis was based on the 2004–2013 National Health Inter-
view Survey (N = 231,111). We employed a machine-learning Bayesian 
Belief Network (BBN) to model the probabilistic relationships (inde-
pendent and additive) of sleep duration and physical activity to stroke 
risk. Factors considered included demographic, behavioral, health/
medical, and psychosocial as well as sleep duration (short, average, and 
long), and physical activity (leisurely walking/bicycling, slow swim-
ming/dancing, and simple gardening activities).
Results: Of the sample, 48.1% were ≤ 45 years; 77.4% were White; 
15.9%, Black/African American; and 45.1% reported less than $35K 
annually. Overall, the model had a precision index of 95.84%. Average 
sleepers (7–8 hours) were 25% (2.3% to 3%) less likely to experience 
a stroke. Respectively, long sleepers (> 8 hours) were 146% (3% to 
7.5%) and short sleepers (< 7 hours) were 25% (3% to 3.74%) more 
likely to report a stroke. A model-based adaptive method evidenced 
that combined effect of health status, hypertension, heart condition, in-
come, and alcohol consumption increased the likelihood from 3% to 
90%. Healthy sleep (7–8 hours) and vigorous exercise (30–60 minutes) 
three to six times per week significantly decreased stroke risk. Using 
the observational inference technique, we developed idiosyncratic pro-

files of protective behaviors (i.e. minutes and frequency of moderate 
or vigorous exercise per week and short, average or long sleep) that 
reduced stroke risk.
Conclusion: Utilization of BBN analysis is important, as it provides a 
more dynamic risk stratification system. Our findings revealed healthy 
sleep and exercise routines reduced stroke risk based on systematic 
iterations using multiple demographic, behavioral, health/medical, and 
psychosocial factors.
Support (If Any): This research was supported by funding from the 
National Institutes of Health (R01MD007716-01A1, R01HL78566, and 
R01HL095799).

0874
REDUCTION IN UNREALISTIC SLEEP EXPECTATIONS 
MEDIATES THE EFFECT OF COGNITIVE BEHAVIOR 
THERAPY FOR INSOMNIA IN PATIENTS WITH 
CANCER
Garland SN1, Brownlow J1, Daraio J2, Gehrman P1, Carlson LE3, 
Campbell T3

1University of Pennsylvania, Philadelphia, PA, 2Rowan University, 
Glassboro, NJ, 3University of Calgary, Calgary, AB, Canada

Introduction: Insomnia is a prevalent and pernicious consequence of 
a cancer diagnosis and treatment. The presence and strength of dys-
functional sleep beliefs is related to the development, maintenance, and 
remission of insomnia. Previously, we demonstrated that Mindfulness-
based Cancer Recovery (MBCR) was not inferior to Cognitive Behav-
ior Therapy for Insomnia (CBT-I); however, the groups had differential 
effects on overall dysfunctional sleep beliefs. The objective of the pres-
ent study was to examine whether changes in dysfunctional sleep be-
liefs mediate treatment outcomes of CBT-I relative to MBCR.
Methods: Participants were 72 adult post-treatment cancer patients 
who met criteria for insomnia disorder (MBCR n = 40; CBT-I n = 32). 
Mediation analyses were used to determine the indirect effects of total 
dysfunctional beliefs about sleep and the 4 subscales (i.e. unrealistic 
sleep expectations, worry about sleep, beliefs about the consequences 
of poor sleep, use of sleeping medication) in the relationship between 
treatment and insomnia severity adjusting for baseline scores. Boot-
strapping was used to obtain biased corrected 95% confidence inter-
vals for the indirect effects. Separate models were generated for each 
candidate mediator.
Results: CBT-I had significantly greater pre-post reductions in unre-
alistic sleep expectations than MBCR (B = −1.30 SE = 0.47 p = 0.008) 
and this predicted improved insomnia symptoms (B = 0.58 SE = 0.24 
p = 0.019). Mediation analyses showed that changing unrealistic sleep 
expectations mediated the decrease in insomnia severity in CBT-I 
(ab = −0.76 SE = 0.51, 95% CI −1.92: −0.04). The proportion of vari-
ance in change in insomnia severity predicted by the indirect effect of 
modified sleep expectations was large (R2 = 0.20). Total dysfunctional 
sleep beliefs and the remaining subscales failed to add significantly 
beyond the contribution of expectation modification.
Conclusion: These results suggest that sleep expectations may be a 
specific mechanism of CBT-I (relative to MBCR) in improving insom-
nia severity.
Support (If Any): Dr. Garland is funded by a Canadian Institutes 
for Health Research Post-Doctoral Bisby Fellowship. The study was 
funded in part by the Canadian Cancer Society Research Institute, the 
Alberta Cancer Board and a Francisco J. Varela award from the Mind 
& Life Institute.
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0875
NURSE-DELIVERED INSOMNIA TREATMENT IN LUNG 
CANCER SURVIVORS: PILOT STUDY TO IMPROVE 
SLEEP, MOOD AND QUALITY OF LIFE
Ferreira da Rosa Silva C1, Klimpf ML1, Demey Zambrano JA1,2, 
Kulu SL1, Jungquist CR1, Dhillon S2, Dexter E2, Dickerson SS1, 
Dean GE1

1University at Buffalo, Buffalo, NY, 2Roswell Park Cancer Institute, 
Buffalo, NY

Introduction: Sleep disturbances are frequently reported by patients 
receiving treatment for lung cancer and in lung cancer survivors. Im-
proving sleep in this population has the potential to reduce daytime 
sleepiness and improve mood and quality of life. Cognitive behavioral 
therapy (CBT-I) is the standard treatment for insomnia; however the 
length of treatment and the insufficient number of psychologists trained 
to deliver CBT-I make this unrealistic. Nurses are uniquely positioned 
to deliver a modified version of CBT-I, i.e., Brief Behavioral Therapy 
for Insomnia (BBTI). This study aims to determine preliminary ef-
ficacy of BBTI delivered by baccalaureate-prepared registered nurses 
via group education and telephone therapy for lung cancer survivors 
with self-reported insomnia.
Methods: A prospective RCT design was used. Eligible participants 
were recruited from a thoracic clinic in a comprehensive cancer center 
if: > 6-weeks post-operative for stage I/II non-small cell lung cancer 
and Insomnia Severity Index > 7. Participants positively pre-screened 
for sleep apnea became ineligible and were referred for definitive di-
agnosis. Quality of life, fatigue, anxiety, depression, sleep diaries and 
actigraphy were assessed at baseline and repeated post-intervention. 
Participants were randomized into two group interventions: BBTI (ex-
perimental) or healthy eating (attention control), followed by therapy 
telephone calls one and two-weeks after group interventions.
Results: To date, 20 were recruited; 18 completed baseline assess-
ments; 2 were referred for apnea treatment, 6 have completed treatment. 
Preliminary results of efficacy revealed improvements in all self-report 
sleep measures in the experimental group and no improvement in at-
tention control. Interestingly, neither group had an improvement in 
daytime sleepiness scores.
Conclusion: This pilot study demonstrated preliminary efficacy of 
BBTI with group education and brief telephone therapy delivered by 
baccalaureate-prepared registered nurses. Further research into the 
dissemination and translation into practice is warranted.
Support (If Any): This study was supported by the NIH-NINR-
R15NR013779.

0876
EXCESSIVE DAYTIME SLEEPINESS AND 
NEUROCOGNITIVE PERFORMANCE IN PEDIATRIC 
PATIENTS WITH CRANIOPHARYNGIOMA
Graef DM1, Conklin H1, Sykes A1, Ashford J1, Wise M2, Mandrell B1, 
Indelicato D3, Merchant TE1, Crabtree V1

1St. Jude Children’s Research Hospital, Memphis, TN, 2Methodist 
Healthcare Sleep Disorders Center, Memphis, TN, 3University of 
Florida, Jacksonville, FL

Introduction: Craniopharyngioma is a brain tumor commonly aris-
ing in the sellar/suprasellar region. The tumor and its treatment impact 
anatomical structures associated with excessive daytime sleepiness 
(EDS) and impaired neurocognitive performance. We sought to extend 
upon our previously presented work to include more participants and 
to perform a more refined analysis of neurocognitive performance in 
children with craniopharyngioma.

Methods: Thirty-eight patients with craniopharyngioma (ages 6–16 
years; M = 10.1 ± 3.1 years) received neurocognitive assessments (in-
cluding Wechsler Intelligence Scale for Children-IV (WISC-IV)), over-
night polysomnography, and multiple sleep latency testing (MSLT) 
after surgery and prior to proton therapy. Wilcoxon-rank sum tests 
were conducted to examine differences in neurocognitive performance 
between patients with mean sleep onset latency (SOL) of > 10 minutes 
versus ≤ 10 minutes (EDS) and those with < 2 versus ≥ 2 sleep-onset 
REMs (SOREMs) on MSLT.
Results: 66% of patients had mean SOL of ≤ 10 minutes and 34% 
had ≥ 2 SOREMs. Patients with ≥ 2 SOREMs demonstrated signifi-
cantly worse performance on WISC-IV subtests, including similarities, 
vocabulary, coding, and symbol search (Mean scaled score differenc-
es = −2.4 to −3.5, p’s < 0.05). Having ≥ 2 SOREMs was also associ-
ated with lower Verbal Comprehension, Working Memory, Processing 
Speed, and Full Scale IQ index scores (Mean standard score differ-
ences = −9.6 to −19.4, p’s < 0.05). There were no statistically significant 
differences when examining SOL (p’s > 0.05); however, the poorer 
performance in the EDS group was clinically significant for perceptual 
reasoning (Cohen’s d = −0.67) and processing speed (d = −0.73).
Conclusion: More than half of children receiving treatment for cra-
niopharyngioma present with EDS; however, SOREM appears to be 
the more important factor to consider regarding neurocognitive perfor-
mance prior to initiating proton therapy. This study highlights the im-
portance of an ongoing assessment of sleep and cognitive functioning, 
as well as the need to investigate interventions to address sleepiness 
within this population.
Support (If Any): American Lebanese Syrian Associated Charities 
(ALSAC)

0877
PARENT-PROXY AND SELF-REPORTED SLEEPINESS, 
FATIGUE, AND QUALITY OF LIFE IN SURVIVORS 
OF CHILDHOOD HEMATOPOIETIC STEM CELL 
TRANSPLANT
Graef DM1, Phipps S1, Parris KR1, Zhang H2, Huang L2, Crabtree V1

1Department of Psychology, St. Jude Children’s Research Hospital, 
Memphis, TN, 2Department of Biostatistics, St. Jude Children’s 
Research Hospital, Memphis, TN

Introduction: Psychosocial and quality of life (QOL) outcomes of 
hematopoietic stem cell transplant (HSCT) survivors are well-docu-
mented, and long-term QOL outcomes have recently been examined. 
Childhood cancer is associated with greater parent- and self-reported 
fatigue and sleepiness when compared to healthy peers. Little is known 
about these factors in childhood HSCT survivors and their relationship 
with the QOL outcomes of survivors. The aim of this study is to exam-
ine parent-proxy and self-reported sleepiness as a predictor of fatigue 
and QOL in childhood HSCT survivors.
Methods: Seventy-six HSCT survivors (age 8–29 years; M = 17.84 ± 6.04 
years) were assessed 5–14 years post-transplant (M = 7.8 ± 1.87 years). 
Parent-proxy report was obtained for child and adolescent participants. 
Two sample t-tests were conducted to compare the presence of survivor 
sleepiness (Epworth Sleepiness Scale ≥ 10) and non-sleepiness across 
fatigue (PedsQL™ Multidimensional Fatigue Scale) and QOL (Ped-
sQL™ Generic Core Scale) domains.
Results: Survivor sleepiness was reported by approximately 21–28% 
of parents and survivors. There was also significant parent-proxy and 
self-reported fatigue (Range = 19.41–50.32). Subjectively reported 
sleepiness was associated with greater total, cognitive, general, and 
sleep/rest fatigue (p’s < 0.01). Survivor-endorsed sleepiness was associ-
ated with poorer QOL across all domains than survivors without sig-
nificant sleepiness, with mean differences ranging from 14.01 to 19.66 
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(p’s < 0.01). Similarly, parent-proxy sleepiness was associated with 
poorer survivor QOL across most domains (Mean difference = 14.83 
to 22.42, p’s < 0.05).
Conclusion: This study is unique in its examination of sleepiness, fa-
tigue, and QOL in long-term survivors of pediatric HSCT. Survivors 
with subjective sleepiness exhibited substantial fatigue and QOL im-
pairments when compared to survivors without significant sleepiness. 
The current study highlights the importance of an ongoing assessment 
of clinical, psychosocial, and QOL outcomes in childhood HSCT sur-
vivors, as well as the need to investigate potential patient-centered in-
terventions aimed at optimizing functional outcomes.
Support (If Any): St. Baldrick’s Foundation

0878
CIRCADIAN ACTIVITY RHYTHMS ARE ASSOCIATED 
WITH FATIGUE IN PRE-SURGERY GYNECOLOGIC 
CANCER PATIENTS
Gonzalez BD1, Gomez MF2, Nelson AM3, Liu L 4, Ancoli-Israel S 4, 
Jacobsen PB3, Jim HS3

1Rutgers Cancer Institute of New Jersey, New Brunswick, NJ, 2Cancer 
Epidemiology Program, Moffitt Cancer Center, Tampa, FL, 3Health 
Outcomes & Behavior Program, Moffitt Cancer Center, Tampa, FL, 
4Department of Psychiatry, University of California-San Diego, La 
Jolla, CA

Introduction: Fatigue is a common and distressing symptom of gyne-
cologic cancer. However, little is known about why fatigue is high prior 
to diagnosis. Previous studies have examined psychosocial and demo-
graphic correlates of fatigue in gynecologic cancer patients; however, 
to our knowledge no studies have examined circadian activity rhythms 
as contributors to fatigue prior to surgery for gynecologic cancer.
Methods: Thirty-five patients were recruited, wore actigraphs for 72 
hours, and completed the Fatigue Symptom Inventory to assess fatigue 
severity prior to surgery for gynecologic cancer. Circadian activity 
rhythms were modeled for each participant using a five-parameter ex-
tended cosine model to assess the amplitude and rhythmicity of each 
participant’s activity. Univariate associations were examined between 
fatigue and circadian parameters as well as demographic factors; mul-
tivariate analyses were then conducted to determine whether circadian 
parameters contributed significant variance to fatigue above and be-
yond that contributed by demographic factors.
Results: Sixty-nine percent of participants reported clinically-signifi-
cant fatigue severity (≥ 3 on a 0–10 scale). The amplitude and rhyth-
micity of participants’ activity rhythms were associated with fatigue 
severity (ps ≤ 0.04), such that lower activity levels and less rhythmic 
activity were associated with greater fatigue. There was a trend to-
wards an association between age and fatigue (p = 0.07), such that 
younger participants reported greater fatigue; marital status, education, 
household income, medical comorbidities, and race were not associ-
ated with fatigue (ps ≥ 0.45). In hierarchical linear regression analyses 
amplitude and rhythmicity accounted for significant variability in fa-
tigue above and beyond that accounted for by age (ΔR2 = 0.27, p = 0.01).
Conclusion: This pilot study is among the first to examine associa-
tions between circadian activity parameters and fatigue in pre-surgery 
cancer patients. Lower activity levels and less rhythmic activity were 
associated with worse fatigue. Future studies should examine genetic 
and immunologic parameters that may be contributing to circadian dis-
ruption in this population.

0879
CLINICAL AND DEMOGRAPHIC FACTORS 
ASSOCIATED WITH SLEEP DURATION IN US 
MILITARY VETERANS RETURNING FROM IRAQ AND 
AFGHANISTAN
Abbasi AA1, Pusalavidyasagar S2

1Syracuse VA Medical Center, Syracuse, NY, 2University of 
Minnesota, University of Minnesota, MN

Introduction: The pattern of sleep duration among the US military 
veterans returning from Iraq and Afghanistan have not been fully in-
vestigated. The objective of this study was to determine the association 
between clinical and demographic factors with sleep duration in post-
deployment US military veterans returning from Iraq and Afghanistan.
Methods: We used data from three years (2011, 2012 and 2013) of the 
National Health Interview Survey (NHIS) obtained from the website 
of Integrated Health Interview Series of the U.S. National Health In-
terview Survey (Minnesota Population Center). Subjects were 18 years 
and older who served on active-duty in US Armed Forces in Septem-
ber 2001 or later. We assessed the age, gender, education, employ-
ment status, sleep duration, alcohol and tobacco use, hypertension and 
symptoms of depression and anxiety. The primary outcome was sleep 
duration. Sleep duration in whole numbers was ascertained by the an-
swer to the question: “On average, how many hours of sleep do you 
get in a 24-hour period?” Sleep duration was divided into 2 groups: 
7–8 hours and less than 7 hours or greater than 8 hours of sleep. Sleep 
duration of 7 and 8 hours is considered normal. We compared the char-
acteristics of the subgroups of subjects using the chi-square test for 
categorical variables and the Student’s t-test for continuous variables.
Results: A total of 1073 subjects were identified who served on ac-
tive duty in US Armed Forces in September 2001 or later. Mean (SD) 
age was 34.7 (10.3) years. 78.6% were male. Subjects with employment 
were more likely to get 7–8 hours of sleep compared to subjects without 
employment (p-value < 0.0001). Unemployment, high school to associ-
ate degree vs. bachelor or higher degree, current alcohol use, smoking 
status, and hypertension were associated with sleep duration other than 
7–8 hours (p-value < 0.0001). Functional limitation from depression, 
anxiety or emotional problem, frequency of feeling worried, nervous, 
or anxious, and frequency of feeling depressed were more frequent in 
subjects with sleep duration other than 7–8 hours (p-value < 0.0001).
Conclusion: Individuals with unemployment, hypertension, current 
tobacco and alcohol use, and self-reported symptoms of depression and 
anxiety are associated with sleep duration other than 7–8 hours. Future 
prospective studies are needed to better understand factors which af-
fect sleep duration in returning veterans.

0880
EXERCISE AND ABSENTEEISM AMONG INDIVIDUALS 
WITH CHRONIC FATIGUE SYNDROME: ANALYSIS OF 
THE NATIONAL HEALTH INTERVIEW SURVEY
Ojike N1, Grant A 2, Zizi F1, Weatherhead K1, Boby A1, Collado A1, 
Cole H1, Jean-Louis G1

1Center for Healthful Behavior Change, Department of Population 
Health, NYU School of Medicine, 10016, NY, 2Veterans Affairs New 
York Harbor Healthcare System, Brooklyn, NY

Introduction: Individuals with chronic fatigue syndrome (CFS) fre-
quently show abnormal and unrefreshing sleep patterns, in addition 
to chronic malaise, depressed mood, body pain, sore throat, and life-
style restrictions. Using data from the National Health Interview Sur-
vey (NHIS), we hypothesized that among participants reporting CFS, 
higher frequency of moderate exercise would be associated with fewer 
missed workdays due to illness.
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Methods: NHIS is a cross-sectional household interview survey, us-
ing a multistage area probability design. Data from participants in the 
2008 NHIS emanated from face-to-face interviews with trained inter-
viewers from the U.S. Census Bureau. Respondents provided sociode-
mographic and physician-diagnosed chronic conditions. Our analysis 
focused on those responding to the questions: “Have you ever had...
chronic fatigue syndrome”, and “how often per week do you do light or 
moderate leisure-time physical activities?” Student’s T-test was used 
for mean comparisons, and ANOVA assessed interaction effects on 
continuous variables. Analyses were performed using SAS 9.3.
Results: A total of 21,733 individuals provided valid data. The male/
female ratio was 0.38:1. Of the sample, 78% were white; 16%, black; 
and 4%, Asian. The average age for respondents with CFS was > those 
without (55.0 ± 15.4 years vs. 48.0 ± 18.1 years, p < 0.0001). The preva-
lence of CFS was 2.7%. Among respondents with CFS, those report-
ing frequent exercise (≥ 2X moderate exercise weekly) had lower sleep 
duration (7.0 ± 1.7 hours) than those who did not (7.4 ± 1.9 hours); NS. 
Results of ANOVA showed that among respondents with CFS, those 
with higher exercise frequency (≥ 2X weekly) had lower average num-
ber of missed workdays (6 days), compared to those with lower exercise 
frequency (< 2X weekly [15 days] (F = 11.56, p < 0.001).
Conclusion: Results support our hypothesis that among individu-
als with CFS those who exercised more frequently had lower rates of 
missed workdays due to illness, compared to those who exercised less. 
Decreased exercise was linked to absenteeism during the year they 
were assessed.
Support (If Any): This research was supported by funding from 
the National Institutes of Health (R01MD007716, R01HL78566, and 
R01HL095799).

0881
EFFECTS OF MILNACIPRAN ON SLEEP AND PAIN IN 
SUBJECTS WITH FIBROMYLAGIA
Aamir R, Ahmed M, Jishi Z, Scharf MB
Cleveland Sleep Research Center, Middleburg Heights, OH

Introduction: Fibromyalgia (FM) is characterized by widespread 
focal pain, fatigue and non-restorative sleep. Given the relationship 
between reduced or fragmented sleep and pain severity, we were in-
terested in evaluating the effects of milnacipran, a selective serotonin-
norepinephrine receptor inhibitor (SNRI) in FM subjects experiencing 
disturbed sleep.
Methods: This was a randomized, double-blind, placebo-controlled, 
2-way crossover polysomnography study. Following the diagnosis of 
FM and confirmation of sleep difficulty based on subjective history 
and daily diaries, 19 subjects (2 males, 17 females), age 28–72 years 
were randomized to either a milnacipran-placebo or placebo-milnacip-
ran sequence. Subjective assessments including the brief pain inven-
tory (BPI) and overnight polysomnography were measured at baseline 
and at the end of each 5-week treatment period. Subjective sleep qual-
ity was determined using a numerical rating scale on the daily diary, 
with ratings from 0 (very poor) to 10 (excellent). A responder analysis 
was implemented for subjects with 25% reduction in BPI pain interfer-
ence with daily activities compared to baseline.
Results: Overall, subjects did not show improvement in objective 
sleep parameters. However, 10 subjects showed a significant reduction 
in pain on milnacipran compared to placebo [Paired difference (95% 
CI): −1.44 (−2.83, −0.05); t (p-value): −2.350 (0.043)]. The reduction 
in pain parameter was accompanied by a significant improvement in 
subjective sleep quality [Paired difference (95% CI): 0.64 (0.04, 1.24); 
t (p-value): 2.396 (0.040)].
Conclusion: Contrary to our original hypothesis that a direct positive 
effect on sleep continuity and architecture would be associated with 

clinical improvement, it became apparent that milnacipran has mini-
mal sedative effects and may be stimulating. The results of this study 
confirm the effectiveness of milnacipran in reducing pain. Thus, rather 
than reducing pain by improving sleep, sleep improved when pain was 
reduced.
Support (If Any): The study was supported by Forest Research In-
stitute.

0882
MEASUREMENT, CLASSIFICATION AND EVALUATION 
OF SLEEP DISTURBANCE IN PSORIASIS: A 
SYSTEMATIC REVIEW
Henry AL1,2, Kyle SD3,2, Bhandari S 4, Chisholm A1,2, Griffiths CE1, 
Bundy C1,2

1The Dermatology Centre, Manchester Academic Health Science 
Centre, University of Manchester, Manchester, United Kingdom, 
2Manchester Centre for Health Psychology, University of Manchester, 
Manchester, United Kingdom, 3School of Psychological Sciences, 
University of Manchester, Manchester, United Kingdom, 4University 
of Manchester Medical School, Manchester, United Kingdom

Introduction: Psoriasis, whilst impacting the skin primarily, results 
in high levels of psychological and physical morbidity and significant 
reductions in quality of life. Recent evidence suggests that sleep dis-
turbance may be a salient issue for psoriasis patients, however, as of 
yet no effort has been made to conduct a systematic examination of 
this literature.
Methods: A systematic review was conducted to assess the evidence 
for sleep disruption in psoriasis. PubMed, SCOPUS and Web of Sci-
ence databases were examined using broad search terms including 

“sleep” or “circadian rhythm” and “psoriasis” to provide maximum 
coverage of potential articles.
Results: The searches yielded 29 viable articles that assessed sleep 
either as a primary or secondary outcome in psoriasis samples. Prev-
alence rates for sleep disturbance in psoriasis varied, from 56.6% to 
85.7%. While some studies employed validated measures of sleep qual-
ity/disruption, 16/29 (55.2%) used proxy or non-validated measures of 
sleep, such as Health-Related Quality of Life questionnaires or single 
questions pertaining to sleep. Additionally, 20/29 (68.9%) of studies 
did not focus primarily on sleep, and failed to take into account symp-
toms of psoriasis and comorbid conditions known to have associations 
with sleep disturbance.
Conclusion: Sleep disruption appears to be experienced commonly by 
psoriasis patients, however, the exact nature and prevalence remains 
unclear due to variation in sleep measurement and lack of controlling 
for confounding variables. Thus, there is a requirement for a thorough 
enquiry of sleep in psoriasis to identify, address and understand the 
nature of sleep problems and possible contributory factors.
Support (If Any): This work was supported by a grant from the Pso-
riasis Association (R117541)

0883
SLEEP-RELATED INFLUENCES ON BRAIN 
STRUCTURAL CHANGES IN FIBROMYALGIA 
SYNDROME PATIENTS
Diaz-Piedra C1,2, Guzman MA3, Buela-Casal G1, Catena A1

1University of Granada, Mind, Brain, and Behavior Research Center, 
Granada, Spain, 2College of Nursing & Health Innovation, Phoenix, 
AZ, 3Andalusian Health Service, Virgen de las Nieves University 
Hospital, Granada, Spain

Introduction: Fibromyalgia (FMS) is a complex clinical syndrome 
that includes many symptoms beyond chronic pain. Sleep disturbance 
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is one of the most common and relevant symptoms in FMS. We aimed 
to investigate whether the core FMS symptoms and clinical features, 
including pain, sleep quality, sleepiness, psychological distress, health 
status, and medication intake affect brain morphometry to determine 
if brain changes in FMS are “symptom-related” more than “diagnostic-
related.”
Methods: We performed voxel-based morphometry analyses on struc-
tural magnetic resonance images from 46 premenopausal women (23 
FMS patients; 23 age-matched healthy participants). We determined 
total and local brain volume differences between groups, and used 
multiple regression models to assess the associations between brain 
volumes and FMS clinical characteristics.
Results: Sleepiness, anxiety, and psychological distress, as well as an-
algesic consumption, accounted for FMS patients’ smaller total gray 
matter volume (GMV). Local decrements of GMV in the medial and 
superior orbitofrontal gyri, and a local increase of GMV in the tempo-
ral pole were observed in the FMS group. For both groups, local decre-
ments of GMV in the medial orbitofrontal cortex were associated with 
higher psychological distress, and local increases of GMV were posi-
tively related to pain intensity (superior frontal gyrus), psychological 
distress (cerebellum), anxiety (medial orbitofrontal cortex), and sleepi-
ness (frontal superior medial cortex).
Conclusion: Findings suggest that total and local GMV changes in 
FMS go beyond traditional “pain matrix” alterations. In particular, 
subjective sleep quality does not appear to be related to brain structural 
changes; however, subsequent daytime sleepiness has a role explaining 
GMV increments in frontal areas. These areas have been related to 
the ability to overcome sleepiness in task execution. In summary, we 
demonstrated that brain morphology is altered not only by pain, but 
also by clinical characteristics such as sleepiness, anxiety, psychologi-
cal distress, and analgesic consumption.
Support (If Any): CDP was supported by a FPU grant from the Span-
ish Ministry of Education (AP 2007-02965) and is currently supported 
by the UGR Postdoctoral Fellowship program (2013 University of 
Granada Research Plan). Research by GBC is funded by a Spanish 
Ministry of Economy and Competitiveness grant (State Secretariat for 
Research, Development and Innovation Secretary, EDU2010–21215). 
Research by AC is funded by a Spanish Ministry of Economy and 
Competitiveness grant (State Secretariat for Research, Development 
and Innovation Secretary, PSI2012-39292).

0884
THE RELATIONSHIP BETWEEN SLEEP DURATION 
AND OBESITY DEPENDS ON STATE OF RESIDENCE: 
DATA FROM 50 STATES AND THE DISTRICT OF 
COLUMBIA, BRFSS 2013
Schuschu J1, Pigeon W2, Grandner MA1

1University of Pennsylvania, Philadelphia, PA, 2University of 
Rochester, Rochester, NY

Introduction: Many studies have shown that short sleep duration is 
associated with obesity at the population level. Further, studies have 
shown geographic factors associated with both obesity and sleep. Thus, 
the relationship between sleep duration and obesity may vary geo-
graphically.
Methods: Data from the 2013 BRFSS was used (N = 484,401 with 
sleep duration data). The BRFSS is a state-based telephone survey 
conducted by the CDC. Data from 50 states and the District of Colum-
bia were included. Sleep duration was assessed as habitual sleep in a 
typical 24 hours and was coded as short (6 h or less), normal (7–8 h, 
reference), or long (9 h or more). Obesity (BMI ≥ 30) was based on self-
reported height and weight. Covariates included age, sex, education, 
access to insurance, smoking, and race/ethnicity. Population-weighted 

multinomial logistic regression analyses examined the relationship be-
tween race/ethnicity and sleep duration in the complete sample, and 
stratified by state. Holm-Bonferonni was used to adjust for Type-I error 
rate.
Results: Overall, short sleep was associated with obesity (OR = 1.35; 
95% CI [1.31–1.39], p < 0.0001), as was long sleep duration (OR = 1.10; 
95% CI [1.05–1.16], p = 00002). Short sleep was associated with obe-
sity in 41 states, in order from greatest to weakest association: MN 
(OR = 1.73; 95% CI [1.48,2.03]; p < 0.0001), MA, SD, RI, ME, ID, CO, 
NC, WA, NM, TX, IN, GA, KS, WY, AR, FL, TN, KY, CT, ND, VT, 
PA, NE, IA, VA, OH, NJ, AL, UT, MD, SC, IL, MT, WV, MS, NH, 
MI, OK, CA, and NY (OR = 1.24; 95% CI (1.07–1.44); p = 0.004). Note 
that no significant relationships were found in AK, AZ, DC, DE, HI, 
LA, MO, NV, OR, or WI. Long sleep duration was not associated with 
obesity in any state after Type-1 error adjustment and only in NC, IN, 
and NE (all OR = 1.3; p < 0.05) before adjustment.
Conclusion: Regional differences in social and environmental factors 
may play a role in the relationship between sleep duration and obesity.
Support (If Any): K23HL110216, R21ES022931

0885
SLEEP, OBESITY AND THE PHYSICAL AND 
PSYCHOSOCIAL WELLBEING OF YOUNG ADULTS IN 
THE UNITED STATES
Reither EN1, Krueger PM2, Peppard PE3, Jeon SY1, Hale L 4

1Utah State University, Logan, UT, 2University of Colorado-Denver, 
Denver, CO, 3University of Wisconsin-Madison, Madison, WI, 4Stony 
Brook University, Stony Brook, NY

Introduction: Previous research has shown that short sleep duration 
and obesity influence the physical and psychosocial wellbeing of chil-
dren and adolescents. However, much of this research is cross-sectional 
and focused on either sleep or obesity in isolation, without examining 
whether sleep duration and obesity interact in their associations with 
health outcomes. In this investigation, we (1) extend these findings to 
young adults, (2) assess how cumulative exposures to short sleep dura-
tion and obesity affect wellbeing, and (3) evaluate interactions between 
short sleep and obesity.
Methods: We base this investigation on four waves of data from 
the National Longitudinal Study of Adolescent to Adult Health 
(n = 14,800). We use standard methods of measuring short sleep and 
obesity throughout adolescence (waves 1–3). Measures of physical and 
psychosocial wellbeing in wave 4 include self-reported health, physical 
limitations, and physician-diagnosed conditions. Our analyses employ 
logistic regression models to assess how cumulative exposures to short 
sleep and obesity associate with wellbeing outcomes in young adult-
hood.
Results: Adjusted for age and gender, obesity and short sleep duration 
are independently associated with physical and psychosocial wellbeing. 
For example, the odds of reporting fair or poor health (vs. good, very 
good or excellent health) increase by 45% with each instance (wave) of 
obesity (p < 0.001) and by 16% with each instance of short sleep dura-
tion (p = 0.08). Significant interaction effects between sleep and obe-
sity were not observed for self-rated health or other outcomes, with the 
exception of hypertension (p = 0.04). In further explorations, we will 
employ multiple imputation analyses and restricted-use data, which 
will substantially increase statistical power.
Conclusion: Consistent with research on children and adolescents, we 
found that prolonged exposure to both short sleep duration and obesity 
are associated with poorer wellbeing among young adults in the U.S. 
These preliminary findings demonstrate the importance of considering 
cumulative exposures to these conditions.
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Support (If Any): We acknowledge research support from the Na-
tional Institute of Diabetes and Digestive and Kidney Diseases (grant 
R21DK08941).
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CHANGE IN HEMODYNAMIC FUNCTION FOLLOWING 
NON-CPAP TREATMENT
Steinberger KE1, Aron A1, Gussel LC1, Cornwell KB2, Austin JL2, 
Zedalis D3

1Department of Physical Therapy, Radford University, Roanoke, 
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Introduction: Obstructive sleep apnea (OSA) has been associated with 
impaired cardiac function due to endothelial dysfunction, increased in-
trathoracic pressure, and systemic inflammation. Continuous positive 
airway pressure (CPAP) is a documented therapy that may improve 
cardiac function in patients with OSA. Untreated OSA is associated 
with atherosclerosis progression which may lead to further hemody-
namic impairment including decreased stroke volume (SV), cardiac 
output (CO), and ejection fraction (EF). The goal of our study was to 
investigate the effect of OSA on cardiac function in patients not receiv-
ing OSA treatment.
Methods: Patients undergoing cardiac rehabilitation were tested 
initially for OSA and cardiac function. Cardiac assessment was per-
formed using thoracic bioimpedance at rest. Based on one night in-
home apnea screening (ApneaLink), patients were divided into two 
groups; one group of patients with OSA and treatment recommended 
and another group without OSA. Two years after, 27 of the 70 patients 
volunteer for re-testing.
Results: Although not statistically different, the OSA group showed a 
lower SV (74.12 ± 4.3 vs 83.7 ± 17.3 ml/beat), CO (4.6 ± 1.4 vs 5.3 ± 1.1 
L/min) and EF (60.6 ± 15.2 vs 62.5 ± 9.6%). Systemic vascular resis-
tance was elevated in OSA patients when compared to the non-OSA 
group (1637.6 ± 515.2 vs 1356.4 ± 239.1). Backward regression analy-
sis determined that baseline saturation and number of desaturations 
were the strongest variables for changes in ejection fraction (R2 = 0.67, 
p < 0.001). Same two variables best predicted contractility of the heart 
after two years of non-treatment (R2 = 0.68, p < 0.001).
Conclusion: Untreated OSA may impact hemodynamic function. This 
is more important in patients already suffering from cardiac dysfunc-
tion where CPAP treatment could be a viable addition to their cardiac 
management. Future studies should examine these associations in a 
larger and more balanced group distribution.

0887
THE EFFECT OF UNTREATED OBSTRUCTIVE SLEEP 
APNEA ON CARDIOVASCULAR HEALTH
Gussel LC1, Aron A1, Steinberger KE1, Cornwell KB2, Austin JL2, 
Zedalis D3

1Doctor of Physical Therapy, Radford University, Roanoke, VA, 
2Carilion Clinic, Roanoke, VA, 3Sleep Disorders Network of 
Southwest Virginia, Christianburg, VA

Introduction: Obstructive sleep apnea (OSA) is frequently observed 
in patients with cardiovascular disease. Treatment for OSA is associat-
ed with acute decreases in blood pressure, sympathetic activation, and 
incidents of new cardiovascular events. The purpose of this study was 
to evaluate cardiovascular health of individuals who screened positive 
for OSA and did not follow up with treatment.
Methods: Cardiac-function was tested using non-invasive bioimped-
ance technology. Patients were screened for OSA with a one night at-
home apnea detection device (ApneaLink). Results were compared to 

data collected 2-years prior. Pertinent electronic medical history was 
acquired in order to determine re-hospitalizations, medical complaints, 
and office visits. Patients were divided into 2 groups: those who re-
ceived treatment and those who did not.
Results: Two years after the initial testing, 21 patients were re-evalu-
ated for OSA. Of those, 3 have received treatment for OSA and 18 did 
not. Although not significant, the untreated group showed aggravations 
of AHI (11.4 ± 8.6 to 13.1 ± 8.6), obstructive events (16.8 ± 22.8 to 
22.4 ± 28.8), hypopneas (58.2 ± 38.7 to 64.6 ± 50.3) and snoring events 
(627.0 ± 593.1 to 1281.6 ± 1528.1). The same sleep variables were lower 
after two years in patients receiving treatment, albeit not statistically 
significant. Untreated patients showed a trend towards increases in sys-
tolic blood pressure (SPB) over 2 years (122.9 ± 15.7 vs. 126.0 ± 13.1 
mmHg) and higher number of cardiac appointments than those re-
ceiving treatment (4.4 ± 2.5 vs 3.0 ± 1.1). Treated patients displayed 
a non-significant decrease in systolic blood pressure (122.0 ± 19.8 vs. 
120.0 ± 0.1 mmHg).
Conclusion: Worsening of sleep parameters could impact the cardio-
vascular health as seen by the increase in SBP and high numbers of 
cardiac appointments. A larger sample size should be further used to 
detect more robust differences.

0888
PATIENTS WITH SUSPECTED OBSTRUCTIVE SLEEP 
APNEA WHO TEST NEGATIVE: HOW DO THEY DIFFER 
FROM OTHER PATIENTS?
Womack LS1, Schwartz SW1, Rosas J2, Parr M1, Anderson W2, 
Foulis PR 2

1University of South Florida, Tampa, FL, 2James A. Haley Veterans 
Hospital, Tampa, FL

Introduction: At JAH Veterans Administration Hospital, patients are 
referred to the sleep-lab for obstructive sleep apnea (OSA) only if they 
are suspected of having OSA. If the suspicion of OSA is considered 
a “test,” then patients with apnea-hyponea index (AHI) scores < 5 are 
considered false positive (FP) for OSA. While the prevalence of these 
types of patients is low, it’s important to understand how they differ 
from confirmed OSA patients and the general population of patients 
without suspected OSA.
Methods: One-hundred thirty-nine FP cases were matched 4:1 to 556 
random controls and 556 confirmed OSA controls for a JAHVA visit 
within one year of a case sleep-lab visit from 2003–2007. Logistic 
regression, adjusting for age, sex, race, and BMI identified the ICD-
9 diagnostic codes most strongly associated with being FP for OSA, 
compared with random controls and confirmed OSA controls.
Results: FP cases were significantly younger and more likely to be 
female than either random or OSA controls. After adjusting for age 
and sex, they had lower BMI than OSA patients (30.3 versus 34.3; 
p < 0.001). They were more likely to have diagnoses of respiratory 
abnormalities (OR: 10.34; 95% CI: 4.29–24.94), shortness of breath 
(OR: 5.13; 95% CI: 2.57–10.23), malignant neoplasm of bronchus/lung 
(OR: 4.59; 95% CI: 1.41–14.96), periodontal disease (OR: 4.63; 95% CI: 
2.11–10.15), and tooth loss (OR: 3.42; 95% CI: 1.58–7.43) than random 
controls. FP patients were also more likely to have shortness of breath 
(OR: 3.30; 95% CI: 1.74–6.24), acute respiratory infections (OR: 2.90; 
95% CI: 1.45–5.77), diseases of the respiratory system (OR: 11.74; 95% 
CI: 2.07–66.62), and malignant neoplasm of bronchus/lung (OR: 10.53; 
95% CI: 2.25–49.30) than OSA controls.
Conclusion: Among veterans, patients with a suspicion of OSA but 
AHI < 5 may require further pulmonary testing and diagnosis. It’s pos-
sible that poor dental health may be a correlate of diagnoses mistaken 
for OSA.
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0889
SLEEP STUDY IN EHLER DANLOS SYNDROME
Ashangari C, Suleman A
The Heartbeat Clinic, McKinney, TX

Introduction: Ehlers-Danlos syndrome (EDS) is a heterogeneous 
group of heritable connective tissue disorders, characterized by articu-
lar (joint) hypermobility, skin extensibility and tissue fragility. Sleep 
problems are commonly reported in EDS. The purpose of this research 
is to study the sleep pattern in EDS patients.
Methods: 139 patients with EDS referred to our clinic from January 
to November had poly sonography using standard technique. Epworth 
Sleep Scale, N1, N2, N3, REM stages, Apnea/hypopnea index (AHI), 
SpO2, Sleep HR bpm, PLMS index and Total sleep efficiency (TSE) 
are recorded.
Results: Out of 139 patients (n = 139), 96% are females (n = 133; 
age 31.88 ± 11.36), 4% are males (n = 6; age 23.83 ± 9.19), Epworth 
scale (10.78 ± 4.95), N1 (6.86% ± 4.91%), N2 (50.76% ± 14.37%), N3 
(26.34% ± 13.08%), REM (17.41 ± 8.58), AHI (1.48 ± 3.25), Spo2 
(90.03 ± 8.75) Sleep HR bpm (70.59 ± 10.37 bpm), PLMS index 
(4.12 ± 9.91) TSE% (74.37% ± 13.29%). Out of 139 patients, 77 patients 
had Epworth Scale > 10; 96 patients had N1 < 8% and 43 patients had 
N1 > 8%; 91 patients had N2 > 45% and 48 patients had N2 < 45%; 
92 patients had N3 < 22% and 47 patients had N3 > 22%; 23 patients 
had REM > 23% and 116 patients had REM < 23%; 10 patients had 
AHI > 5 and 129 patients had AHI < 5; 20 patients had < 86% SpO2 
and 119 patients had > 86% SpO2; 30 patients had < 5 PLMS index and 
109 patients had > 5 PLMS index; 26 patients had > 85% TSE and 113 
had < 85% TSE. Snoring is observed in 121 patients (21 patients had 
Severe snoring BMI 32.11 ± 6.30; 78 patients had moderate snoring 
BMI 29.46 ± 6.30; 22 Patients had mild snoring 22.37 ± 3.29).
Conclusion: Patients with EDS have higher daytime sleepiness, Pe-
riodic limb movements, snoring, decreased Total sleep efficiency. N1, 
N3, REM stages are decreased and N2 sleep stage is increased. Sleep 
apnea and decreased SpO2 is observed in few patients.

0890
BRIEF BEHAVIORAL TREATMENT FOR INSOMNIA IN 
PEOPLE LIVING WITH HIV
Buchanan DT1, McCurry SM1, Eilers K 2, Applin S2, Williams ET1, 
Voss JG1

1University of Washington, Seattle, WA, 2Community Health Care, 
Tacoma, WA

Introduction: About 73% of persons living with HIV (PLWH) expe-
rience insomnia. The purpose of this study was to test the feasibility, 
acceptability, and initial efficacy of Brief Behavioral Treatment for In-
somnia (BBTI) intervention.
Methods: The initial design was wait-list control, but this was changed 
to a one-group pilot due to difficulty retaining participants on the wait-
list. Eligibility criteria: aged 18 years or older; diagnosed with HIV 
infection, meeting Research Diagnostic Criteria for Insomnia; no cog-
nitive impairment or substance dependence. Participants completed 
baseline and post-intervention assessments. BBTI involved 4 weekly 
30–45 minute sessions, alternating between in-person and telephone.
Results: The sample (N = 22) was 77.3% biologically male, 68.2% white/
Caucasian, with mean age 44.7 ± 8.8 years. Nine subjects were lost or 
withdrew during the wait-list period. Thirteen subjects started BBTI, 
and 11 completed the program. Mean attendance was 3.5 ± 0.8 sessions. 
The most common sleep problems were poor sleep hygiene (n = 12) and 
difficulty initiating sleep (n = 9). The most common treatment recom-
mendations were regular sleep scheduling (n = 12), reduction of caf-
feine (n = 6), and stimulus control (television/computer use in the sleep 

setting, n = 6). Subjects significantly improved on the Pittsburgh Sleep 
Quality Index (pre = 9.8 ± 4.4, post = 6.6 ± 3.8, paired t-test p = 0.03); 
Insomnia Severity Index (pre = 16.0 ± 6.5, post = 6.6 ± 6.8, p = 0.01); 
PROMIS Sleep-related Impairment (pre = 21.1 ± 7.6, post = 16.0 ± 6.4, 
p = 0.03); and Sleep Disturbance Questionnaire (pre = 27.0 ± 10.9, 
post = 17.2 ± 12.5, p = 0.01); but not PROMIS Fatigue.
Conclusion: The study supports the feasibility of the BBTI interven-
tion, but did not support not the use of a wait-list control approach in 
this population. Initial findings support of the efficacy of BBTI for im-
proving sleep in PLWH.
Support (If Any): P30 NR 011400 (Center for Research on the Man-
agement of Sleep Disturbance).

0891
THE IMMUNOLOGICAL RESPONSE OF OBSTRUCTIVE 
SLEEP APNEA (OSA) IN ADULT PATIENTS
Ayass M1, Elass N2, Hassan S3, Nowshad G3

1Ayass Lung Clinic & Sleep Center, San Angelo, TX, 2The College 
of Health Care Professions, Dallas, TX, 3Ayass Lung Clinic & Sleep 
Center, Frisco, TX

Introduction: OSA has been associated with chronic inflammation 
and heart disease. The pathophysiologic characteristics of OSA, such 
as hypoxemia, influence immune responses, but little is known about 
how the clinical disease will impact the different immune parameters.
Methods: Four hundred patients examined at Ayass Lung Clinic & 
Sleep Center in 2013 participated in the study. We analyzed immuno-
globulin levels in association with OSA and other biomarkers. OSA 
was diagnosed with the polysomnography. Demographic, clinical, 
laboratory and sleep study information were obtained from medical 
records. Logistic regression models were employed to determine the 
association between immunological factors and OSA.
Results: One third (31%) of the patient population suffered from OSA, 
half (51%) were > 65 years of age, 56% female and three-fourth were 
White. In our study sample, the prevalence of IgA levels higher than 
453 and B2IgA levels more than 12 were 82% and 39% respectively, 
while in OSA patients the levels were 89% and 30% respectively. Uni-
variate analysis showed that those with a level of IgA > 453 have twice 
the odds of having OSA, and B2IgA > 12 were 40% less likely to be 
associated with OSA (p = 0.02) compared to control groups. Multivari-
ate logistic regression analysis, after controlling for age, gender, eth-
nicity, obesity, asthma, hypertension and lupus were: IgA > 453 (OR 
2.13; 95% CI, 1.06–4.26; P < 0.05), and B2IgA > 12 (OR 0.57; 95% CI, 
0.34–0.96; P < 0.04). The negative association of disease with B2IgA 
can be an indication for the therapeutic role of B2IgA.
Conclusion: Clinical OSA positively impacted the IgA levels, and 
impaired or attenuated B2IgA levels after controlling for comorbid 
conditions. Understanding the immunological response of OSA will 
shed light on the possibility of different ways to help these patients. 
We hope that these cellular findings can be utilized for development of 
diagnostic/therapeutic biomarkers for early detection, prevention, and 
treatment. Future prospective studies are vital to unravel the immune 
response modulation in OSA patients with comorbid conditions.

0892
IMPROVEMENT IN SLEEP DISTURBANCES PREDICTS 
CHRONIC PAIN TREATMENT OUTCOMES
Koffel E1, Polusny M1, Kroenke K 2, Bair MJ2, Krebs E1

1Minneapolis VA, Minneapolis, MN, 2Indianapolis VA Medical 
Center, Indianapolis, IN

Introduction: A large body of evidence demonstrates that sleep distur-
bances and pain are closely related. Sleep predicts next day pain ratings 
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and initial findings suggest that sleep treatments result in modest but 
significant improvements in pain and pain function. The goal of these 
analyses was to determine if improvement in sleep over the course of 
chronic pain treatment predicts improvement in pain outcomes, con-
trolling for changes in depression and anxiety.
Methods: We report a secondary data analysis of the Stepped Care to 
Optimize Pain Care Effectiveness (SCOPE) trial, a 12-month random-
ized controlled trial measuring the effectiveness of a collaborative care 
intervention for Veterans with chronic musculoskeletal pain. Partici-
pants were 250 Veterans from 5 primary care clinics in a VA medical 
center. Measures of pain, sleep, depression and anxiety were collected 
at baseline, 3 months, and 12 months, including PROMIS scales, SF-36, 
and the Brief Pain Inventory. Structural equation modeling was used to 
examine relationships among sleep, pain, and mental health symptoms 
over time.
Results: We found that changes in sleep complaints at 3 months sig-
nificantly predicted changes in pain at 12 months (standardized coef-
ficient = 0.29, p < 0.001) after controlling for demographic covariates 
and changes in depression and anxiety symptoms. Changes in mental 
health symptoms did not significantly predict pain outcomes. We also 
found differential relations of lower order sleep dimensions with pain 
outcomes. Insomnia significantly predicted pain outcomes (standard-
ized coefficient = 0.17, p < 0.05), whereas lassitude did not.
Conclusion: Although patients with chronic pain identify sleep prob-
lems as an important treatment target, most chronic pain treatment 
programs do not directly address sleep disturbances. This work joins 
a growing body of evidence highlighting the importance of directly 
targeting sleep problems in patients with chronic pain to improve both 
sleep and pain outcomes.
Support (If Any): This material is the result of work supported with 
VA resources and facilities

0893
CONTRIBUTION OF THE SLEEP MEDICINE 
CONSULTATION TO INPATIENT MANAGEMENT IN A 
PUBLIC ACADEMIC HOSPITAL
Girgis G1, Moussa A1, DeCruz S2, Wallace J1

1Olive View-UCLA Sleep Medicine Center, Sylmar, CA, 2David 
Geffen School of Medicine at UCLA, Los Angeles, CA

Introduction: Patients with sleep breathing disorders (SBD) have 
high hospitalization rates due to respiratory failure and associated 
cardiovascular (CV) morbidities. The sleep medicine center at Olive 
View-UCLA Medical Center, a Los Angeles County academic hospital 
established an inpatient consultation service in July 2012. We exam-
ined the initial 13 month experience to assess the contribution to pa-
tient management during the hospital stay.
Methods: We developed a database from hospital registration, medical 
and sleep laboratory records. Inpatient resident teams requested formal 
consultations that were completed by a sleep fellow and supervising 
ABMS-certified specialist. Inpatient sleep testing (IPST) was per-
formed with Stardust II (Philips) or Noxturnal T3 (Carefusion) devices. 
Data was compiled regarding reasons for consultation, consultation 
diagnoses, IPST results, and effect on management during the hospital 
stay.
Results: Data reported as # (%) or mean ± SD. During July 2012–July 
2013, there were 97 consultations for 94 patients: 55 (59%) men; aged 
52.5 ± 12.6 yr; BMI 40.4 ± 10.5. SBD had been previously diagnosed in 
23 (25%) with 18 (19%) prescribed PAP. Reasons for admission includ-
ed: CV 41 (42%); respiratory 30 (31%); other 26 (27%). Average length 
of stay was 9 ± 10 days with 25 (26%) ICU and 18 (19%) step-down 
unit admissions. Reasons for consultation: suspected obstructive sleep 
apnea (OSAS) or obesity hypoventilation syndrome (OHS) 79 (81%); 

history of OSAS or OHS 17 (18%); other 1 (1%). Average time from 
admission to consultation was 4.7 ± 6.3 days. IPST was ordered for 77 
(79%) consultations: 64 (83%) completed; 13 (17%) not completed be-
cause patients refused (5 (7%)) or were discharged (8 (10%)). Consulta-
tion diagnoses included: OSAS 61 (63%) (first diagnosis 38 (39%), with 
OHS 18 (19%)); OSAS suspected, not documented 22 (23%); SBD un-
likely 9 (9%); other 5 (5%). The consultation resulted in 44 (45%) new 
PAP prescriptions, 46 (47%) in-hospital autoCPAP titrations (6.5 ± 7.2 
days after admission) and 37 (38%) new PAP users at time of discharge.
Conclusion: Sleep medicine consultations contributed to in-hospital 
management by providing SBD diagnoses and expediting primary and 
adjunctive treatment.
Support (If Any): ASMF Humanitarian Award

0894
ANXIETY: A CORRELATE OF PERSISTENT SLEEP 
DISTURBANCE IN INDIVIDUALS RECOVERING FROM 
ALCOHOL DEPENDENCE
Krumlauf M1, Brooks AT1, Yang L1, Ramchandani VA 2, 
Schwandt ML2, Wallen GR1

1National Institutes of Health, Clinical Center Nursing Department, 
Bethesda, MD, 2National Institute on Alcohol Abuse and Alcoholism, 
Bethesda, MD

Introduction: Alcohol dependence is often accompanied by a range 
of co-morbidities, including but not limited to sleep disturbances and 
anxiety. Sleep disturbances are common among individuals who are 
alcohol-dependent and are often associated with relapse.
Methods: In a cohort of research participants enrolled on an inpatient 
alcohol treatment protocol, 90.1% of individuals reported having base-
line sleep disturbances. In this sub-analysis, those with ongoing sleep 
disturbances (OSD) after the first month of admission were compared 
to those whose sleep disturbances resolved (SDR). Sleep quality was 
determined using the Pittsburgh Sleep Quality Index (PSQI) on days 2 
and 28 of inpatient treatment, twice-daily diaries, and continuous ac-
tigraphy (Actiwatch 2, Respironics). Visual analog-based self-reports, 
measuring sleep duration and quality and several mood variables, and 
the Comprehensive Psychopathological Rating Scale (CPRS), measur-
ing anxiety and depression, were administered weekly. Linear mixed 
models were used to compare variables between groups over time.
Results: The sample (n = 75) is mostly male (66.7%) and African-
American (45.5%) with a mean age of 43.66 (± 9.28) years. Participants 
were classified as SDR if PSQI score at day 28 was ≤ 5 (n = 34), and 
as OSD if PSQI on day 28 was > 5 (n = 42). Although anxiety levels 
decreased in both groups over time, OSD group reported 153% higher 
anxiety levels at one month when compared to SDR group (5.53 vs. 
2.19, p = 0.004). Self-reported levels of mental exhaustion, physical ex-
haustion and tiredness decreased while sleep quality improved in both 
groups over time; however, self-reported sleep quality was 20% higher 
in the SDR group at one month (7.03 vs. 5.85, p = 0.0002).
Conclusion: Understanding sub-groups of inpatients undergoing alco-
holism treatment could allow for interventions targeting individuals at 
highest risk for sustained sleep disturbances and possibly relapse. Indi-
viduals recovering from alcohol dependence with higher self-reported 
anxiety levels may benefit from interventions designed to improve 
both sleep and anxiety.
Support (If Any): This project has been funded in whole or in part 
with federal funds from the National Institutes of Health Clinical Cen-
ter and National Institute on Alcohol Abuse and Alcoholism intramural 
research program. The content of this publication does not necessarily 
reflect the views or policies of the Department of Health and Human 
Services.
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0895
SLEEP INDICES AND PATTERNS IN POSTURAL 
ORTHOSTATIC TACHYCARDIA SYNDROME (POTS)
Ashangari C, Suleman A
The Heartbeat Clinic, McKinney, TX

Introduction: POTS affects primarily young women. Pots patients 
have a wide variety of symptoms. Poor sleep is one of the symptom 
found in the POTS patients. The purpose of this research is to study the 
sleep indices and sleep stages in the POTS patients.
Methods: 51 patients with POTS were referred to our clinic from Janu-
ary to November. Standard Polysomnography was performed in all the 
patients.Epworth Sleep Scale, N1, N2, N3, REM stages, Apnea/hypop-
nea index (AHI), SpO2 Sleep HR bpm, PLMS index and Total sleep 
efficiency (TSE) are recorded.
Results: Out of 51 patients, 96% are females (n = 45; age 29.20 ± 9.26), 
4% are males (n = 6; age 28.50 ± 13.64); Epworth scale (10.21 ± 5.19); 
N1 (8.94% ± 5.68%); N2 (56.74% ± 10.69%); N3 (19.63% ± 9.718%), 
REM (15.60 ± 6.34), AHI (1.59 ± 3.18), Spo2 (Spo2 = 86.66 ± 14.06) 
Sleep HR bpm (72.57 ± 7.94 bpm) PLMS index (3.32 ± 7.53) TSE% 
(69.14% ± 15.50%). Out of 51 patients, 21 patients had > 10 Epworth 
scale; 24 patients had N1 < 8% and 27 patients had N1 > 8%; 4 patients 
had N2 < 45% and 47 patients had N2 > 45%; 23 patients had N3 < 22% 
and 28 patients had N3 > 22%; 7 patients had REM > 23% and 44 
patients had REM < 23%; 6 patients had AHI > 5 and 45 patients had 
AHI < 5; 45 patients had < 5 PLMS index and 6 patients had > 5 PLMS 
index; 6 patients had > 85% TSE and 45 had < 85% TSE. Snoring is ob-
served in 48 patients (11 patients had Severe snoring BMI 30.11 ± 5.20; 
18 patients had moderate snoring BMI 27.46 ± 6.22; 19 Patients had 
mild snoring 20.37 ± 4.62).
Conclusion: 1. Patients with POTS have increased N1, N2, N3, day-
time sleepiness, Sleep apnea, Periodic limb movements, Snoring, 
decreased REM sleep stages and decreased Total sleep efficiency. 2. 
Average Sleep heart rate is normal is all the patients.
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0896
MEDIATION AND MODERATION OF THE 
RELATIONSHIP BETWEEN COMBAT EXPERIENCES 
AND POST-TRAUMATIC STRESS DISORDER IN 
ACTIVE-DUTY OEF MILITARY PERSONNEL
Steele M1, He F1, Campbell J2, Germain A1

1University of Pittsburgh, Pittsburgh, PA, 2San Diego Naval Medical 
Center, San Diego, CA

Introduction: Sleep problems, personality traits, and childhood trau-
ma have all been associated with the development of Post-Traumatic 
Stress Disorder (PTSD) in military populations, especially in relation 
to combat experiences. The present study assesses sleep problems and 
predisposing variables as potential mediators and moderators of the 
relationship between combat exposure and PTSD. We hypothesize 
that increased combat experiences will predict PTSD, that sleep dis-
turbances will partially mediate this relationship, and that neuroticism 
and adverse childhood experience (ACEs) will moderate the relation-
ship.
Methods: 972 active duty Navy and Marine members serving in Af-
ghanistan were given surveys to complete. Participants were measures 
on scales of PTSD, depression, combat exposure, sleep problems, neu-
roticism, and childhood trauma. Screening diagnosis of PTSD was 
measured using the PCL scale with a cutoff score of 25. Mediation and 
moderation models were developed and tested using a series of logistic 
regression analyses.
Results: Combat experiences were a significant predictor of PTSD, 
even when adjusting for all other covariates (p < 0.01). When adjust-
ing for nightmares, the path coefficient between combat and PTSD 
dropped from 0.218 to 0.160, indicating a partial mediation account-
ing for 36.3% of the direct effect. Insomnia and sleep-related irritabil-
ity were not significant mediators of the Combat-PTSD relationship. 
Neuroticism acted as an independent predictor of PTSD (p < 0.01), but 
did not moderate the Combat-PTSD relationship. ACEs did not have a 
significant predictive or moderating effect in the model.
Conclusion: This survey data indicates that difficulty sleeping, par-
ticular nightmares, may partially explain how traumatic combat ex-
periences lead to the development of PTSD. This study highlights the 
importance of sleep in the military, especially after combat exposure. 
A renewed focus on sleep hygiene and coping mechanisms for those 
with high neuroticism could help with early prevention and treatment 
of PTSD in active duty populations.
Support (If Any): This work was supported by the National Institutes 
of Health (HL82610, PI: Buysse), the SPAWAR Systems Center Pa-
cific (N66001-12-P-1066, PI: Germain) and the DoD Award #11293006 
(W81XWH-12-2-0024, PI: Germain).

0897
THE INFLUENCE OF CHILDHOOD SEXUAL AND 
PHYSICAL ABUSE ON SELF-REPORTED SLEEP 
QUALITY IN ADULTHOOD
Byrne E1, Martin N2

1The University of Pennsylvania, Philadelphia, PA, 2Queensland 
Institute of Medical Research, Brisbane, Australia

Introduction: It is well known that depression is associated with poor 
subjective sleep quality. Childhood sexual and physical abuse are es-
tablished risk factors for depression in adulthood. However, the link 
between childhood abuse and sleep in adulthood has not been thor-
oughly investigated to date
Methods: Subjective sleep quality was assessed using a 5 point scale in 
two population-based twin studies conducted at the Queensland Insti-
tute of Medical Research in Brisbane, Australia. In addition, multiple 

phone interviews were conducted by trained interviewers across sev-
eral studies to assess symptoms of depression according to the DSM-IV 
criteria. Questions about sexual and physical abuse were also asked. 
Regression models were used to assess the effects of childhood abuse 
and depression on sleep quality. A total of 1,821 individuals were in-
cluded in the analysis
Results: After adjusting for the effects of age, gender, BMI and depres-
sion, both childhood sexual and physical abuse were associated with 
poor sleep quality in adulthood (p = 0.008)
Conclusion: Childhood abuse is a risk factor for poor self-reported 
sleep quality in adulthood. Our analyses suggest that the effects of 
abuse on sleep are at least partially independent of the effects of de-
pression on sleep quality
Support (If Any): Support was provided by grants from the National 
Health and Medical Research Council of Australia and the National 
Institutes of Health

0898
SLEEP DISTURBANCES AMONG THE SURVIVORS 
FROM THE NORWEGIAN TERROR ATTACK ON UTØYA 
22/7 2011
Grønli J1, Melinder A 2, Ousdal OT1, Pallesen S1, Endestad T 2, 
Milde A1

1University of Bergen, Bergen, Norway, 2University of Oslo, Oslo, 
Norway

Introduction: The 2011 attack at the Norwegian youth political sum-
mer camp on Utøya resulted in the loss of 69 lives, 33 of whom were 
under the age of 18. In addition, the attack caused physical and mental 
injuries to hundreds of survivors and their relatives. The aim of the 
present study is to describe long-term effects of the incident on sleep 
disturbances in the survivors.
Methods: 18–30 months after the attack 33 survivors (20.9 years) and 
39 matched (20.4 years) controls completed the Bergen Insomnia Scale, 
the Epworth Sleepiness Scale, sleep and dream diaries, and questions 
about snoring, breathing cessation during sleep, sleepiness during 
work or spare time”, and restless legs (RLS). Psychiatric symptoms 
were evaluated in a subgroup (n = 20) by MINI.
Results: Prevalence of insomnia was 57.1% in survivors and 20.5% in 
controls (p < 0.001). Survivors reported shorter sleep duration (6h25min 
vs. 7h20min), longer sleep latency (61 min vs. 22 min), more distress/
impairment in the everyday life due to excessive sleepiness and more 
insufficient sleep than controls. Symptoms of obstructive sleep apnea 
(OSA) were higher (20.0% in survivors and 0.0% in controls). Restless 
legs were more prevalent in the survivors than controls (37.1% vs 7.7%). 
None of the survivors reported sleep disturbances prior to the attack. 
One survivor and none of the controls used hypnotics. In the subgroup, 
all those with OSA were diagnosed with PTSD. Insomnia, nightmares 
and RLS were highly present in the survivors diagnosed with depres-
sion, panic disorder and PTSD.
Conclusions: Survivors from the Utøya attack reported more sleep dis-
turbances 18–30 months after the trauma compared to controls. OSA 
was strongly associated with PTSD, indicating that PTSD patients 
should be screened for sleep-disordered breathing.
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0899
VARIABILITY IN SLEEP DURATION MEDIATES THE 
RELATIONSHIP BETWEEN CHRONIC STRESS AND 
SYMPTOMS OF DEPRESSION AND ANXIETY IN 
MIDLIFE WOMEN: THE SWAN SLEEP STUDY
Casement MD1, Kline CE1, Matthews KA1, Kravitz HM2, 
Bromberger J1, Harlow SD3, Zheng H3, He F1, Hall MH1

1University of Pittsburgh, Pittsburgh, PA, 2Rush University Medical 
Center, Chicago, IL, 3University of Michigan, Ann Arbor, MI

Introduction: Emerging evidence suggests that day-to-day variability 
in sleep duration has a stronger association with mental health than 
does mean sleep duration. These data may be especially relevant in the 
context of psychological stress and its downstream associations with 
sleep and mental health, which is the focus of the present report.
Methods: Participants were 262 women (42–52 years of age) enrolled 
in the Study of Women’s Health Across the Nation (SWAN) and the 
SWAN Sleep Study. Upsetting life events were assessed annually for 
up to 9 years and trajectory analyses were used to identify three distinct 
groups: low, moderate, and high chronic stress. Sleep duration was as-
sessed by actigraphy for 7–35 days at year 9. Depression and anxiety 
symptoms were assessed at years 9 and 12. Multivariable analyses 
tested the hypothesis that women with high chronic stress would have 
increased variability in sleep duration at year 9, and greater depression 
and anxiety symptoms at year 12. Analyses adjusted for sociodemo-
graphics, health characteristics, acute life events, and depression and 
anxiety symptoms at year 9.
Results: Women with high chronic stress had more variability in sleep 
duration in year 9 (β = 0.17, p = 0.03) and greater symptoms of depres-
sion and anxiety in year 12 (β = 0.22, p = 0.001) compared to women 
with low or moderate chronic stress. Furthermore, variability in sleep 
duration partially mediated the relationship between chronic stress 
group and later mental health (ES = 0.06, 95% CI: 0.0019, 0.1857). 
Chronic stress group was not associated with mean sleep duration in 
year 9 (p > 0.05).
Conclusion: High chronic stress in midlife women is prospectively as-
sociated with increased variability in sleep duration and increased de-
pression and anxiety symptoms. The results are consistent with models 
linking variability in sleep duration—indicating poor sleep regula-
tion—to impaired mental health.
Support (If Any): The Study of Women’s Health Across the Nation 
(SWAN) has grant support from the National Institutes of Health (NIH), 
Department of Health and Human Services, through the National In-
stitute on Aging, the National Institute of Nursing Research and the 
NIH Office of Research on Women’s Health (Grants U01NR004061, 
U01AG012505, U01AG012535, U01AG012531, U01AG012539, 
U01AG012546, U01AG012553, U01AG012554, U01AG012495). Fund-
ing for the SWAN Sleep Study is from the National Institute on Aging 
(Grants AG019360, AG019361, AG019362, AG019363). In addition, 
support for M. Hall was provided by HL104607 and support for M. 
Casement was provided by MH103511.

0900
SEX DIFFERENCES IN THE RELATIONSHIP BETWEEN 
DEPRESSION AND ACTIGRAPHIC ASSESSMENTS OF 
SLEEP CONTINUITY AND REST-ACTIVITY RHYTHMS 
IN A POPULATION-BASED SAMPLE
White KH, Rumble ME, Benca RM
University of Wisconsin-Madison, Madison, WI

Introduction: Past research has suggested that depression often dis-
rupts sleep (e.g., insomnia or hypersomnia) and circadian rhythms (e.g., 
by dampening activity). We aimed to confirm these relationships via 

objective, actigraphic assessment in a large, population-based sample. 
We also considered whether sex moderates these relationships.
Methods: 418 participants (age 35–85, mean 57.04, SD = 11.47) in the 
Midlife in the United States (MIDUS) Biomarker project completed 
questionnaires, medical evaluations, and one week of wrist-worn ac-
tigraphy. Depression was determined by the Center of Epidemiological 
Studies-Depression scale (CES-D), yielding a continuous depression 
score. Traditional cosinor analysis was used to calculate rest-activity 
statistics, including mesor (mean activity level), amplitude (height of 
rhythm), and acrophase (time of day that rhythm peaks). Furthermore, 
we used Actiware-derived sleep onset latency (SOL), wake after sleep 
onset (WASO), sleep efficiency (SE), and total sleep time (TST).
Results: Multiple regression analyses revealed main effects of CES-D 
predicting longer SOL (p < 0.01), lower SE (p < 0.05), and later acro-
phase (p < 0.05). Men demonstrated longer SOL (p < 0.001), longer 
WASO (p < 0.01), lower SE (p < 0.001), and lower TST (p < 0.001) 
than women. Sex moderated the relationship between CES-D and SOL, 
TST, mesor, and amplitude. Sex-stratified models revealed that higher 
CES-D scores were associated with greater SOL (p < 0.001) and less 
TST (p < 0.10) for women only, while higher CES-D scores were as-
sociated with lower mesor (p < 0.01) and lower amplitude (p < 0.01) for 
men only.
Conclusion: Depression negatively impacted sleep continuity and rest-
activity rhythms in this population-based sample; however, the impact 
of depression differed by sex. Depressed women exhibited more dif-
ficulty with sleep continuity, whereas depressed men demonstrated 
more rest-activity rhythm dysregulation. Although depression can be 
disruptive for both men and women, the type of disruption may differ 
between the sexes.
Support (If Any): The MIDUS I study (Midlife in the U.S.) was sup-
ported by the John D. and Catherine T. MacArthur Foundation Re-
search Network on Successful Midlife Development. The MIDUS II 
research was supported by a grant from the National Institute on Aging 
(P01-AG020166) to conduct a longitudinal follow-up of the MIDUS 
I investigation. The research was further supported by the following 
grants: 1UL1RR025011 from the Clinical and Translational Science 
Award (CTSA) program of the National Center for Research Resources, 
National Institutes of Health; 1R01MH095778 for the National Insti-
tute of Mental Health.

0901
ASSOCIATIONS BETWEEN DEPRESSION AND 
HYPERSOMNIA IN THE WISCONSIN SLEEP COHORT 
STUDY
Plante DT1, Finn LA 2, Hagen EW2, Peppard PE2

1University of Wisconsin School of Medicine and Public Health, 
Department of Psychiatry, Madison, WI, 2University of Wisconsin 
School of Medicine and Public Health, Department of Population 
Health Sciences, Madison, WI

Introduction: Hypersomnia is commonly comorbid with depression, 
and is associated with treatment resistance, symptomatic relapse, and 
functional impairment. Prior investigations have variably demonstrat-
ed objective measures of hypersomnia in mood-disordered patients. 
This investigation used data from the Wisconsin Sleep Cohort Study to 
examine cross-sectional associations of depression with habitual sleep 
duration, daytime sleepiness, and objective sleep propensity.
Methods: To examine relationships between depression and hyper-
somnia in a population-based sample of middle-aged and older adults, 
we examined the association between presence of depression (defined 
as modified Zung Self-Rating Depression Scale ≥ 50 or use of anti-
depressant medications) with three hypersomnia domains: subjective 
excessive daytime sleepiness (EDS) [Epworth Sleepiness Scale ≥ 11], 
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objective EDS [multiple sleep latency test (MSLT) mean sleep latency 
(MSL) < 8 minutes], and self-reported sleep duration > 9 hours/day. 
Covariates included age, sex, BMI, chronic medical conditions, seda-
tive hypnotic medication use, caffeine, tobacco, and alcohol use, sleep-
disordered breathing, insomnia, and, when appropriate, sleep duration. 
Sensitivity analyses were performed modeling alternative classifica-
tions of objective sleep propensity (MSL < 10 minutes) and depression 
(Zung scale ≥ 50, regardless of antidepressant use).
Results: Participant samples consisted of 3325 individuals [46% fe-
male, mean age 59 (range 33–82 years)] for subjective measures and 
2981 individuals [46% female, mean age 55 (range 30–78 years)] for ob-
jective measures. Subjective EDS was associated with 1.56 times (95% 
CI 1.31–1.86) greater odds of depression. Excessive nocturnal sleep 
was associated with 2.01 times (95% CI 1.49–2.72) increased odds of 
depression. However, MSL < 8 and < 10 minutes on MSLT were para-
doxically associated with reduced odds of depression (OR = 0.78; 95% 
CI 0.63–0.97 and OR = 0.83, 95% CI: 0.67–1.01, respectively). Analy-
ses using the alternative depression definition demonstrated similar 
patterns of association.
Conclusion: Our results demonstrate divergent associations between 
subjective and objective symptoms of hypersomnia and depression. 
Further research is indicated to clarify the differential impact of these 
measures of hypersomnia on the course of mood disorders.
Support (If Any): This work was supported by the National Heart, 
Lung, and Blood Institute (R01HL62252) and the National Center for 
Research Resources (1UL1RR025011) at the National Institutes of 
Health. Dr. Plante is supported by grants from the American Sleep 
Medicine Foundation, the Brain and Behavior Research Foundation, 
and NIMH (K23MH099234).

0902
HIGH MOOD TRIGGERED BY SLEEP LOSS: 
HETEROGENEITY WITHIN BIPOLAR DISORDER
Swaden Lewis KJ1, Di Florio A1, Forty L1, Jones L2, Gordon-
Smith K 2, Craddock N1, Jones I1

1Institute of Psychological Medicine and Clinical Neurosciences, 
School of Medicine, Cardiff University, Cardiff, United Kingdom, 
2Department of Psychiatry, Neuropharmacology and Neurobiology 
Section, School of Clinical and Experimental Medicine, University of 
Birmingham, Birmingham, United Kingdom

Introduction: Sleep deprivation is a commonly reported trigger of 
manic symptoms in individuals with bipolar disorder but prospective 
studies within this population find inconsistent evidence that sleep loss 
is associated with increased positive mood. We propose that these in-
consistencies are due to heterogeneity in the response to sleep loss, as 
is also noted within healthy populations. In these analyses, we exam-
ined whether clinical variables such as bipolar diagnosis are associated 
with response to sleep loss.
Methods: 2571 individuals with bipolar disorder (64.7% BD-I, 31.7% 
BD-II) participated in a retrospective interview that included questions 
on triggers of high and low mood. DSM-IV diagnosis of bipolar I disor-
der (BD-I) or bipolar II disorder (BD-II) was derived from case notes 
and interview data.
Results: Twenty-two per cent of individuals reported sleep loss as 
a trigger of high mood. Females were more likely than males to re-
port episodes of high mood triggered by sleep loss (OR = 1.42, 95% 
CI = 1.15–1.76). However, even when controlling for gender, individu-
als with BD-I were 2.89 times more likely to report episodes of high 
mood triggered by sleep loss (95% CI, 2.72–3.69) compared to those 
with BD-II.
Conclusion: Females and individuals with BD-I were more likely to 
report episodes of high mood triggered by sleep loss. This variabil-

ity may explain the mixed findings in literature examining sleep loss 
and mood disturbance within BD, which do not differentiate according 
to sensitivity and typically include heterogeneous samples. Future re-
search should explore whether self-reports of sleep loss triggering can 
be validated in prospective studies of sleep and mood change.
Support (If Any): This work was supported by grants from the Well-
come Trust, the Stanley Medical Research Institute and the Medical 
Research Council

0903
SLEEPINESS, DISTRACTION, ATTENTION DEFICIT 
HYPERACTIVITY SYMPTOMS AND ACCIDENTAL 
RISK IN A LARGE GROUP OF REGULAR REGISTERED 
HIGHWAY DRIVERS
Philip P1, Canel A 2, Micoulaud-Franchi J1, Sagaspe P1, Bioulac S1

1USR CNRS 3413 SANPSY, University of Bordeaux, Bordeaux, 
France, 2ASFA, Paris, France

Introduction: Our previous studies exhibited that in regular highway 
drivers, sleepiness at the wheel is responsible for traffic accidents. Re-
cently, we showed that adult patients with Attention Deficit Hyperac-
tivity Disorder (ADHD) exhibited severe excessive daytime sleepiness 
(EDS) which impacts on simulated driving performance. With the help 
of the French highway association (ASFA), we conducted a new in-
ternet epidemiological survey to explore the factors associated with 
distraction, sleepiness and accidental risk in a population of regular 
French highway users.
Methods: 36140 drivers responded to a specific internet questionnaire 
including socio-demographics, driving habits, sleep complaints, the 
Epworth sleepiness scale (ESS) and the adult ADHD self report scale 
(ASRS).
Results: 3.7% of population exhibited a severe sleepiness (ESS ≥ 16) 
and 4.3% ADHD symptoms (ASRS ≥ 4). 31.1% of the sample reported 
a near-miss driving accident during the previous year. 10.1% of the sub-
jects reported a sleepy near-miss accident and 23% reported a distrac-
tion-related near-miss accident. Moreover, 36% of subjects reporting at 
least a distraction-related near-miss accident in the past year suffered 
from severe sleepiness (ESS ≥ 16). The sample was divided into two 
groups according to ASRS score: drivers without ADHD symptoms 
and drivers with ADHD symptoms. 20.5% of drivers with ADHD 
symptoms suffered from a severe sleepiness at the wheel. Moreover, 
drivers with ADHD symptoms presented significantly more near-miss 
driving accidents than other drivers (p < 0.0001), more sleepy near-
miss driving accidents (p < 0.001) and more distraction-related near-
miss driving accidents (p < 0.0001).
Conclusion: Distraction at the wheel is associated with excessive day-
time sleepiness and sleepiness at the wheel. ADHD symptoms predict 
an higher risk of sleepy and distraction-related accidents.
Support (If Any): ASFA (Association des Sociétés Françaises 
d’Autoroute)
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0904
OVERLAP OF GENETIC VARIANTS FOR 
SCHIZOPHRENIA AND SLEEP TRAITS IN HEALTHY 
INDIVIDUALS
Cade B1, Purcell S2,3, Dean D1, Fülöp T4, Gharib S5, Gottlieb D1,6, 
Johnson W 7, Larkin E 8, Lauderdale D 9, Patel S1,10, Punjabi N11, 
Zee P12, Zhu X13, Redline S1,10, Saxena R1,3

1Brigham and Women’s Hospital / Harvard Medical School, Boston, 
MA, 2Mount Sinai School of Medicine, New York, NY, 3Broad 
Institute, Cambridge, MA, 4University of Mississippi Medical Center, 
Jackson, MS, 5University of Washington School of Medicine, Seattle, 
WA, 6VA Boston Healthcare System, Boston, MA, 7University of 
Washington, Seattle, WA, 8Vanderbilt University Medical Center, 
Nashville, TN, 9The University of Chicago, Chicago, IL, 10Beth Israel 
Deaconess Medical Center, Boston, MA, 11Johns Hopkins University 
School of Medicine, Baltimore, MD, 12Northwestern University 
School of Medicine, Chicago, IL, 13Case Western Reserve University 
School of Medicine, Cleveland, OH

Introduction: Disturbances in sleep, including fragmentation and 
alterations in sleep-wake cycle and spindle generation, are common 
in schizophrenia. The possibility of common sleep and schizophre-
nia genetic mechanisms was suggested by a recent study reporting an 
association between schizophrenia with multiple variants within the 
dopamine D2 receptor gene (DRD2), that also associated with sleep 
duration in the CARe Consortium. We hypothesized that the shared 
genetic basis for schizophrenia and sleep traits could be further elu-
cidated by examination of schizophrenia genetic risk scores in sleep 
traits and by quantitative analysis of EEG (fragmentation, stage dura-
tion, alpha/sigma band activity, and spindle distribution).
Methods: Phenotype and genotype data were analyzed from 1,860–
18,026 European-Americans from community-based cohorts (depend-
ing on phenotype). Habitual weekday sleep duration was based on 
questionnaire. EEG data were extracted from centrally derived leads 
and analyzed using spectral analysis with spindle detection underway. 
Traits were analyzed in a linear regression framework using an additive 
genetic model adjusted for age, sex, BMI, and 10 population principal 
components and meta-analyzed using an inverse-variance approach. 
A weighted genetic risk score of 12 of 108 genome-wide significant 
schizophrenia risk SNPs was calculated using GTX.
Results: Longer sleep duration was associated with a schizophrenia 
genetic risk score with and without inclusion of the top DRD2 variant 
(beta (se) 0.86 (0.24) min per allele, p = 2.4x10-4; beta (se) 0.54 (0.25) 
min per allele, p = 0.03; n = 18,026). A nearly significant association 
was also seen with longer time spent in Stage 2, despite a smaller sam-
ple size (p = 0.07; n = 3,250).
Conclusion: A schizophrenia genetic risk score including DRD2 was 
strongly associated with longer sleep duration in healthy populations, 
suggesting shared underlying mechanisms. Analyses of quantitative 
EEG are ongoing, including multiple cohorts with denser genotyping. 
These studies offer an unprecedented opportunity to gain insights into 
shared sleep and schizophrenia genetic architecture.
Support (If Any): T32-HL007901, R01-HL113338

0905
CHARACTERIZING SLEEP SPINDLE ABNORMALITIES 
IN SCHIZOPHRENIA AS A NOVEL TARGET FOR 
IMPROVING COGNITION
Demanuele C1,2, Hamalainen M2,3, Baran B1,2, Luessi M2, Vuper TC1,2, 
Fowler RA1,2, Correll D1,2, Seicol B4, Callahan C 4, Parr E4, Khan S2, 
Murphy MJ1, Dehghani N5, Stickgold R4, Manoach DS1,2

1Department of Psychiatry, Massachusetts General Hospital, 
Charlestown, MA, 2Athinoula A. Martinos Center for Biomedical 
Imagining, Charlestown, MA, 3Department of Radiology, 
Massachusetts General Hospital, Charlestown, MA, 4Department 
of Psychiatry, Beth Israel Deaconess Medical Center, Boston, MA, 
5Wyss Institute for Biologically-Inspired Engineering, Harvard, 
Boston, MA

Introduction: Sleep spindles play a critical role in memory consoli-
dation. Schizophrenia patients have a dramatic reduction in sleep 
spindles that correlates with impaired sleep-dependent memory con-
solidation and poorer performance on cognitive measures more gener-
ally. Our recent findings of spindle deficits in first-degree relatives and 
that eszopiclone increases sleep spindles in schizophrenia suggest that 
sleep spindle deficits are markers of genetic vulnerability to schizo-
phrenia and are treatable. This motivates us to further characterize the 
nature of the spindle deficit in schizophrenia and its relation to memory 
consolidation. Specifically, using high density EEG and anatomical 
MRI, we are identifying the sources and characteristics of spindles 
that mediate memory consolidation in health, and how these differ in 
schizophrenia.
Methods: Schizophrenia patients and demographically-matched 
healthy controls spent two overnights at MGH with polysomnogra-
phy. They were trained on a finger-tapping motor sequence task before 
bedtime on the second night and tested the following morning. Sleep 
spindles were identified using a wavelet spindle detector. We computed 
current source estimates of sleep spindles anatomically constrained by 
structural MRI. In source space, we applied a continuous Morlet wave-
let transform to derive the time-frequency decomposition of spindles 
in different cortical regions.
Results: Relative to healthy controls, patients had reduced spindle den-
sity across multiple electrode sites. Source localization identified fast 
(> 13 Hz) spindles in parietal regions and slow (< 13 Hz) spindles in 
frontal regions. We are examining changes in the time-frequency char-
acteristics and spatial distribution of spindles as a result of learning 
(comparison of the learning and non-learning nights), and how these 
differ by group.
Conclusion: We replicate our findings of a spindle deficit in schizo-
phrenia, and discriminate between fast and slow spindle cortical sourc-
es. We are refining these methods to determine the types of spindles 
that contribute to memory consolidation and are abnormal in schizo-
phrenia.
Support: NIH Grant R01-MH092638.

0906
NIGHTTIME AND DAYTIME SLEEP IN FIRST EPISODE 
PSYCHOSIS
Dawson SC1, Bell E2, Woolverton C1, Wyatt J3, Breitborde N2,4

1University of Arizona Department of Psychology, Tucson, AZ, 
2University of Arizona Department of Psychiatry, Tucson, AZ, 3Rush 
University Medical Center Sleep Disorders Service and Research 
Center, Chicago, IL, 4The Ohio State University, Department of 
Psychiatry and Behavioral Health, Columbus, OH

Introduction: Disturbed nighttime sleep and increased daytime sleep 
are common in individuals with psychosis. Previous research on habit-
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ual sleep in individuals with psychosis has focused on middle-aged and 
older adults. The purpose of this study was to examine characteristics 
and clinical correlates of sleep among individuals with first-episode 
psychosis.
Methods: Forty young adults (10 female, mean age 22.7, range 17–33) 
with first-episode psychosis (16 affective-spectrum, 24 schizophrenia-
spectrum, 26 taking antipsychotics) were assessed for psychotic symp-
toms and reported their activities for the last 4 am–4 am period, from 
which measures of sleep were derived. Age/sex matched normative 
values for total sleep time were taken from the American Time Use 
Survey.
Results: Mean bedtime was 00:04 (SD: 229.94 minutes) and mean 
wake time was 10:11 (SD: 212.92 minutes). Total sleep time over 24 
hours (TST) was 637.68 minutes (SD: 173.19), reflecting 102.8 minutes 
(SD: 173.7) more sleep than age/sex norms. Day sleep (08:00–20:00) 
was 181.18 minutes (SD: 154.34). Antipsychotic use was associated 
with a trend toward longer TST, p < 0.07, d = 0.67, apparently driven by 
later wake time, p < 0.05, d = 0.75. After controlling for antipsychotic 
use and main effects, the interaction of diagnosis and positive symp-
toms (e.g., delusions, hallucinations) significantly predicted day sleep, 
p < 0.05, R2 = 0.21. Positive symptoms were associated with more 
day sleep among individuals with schizophrenia-spectrum disorders 
(b = 11.81, p < 0.05), while there was an opposite trend in individuals 
with affective-spectrum disorders with psychosis (b = −15.12, p < 0.1).
Conclusion: To our knowledge, this is the first study of habitual sleep 
and its clinical correlates in first-episode psychosis. Individuals with 
first-episode psychosis slept longer than normal, including an average 
of 3 hours of day sleep, which was associated with psychotic symptoms 
rather than antipsychotic medication. This may reflect circadian ab-
normalities among individuals with schizophrenia-spectrum disorders.
Support (If Any): The Institute for Mental Health Research and the 
Arizona Center for the Biology of Complex Diseases.

0907
A REM SLEEP QUANTITATIVE EEG STUDY IN 
NEUROTYPICAL AND AUTISTIC CHILDREN
Lambert A1, Tessier S1, Rochette A1, Scherzer P2, Mottron L3, 
Godbout R4

1Sleep Laboratory & Clinic, Hôpital Rivière-des-Prairies, Montreal, 
QC, Canada, 2Department of Psychology, Université du Québec à 
Montréal, Montreal, QC, Canada, 3Autism Clinic, Hôpital Rivière-
des-Prairies, Montreal, QC, Canada, 4Université de Montréal, 
Montreal, QC, Canada

Introduction: Autism is a neurodeveloppemental disorder character-
ized by atypical connectivity between brain regions. We have shown 
that this translates into atypical quantified EEG activity (QEEG) dur-
ing sleep in adults with autism, including localized spectral power 
differences as well as atypical intra- and interhemispheric coherence 
patterns. The purpose of this study was to analyze QEEG in children 
with with high-functioning autism (HFA) and typically developing 
(TD) children during REM sleep and test associations between these 
measures and clinical scales.
Methods: 11 HFA children (10.5 ± 1.2 years) and 13 TD children 
(10.2 ± 2.0 years) were recorded for 2 consecutive nights in a sleep 
laboratory using a 22-electrode montage. All participants had a normal 
IQ and none were taking medication. Spectral power was calculated 
for Delta, Theta, Alpha, Sigma and Beta activity and coherence values 
were calculated for inter- and intrahemispheric pairs of electrodes on 
artifact-free samples of REM sleep taken from the second night. Group 
differences on EEG coherence were assessed with repeated-measured 
ANOVA on each electrode pair for all frequency bands and correlations 
were calculated with Pearson’s r.

Results: We found no group differences for any frequency band and 
any recording sites. Compared to TD children, the HFA group had sig-
nificantly greater coherence values in frontal interhemispheric pairs of 
electrodes (FP1-FP2; F3-F4), between short distance frontal electrode 
pairs (FP1-F7; FP1-F3; F3-F7; FP2-F8; FP2-F4; F4-F8) and between 
frontal-related distant pairs (F7-C3; F3-T7; F4-C4; F8-C4; F4-T8). En-
hanced coherence values in frontal electrodes pairs positively corre-
lated with scores of internalizing behaviors In the HFA group.
Conclusion: HFA children displayed typical amounts of EEG voltage 
over all cortical areas but atypical connectivity patterns between these 
areas, namely enhanced connectivity among local frontal areas. The 
absence of atypical connectivity involving the occipital area diverges 
from adult data during REM sleep. These results point toward a devel-
opmental pattern of atypical brain organization in autism and suggest 
that this pattern shares a common substrate with clinical status.
Support (If Any): Canadian Institutes of Health Research and the 

“Fonds de la recherche du Québec en santé”.

0908
TO USE THE SUBCATEGORIZATION OF SLEEP 
MARKERS AND DEPRESSION IN OUTPATIENT 
ADOLESCENT YOUTH
Shahid A1, Augustinavicius J1, Zalai D2, Voloh I3, Shapiro C1

1Youthdale Treatment Centres, Toronto, ON, Canada, 2Department 
of Psychology, Ryerson University, Toronto, ON, Canada, 3Youthdale 
Child and Adolescent Sleep Centre, Toronto, ON, Canada

Introduction: Major Depressive Disorder (MDD) is a common health 
problem characterized by low mood, sadness and irritability. Sleep 
disturbances are a central feature of depression and adolescence is a 
period of rapid change in sleep physiology. The aim of this study is to 
evaluate the categorization of sleep change in three of sleep elements : 
REM changes; Slow weave sleep changes and fragmentation of sleep. 
We evaluated this as a tool to detect depression. The objective is to as-
sess features of sleep macro architecture as markers for evaluating and 
detecting adolescent depression.
Methods: Adolescents completed a two-week protocol that included a 
formal psychiatric interview, standardized scales, polysomnographic 
(PSG) assessment, actigraphy, salivary melatonin sampling, and holter 
monitoring.
Results: Depressed adolescents (n = 22) differed from controls (n = 20) 
on features of sleep macroarchitecture measured by PSG. 59% of the 
depressed subjects had more than one PSG marker from each category 
as compared to control (N = 20). This indicates that subjects who were 
depressed on clinical assessments using the standardized scales and 
evaluations had changes in sleep suggestive of depression.
Conclusion: The categorization of sleep change in three categories of 
sleep components (see above ) can be a useful tool to detect depres-
sion. The results suggests that the individual markers of depression in 
children and adolescents may not be as effective as the categorization 
of sleep changes into three categories and using this general approach.

0909
SLEEP COMPLAINTS IN DEPRESSED YOUTH AS A 
MARKER OF THE SEVERITY OF THE ILLNESS
Lopes M1, Spruyt K 2, Fu-I L3

1University of Sao Paulo, Sao Paulo, Brazil, 2Shanghai Children’s 
Medical Center affiliated with Shanghai Jiaotong University School of 
Medicine, Shanghai, China, 3University of Sao Paulo, Brazil

Introduction: Affective disorders are prevalent forms of mental ill-
ness. In children the presence of insomnia and hypersomnia has been 
reported. The presence of sleep complaints in Brazilian depressed chil-
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dren has been an ongoing discussion. They may cause a significant and 
potentially lifetime burden for the developing child. The aim of this 
study was to examine the severity of the illness in depressive youth 
with sleep complaints.
Methods: Our sample was composed of 142 youths with current major 
depressive disorder to an outpatient Brazilian clinic. Depressive psy-
chopathology was ascertained by face-to-face clinical interview and by 
the Diagnostic Interview for Children and Adolescent DSM IV version. 
The Children’s Depression Rating Scale (CDRS) was applied with 16-
item measure to determine the severity of depression. We obtained the 
score 1 to 4 from the presence of sleep complaints. We performed t-test 
and one-way ANOVA to compare CDRS T- score across youth with 1 
up to 4 sleep complaints with a significance level set at 5%.
Results: All subjects in this sample had sleep complaints (mean of 
age = 11 ± 8.1; 54.9% boys). The mean of CDRS T-score was 78.7 ± 7.1, 
and the most frequent complaint was initial insomnia (88.7%), fol-
lowed by night awakenings (54.2%), early awakening and hypersomnia 
(34.5% and 31%, respectively). Youth with 3 or more sleep complaints 
had significantly higher CDRS T-score [F(3, 138) = 5.7, p = 0.001]. This 
is especially the case in adolescent boys [F(3, 138) = 3.1, p = 0.027]. 
Also, the severity of depression is associated to the number of sleep 
complaints (p = 0.022), particularly in patients without family history 
of affective disorder (p = 0.010).
Conclusion: We found that the severity of depression was increased 
by the number of sleep complaints. The sleep complaints associated 
with depression might be clinically important in youth without family 
history of affective disorder.

0910
CIRCADIAN SYNCHRONY AND AFFECTIVE 
SYNDROMES EMERGING DURING YOUTH
Robillard R1, Carpenter J2, Fares S2, Rogers N3, White D2, 
Hannon A 2, Hermens D2, Naismith S2, Mullin S2, Feilds K 2, Ip T 2, 
Whitwell B2, Glozier N2, Scott E2, Hickie I 2

1Brain & Mind Research Institute, The University of Sydney, Sydney, 
Australia, 2Brain & Mind Research Institute, The University of 
Sydney, Syndey, Australia, 3Concord Medical School,The University 
of Sydney, Concord, Australia

Introduction: Disruptions in the synchrony of circadian rhythms have 
been hypothesized to play a role in the pathophysiology of affective 
disorders. In depressed adults with a delayed circadian profile, great-
er depression severity has been found to correlate with variations in 
the phase angles between sleep schedule, dim light melatonin onset 
(DLMO), and core body temperature nadir (CBTmin). Considering 
the marked phase delay often characteristic of mood disturbances dur-
ing youth, this study investigated how the phase relationship between 
circadian rhythms relate to the clinical profile of young persons with 
emerging affective syndromes.
Methods: One hundred and one young persons [62.4% females; 14 
to 34 years, mean (SD) = 20.9 (0.43) years] seeking professional help 
primarily for significant symptoms of anxiety, depression or bipolar 
disorder were recruited from specialised early intervention services. 
A research psychologist administered the Brief Psychiatric Rating 
Scale (BPRS) and the Social and Occupational Functioning Assess-
ment Scale (SOFAS). Participants completed 5 to 21 days of actigraphy 
monitoring and a semi-constant routine protocol during which saliva 
samples were collected every 30-minute from 6-hour prior to habitu-
al sleep time (HST) until 2-hours after HST, and CBT was recorded 
across the night with an ingestible sensor.
Results: Negative phase angles between habitual sleep midpoint and 
CBTmin, and between HST and DLMO were found in respectively 
51.0% and 25.8% of the sample. Higher mania symptoms on the BPRS 

correlated with later DLMO (r = 0.30, p = 0.017) and with shorter CBT-
min-DLMO phase angle (r = −0.46, p = 0.014). Lower SOFAS scores 
correlated with later DLMO (r = −0.30, p = 0.019) and with shorter 
HST-DLMO phase angle (r = 0.27, p = 0.040).
Conclusion: Unusual phase angles between sleep, melatonin and tem-
perature rhythms were found in several young persons with emerging 
affective syndromes. During youth, shorter phase angles in conjunc-
tion with later melatonin rhythms may be associated with more severe 
mania symptoms and lower socio-occupational functioning.
Support (If Any): This study was funded from a National Health and 
Medical Research Council (NHMRC) Australia Fellowship awarded 
to IBH. RR is supported by the Fonds de recherche du Québec - Santé.

0911
COMPARISON OF CIRCADIAN PHASE AND SOCIAL 
JET LAG ACROSS DEPRESSED AND EUTHYMIC MOOD 
STATES IN ADOLESCENTS WITH BIPOLAR DISORDER
Hasler BP, Goldstein TR, Gratzmiller SM, Franzen PL
Western Psychiatric Institute and Clinic, Pittsburgh, PA

Introduction: Circadian rhythm disturbances have been noted across 
mood disorders, including bipolar disorder, and mostly commonly in-
clude later circadian phase and altered circadian alignment. Studies 
suggest that the degree of circadian misalignment correlates with the 
severity of depression in Seasonal Affective Disorder and Major De-
pressive Disorder; however, these associations have not been reported 
in bipolar depression. In the largest sample of adolescents with bipolar 
disorder to date, we examined the relationship of circadian alignment 
with mood state and symptom severity.
Methods: Participants included 25 youth aged 13–22 with bipolar 
disorder. Based on clinician ratings, 10 participants were currently 
depressed and 15 participants were euthymic. Participants completed 
sleep diaries and wrist actigraphy for 10 days. Social jet lag was op-
erationalized as the weekday-weekend difference in midsleep timing. 
Salivary melatonin samples were collected under dim light conditions 
to assess the Dim Light Melatonin Onset (3 pg/ml threshold), and DL-
MO-midsleep phase angles were calculated. Self-reported sleep and 
mood were also assessed using the Pittsburgh Sleep Quality Index and 
Mood and Feelings Questionnaire-Child version.
Results: In the full sample, the mean DLMO was 21:45 and the mean 
DLMO-midsleep phase angles were 6.60 and 6.63 hours for diary and 
actigraphy respectively. Neither DLMO nor DLMO-midsleep phase 
angles differed by mood state (depressed vs. euthymic). The weekend 
shift in midsleep differed by mood state based on diary, not actigraphy, 
and not in the expected direction (midsleep advanced in the depressed 
group). Across the full sample, there were no correlations between the 
circadian or social jet lag variables and sleep quality (PSQI) or depres-
sion severity (MFQ-C).
Conclusion: In contrast to predictions and relevant prior studies, circa-
dian alignment and social jet lag did not differ by mood state and were 
unrelated to mood or sleep disturbance. Possibly, regular school wake 
times, or effective treatment, may have attenuated such relationships 
in this sample.
Support (If Any): This work was funded by the Pittsburgh Foundation 
and National Institutes of Health (K01 DA032557).
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0912
ANXIETY SYMPTOMS PREDICT SHORT SLEEP 
DURATION, BUT ONLY IN INDIVIDUALS WHO ARE 
NOT “NATURAL” SHORT SLEEPERS
Wang J1, Perlis M1, Chakravorty S1, Gallagher R1, Hale L2, 
Barrett M1, Schuschu J1, Khader W1, Rana S1, Grandner MA1

1University of Pennsylvania, Philadelphia, PA, 2Stony Brook 
University, Stony Brook, NY

Introduction: Sleep duration may be, at least in part, mediated by 
anxiety. This may not apply, though, for individuals who are “natural” 
short sleepers.
Methods: Data from the Sleep and Healthy Activity, Diet, Environ-
ment, and Socialization (SHADES) study was used. SHADES is 
a community-based study of adults in southeastern Pennsylvania 
(N = 1007). Sleep duration was assessed using the NHANES ques-
tion and was categorized as very short (≤ 4 h), short (5–6 h), normal 
(7–8 h, reference), or long (≥ 9 h). Subjects were also asked if they 
awaken naturally AND are satisfied with the amount of sleep they get 
(N = 267/1007). Anxiety symptoms assessed using the GAD7 included 
nervousness, lack of control, worry, trouble relaxing, restlessness, irri-
tability, and fearfulness. These items were scaled from 0 (“Not at all”) 
to 3 (“Nearly every day”). Multinomial logistic regressions included 
sleep duration as dependent variable, anxiety symptoms as indepen-
dent variable, and age, sex, education, and race/ethnicity as covariates, 
overall and stratified by “natural” sleep status.
Results: Overall, very short sleep (≤ 4 h) was associated with “nearly 
every day” reports of nervousness (OR = 5.7, p < 0.0001), lack of control 
(OR = 6.1, p < 0.0001), worry (OR = 8.7, p < 0.0001), trouble relaxing 
(OR = 13.1, p < 0.0001), restlessness (OR = 7.3, p < 0.0001), irritabil-
ity (OR = 7.9, p < 0.0001), and fear (OR = 5.2, p < 0.0001). Short sleep 
(5–6 h) was also associated with “nearly every day” reports of nervous-
ness (OR = 2.8, p < 0.0001), lack of control (OR = 3.4, p < 0.0001), worry 
(OR = 3.0, p < 0.0001), trouble relaxing (OR = 4.3, p < 0.0001), rest-
lessness (OR = 2.3, p < 0.0001), and irritability (OR = 2.1, p < 0.0001). 
When analyses were stratified by “natural” sleep, “natural” short sleep-
ers did not show statistically significant associations compared to “nat-
ural” normal sleepers. In contrast, “non-natural” short sleepers (very 
short and short) exhibited strong associations between sleep duration 
and anxiety compared to “non-natural” normal sleepers.
Conclusion: Short sleep duration is associated with increased report-
ing of anxiety symptoms. However, these associations may only hold 
true for those who do not awaken “naturally” and report dissatisfaction 
with their sleep duration.
Support (If Any): The SHADES study was funded by R21ES022931. 
Dr. Grandner is also supported by K23HL110216.

0913
BINGE DRINKING AND HABITUAL SLEEP DURATION, 
AND THE ROLES OF DEPRESSION AND SMOKING: 
DATA FROM THE 2013 BEHAVIORAL RISK FACTOR 
SURVEILLANCE SYSTEM
Rana S, Chakravorty S, Grandner MA
University of Pennsylvania, Philadelphia, PA

Introduction: Several studies have shown that both alcohol binges and 
smoking can disturb sleep, and that substance use is commonly seen 
in the context of depression, which itself is associated with poor sleep. 
The present study sought to explore these relationships in a national 
sample with the goal of determining pathways linking binge drinking 
with sleep duration.
Methods: Data from the 2013 BRFSS, a large survey conducted by the 
CDC, was used (N = 199,009). Sleep duration was assessed as amount 

of sleep in typical 24 h and was categorized as very short (≤ 4 h), short 
(5–6 h), normal (7–8 h, reference), and long (≥ 9 h). Binge drinking 
frequency was assessed as number of occasions in the past 30 days 
of ≥ 5 drinks. Smoking and depression were self-reported. Covariates 
included age, sex, race/ethnicity, education, income, marital status, 
and BMI. Multinomial logistic regression, with sleep duration as de-
pendent variable, examined the role of binge drinking, smoking, and 
depression. Sobel tests examined the role of smoking and depression as 
mediators of relationships with heavy drinking.
Results: In analyses adjusted for covariates, each binge episode was 
associated with increased likelihood of very short (OR = 1.05; 95% 
CI [1.04–1.06]; p < 0.0001), short (OR = 1.02; 95% CI [1.01–1.02]; 
p < 0.0001), and long (OR = 1.03; 95% CI [1.02–1.04]; p < 0.0001) 
sleep. Similarly, smoking was associated with very short (OR = 2.38; 
95% CI [2.21–2.57]; p < 0.0001), short (OR = 1.53; 95% CI [1.47–1.59]; 
p < 0.0001), and long (OR = 1.22; 95% CI [1.14–1.32]; p < 0.0001) sleep. 
After adjusting for smoking and depression, effects for binge drinking 
were still significant for very short (OR = 1.04; 95% CI [1.03–1.05]; 
p < 0.0001), short (OR = 1.01; 95% CI [1.01–1.02]; p < 0.0001), and long 
(OR = 1.03; 95% CI [1.02–1.04]; p < 0.0001) sleep. In partial mediation 
analyses, smoking accounted for 29%, 36%, and 6% of the relation-
ship between binge drinking and very short, short, and long sleep, re-
spectively, and depression accounted for 14%, 10%, and 7% of these 
relationships.
Conclusion: In analyses adjusted for covariates, each binge episode 
was associated with increased likelihood of very short (OR = 1.05; 
95% CI [1.04–1.06]; p < 0.0001), short (OR = 1.02; 95% CI [1.01–1.02]; 
p < 0.0001), and long (OR = 1.03; 95% CI [1.02–1.04]; p < 0.0001) 
sleep. Similarly, smoking was associated with very short (OR = 2.38; 
95% CI [2.21–2.57]; p < 0.0001), short (OR = 1.53; 95% CI [1.47–1.59]; 
p < 0.0001), and long (OR = 1.22; 95% CI [1.14–1.32]; p < 0.0001) sleep. 
After adjusting for smoking and depression, effects for binge drinking 
were still significant for very short (OR = 1.04; 95% CI [1.03–1.05]; 
p < 0.0001), short (OR = 1.01; 95% CI [1.01–1.02]; p < 0.0001), and long 
(OR = 1.03; 95% CI [1.02–1.04]; p < 0.0001) sleep. In partial mediation 
analyses, smoking accounted for 29%, 36%, and 6% of the relation-
ship between binge drinking and very short, short, and long sleep, re-
spectively, and depression accounted for 14%, 10%, and 7% of these 
relationships.
Support (If Any): K23HL110216, R21ES022931

0914
ASSOCIATIONS BETWEEN SLEEP DURATION, 
NEURAL ACTIVITY AND CONNECTIVITY DURING 
AN FMRI REWARD PARADIGM, AND EMERGING 
MANIC SYMPTOMS IN YOUTH AT RISK FOR BIPOLAR 
DISORDER
Soehner AM1, Bertocci M1, Ladouceur CD1, Graur S1, Monk K1, 
Bonar LK1, Hickey M1, Axelson D2, Goldstein BI3, Goldstein TR1, 
Bebko G1, Hafemen DM1, Gill M1, Birmaher B1, Phillips ML1

1Department of Psychiatry, University of Pittsburgh Medical Center, 
Pittsburgh, PA, 2Department of Psychiatry, Nationwide Children’s 
Hospital and The Ohio State College of Medicine, Columbus, OH, 
3Department of Psychiatry, University of Toronto Sunnybrook Health 
Sciences Centre, Toronto, ON, Canada

Introduction: Although disturbed sleep has been implicated in the 
development of bipolar disorder (BD), the neural pathways through 
which sleep may influence BD risk have been minimally examined. 
The aim of the present study was to investigate the relationship be-
tween sleep duration and reward processing neural circuitry in youth at 
risk for BD, and evaluate whether sleep-related functional changes in 
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reward circuitry mediate the relationship between sleep duration and 
emerging mania symptoms.
Methods: 23 offspring of a parent with BD (BO) and 25 control par-
ticipants (CTL) completed an fMRI reward paradigm. Groups were 
matched on age (8–16 yr, mean = 14.0 ± 2.3 yr), sex, IQ, and Axis I dis-
orders. All youth were BD-negative. Analyses focused on a win > con-
trol contrast. Regression tested group status and self-reported sleep 
duration in the week prior to scan as predictors of BOLD activity 
within a prefrontal-ventral striatal region-of-interest and whole-brain 
connectivity to a bilateral ventral striatum (VS) seed region. Sleep-
related BOLD activity and connectivity were tested as mediators of the 
relationship between sleep duration and emerging mania symptoms 
(Parent General Behavior Inventory-10 Item Mania Scale; PGBI-10M).
Results: There were significant group-by-sleep duration interactions 
for bilateral anterior cingulate cortex activity (ACC; p < 0.05, correct-
ed) and for bilateral VS-left amygdala/insula connectivity (p < 0.05, 
FWE-corrected). Sleep duration and ACC activity were positively as-
sociated in BO, but inversely associated in CTL [Left: F(3,44) = 4.51, 
p = 0.008, R2 = 0.24; Right: F(3,44) = 3.14, p = 0.035, R2 = 0.17]. Sleep 
duration and VS-left amygdala/insula connectivity were inversely re-
lated in BO, but positively related in CTL [F(3,44) = 6.61, p = 0.001, 
R2 = 0.56]. In BO only, greater VS-left amygdala/insula connectivity 
mediated the relationship between shorter sleep duration and higher 
PGBI-10M score (Indirect effect b = −0.05, BCa CI [−0.11, −0.002]).
Conclusion: In youth at risk for BD, shorter sleep duration may in-
crease risk of manic symptoms via disrupted functional connectivity 
during reward processing, suggesting that mitigating sleep loss could 
be an important intervention target for this population.
Support (If Any): R01MH060952; T32MH018269

0915
DAYTIME COGNITIVE FUNCTION ASSOCIATED WITH 
HABITUAL SLEEP DURATION
Khader W, Brownlow J, Chakravorty S, Gehrman P, Rana S, 
Grandner MA
University of Pennsylvania, Philadelphia, PA

Introduction: Sleep duration has been associated with adverse car-
diometabolic outcomes. Sleep deprivation has been shown to impair 
cognitive function in the laboratory, but few studies have examined 
associated between sleep duration and cognitive function at the popu-
lation level. This is relevant because poor cognitive function could lead 
to accidents, decreased functioning, and other adverse outcomes. It is 
possible that habitual sleep duration confers risk in this domain as well.
Methods: Data from the 2013 Behavioral Risk Factor Surveillance 
System (BRFSS) was used. The BRFSS is a phone-based survey con-
ducted annually by the CDC. N = 390,959 adults age ≥ 18 provided 
complete data. Sleep duration was assessed as habitual sleep within 24 
hours and was categorized as very short (≤ 4 h), short (5–6 h), normal 
(7–8 h, reference), and long (≥ 9 h). Daytime cognitive dysfunction 
was operationalized with, “Because of a physical, mental, or emotional 
condition, do you have serious difficulty concentrating, remembering, 
or making decisions?” Covariates included age, sex, education, income, 
race/ethnicity, overall health, and days poor physical and/or mental 
health in the past month. Logistic regression analyses were weighted 
for representativeness to the US population.
Results: In unadjusted analyses, daytime cognitive function was more 
frequently endorsed in very short (OR = 8.07; 95% CI [7.48, 8.71]; 
p < 0.0001), short (OR = 2.20; 95% CI [2.09, 2.32]; p < 0.0001), and 
long sleep (OR = 2.72; 95% CI [2.52, 2.93], p < 0.0001). After adjust-
ment for demographics and socioeconomics, these were attenuated 
somewhat for very short (OR = 5.52; 95% CI [5.09, 6.00]; p < 0.0001), 
short (OR = 2.03; 95% CI [1.92, 2.14]; p < 0.0001), and long sleep 

(OR = 2.09; 95% CI [1.93, 2.26]; p < 0.0001). After including overall, 
physical, and mental health, these relationships were further attenu-
ated but still significant for very short (OR = 2.32; 95% CI [2.10, 2.57]; 
p < 0.0001), short (OR = 1.44; 95% CI [1.35, 1.52]; p < 0.0001), and long 
sleep (OR = 1.72; 95% CI [1.58, 1.87]; p < 0.0001).
Conclusion: Short and long sleep duration are associated with cog-
nitive dysfunction, even after accounting for demographics, social 
factors, and physical and/or mental health problems. Population-level 
concerns about the adverse impact of sleep duration should consider 
cognitive as well as cardiometabolic risks.
Support (If Any): K23HL110216, R21ES022931

0916
INSUFFICIENT SLEEP, TOTAL SLEEP TIME, 
AND SLEEP QUALITY AS PREDICTORS OF 
BIOPSYCHOSOCIAL OUTCOMES
Dietch JR1, Taylor DJ1, Bramoweth AD2, Sethi K1, Roane BM3

1University of North Texas, Denton, TX, 2VA Pittsburgh Healthcare 
System, Pittsburgh, PA, 3University of North Texas Health Science 
Center, Fort Worth, TX

Introduction: Most research examining sleep and biopsychosocial 
outcomes (e.g., fatigue, depression, anxiety) focuses on sleep duration 
or sleep quality. However, insufficient sleep--getting less sleep than 
one desires or needs--may also play an important role in these out-
comes. The present study examines insufficient sleep, total sleep time, 
and sleep quality as predictors of fatigue.
Methods: Participants were 965 undergraduate students from a large 
public university in Texas (U.S.; 74.6% female; M age = 20.4 [SD = 3.9]). 
Participants completed one week of daily sleep diaries and a question-
naire battery assessing demographics, sleep quality, ideal amount of 
sleep, and fatigue. A linear regression was run to determine if, in addi-
tion to total sleep time and sleep quality, insufficient sleep significantly 
contributed to prediction of fatigue.
Results: Average insufficient sleep was 57.8 minutes (SD = 79.5). Sleep 
quality, insufficient sleep, and gender were all significant predictors of 
fatigue (ps < 0.001), and the overall model was significant (p < 0.001). 
Total sleep time was not a significant predictor (p = 0.288). Additional 
analyses examining these variables as predictors of other biopsychoso-
cial outcomes will be presented at conference.
Conclusion: The results indicate higher levels of insufficient sleep are 
significantly related to higher levels of fatigue. Insufficient sleep, in 
addition to factors such as sleep quality and total sleep time, may be an 
important variable to consider in the examination of biopsychosocial 
outcomes. More research is needed to adequately assess insufficient 
sleep, and to determine the role it plays in individuals’ overall health 
and quality of life.
Support (If Any): Research supported by a grant from University of 
North Texas [G69250].

0917
ASSOCIATIONS BETWEEN SLEEP DISTURBANCE, 
COGNITIVE FUNCTIONING AND WORK DISABILITY 
IN BIPOLAR DISORDER
Boland EM1, Stange JP2, Molz Adams A 2, LaBelle DR 2, Ong M3, 
Hamilton JL2, Connolly SL2, Black C2, Cedeño AB2, Alloy LB2

1Philadelphia Veterans Affairs Medical Center, Philadelphia, PA, 
2Temple University, Philadelphia, PA, 3University of North Carolina 
Chapel Hill, Chapel Hill, NC

Introduction: Bipolar Disorder (BD) is associated with poor function-
al outcomes often despite the remission of mood symptoms. Research 
has pointed toward deficits in cognitive functioning as playing an im-
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portant role in this persistent disability, whereas other reports associate 
clinical variables with functional outcomes. Comparatively understud-
ied is the role of chronic sleep disturbance in the maintenance of func-
tional disability in BD. The present study aimed to extend this line 
of inquiry by examining the relative contributions of sleep disruption 
and cognitive functioning specifically to work-related disability among 
individuals with BD.
Methods: Twenty-four euthymic BD participants and 24 healthy con-
trols completed a week of prospective assessment of sleep via self-re-
port (Pittsburgh Sleep Quality Index (PSQI), Insomnia Severity Index) 
and actigraphy, a battery of neuropsychological tests of executive 
functioning, working memory, and verbal learning, and assessments 
of work functioning.
Results: BD participants experienced significantly poorer sleep 
(p < 0.016 for Insomnia Severity Index, PSQI variables of Daytime 
Dysfunction, Onset Latency, Sleep Quality, and Total Score) though no 
significant differences were observed on actigraphy. BD participants 
experienced worse cognitive functioning (p < 0.04 across all domains), 
and greater lifetime histories of unemployment and being fired from 
one’s job (p < 0.03). Moderation analyses revealed that both poor sleep 
and cognitive functioning were significantly associated with poor work 
performance in BD participants but not control participants (p < 0.05).
Conclusion: This is the first study to directly associate sleep function-
ing with employment-related disability in BD. Sleep and cognitive 
functioning among individuals with BD is impaired relative to con-
trols and is more strongly related to work functioning than among in-
dividuals with no diagnosis, highlighting the importance of sleep as 
a treatment target for individuals with BD. More research should be 
conducted to better understand how sleep may impact cognitive func-
tioning in BD to elicit work disability.
Support (If Any): This research was supported by a 2013 award from 
the Civic Foundation to Elaine M. Boland. Lauren B. Alloy was sup-
ported by National Institute of Mental Health Grants MH77908 and 
MH102310. Jonathan P. Stange, Jessica L. Hamilton, and Samantha 
L. Connolly were supported by National Research Service Awards 
F31MH099761, F31MH106184 and F31MH106181, respectively, from 
NIMH. Preparation of this abstract was supported by the Office of Ac-
ademic Affiliations, Advanced Fellowship Program in Mental Illness 
Research and Treatment, Department of Veterans Affairs.

0918
SLEEP CHARACTERISTICS IN DEPRESSED 
INDIVIDUALS PREDICTS FUTURE COPING: RESULTS 
FROM A LONGITUDINAL STUDY
Imes CC1, Taylor B2, Kuper DJ2, Frank E2, Krafty RT3, Thayer JF4, 
Hall MH2

1Nursing, University of Pittsburgh, Pittsburgh, PA, 2Psychiatry, 
University of Pittsburgh, Pittsburgh, PA, 3Statistics, Temple 
University, Philadelphia, PA, 4Psychiatry, The Ohio State University, 
Columbus, OH

Introduction: Developing and enhancing coping is important in the 
treatment of depression. The variability of sleep among depressed in-
dividuals may influence their use of certain coping styles. This analysis 
examined whether sleep characteristics predict coping styles measured, 
on average, nearly two decades later.
Methods: This secondary analysis utilized data from the Sleep: A 
Novel Pathway Linking Major Depression and Cardiovascular Disease 
Study and included adults with depression at baseline. Median splits 
were calculated for total sleep time (TST), wake after sleep onset, sleep 
latency, sleep efficiency (SE), sleep midpoint, percent slow wave sleep 
(SWS), and percent rapid eye movement (REM) sleep from baseline 
night 2 polysomnography data. The result from each median split was 

coded as 0 (better sleep) or 1 (worse sleep) and totaled, producing a 
sleep score. Follow-up Brief COPE scores were used to assess coping 
strategies. Backward stepwise regression was used to examine which 
combination of sleep variables best-predicted future coping styles.
Results: The sample (N = 89) was mostly female (80.9%) and White 
(97.8%) with a mean age of 59.3 ± 8.8 years at follow-up. The time 
between the baseline and follow-up assessments was 19.7 ± 5.7 years. 
The final sleep score included TST, SE, percent SWS and percent REM 
sleep and predicted 5 of the 14 coping subscales. The median splits 
were: 394.5 minutes for TST; 93.07% for SE; 9.59% for percent SWS; 
and 25.92% for percent REM sleep. The sleep score predicted active 
coping (b = −0.269, p = 0.015), denial (b = −0.262, p = 0.019), planning 
(b = −0.275, p = 0.009), positive reinterpretation (b = −0.357, p = 0.002), 
and venting (b = −0.273, p = 0.016). Better sleep predicted more fre-
quent use of these coping mechanisms. Covariates included gender, 
age at follow-up, and follow-up time.
Conclusion: Sleep may play a role in the choice of and effectiveness 
of coping strategies among depressed adults. Helping depressed adults 
identify which strategies are most effective could improve their ability 
to manage their illness.
Support (If Any): This study was supported by a grant from the Na-
tional Institutes of Health (R0 1HL104607, PI: Hall).

0919
ASSOCIATIONS OF DEPRESSIVE SYMPTOMS WITH 
SLEEP DURATION, CHRONOTYPE, AND SKIPPING 
BREAKFAST IN ROTATING SHIFT WORKERS
Togo F1, Yoshizaki T 2, Komatsu T3

1Educational Physiology Laboratory, Graduate School of Education, 
The University of Tokyo, Tokyo, Japan, 2Faculty of Food and 
Nutritional Sciences, Toyo University, Gunma, Japan, 3Department of 
Physical Therapy,Tokyo University of Technology, Tokyo, Japan

Introduction: Recent studies have suggested that depressive symp-
toms in adults uninvolved in night work are associated with daily 
sleep duration and chronotype. However, it has been remained unclear 
whether habitual sleep duration and chronotype independently con-
tribute to increasing the level of depressive symptoms in rotating shift 
workers. Chronotype is associated with timing of behaviors such as 
eating. Therefore, the purpose of this study is to determine the relation-
ships between depressive symptoms, daily sleep duration, and chrono-
type or skipping breakfast habit in rotating shift workers.
Methods: Japanese female nurses (1141 day workers and 1522 rotat-
ing shift workers, aged 20–59) were studied using self-administered 
questionnaires. The questionnaires included sleep habits, chronotype, 
the rate of skipping breakfast, depressive symptoms, and demographic 
characteristics of participants: age, height, weight, current work sched-
ule, position, years of experience as a rotating shift worker, and marital 
status.
Results: The level of the depressive symptoms of shift workers was 
significantly (p < 0.05) higher than that of day workers. Shift workers 
slept for significantly (p < 0.05) shorter durations on nights between 
days on the day shift, shifted significantly (p < 0.05) more toward 
an evening type, and skipped breakfast significantly (p < 0.05) more 
frequently compared with day workers—factors which were also as-
sociated with higher level of the depressive symptoms. In addition, 
multivariable linear regression coefficients for the level of the depres-
sive symptoms showed a significant correlation with sleep duration and 
chronotype or the rate of skipping breakfast in rotating shift workers, 
after controlling for demographic characteristics.
Conclusion: Shorter sleep duration and evening type in chronotype, or 
more frequent breakfast skipping were associated with higher depres-
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sive symptoms in rotating shift workers, which should be considered in 
preventing poor mental health in rotating shift workers.

0920
SLEEP QUALITY AND SLEEP DISTURBANCE IN THOSE 
AT RISK FOR HOARDING DISORDER
Thacher PV, Reinheimer A
St. Lawrence University, Canton, NY

Introduction: Hoarding Disorder (HD) was designated as an inde-
pendent mental illness in the most recent edition of the DSM. Many 
patients with HD experience difficulty using the rooms in their homes 
for the purposes intended. The difficulty that those with HD may ex-
perience in using their bedrooms for sleep might result in worsening 
sleep patterns over time. Our study surveyed a range of respondents to 
discover whether sleep, hoarding, and clutter, particularly in the bed-
room, might be inter-related.
Methods: We recruited a sample of respondents from Amazon’s “Me-
chanical Turk” website to collect survey responses from the internet. 
All data were collected between 5 pm and 10 pm. Our advertisement 
asked for those interested in hoarding, sleep, or clutter, whether or not 
they had problems with these areas. Questionnaires: Demographics; 
Pittsburgh Sleep Quality Index (PSQI); Clutter and Hoarding Rating 
Scale (CHRS); Sleep Habits Survey (SH).
Results: Respondents whose scores on the CHRS were greater than 35 
were deemed at risk of HD (Risk-HD, n = 83); others were minimally 
at risk and comprised our control group (n = 198). The Risk-HD group 
was not different in age or gender compared to the control group. Con-
trary to our hypotheses, Risk-HD participants identified livingrooms 
as most cluttered/unusable (F = 89.8, df 1,279). Kitchens (F = 21.5, df 
1,279) and bedrooms (F = 21.5, df 1,279) were also significantly more 
cluttered than the control group (all p < 0.001). Risk-HD participants 
scored significantly higher on the SH (F = 7.6, p < 0.01) and on three 
sub-scales of the PSQI, including Sleep Latency (F = 10.3 (df 1, 279), 
p < 0.01); Sleep Disturbances (F = 17.5, p < 0.001), and Daytime Dis-
turbances (F = 5.0, p < 0.05).
Conclusion: Those at risk of Hoarding Disorder may have serious 
complaints about sleep. Using the bedroom for restful and adequate 
sleep may be considerably more difficult for those with behaviors and 
symptoms consistent with Hoarding Disorder.

0921
SLEEP DISTURBANCE IN TREATMENT-SEEKING 
INDIVIDUALS WITH COMPLICATED GRIEF
Avanzino J1, Gribbin C2, Mauro C3, Zisook S 4, Reynolds C5, 
Lebowitz B4, Simon N6, Shear K 2

1Veterans Medical Research Foundation, San Diego, CA, 
2Complicated Grief Treatment Research Program, Columbia 
University School of Social Work and Department of Psychiatry, 
New York, NY, 3Department of Biostatistics, Columbia University 
Mailman School of Public Health, New York, NY, 4Department 
of Psychiatry, University of California, San Diego, La Jolla, CA, 
5Department of Psychiatry, University of Pittsburgh School of 
Medicine, Pittsburgh, PA, 6Center for Anxiety and Traumatic Stress 
Disorders and Complicated Grief Program, Massachusetts General 
Hospital, Boston, MA

Introduction: In complicated grief (CG), the mourning process be-
comes derailed and symptoms of acute grief are prolonged, including 
persistent yearning for the deceased, preoccupation with the loss, and 
intense sorrow. Individuals with CG, with and without comorbidity, 
also report having poor sleep quality. We recently completed recruit-

ment for a multicenter treatment study for CG. We examined baseline 
sleep disturbance in this study.
Methods: 387 adults (78.3% female; mean age = 53.0, SD = 14.6) 
met criteria for CG and completed the Quick Inventory of Depressive 
Symptomatology (QIDS-SR) at baseline. All patients were interviewed 
with the Structured Clinical Interview for DSM-IV to assess for cur-
rent MDD (n = 256, 66.1%) and PSTD (n = 151, 39.0%). Sleep distur-
bance was assessed by items 1–4 on the QIDS-SR. Fisher’s Exact tests 
were conducted to examine differences in sleep disturbance based on 
comorbidity.
Results: 378 study participants (91.2%) endorsed some degree of im-
paired sleep (≥ 2 on any QIDS-SR item 1–4). Rates of endorsing dif-
ficulty falling asleep differed according to comorbidity with 43.0% of 
those with CG only (n = 93), 54.5% of those with CG+MDD (n = 143), 
42.1% of those with CG+PTSD (n = 38), and 67.3% of those with all 
three diagnoses (n = 113) (p = 0.0020). Similarly, waking too early dif-
fered by comorbidity with rates for CG only significantly lower than 
those with GG+MDD, CG+PTSD, and all three diagnoses (p = 0.0012), 
as did sleeping too much (p = 0.0051). However, restless sleep during 
the night was endorsed by 74.2% with CG only and did not differ sig-
nificantly by condition (p = 0.4254).
Conclusion: We found that the great majority of study participants 
endorsed sleep disturbance. Similar to previous reports, those with 
comorbidity more often endorsed sleep problems than those with CG 
alone. However, it appears that sleep disturbance is a common associ-
ated feature with CG and is likely to be clinically significant.
Support (If Any): Supported by NIMH-R01MH085297, NIMH-
R01MH085288, NIMH-R01MH060783, NIMH-R01MH085308, and 
AFSP- LSRG-S-172-12.

0922
SLEEP QUALITY IN OLDER ADULTS WITH 
COMPLICATED GRIEF
Gribbin CE1, Avanzino JA 2, Mauro C3, Skritskaya N1, Simon N4,5, 
Reynolds III CF6, Zisook S2,7, Lebowitz B7, Shear M1,8

1Columbia School of Social Work, New York, NY, 2Veteran’s Affairs 
San Diego Healthcare System and Veteran’s Medical Research 
Foundation, San Diego, CA, 3Columbia University Mailman School 
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Boston, MA, 5Harvard Medical School, Boston, MA, 6University 
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Introduction: Complicated Grief (CG) is a debilitating condition most 
prevalent in elderly persons. CG occurs when the natural adaptive re-
sponse to bereavement becomes stalled and symptoms of acute grief 
are prolonged. Many individuals with CG report poor sleep quality. 
A recent treatment study of adults 50 years and older with CG found 
46% had comorbid MDD. The current study examined sleep quality 
reported at baseline.
Methods: 140 participants (81.43% female; mean age = 65.73, SD = 8.9) 
met criteria for CG and completed the Pittsburgh Sleep Quality Index 
(PSQI). All were assessed for current MDD using the SCID-I for DSM-
IV. Descriptive statistics were conducted to characterize sleep qual-
ity in the total sample and to compare those with and without current 
MDD.
Results: Seventy-five participants (53.95%) reported poor sleep quality 
(≥ 2 PSQI item 6) including (47.37% of 76 participants without current 
MDD and 61.90% of 64 participants with current MDD, p = 0.0870). 
However, participants with current MDD had higher endorsement 
rates of feeling too hot (73.44% vs. 47.37%, p = 0.0078) and too cold 
(51.56% vs. 31.58%, p = 0.0165) and were more likely to report difficul-
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ty in daytime functioning. In the CG + MDD group 59.38% of patients 
indicated that keeping up enough enthusiasm to get things done was a 
very big problem compared to 19.74% of CG only patients (p < 0.0001).
Conclusion: About half of older adults seeking treatment for CG re-
ported poor sleep quality, including 62% with and 47% without current 
MDD. Those with current MDD reported higher rates of sleep dis-
turbed by feeling too hot or too cold and greater difficulty maintaining 
enthusiasm to get things done. High rates of poor sleep quality in the 
participants both with or without MDD replicates previous findings in 
younger adults and suggests disturbed sleep may be a clinically signifi-
cant cause and/or consequence of prolonged acute grief.
Support (If Any): R01MH070741

0923
SLEEP DISTURBANCE IN PSYCOTIC AND NON 
PSYCHOTIC BIPOLAR AFFECTIVE DISORDERS
Yalcin Yetisir N1, Karaaslan F1, Tuncel D2, Findikli E1

1Kahramanmaras Sutcu Imam University, Faculty of Medicine, 
Psychiatry Department, Kahramanmaras, Turkey, 2Kahramanmaras 
Sutcu Imam University, Faculty of Medicine, Neurology Department, 
Kahramanmaras, Turkey

Introduction: Bipolar affective disorder is a severe, recurrent mental 
illness affecting 1–4% of the population. Reduced need for sleep and 
insomnia/hypersomnia are common symptoms of the manic and de-
pressive phases of bipolar disorder. Sleep disturbance persists in the 
period between episodes and may be a mechanism contributing to ill-
ness relapse. Purpose of our study is to evaluate sleep disorders and 
polysomnographic findings in psychotic (PBPD) and non psychotic 
bipolar disorder (NPBPD) during the inter-episodes period.
Methods: We made prospective study of 14 PBPD and 14 NBPD pa-
tients. Sleep was evaluated via Pittsburgh sleep quality index (PSQI), 
Epworth sleepiness scale (ESS) and polysomnography,
Results: The mean age of patients was 31 ± 10 years in PBPD, 35 ± 8 
years in NPBPD. PSQI scores were found high both of these groups (7 
in PBPD, 8 in NPBPD, respectively). ESS scores were high in PBPD 
group. Sleep latency in NPBPD group longer than in PBPD group. 
Sleep apnea was more common in both groups (57% of total patients, 
mean AHI: 7/hour, min O2sat 72%).
Conclusion: Sleep disturbances are often reported by patients with Bi-
polar Disorder. The high prevalence of obstructive sleep apnea among 
these patients may play a major role in the mortality and morbidity of 
bipolar disorders.

0924
EMOTIONAL REGULATION AND DEPRESSION 
SYMPTOMS: THE IMPACT ON SLEEP AND 
NIGHTMARES
Youngren WA, Katherine M, Scholl J, Cranston C, Davis J
The University of Tulsa, Tulsa, OK

Introduction: Depression and emotional dysregulation are linked to 
poor sleep quality (Knudsen, Ducharme, & Roman, 2007; Mauss, Troy, 
& LeBourgeois, 2013). Depression is also related to experiencing night-
mares, particularly in individuals with posttraumatic stress disorder 
(PTSD; Nadorff, Nazem, & Fiske, 2011). Biological understanding of 
this relationship shows that problems in limbic areas of the brain as-
sociated with emotional functioning significantly predict nightmares 
(Levin, & Nielsen, 2009). Given that research has linked depression 
to the onset of emotional regulation difficulties (Joormann, & Gotlib, 
2010), and both constructs relate to sleep quality and nightmare fre-
quency, this study explores the amount of variance these variables pre-
dict in poor sleep quality and nightmare frequency. Determining how 

these variables influence sleep could inform prioritization in sleep-
focused treatment.
Methods: Data was collected via self-report surveys distributed to 
university students (N = 34). Measures included the Difficulties in 
Emotional Regulation Scale, the Center for Epidemiologic Studies De-
pression Scale, the Pittsburgh Sleep Quality Index, and the Trauma-
Related Nightmare Survey. A two-step hierarchical multiple regression 
was conducted. Due to depression’s role in emotional regulation diffi-
culties, depression was entered in step 2 to assess incremental validity 
in predicting poor sleep quality and nightmare frequency.
Results: Depression predicted incremental validity above and beyond 
emotional regulation difficulties (p < 0.05), for both sleep quality and 
nightmare frequency.
Conclusion: These findings suggest that depression may be more in-
fluential than emotional dysregulation, in regards to causing poor sleep 
quality and nightmare frequency. Mirroring previous research, this 
outcome suggests that depression, perhaps due to its relationship with 
emotional dysregulation, may be partially responsible for nightmares 
in individuals with PTSD. These findings provide relevant information 
to clinicians treating individuals suffering from sleep-related problems. 
Future research should explore the potential reciprocal relationship be-
tween these factors.

0925
POOR SLEEP QUALITY AT DISCHARGE AS A 
PREDICTOR OF READMISSION TO A PSYCHIATRY 
PARTIAL HOSPITALIZATION PROGRAM
Koffel E1, Thuras P1, Chakravorty S2, Germain A3, Khawaja I4

1Minneapolis VA, Minneapolis, MN, 2Philadelphia Veterans 
Affairs Medical Center, Philadelphia, PA, 3University of Pittsburgh, 
Pittsburgh, PA, 4Hennepin Medical Center, Minneapolis, MN

Introduction: Prospective longitudinal studies have demonstrated that 
insomnia is a risk factor for psychiatric disorders and suicidal ideation 
or behavior. This research highlights the importance of treating sleep 
disturbances to prevent new onset and future relapse of psychiatric ill-
ness. We had previously reported an improvement in sleep quality fol-
lowing treatment in a psychiatric partial hospitalization program. This 
study examines the long-term follow up over 18 months after discharge 
from this program to determine if poor sleep quality at discharge pre-
dicts early readmission into the program.
Methods: As part of a continuous improvement project from Novem-
ber 2007 to March 2009, the Pittsburgh Sleep Quality Index (PSQI) 
was completed by 183 patients at the time of entry into a VHA psychia-
try partial hospitalization program and again at discharge. A retrospec-
tive chart review was conducted to examine predictors of readmission 
over an 18-month follow-up period.
Results: We found that poor sleep quality at discharge (defined by a 
PSQI score of ≥ 6) was significantly associated with readmission to the 
partial hospitalization program, with 13.2% of patients with poor sleep 
quality readmitted compared to 0% with good sleep quality. PSQI 
scores significantly predicted readmission over 18 months after con-
trolling for covariates associated with mental health status, including 
total number of mental health diagnoses, employment status, marital 
status, age, gender and ethnicity (OR = 2.10).
Conclusion: Overall, we found that persisting sleep disturbance fol-
lowing intensive mental health treatment is predictive of recidivism 
and need for a higher level of psychiatric care. It may be particularly 
important to identify and treat residual sleep disturbances following 
intensive mental health treatment to reduce rates of relapse and read-
mission.
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Support (If Any): This material is the result of work supported with 
resources and the use of facilities at the Minneapolis VA Medical Cen-
ter, Minneapolis, MN.

0926
ASSOCIATION BETWEEN PSYCHOLOGICAL DISTRESS 
AND SLEEP DURATIONS: ROLE OF RACE/ETHNICITY
Auguste E1, Seixas A1, Auguste E1, Nunes J2, Da Silva Fonseca V1, 
Gordon G3, Williams NJ1, Jean-Louis G1

1Center of Healthful Behavior Change, Division of Population 
Health, NYU School of Medicine, New York, NY, 2Department of 
Family Medicine, SUNY Downstate Medical Center, New York, NY, 
3University of the West Indies, Kingston, Jamaica

Introduction: Short and long sleep duration are an important public 
health burden in the United States. They are influenced by race/ethnic-
ity and socioeconomic status. Little is known about the relationships 
between psychological health and short and long sleep across race/eth-
nicity. Our study examined the racial/ethnic influence on the relation-
ship between psychological distress and sleep duration.
Methods: Data from the 2009 National Health Interview Survey 
(NHIS), N = 27,731 participants ages ≥ 18 years, were analyzed to 
investigate the associations of psychological distress with inadequate 
sleep duration, adjusting for socio-demographic factors, health risk 
behaviors, and chronic diseases. Short sleep was coded as 8 hours. 
Psychological distress (PD), based on Kessler’s 6 scale, assessed 
the frequency of feeling sad, nervous, restless, hopeless, worthless, 
and burdened over a 30-day period. Scores range from 0 to 24 and 
scores ≥ 13 likely indicate serious mental illness.
Results: Of the sample, 51.6% were female; 76.2%, White and 15.6%, 
Black/African-American, with a mean age of 35.79 ± 22.4 yrs.Of the 
sample, 8.1% of Blacks vs. 7.1% of Whites reported PD. Logistic re-
gression analysis indicated that blacks and whites with PD have similar 
odds of reporting short sleep (Blacks: OR = 2.33, p < 0.05 and Whites: 
OR = 2.36, p < 0.05). However, different odds for long sleep were ob-
served (Blacks: OR = 1.23, p < 0.05 and Whites: OR = 1.63, p < 0.05). 
These analyses adjusted for demographic,health risk behaviors, and 
chronic diseases. We also found discrepancies in the predictive model. 
For Whites, gender, marital status, family income, body mass index, 
arthritis, diabetes, hypertension, heart condition and PD predicted 
short sleep. For Blacks, only age, family income, hypertension and PD 
predicted short sleep.
Conclusion: Psychological distress was the strongest predictor of short 
and long sleep for both groups.PD and short and long sleep were more 
prevalent among blacks than among whites. Our study underscored the 
significant role of PD in racial/ethnic sleep disparities.
Support (If Any): This work was supported by funding from the NIH 
(R01MD007716, R01HL78566, R01HL78566, R01HL095799)

0927
POOR SLEEP QUALITY AND INSUFFICIENT SLEEP 
AS RISK FACTORS FOR DEPRESSION ONSET AND 
MAINTENANCE AMONG MEDICAL INTERNS
Kalmbach DA, Arnedt J, Sen S
University of Michigan, Ann Arbor, MI

Introduction: The medical internship year is a naturally stressful tran-
sition period that allows for observation of the development of psy-
chiatric disorders. We examined the role of sleep disturbance in the 
incidence and maintenance of depression using this naturalistic model.
Methods: 1215 healthy, non-depressed medical interns (27.5 ± 2.7 
years; 48.9% female) completed the Pittsburgh Sleep Quality Index 
(PSQI), Patient Health Questionnaire-9 (PHQ-9), and demographic 

surveys 1–2 months prior to internship, followed by the PHQ-9 and 
self-reported average total sleep time (TST; ‘on average, how many 
hours per night have you slept over the past week?’) at 3- and 6-month 
follow-up.
Results: Logistic regression revealed that poor sleepers (PSQI > 5) 
were nearly twice as likely to develop clinical depression at 3-month 
follow-up (OR = 1.78, 95% CI = 1.16–2.75, p < 0.01), controlling for 
age and history of depression. Further, average TST at 3-month follow-
up predicted depression incidence, such that the odds of developing 
depression increased by 92% for each 1-hour of less TST (OR = 0.52, 
95% CI = 0.42–0.63, p < 0.001). Notably, TST mediated the relation-
ship between sleep quality and depression onset (z = 2.97, p < 0.01; 
Partial mediation: 13–27%). Among the 123 newly depressed interns, 
analyses showed that change in TST from months 3 to 6 was associ-
ated with depression stability at 6-month follow-up (OR = 0.57, 95% 
CI = 0.39–0.83, p < 0.01). Specifically, 82.3% of interns who indicated 
decreased TST reported stable depression, compared to just 53.5% and 
38.6% who reported unchanged or increased TST. Over half (61.40%) 
who indicated increased TST reported depression remission.
Conclusions: Pre-internship sleep disturbance is a risk factor for 
developing depression. This relationship was partially mediated by 
sleep duration obtained during the first months of internship. Further, 
decreased sleep duration was associated with depression chronic-
ity, whereas increased sleep predicted higher likelihood of remission. 
These findings highlight the need for prioritizing sufficient sleep to 
maintain healthy psychological well-being during medical internship.
Support: Funded by NIH 1R01MH101459-01, PI: Srijan Sen MD PhD

0928
SLEEP QUALITY AS A LINK BETWEEN 
NEIGHBORHOOD QUALITY AND PHYSICAL AND 
MENTAL HEALTH OUTCOMES IN A NATIONALLY 
REPRESENTATIVE SAMPLE
Dautovich N, Kim G, Tighe C, Shoji K, Parmelee P, Imel J, 
Condeelis K
University of Alabama, Tuscaloosa, AL

Introduction: Perceived neighborhood quality has been linked to poor 
mental and physical health outcomes, but less is known about underly-
ing mechanisms. Recent research suggests that neighborhood quality is 
associated with sleep outcomes. Furthermore, sleep is shown to have a 
pervasive impact on mental and physical health. Therefore, sleep may 
serve as a pathway to poorer health for individuals in disadvantaged 
neighborhoods. This study examines a mediated model of neighbor-
hood quality and health outcomes in a population-based sample from 
mid- to late-adulthood.
Methods: An archival analysis used cross-sectional data from the 
Midlife in the United States-II study, Projects 1 and 4. The selected 
sample was comprised of 958 community-dwelling adults aged 34 to 
84 years. Both perceived neighborhood quality and physical health 
were assessed with a self-report questionnaire. Depressive symptoms 
were assessed using the CES-D, and global sleep quality was measured 
using the PSQI.
Results: Multiple hierarchical regression analyses indicated neighbor-
hood quality significantly predicted depressive symptoms, β = −0.25, 
p < 0.001, and self-reported health, β = −0.16, p < 0.001, after con-
trolling for age, gender, race, and income. A Sobel test indicated that 
global sleep quality partially mediated the association of neighborhood 
quality with depressive symptoms (z = −4.13, p < 0.001) and self-re-
ported health (z = −3.78, p < 0.001).
Conclusion: Poorer neighborhood quality predicted greater depres-
sive symptomatology and worse self-rated physical health. However, 
the association between neighborhood quality and health was partially 
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mediated by global sleep quality, suggesting that sleep may serve as a 
pathway from poorer neighborhood quality to poorer health outcomes. 
Given that sleep is a salient and modifiable behavior, future research 
should focus on developing psychosocial interventions to improve 
sleep health in poorer quality neighborhoods.

0929
SLEEP QUALITY: A KEY COMPONENT TO OVERALL 
MENTAL AND PHYSICAL HEALTH AMONG 
FIREFIGHTERS
Vega L1, Henderson S1, Johnson C1, LeDuc T 2, Van Hasselt V1, 
Fins AI1

1Nova Southeastern University, Ft. Lauderdale, FL, 2Broward Sheriffs 
Office Department of Fire Rescue, Ft. Lauderdale, FL

Introduction: Firefighters face unique stressors and health risks due to 
their occupation (e.g., chronic trauma exposure, toxins, injury). Recent 
studies have shown that firefighters identify sleep deprivation as one of 
their most prevalent health concerns. However, it is unclear how poor 
sleep quality affects the physical and mental health of firefighters. This 
study is designed to explore the relationship between sleep quality and 
indices of mental and physical health among firefighters.
Methods: As part of a larger study, 127 firefighter paramedics (110 
Males; 17 Females) completed self-report questionnaires including a 
demographic questionnaire, the Pittsburgh Sleep Quality Index (PSQI), 
the Posttraumatic Stress Disorders Checklist-Civilian (PCL-C), the 
Perceived Stress Scale (PSS) and the World Health Organization Qual-
ity of Life- BREF (WHOQOL-BREF).
Results: Preliminary analyses of the data show that PSQI total score 
is significantly correlated with the physical health component on the 
WHO-BREF (r = −0.53, p < 0.001), ratings of stress on the PSS (r = 0.52, 
p < 0.001), endorsement of post-traumatic stress symptoms on the 
PCL-C (r = 0.54, p < 0.001), and the number of calls responded to per 
shift (r = 0.24, p < 0.01).
Conclusion: These results indicate that sleep quality is significantly 
related to the health of firefighters on several dimensions. Significant 
correlations observed between sleep quality and symptoms of post-
traumatic stress and overall stress support that sleep and aspects of 
stress and trauma are related in this population. This relationship is 
consistent with the literature, which supports a link between sleep, 
stress and trauma in other professions that experience high levels of 
stress. Additionally, the finding that self reported poor physical health 
was also related to poor sleep quality, suggests that firefighters who 
experience poor sleep are more likely to endorse physical health com-
plaints. The literature suggests that firefighters who experience higher 
call volumes per shift experience greater stress and fatigue. The cur-
rent study findings expand this further to include greater sleep impair-
ment associated with higher call volumes. These preliminary findings 
support the role of sleep in the mental and physical health of firefighters 
and emphasize the need to evaluate further the role of sleep in this 
population.

0930
SLEEP DISTURBANCES AND DEPRESSION IN THE 
MULTI-ETHNIC STUDY OF ATHEROSCLEROSIS
Alcantara C1, Biggs ML2, Davidson KW1, Delaney JA 2, Jackson CL3, 
Zee PC 4, Shea SJ1, Redline S3

1Columbia University Medical Center, New York, NY, 2University 
of Washington, Seattle, WA, 3Harvard Medical School, Boston, MA, 
4Northwestern University Feinberg School of Medicine, Chicago, IL

Introduction: While separate literatures have documented differ-
ences in the prevalence of sleep disturbances and depression by race/

ethnicity, socioeconomic status (SES), and gender, to our knowledge, 
no studies to date have explored whether the association between sleep 
disturbances and depression substantially (or importantly) differs by 
these sociodemographic characteristics. Our aims were to examine 
the association of objectively- and subjectively-measured sleep distur-
bances with depression, and to explore if race/ethnicity, socioeconomic 
status, and sex modified these associations.
Methods: We analyzed cross-sectional data from community-dwell-
ing adults enrolled in the Multi-Ethnic Study of Atherosclerosis Sleep 
Study. Sleep was assessed with actigraphy, polysomnography (PSG), 
and self-report. Depressive symptoms were assessed using the Center 
for Epidemiologic Studies Depression (CES-D) scale. We used general-
ized linear models with robust error variances to evaluate the associa-
tion of sleep measures and depression (CES-D score ≥ 16) adjusting for 
site, socio-demographics, behavioral, and medical risk factors. Partici-
pants included 1,784 adults (ages 54–93), 36.8% non-Hispanic Whites, 
28.0% African Americans, 23.7% Hispanics, 11.5% Chinese, 46.0% 
males, and 29.8% with ≤ high school education.
Results: Overall, 14.5% had depression, 29.3% had insomnia, 14.1% 
had excessive daytime sleepiness, 15.1% had severe obstructive sleep 
apnea, and 30.4% experienced short sleep (< 6 hours). Depression was 
associated with actigraphy-assessed short sleep duration (adjusted Rel-
ative Risk] = 1.47 [95% CI = 1.11, 1.94]), PSG-assessed low proportion 
REM sleep [RR] = 1.57 [95% CI = 1.08, 2.27]) and high proportion 
REM sleep [RR] = 1.42 [95% CI = 1.03, 1.95]), self-reported insomnia 
[RR] = 1.85 [95% CI = 1.41, 2.44]) and excessive daytime sleepiness 
[RR] = 1.61 [95% CI = 1.19, 2.18]). Insomnia was more strongly as-
sociated with depression among men compared to women. Short sleep 
duration was strongly associated with depression among those with 
more than a high school education.
Conclusion: Sleep disturbances are associated with depression among 
middle-aged and older adults, and these associations may be modified 
by education and gender. Future research should focus on the psycho-
biological mechanisms linking specific sleep dimensions to depression.
Support (If Any): C. Alcántara is supported by HL115941-01S1 from 
the National Heart, Lung, and Blood Institute of the National Insti-
tutes of Health. S Redline and MESA-Sleep is supported by NIH 
1R01HL083075. K.W. Davidson is supported by National Institute of 
Health grants HL114924, HL115941, HL088117 and HL084034, and 
a grant from New York Presbyterian Hospital. C Jackson is supported 
by Harvard Catalyst (1UL1 TR001102-01). This research was sup-
ported by contracts N01-HC-95159, N01-HC-95160, N01-HC-95161, 
N01-HC-95162, N01-HC-95163, N01-HC-95164, N01-HC-95165, N01-
HC-95166, and N01-HC-95169 from the National Heart, Lung, and 
Blood Institute.

0931
GENDER AND PSYCHOLOGICAL CORRELATES OF 
SHORT SLEEP DURATION AND POOR SLEEP QUALITY 
IN ADULTS WITH CORONARY HEART DISEASE: 
RESULTS FROM A NATIONAL SURVEY
Gill AE1, Grant C2, Shaffer JA3, Alcántara C3

1Southern Methodist University, Dallas, TX, 2University of North 
Carolina at Chapel Hill, Chapel Hill, NC, 3Columbia University 
Medical Center, New York, NY

Introduction: Although the association between psychological factors 
and sleep has been well studied in the general population, research into 
the relationship between modifiable psychological factors and specif-
ic sleep deficiency dimensions in adults with coronary heart disease 
(CHD) is sparse. Further, research has often not examined how gender 
modifies the effect of psychological factors on sleep in CHD adults 
despite well-established evidence of effect modification.
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Methods: We analyzed weighted cross-sectional data from a na-
tionally representative online survey of US adults (n = 1441) who 
reported a doctor or health professional diagnosis of myocardial in-
farction (MI). Self-reported short sleep duration (< 7 hours) and poor 
sleep quality (fairly/very bad sleep) were measured with items from 
the Pittsburgh Sleep Quality Index. Self-reported anxiety sensitiv-
ity, depressive symptoms, and perceived stress were measured using 
the Anxiety Sensitivity Index, Patient Health Questionnaire-8, and 
Perceived Stress Scale-4, respectively. We used a modified Poisson 
regression with robust error variances to determine the independent 
association of each psychological factor with sleep, adjusting for age, 
race/ethnicity, gender, education, and number of MIs; we also tested 
gender*psychological factor interactions.
Results: In aggregate models, only depressive symptoms and per-
ceived stress were independently associated with short sleep duration 
(depressive: RR = 1.02 [95% CI = 1.01, 1.04]; stress: RR = 1.03 [95% 
CI = 1.01, 1.05]) and poor sleep quality (depressive: RR = 1.08 [95% 
CI = 1.06, 1.09]; stress: RR = 1.06 [95% CI = 1.03, 1.09]). Gender was 
a significant effect modifier (p for interaction = 0.02) such that a unit 
increase in depressive symptoms resulted in higher RR of poor sleep 
quality among men (RR = 1.10 [95% CI = 1.09, 1.12]) versus women 
(RR = 1.08 [95% CI = 1.07, 1.10]).
Conclusion: Depressive symptoms and perceived stress are consistent 
correlates of short sleep duration and poor sleep quality in CHD adults. 
Men with CHD and depressive symptoms may be at greater risk for 
poor sleep quality, which may affect their medical prognosis. Future 
research should determine the causal relations between psychological 
vulnerabilities, sleep, and medical prognosis in CHD adults.
Support (If Any): C. Alcántara and J. A. Shaffer are supported by 
HL115941-01S1 and HL112850, respectively, from the National Heart, 
Lung, and Blood Institute of the National Institutes of Health. This 
research was supported by HL088117.

0932
COMPLAINTS OF INSOMNIA, HYPERSOMNIA AND 
FATIGUE IN DEPRESSIVE DISORDERS WITH MEDICAL 
COMORBIDITIES: A CASE-CONTROL STUDY FROM A 
NATIONALLY REPRESENTATIVE US SAMPLE
Gupta MA, Knapp K, Vujcic B, Simpson FC, Piccinin M
Schulich School of Medicine and Dentistry, University of Western 
Ontario, London, ON, Canada

Introduction: Insomnia, hypersomnia and fatigue are primary symp-
toms of depressive disease (DD) and are also associated with many 
medical disorders. This overlap of sleep-related symptoms can lead 
to difficulties in distinguishing depressive disorders (DD) from symp-
toms of medical conditions. We examined complaints of insomnia, 
hypersomnia and fatigue in patient visits with DD and one or more 
medical comorbidities (MC)(DD+MC group) (versus DD without a 
MC or DD-MC group), in a nationally representative sample from the 
US.
Methods: We examined data collected from 1995–2010 by the Na-
tional Ambulatory Medical Care Survey and National Hospital Am-
bulatory Medical Care Survey; each patient visit was assigned up to 
3 ICD9-CM diagnoses and upto 3 ‘Reasons for Visit’ (RFV)(coded as 
per National Center for Health Statistics or NCHS consensus). Vari-
ables included ‘Depressive Disorders’ (DD) denoting patient visits 
with ICD9-CM codes 296.2, 296.3, 296.82, 296.20–296.36 or 311; and 
‘Medical Comorbidities’ (MC) denoting patient visits for any ICD9-
CM diagnosis excluding Mental Disorders (ie., excluding ICD9-CM 
codes 290-319). A dichotomous ‘DD+MC’ versus ‘DD-MC’ variable 
denoted ‘Comorbid Depression’. A ‘Suicide’ variable (ICD9-CM codes 
E950-E959) was created to obtain an an index of depression severity. 

Sleep-related variables included ‘Insomnia’ (NCHS RFV code 1135.1), 
‘Hypersomnia’(NCHS RFV code 1135.2) and ‘Fatigue’ (NCHS RFV 
code 1015.0).
Results: There were 34,743 (representing an estimated ± SE: 
381,553,965 ± 17,647,157) patient visits with DD; among these 44.4% 
(95% CI 42.3%-46.4%) had a MC. Logistic regression using ‘Comorbid 
Depression’ as dependent variable revealed ‘Fatigue’ (OR = 2.16, 95% 
CI 1.67–2.79) but not ‘Insomnia’ (OR = 0.93, 95% CI 0.72–1.20) or ‘Hy-
persomnia’ (OR = 1.25, 95% CI 0.63–2.49) was a significant predictor 
of ‘DD+MC’, after controlling for age (> 50 vs. ≤ 50 years) (OR = 1.74, 
95% CI 1.58–1.92), sex (female vs male) (OR = 1.31, 95% CI 1.18–1.44), 
all medications (OR = 1.88, 95% CI 1.59–2.23), race (‘white’ vs ‘non-
white’) (OR = 0.77, 95% CI 0.66–0.91), and ‘Suicide’ (OR = 2.91, 95% 
CI 2.00–4.24).
Conclusion: Fatigue emerged as the only significant sleep-related pre-
dictor of DD+MC (when compared to DD-MC) in a model examining 
insomnia, hypersomnia and fatigue. This may help assess the relative 
contribution of medical comorbidity to sleep-related symptoms that 
are also encountered in depressive disorders. The higher rate of suicide 
in the depression group with medical comorbidity (‘DD+MC’ group) 
is consistent with the fact that depression severity generally increases 
with medical comorbidity; this further supports the representativeness 
of our study sample.

0933
POSTPARTUM HYPOMANIA SYMPTOMS ARE 
ASSOCIATED WITH LATER SLEEP TIMING IN WOMEN 
AT RISK FOR POSTPARTUM DEPRESSION
Sharkey KM1, Quattrucci J2, Pearlstein T3

1Brown University/Rhode Island Hospital, Providence, RI, 2Rhode 
Island Hospital, Providence, RI, 3Brown University/Women’s 
Medicine Collaborative, Providence, RI

Introduction: Hypomanic symptoms in the early postpartum period 
are linked to a risk of postpartum depression (PPD). Although women 
experience profound sleep changes during the perinatal period and de-
creased sleep may precipitate mania/hypomania, links between hypo-
manic symptoms and sleep/circadian rhythms have not been studied at 
this life transition.
Methods: We studied 30 women (mean age 28.3 ± 5.3 years) with a 
history of major depression from 3rd trimester to 16 weeks postpartum. 
Potential participants who met criteria for a mood episode at enroll-
ment (33 weeks gestation) were excluded. Participants rated hypo-
mania symptoms on the Highs Scale (Glover et al., Br J Psych, 1994); 
depressive symptoms were measured with the Hamilton Rating Scale 
for Depression (HAM-D-17) at 2, 6, and 16 weeks postpartum. Sleep 
onset, sleep offset, and total sleep time (TST) were estimated with 
wrist actigraphy averaged over one week at 33 weeks gestation and 
postpartum weeks 2, 6, and 16. Salivary dim light melatonin (DLMO) 
was measured at 3rd trimester and 6 weeks postpartum.
Results: At postpartum week 2, average Highs score was 1.8 ± 2.0 
(range = 0–8). The most common symptoms were racing thoughts (en-
dorsed by 44.3%) and feeling more active than usual (endorsed by 30%). 
Two groups based on Highs Score at postpartum week 2 included a Eu-
thymic Group (EG; n = 15) with Highs Scores < 2 (mean = 0.3 ± 0.5) 
and Hypomanic Symptom Group (HG; n = 15) with Highs Scores ≥ 2 
(mean = 3.3 ± 1.6). At 3rd trimester and 2 weeks postpartum, HG wom-
en had later estimated sleep onset (Week 33: HG = 00:16 ± 66 min 
vs. EG = 22:47 ± 50 min, t = −4.15, df = 28, p < 0.001; Week 2: 
HG = 00:06 ± 80 min vs. EG = 23:11 ± 60 min, t = −2.12, df = 28, 
p = 0.04) and sleep offset times (Week 33: HG = 8:31 ± 85 min vs. 
EG = 7:22 ± 72 min, t = −2.41, df = 28, p = 0.02; Week 2: HG = 8:55 ± 101 
min vs. EG = 7:47 ± 63 min, t = −2.18, df = 28, p = 0.04) than EG 
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women. DLMO tended to be later in HG (21:54 ± 95 min) compared 
to EG (20:53 ± 88 min; t = −1.73, df = 24, p = 0.09) at 33 weeks. There 
were no differences in sleep timing at 6 or 16 weeks postpartum; TST 
did not differ between groups at any time point. HAM-D-17 scores 
were higher in HG vs. EG at all postpartum weeks, even with sleep 
items excluded.
Conclusion: Self-reported hypomanic symptoms during the early 
postpartum are associated with later bedtimes and rise times at 3rd 
trimester of pregnancy and 2 weeks postpartum. Women with mixed 
depressive/hypomanic symptoms are more likely to experience PPD. 
Later sleep timing may be a modifiable risk factor for development of 
PPD.
Support (If Any): MH086689 to KMS

0934
SUBJECTIVE AND OBJECTIVE MEASURES OF SLEEP 
DURATION AND QUALITY IN MAJOR DEPRESSIVE 
DISORDER WITH COMORBID HYPERSOMNOLENCE
Cook JD1, Goldstein MR 2, Plante DT1

1University of Wisconsin School of Medicine and Public Health, 
Department of Psychiatry, Madison, WI, 2Department of Psychology, 
University of Arizona, Tucson, AZ

Introduction: Hypersomnia is commonly comorbid with Major De-
pressive Disorder (MDD) and is a significant cause of functional im-
pairment. Prior research examining objective and subjective measures 
of hypersomnolence in patients with mood disorders has been incon-
sistent. The goal of this study was to assess sleep duration and quality 
among individuals with MDD and comorbid hypersomnia compared 
to healthy controls.
Methods: Nineteen unmedicated patients with unipolar MDD and hy-
persomnia and nineteen age- and sex-matched controls were recruited 
as part of a larger study on EEG biomarkers of hypersomnia in neuro-
psychiatric disorders. After initial screening, participants completed 
daily sleep logs and were monitored with wrist-worn actigraphy for a 
minimum of 1 week prior to ad libitum in-laboratory polysomnogra-
phy (PSG). Sleep diary, actigraphy, and PSG data were compared be-
tween groups, and differences in total sleep time (TST) between sleep 
logs and actigraphy were compared using Bland-Altman analysis.
Results: Hypersomnolent MDD participants demonstrated increased 
TST compared to matched controls using sleep logs (8.37 ± 0.72 vs. 
7.71 ± 0.71 hrs, p = 0.008), actigraphy (7.35 ± 0.63 vs. 6.85 ± 0.53 hrs, 
p = 0.015), and PSG (9.01 ± 1.63 vs. 7.45 ± 1.05 hrs, p = 0.001). All mea-
sures also demonstrated significantly increased time in bed in hyper-
somnolent MDD participants. Among sleep continuity variables, sleep 
onset latency was greater and sleep efficiency lower among hypersom-
nolent MDD subjects only when assessed using sleep diaries. Sleep 
staging using PSG differed between groups for N1 and N2, but not N3 
or REM sleep. Bland-Altman analysis demonstrated both groups simi-
larly overestimated subjective sleep time relative to actigraphy (mean 
difference −0.9 hours for both groups).
Conclusion: Our results demonstrate MDD patients with comorbid 
hypersomnolence demonstrate subjective and objective increases in 
sleep duration relative to healthy sleepers both in the natural environ-
ment and during unrestricted sleep in the laboratory setting. Further 
research is indicated to determine the cause of increased sleep duration 
in this patient population.
Support (If Any): This research was funded by grants from the Amer-
ican Sleep Medicine Foundation, the Brain and Behavior Research 
Foundation, and NIMH (K23MH099234).

0935
SLEEP EEG CHARACTERISTICS OF PATIENTS WITH 
SCHIZOPHRENIA
Kim J1, Lee Y2, Oh S2, Choi J2, Jeong D2

1Cooperative Research Centre for Alertness, Safety and Productivity 
and School of Physics, the University of Sydney, Sydney, Australia, 
2Department of Psychiatry and Center for Sleep and Chronobiology, 
Seoul National University College of Medicine, Seoul, Korea, 
Republic of

Introduction: In current study, we aimed to investigate sleep EEG 
characteristics of schizophrenia via quantitative spectral power analy-
sis.
Methods: A standard nocturnal polysomnography was performed to 7 
schizophrenic patients on medications (SPR, 31.4 ± 14.1 yrs; 4 males) 
and age-matched 15 healthy controls (CON, 37.8 ± 10.8 yrs; 4 males) at 
the Center for Sleep and Chronobiology of Seoul National University 
Hospital. For each 30 s epoch, spectral power in delta (0.5–4.5 Hz), 
theta (4.5–8 Hz), alpha (8–12 Hz), beta1 (12–15 Hz), beta2 (15–32 Hz), 
slow sigma (11–13 Hz), and fast sigma (13–17 Hz) frequency bands 
were calculated. Time series of EEG delta power were rescaled and 
averaged into 10 periods to assess differences in dynamical sleep struc-
tures in the two groups.
Results: The sleep efficiency and REM sleep were significantly re-
duced in SPR, compared to CON (%, 80.3 ± 8.1 vs. 88.8 ± 6.1, p = 0.01; 
17.2 ± 8.0 vs. 22.7 ± 4.1, p = 0.04, respectively). The onset of REM sleep 
was delayed in SPR (minutes, 161.4 ± 52.1 vs. 97.8 ± 29.4, p < 0.01). Al-
pha, beta1 and slow sigma power of SPR were significantly decreased 
in SPR than in CON (%, 2.2 ± 1.2 vs. 3.9 ± 1.6; 1.0 ± 0.5 vs. 1.7 ± 0.5; 
0.7 ± 0.3 vs. 1.3 ± 0.5, p = 0.02, p = 0.01 and p = 0.02, respectively). 
There were no significant differences in delta, theta, beta2 and fast 
sigma powers between the two groups. However, SPR group showed 
enhanced delta power in early night sleep (i.e., 72.7 ± 6.7 vs. 50.6 ± 4.8, 
p = 0.01 during the second 50 min).
Conclusion: Our results suggest that patients with schizophrenia 
showed distinctive sleep EEG activities from healthy controls on power 
of spectrums and time courses of EEG delta power. Enhanced EEG 
delta power during the early sleep period may be related with delayed 
REM sleep onset in SPR. These EEG characteristics may be associated 
with neurocognitive impairment or medication effects in patients with 
schizophrenia.

0936
REM SLEEP MARKERS OF EMOTIONAL FACE 
MEMORY CONSOLIDATION IN TYPICALLY 
DEVELOPED AND AUTISTIC CHILDREN
Tessier S1,2,3,4, Lambert A1,2,3,4, Chevrier É1,2, Scherzer P4, Jemel B2,3,5,6, 
Godbout R1,2,3,7

1Sleep Laboratory & Clinic, Hopital Riviere-des-Prairies, Montreal, 
QC, Canada, 2Research Center, Hopital Riviere-des-Prairies, 
Montreal, QC, Canada, 3Research Center, Institut universitaire en 
santé mentale de Montréal, Montreal, QC, Canada, 4Department of 
Psychology, Université du Québec à Montréal, Montreal, QC, Canada, 
5Cognitive Neurosciences and Electrophysiology Laboratory, Hôpital 
Rivière-des-Prairies, Montreal, QC, Canada, 6School of Orthophony 
and Audiology, Université de Montréal, Montreal, QC, Canada, 
7Department of Psychiatry, Université de Montréal, Montreal, QC, 
Canada

Introduction: REM sleep is involved in emotional memory processing. 
We tested the relationship between REM sleep markers and memory 
consolidation in autistic (AUT) and typically developing (TD) children.
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Methods: Twenty-six boys (13 AUT:10.23 ± 2.09 years, 13 
TD:10.23 ± 2.01 years) were recorded for two consecutive nights. Re-
call of previously unknown faces showing positive, negative or neutral 
emotions was assessed before/after night 2 (immediate/delayed recall). 
Improvement scores (delayed recall performance minus immediate re-
call performance) on accuracy (AIS) and reaction time (RTIS) were 
calculated for total hits and each emotion type. REM sleep duration, 
REM density and EEG activity (Beta and Theta bands; P7, P8, O1, O2 
electrodes) were computed for night 2. Groups were compared with t-
tests and correlations between REM sleep measures and improvement 
scores were tested with Pearson’s r.
Results: No group differences for REM sleep duration, REM density, 
Beta EEG activity. AUT showed more Theta activity than TD at P7 
(45.79 ± 72.11 vs. 21.50 ± 12.43) and longer reaction times for delayed 
recall of neutral faces (1353.35 ± 484.38 vs. 1006.99 ± 308.61). TD 
showed positive correlations between AIS for neutral emotions and 
EEG at every electrodes (Beta: 0.58 to 0.73; Theta: 0.58 to 0.66) and 
a positive correlation between RTIS over total trials and REM density 
(r = 0.58). AUT children showed different patterns: positive correla-
tions between RTIS for negative emotions and Beta activity at P7, P8, 
O2 (0.62 to 0.63) and a positive correlation between RTIS for positive 
emotions and theta O1 activity (r = 0.56).
Conclusion: TD and AUT children showed a relationship between 
REM sleep and emotional memory. Results suggest an atypical sleep 
processing of emotional memory in autism.
Support (If Any): Supported by the Canadian Institutes of Health Re-
search and the “Fonds de la recherche du Québec - Santé”.

0937
DIFFERENCES IN RAPID-EYE-MOVEMENT SLEEP 
PRESSURE BETWEEN HIGH AND LOW RUMINATORS
Pillai V1, Cheng P1, Drake CL1, Moss K1, Goldschmeid J2, 
Casement M2, Kim H3, Hoffmann R 2, Armitage R 2, Deldin P2

1Henry Ford Health System, Detroit, MI, 2University of Michigan, 
Ann Arbor, MI, 3Sogang University, Seoul, Korea, Republic of

Introduction: Both individuals with depression and never-depressed 
at-risk probands show evidence of elevated rapid-eye movement 
(REM) sleep pressure, including increased REM density and reduced 
REM latency. Depressed individuals also show greater activation in 
the hippocampus, basal forebrain, medial prefrontal cortex, and an-
terior cingulate cortex from waking to REM sleep. Over-activation of 
these limbic systems during REM sleep may thus be a biomarker of 
the intense affect states characteristic of depression. Given the role of 
rumination in potentiating negative affect, rumination may account for 
the REM pressure observed in depression. Yet, the impact of rumina-
tion on REM sleep has never been studied.
Methods: A sample of 15 young adults (26 ± 9.2 yo; 64.7% female) 
with DSM-IV based insomnia were divided into groups of high (n = 7) 
and low (n = 8) ruminators via median-split on a trait measure of ru-
mination (RRS-R: Response Style Questionnaire-Rumination Scale). 
Following an adaptation night, all participants completed an overnight 
polysomnography study, including eight scalp electrodes (F3, F4, C3, 
C4, P3, P4, O1, O2) with placement according to the International 10-
20 system.
Results: High-ruminators had significantly shorter (t = 2.29; p < 0.045; 
Cohen’s d = 1.27) REM latencies (42.4 ± 26.1 min) than low-rumina-
tors (82.7 ± 41.1 min). Notably, MDD severity on the Beck Depres-
sion Inventory-II (BDI-II) did not differ significantly between groups 
(t = 1.41; p = 0.18). Similarly, differences in REM density during the 
first REM period between groups approached significance (t = −2.13; 
p = 0.054), with high-ruminators experiencing higher REM density 
(2.5 ± 0.7) than low ruminators (1.7 ± 0.6).

Conclusion: These data suggest that high ruminators exhibit signs of 
heightened REM pressure, independent of depression severity. This 
study thus offers preliminary evidence linking REM sleep to rumina-
tive processes, a finding that could help integrate sleep and cognitive 
models of depression.

0938
EFFECTS OF A MINDFULNESS-BASED DEPRESSION 
RELAPSE PREVENTION PROGRAM ON 
QUANTITATIVE SLEEP EEG
Goldstein MR1, Britton WB2, Allen JJ1, Bootzin RR1

1Department of Psychology, University of Arizona, Tucson, AZ, 
2Department of Psychiatry and Human Behavior, Warren Alpert 
Medical School, Brown University, Providence, RI

Introduction: While meditation training has been associated with 
subjective improvements in sleep in a number of studies, polysom-
nography assessment has demonstrated several indices of increased 
arousal during sleep, proportional to the amount of meditation prac-
tice. However, the generalizability and functional significance of these 
effects remain unclear. This secondary analysis evaluated changes in 
quantitative sleep electroencephalography (EEG) following mindful-
ness meditation training in unmedicated individuals with partially re-
mitted depression.
Methods: Nineteen-channel sleep EEG was evaluated with spectral 
analysis in 12 participants (9 female; age 44.2 ± 6.3 years) random-
ized to 8-week mindfulness-based cognitive therapy (MBCT) and 8 
(waitlist) controls (7 female; age 48.1 ± 8.9 years). All participants were 
medication-free for at least 2 months and reported a lifetime history of 
at least 3 major depressive episodes with improvement in symptoms 
within the past 2 months, with varying degrees of residual symptoms, 
including persisting insomnia complaints. Between-group differences 
in EEG changes were assessed via 2-way mixed-model ANOVA’s and 
linear correlation.
Results: MBCT was associated with a significant increase in occipital 
gamma (30–40 Hz) power during all-night NREM sleep (p < 0.05). 
In addition, a significant decrease in NREM spindle-range (12–16 Hz) 
power was found for the MBCT group (p < 0.05), most prominently in 
frontal channels in the lower subrange (~12–14 Hz) and proportional 
to the increase in number of NREM awakenings from pre- to post-
intervention.
Conclusion: These results corroborate and extend previous findings 
of increased arousal during NREM sleep associated with meditation 
training. EEG effects emerged in individuals with baseline sleep com-
plaints undergoing a relatively short amount of cumulative meditation 
training (< 40 total hours across 8 weeks), evident in gamma and spin-
dle frequency ranges. Potential implications for physiological sleep 
maintenance, sleep quality, and cognitive functioning are discussed.
Support (If Any): This research was funded by grants T32-AT001287 
and MH067553-05 from the National Institutes of Health (WBB), 
Mind and Life Institute Varela Award (WBB), American Association 
for University Women Dissertation Grant (WBB), Social and Behav-
ioral Sciences Research Institute Dissertation Award (WBB), and Na-
tional Science Foundation Graduate Research Fellowship (MRG).
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0939
EXPANDED TOPOGRAPHY OF SLOW WAVE ACTIVITY 
DYNAMICS IN DEPRESSED MALE AND FEMALE 
ADOLESCENTS; PRELIMINARY FINDINGS
Robillard R1, Hoffmann R 2, Arnedt T3, Bertram H3, Tavakoli P4, 
Dale A4, Armitage R 2

1Institute of Mental Health Research and School of Psychology, 
University of Ottawa, Ottawa, ON, Canada, 2University of Michigan, 
Department of Psychiatry (Retired), Ann Arbor, MI, 3University of 
Michigan, Department of Psychiatry, Ann Arbor, MI, 4University of 
Ottawa, School of Psychology, Ottawa, ON, Canada

Introduction: Gender differences in sleep homeostasis, as reflected by 
slow wave activity (SWA) dynamics, have been reported in adolescent 
depression, with indications of decreased sleep pressure and dissipa-
tion in males but not in females. While previous studies have focused 
on SWA in the central derivation, this study assessed SWA dissipation 
across the parasagittal axis.
Methods: Forty-five drug-free outpatients with major depression (64% 
females; mean ± SD: 16.8 ± 0.8 y.o.) and 39 healthy controls (48% fe-
males, mean ± SD = 17.3 ± 0.8 y.o.) completed the Quick Inventory 
of Depressive Symptomatology (QIDS) and underwent two nights of 
polysomnography. SWA (0.5–4 Hz) in F4, C4, P4, and O2 was modeled 
using an exponential decay function. The y intercept, decay rate and 
plateau were compared across clinical groups using corrected Akaike’s 
information criterion (AICc). Within the depression subgroup, correla-
tions were conducted between QIDS scores and SWA for each sleep 
cycles.
Results: Significantly higher y intercepts were found in the depressed 
compared to the controls for both females and males in F4 (AICc dif-
ferences of 1.740 and 0.68, probability of 70.5% and 58.4% respective-
ly), and for females in C4 (AICc difference of 0.12 and probability of 
51.5%). There was no other significant group difference for dissipation 
curve parameters. In depressed females, significant correlations were 
found between QIDS scores and SWA in the first sleep cycle for C4 
(r = 0.41, p = 0.026), with a similar trend for F4 (r = 0.35, p = 0.061), 
and in the fourth sleep cycle for F4, C4 and P4 (all r > 0.40, p < 0.050).
Conclusion: These preliminary findings suggest that depressed ado-
lescents present higher initial levels of SWA in anterior cortical re-
gions, and that this effect may be slightly more pronounced in females. 
Importantly, in females, higher depression severity may be linked to 
higher sleep pressure at the beginning of the night and poorer subse-
quent sleep recovery.
Support (If Any): This study was supported under R01-MH077744 
(RA). RR is supported by the Fonds de recherche du Québec - Santé

0940
SLEEP-RELATED COGNITIONS IN INDIVIDUALS WITH 
INSOMNIA AND DEPRESSIVE SYMPTOMS
Levenson JC1, Rumble ME2, Benca RM2

1University of Pittsburgh School of Medicine, Pittsburgh, PA, 
2University of Wisconsin School of Medicine and Public Health, 
Madison, WI

Introduction: Depression has been identified as the most common 
condition comorbid to insomnia, with findings pointing to the possibil-
ity that these disorders may be causally related to each other or may 
share common mechanisms. Comorbid symptoms of insomnia and de-
pression may have a different clinical course than either alone, and may 
thus require specific treatment procedures. In this report we examined 
the clinical characteristics of individuals referred to an academic sleep 
center, most of whom were referred for obstructive sleep apnea (OSA). 
We identified differences between individuals with comorbid symp-

toms of insomnia and depression from those with symptoms of insom-
nia alone with regard to several cognitive-related variables.
Methods: Logistic regression analyses examined whether the past 
week worry, dysfunctional beliefs about sleep, and insomnia-related 
ruminations differentiated individuals with symptoms of insomnia and 
depression (Insomnia Severity Index (ISI) ≥ 11 and Quick Inventory of 
Depressive Symptomatology (QIDS) > 10) from those with symptoms 
of insomnia alone (ISI < 11 and QIDS ≤ 10).
Results: Individuals with symptoms of both insomnia and depression 
reported more dysfunctional beliefs about sleep, past week worry, and 
insomnia-related rumination than those with symptoms of insomnia 
alone. Only the effect of insomnia-related rumination remained signifi-
cant after controlling for a continuous variable assessing mental health 
severity (Exp(B) = 1.085, p < 0.001). When including all three cog-
nitive-related variables in our model, those with comorbid symptoms 
reported more severe insomnia-specific rumination (Exp(B) = 1.082, 
p = 0.001), even when controlling for insomnia and mental health se-
verity, among other relevant covariates.
Conclusion: The findings contribute to our understanding of the com-
plex nature of comorbid sleep and mood disturbance, and the specific 
symptom burden experienced by those with comorbid symptoms. The 
findings also highlight the need for increased clinical attention to the 
sleep-focused rumination reported by these patients. Since the vast ma-
jority of individuals in this sample were referred for OSA, the implica-
tions of these findings for OSA treatment will be explored.
Support (If Any): This work was performed at the University of Wis-
consin School of Medicine and Public Health. It was supported by the 
Center for Sleep Medicine and Research, University of Wisconsin, 
Madison, and Grant HL082610 (PI: Daniel J. Buysse, MD).

0941
WHAT MAKES POOR SLEEPERS ANXIOUS AND 
DEPRESSED? AN EXPLORATION OF PSYCHOLOGICAL 
MECHANISMS UNDERLYING THE EFFECT OF POOR 
SLEEP ON NEGATIVE MOOD SYMPTOMS
Wong M1, Lau EY1, Wing Y2

1The University of Hong Kong, Hong Kong, 2The Chinese University 
of Hong Kong, Hong Kong

Introduction: Poor sleep is considered as a transdiagnostic feature 
across psychopathologies. Psychological intervention on sleep prob-
lems is also shown to improve negative mood symptoms. Yet, the un-
derlying psychological mechanisms between poor sleep and negative 
mood symptoms were unspecified. We aimed to explore the mediating 
role of some psychological constructs shown to associate with both 
mood and sleep problems in the sleep-mood relationship
Methods: A cross-sectional design in which participants (n = 114, aged 
17–24, 60.7% female) completed measures of sleep (Insomnia Severity 
Index), depressed and anxious mood (Depression Anxiety Stress Scale) 
and psychological constructs, including acceptance and psychological 
flexibility (Acceptance and Action Questionnaire), sleep-related nega-
tive belief and attitude (Dysfunctional Belief and Attitude about Sleep) 
and subjective complaints on cognitive function (Cognitive Failure 
Questionnaire).
Results: Poor sleep was found to significantly predict lower acceptance 
and psychological flexibility, standardized coefficient (beta) = −0.367, 
p = 0.001, more sleep-related negative belief and attitude, beta = 0.329, 
p = 0.002, and more subjective complaints on cognitive functions, 
beta = 0.425, p < 0.001. With poor sleep in the previous step of a hierar-
chical regression model, 1)acceptance and psychological flexibility re-
mained to significantly predict lower anxious, beta = −0.519, p < 0.001, 
and depressed mood, beta = −0.600, p < 0.001; 2)subjective complaints 
on cognitive function also predicted higher anxious, beta = 0.500, 
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p < 0.001, and depressed mood, beta = 0.429, p < 0.001; Results from 
Sobel tests suggested that poor sleep’s relationships with anxious and 
depressed mood were mediated by acceptance and psychological flex-
ibility (anxiety: z’ = 2.901, p = 0.004, depression: z’ = 3.019, p = 0.003) 
and subjective complaints on cognitive function (anxiety: z’ = 3.160, 
p = 0.005, depression: z’ = 2.820, p = 0.002). No other significant re-
sults were noted.
Conclusion: From a non-clinical sample, our findings suggested that 
lower acceptance and psychological flexibility, as well as more sub-
jective cognitive complaints were candidate mediators explaining the 
effect of poor sleep on negative mood. We provided foundation for lon-
gitudinal studies to further assess the directional relationships among 
poor sleep, mood problem and the associated psychological mecha-
nisms.
Support (If Any): This study was funded by the Health and Medical 
Research Fund (#11122051), Food and Health Bureau, HKSAR

0942
SLEEP-RELATED EATING DISORDER (SRED) 
ASSOCIATED WITH THE USE OF ATYPICAL 
ANTIPSYCHOTICS: A CASE REPORT AND REVIEW OF 
THE LITERATURE
Chopra A
Allegheny General Hospital, Pittsburgh, PA

Introduction: Sleep-related eating disorder (SRED) is character-
ized by recurrent episodes of eating and drinking during sleep with 
problematic consequences including harmful consumption of peculiar 
foods, sleep related injury and adverse health outcomes such as obesity. 
We present a case report of a 48-year-old male patient who developed 
SRED associated with the use of atypical antipsychotic, quetiapine, for 
management of bipolar disorder. Aypical antipsychotics have been in-
frequently associated with SRED and we review the current literature 
to understand etiopathology, risk factors and management of SRED 
associated with atypical antipsychotic use.
Methods: A case report and review of the literature. A Pubmed search 
was done using key words ‘Sleep-related eating disorder’ and ‘Atypical 
antipsychotics’.
Results: Five case reports (n = 5, 4M,1F, mean age = 53.8 ± 8 years) 
have been reported associating the use of atypical antipsychotics with 
SRED. Quetiapine (n = 3), olanzapine (n = 1) and risperidone (n = 1) 
have been implicated in antipsychotic-induced SRED. The atypical 
antipsychotic medications were prescribed for managment of major 
depression (n = 2), bipolar disorder (n = 2) and psychotic disorder due 
to vascular dementia (n = 1). History of treated obstructive sleep apnea 
(OSA) was present in 2/5 cases. SRED resolved with discontinuation of 
atypical antipsychotic use in majority of the cases except in our case as 
patient was unwilling to discontinue quetiapine due to excellent mood 
stabilizing effect. He responded well initially to topiramate (later dis-
continued due to cognitive side effects) followed by a trial of benzodi-
azepine (alprazolam 1–1.5 mg) at bedtime with complete resolution of 
SRED epsiodes.
Conclusion: Atypical antipsychotics should be considered as a poten-
tial cause for medication-induced SRED in psychiatric patients. Dis-
continuation of atypical antipsychotics usually resolves SRED in most 
cases, however, medications such as topiramate and benzodiazepines 
can be used successfully to treat SRED associated with atypical anti-
psychotic use.

0943
AFFECTIVE RESPONDING TO DAYTIME TRAUMA 
CUES PREDICTS ANXIETY AND DEPRESSION 
RATINGS DURING A NIGHT OF SLEEP DEPRIVATION
Babson KA1, Badour CL2, Feldner MT3

1National Center for PTSD, VA Palo Alto Health Care System, Menlo 
Park, CA, 2National Crime Victims Research and Treatment Center, 
Medical University of South Carolina, Charleston, SC, 3Department 
of Psychological Science, University of Arkansas, Fayetteville, AR

Introduction: A breadth of work has demonstrated strong associa-
tions among trauma exposure, PTSD, poor sleep, and elevated levels 
of affective responding. However, less work has examined the associa-
tion between affective responses to daytime trauma cues and affective 
symptoms experienced during a night of sleep deprivation. The pur-
pose of the current study was two-fold: (1) examine the association be-
tween affective responding to daytime trauma cues and average mood 
and anxiety symptoms experienced over a night of sleep deprivation; 
and (2) examine the pattern of mood and anxiety symptoms experi-
enced during a night of sleep deprivation.
Methods: Participants were 20 trauma-exposed adults without PTSD. 
Individuals completed script driven imagery (SDI) of a personalized 
trauma script before and after a night of acute sleep deprivation. Dur-
ing SDI, ratings of 6 affective responses were made: anxiety, anger, 
sadness, surprise, happiness, and disgust. During the night of sleep 
deprivation ratings of mood and anxiety symptoms were completed 
hourly.
Results: In terms of Aim 1, anxious responding to SDI predicted 
greater mean anxiety and depression ratings over the night of sleep 
deprivation. In addition, disgust responding to SDI predicted greater 
mean anxiety symptoms during sleep deprivation. Anger, surprise, 
happiness, and sadness responding to SDI were unrelated to average 
mood and anxiety symptoms. In terms of Aim 2, repeated measures 
ANOVAs indicated that anxiety symptoms increased in a linear pattern 
over the course of sleep deprivation, while depression symptoms did 
not significantly change.
Conclusion: Anxious and disgust responses to trauma cues predicted 
elevated levels of anxiety during a night of sleep deprivation. In addi-
tion, anxiety symptoms (but not depression) increased in a significant 
linear pattern during sleep deprivation. Results will be discussed in 
terms of clinical implications.
Support (If Any): NIHM F31 (Babson)

0944
ASSOCIATION OF POSTTRAUMATIC STRESS 
DISORDER SEVERITY TO REM AND SLOW WAVE 
SLEEP AMONG SURVIVORS OF INTERPERSONAL 
VIOLENCE
Gallegos AM, Heffner KL, Bui A, Cerulli C, Crean H, Walsh P, 
Gorman C, Casey C, Akinpelu N, Pigeon WR
University of Rochester Medical Center, Rochester, NY

Introduction: PSG characteristics that most consistently distinguish 
the sleep of patients with PTSD from the sleep of controls are increased 
REM arousals, diminished REM time and, to a lesser extent, reduc-
tions in slow wave sleep (SWS). We sought to compare PSG variables 
with PTSD severity, among a sample of PTSD patients, hypothesiz-
ing that only REM and SWS abnormalities would be associated with 
PTSD severity.
Methods: Data were collected from a court-based sample of survi-
vors of interpersonal violence who met diagnostic criteria for PTSD 
(N = 53). Participants completed the Clinician-Administered PTSD 
Scale (CAPS) at baseline followed by one night of laboratory PSG. Par-
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ticipants with AHI > 10 were excluded. Linear regressions were used 
to determine the relationships between baseline CAPS severity scores 
and sleep disturbances in REM and SWS.
Results: The mean (SD) baseline CAPS severity score was 66.8 (12.3). 
The sample had the following mean (SD) minutes of sleep by stage: 
N1 of 37.5 (19.6); N2 of 195.7 (52.3); N3 of 70.8 (38.8); and REM of 
68.9 (27.2). Total sleep time was 372.9 (57.1) minutes, sleep efficiency 
was 87.2% (10.2%) and REM latency was 100.0 (56.9) minutes. We 
found significant negative relationships between baseline CAPS and 
minutes in REM (β = −0.29, p < 0.05) as well as with arousals in REM 
(β = −0.32, p < 0.05). The relationships between baseline CAPS and 
REM latency (β = 0.19, p = 0.18) as well as SWS minutes (β = 0.06, 
p = 0.66) were not significant.
Conclusion: As expected, there were few associations between PTSD 
severity and PSG variables. We did observe that higher baseline CAPS 
scores predicted less REM time, but we did not expect higher CAPS 
scores to predict fewer REM arousals. It is possible that PTSD status, 
rather than PTSD severity, is more robustly associated with REM and 
SWS abnormalities.
Support (If Any): This work is supported by R01 NR013909-01.

0945
SLEEP AND EXPRESSIVE SUPPRESSION: 
INDEPENDENT PREDICTORS OF PTSD SYMPTOM 
SEVERITY IN A SAMPLE OF MILITARY VETERANS 
ENGAGED IN RESIDENTIAL TREATMENT
Johnson J1, Babson K1, Boden MT 2, Bonn-Miller MO1

1National Center for PTSD, VA Palo Alto Health Care System, Menlo 
Park, CA, 2Center for Innovation to Implementation, VA Palo Alto 
Health Care System, Menlo Park, CA

Introduction: Empirical study has consistently demonstrated that 
poor sleep quality and emotion dysregulation are related to elevated 
PTSD symptom severity. Indeed, poor sleep quality has been shown 
to positively predict PTSD symptom severity, with sleep interventions 
for individuals with PTSD and co-occurring insomnia associated with 
improved sleep and PTSD outcomes. Concurrently, research has dem-
onstrated that increased use of expressive suppression, a maladaptive 
emotion regulation strategy used to inhibit emotional expression, is 
uniquely associated with elevated PTSD symptom severity. Taken to-
gether, these independent lines of work have highlighted poor sleep 
quality and expressive suppression as substantial predictors of PTSD. 
However the integration of these two separate lines of research for the 
purpose of determining the incremental associations of both sleep 
quality and expressive suppression in terms of PTSD symptom sever-
ity, particularly within the context of treatment, has yet to be examined 
in the literature. Therefore, the present study sought to determine the 
incremental associations of changes in sleep quality and the use of ex-
pressive suppression, over the course of residential PTSD treatment, in 
terms of PTSD symptom severity at treatment discharge.
Methods: Participants were 87 (Mage = 43.9, SD = 14.5) military vet-
erans enrolled in a residential PTSD program at a large VA medical 
center. Participants completed a series of questionnaires including the 
Pittsburgh Sleep Quality Index and the Emotion Regulation Question-
naire at treatment intake and discharge.
Results: Improvement in sleep quality and a reduction in the use of 
emotional suppression were independently associated with lower 
PTSD symptom severity at discharge after accounting for each other 
and PTSD symptom severity at treatment intake (all p’s < 0.05).
Conclusion: Data suggests that targeting both sleep quality and emo-
tion regulation within the context of treatment may optimize PTSD 
treatment outcomes for veterans.

0946
UNDERSTANDING RECURRENT POSTTRAUMATIC 
NIGHTMARES: VARIABLES CONTRIBUTING TO 
NIGHTMARE SYMPTOMATOLOGY
Harb GC, Brownlow J, Ross RJ
Philadelphia VA Medical Center, Philadelphia, PA

Introduction: Although sleep disturbance is a prominent feature of 
PTSD, its phenomenology and factors associated with posttraumatic 
nightmares, in particular, are not well understood. Prior research has 
identified higher PTSD severity, vigilance, lower unit support and 
reduced distraction skills as predictive of more severe general sleep 
disturbance. This study examined factors that may characterize those 
Veterans with persistent nightmare symptoms.
Methods: Participants were 108 male and female (14%) OEF/OIF/OND 
Veterans with PTSD, insomnia, and recurrent nightmares in a RCT of 
sleep and nightmare treatments. We assessed baseline independent 
variables (clinician-rated PTSD severity adjusted for nightmare symp-
toms, depression, deployment-related experiences, demographics) to 
predict nightmare symptoms: frequency (NFQ) and distress (NDQ).
Results: Nightmare frequency was significantly associated with PTSD 
severity, combat exposure (r = 0.27, 0.28, p < 0.01), and decreased post-
deployment social support (r = −0.20, p < 0.05). Nightmare distress 
was significantly correlated with PTSD, depression, perceived threat 
during deployment, combat exposure and post-deployment stressful 
events (r = 0.32, 0.30, 0.33, p < 0.01; r = 0.21, 0.22, p < 0.05, respec-
tively). After adjusting for demographics, PTSD (B = 0.08, SE = 0.03, 
p = 0.01) and combat exposure (B = 0.31, SE = 0.15, p = 0.05) were 
significant predictors of nightmare frequency; depressive symptoms 
(B = 0.15, SE = 0.087, p = 0.03) significantly predicted nightmare dis-
tress in regression analyses. These factors accounted for 25% of the 
variance in nightmare frequency and 28% in nightmare distress.
Conclusion: Nightmare frequency and nightmare distress had dif-
ferent predictors. While nightmare frequency was associated with 
PTSD severity and combat exposure, nightmare distress (the common 
impetus for treatment-seeking) was predicted only by the depression 
severity. Results emphasize the importance of distinguishing between 
nightmare frequency and nightmare distress. Results also suggest that 
alleviating nightmare distress may improve posttraumatic mood dis-
turbance and treating depression may reduce nightmare distress.
Support: Department of Defense

0947
EXAMINING THE RELATIONSHIP BETWEEN PTSD 
SYMPTOM CLUSTERS AND INSOMNIA SYMPTOMS IN 
A VETERAN SAMPLE
Colvonen PJ1, Straus LD1, Bogner R1, Norman SB1, Drummond SP2

1San Diego VA, San Diego, CA, 2Monash University, Clayton, 
Australia

Introduction: Insomnia occurs in 66–90% of individuals with post-
traumatic stress disorder (PTSD). Despite research examining the re-
lationship between overall PTSD severity and insomnia severity, the 
relationship between PTSD symptom clusters (e.g., re-experiencing) 
and insomnia symptoms (e.g., trouble falling asleep) has yet to be ex-
amined.
Methods: Participants were 46 Veterans with PTSD and alcohol use dis-
order consented for a longitudinal treatment study (Age = 40.78 ± 10.97; 
89.1% male). Baseline assessments of sleep included Insomnia Severity 
Index (ISI; n = 46) and sleep diary variables (n = 29): sleep latency 
(SL), wake after sleep onset (WASO), time in bed after wake (TIBW), 
and sleep efficiency (SE), averaged over one week. PTSD measures 
included the DSM-5 Clinician Administered PTSD Scale (CAPS) sub-



SLEEP, Volume 38, Abstract Supplement, 2015A335

B. Clinical Sleep Science VIII. Psychiatric Disorders and Sleep

scales (re-experiencing, avoidance, negative alterations in cognitions 
and mood, and hyperarousal) with the trouble sleeping item removed. 
Multiple regressions were used to examine the relationship of CAPS 
symptom clusters, controlling for alcohol use in the past 90 days, on 
sleep variables.
Results: Veterans reported moderate insomnia (ISI = 16.82 ± 7.18; 
SL = 51.79 ± 51.38; WASO = 47.18 ± 37.30; TIBW = 47.71 ± 69.80; 
SE = 74.37 ± 17.72) and PTSD (CAPS = 40.46 ± 13.71). The total CAPS 
only related to the ISI (β = 0.40, p = 0.02). When the CAPS was bro-
ken into symptom clusters, hyperarousal (β = 0.41, p = 0.01) accounted 
for the relationship to the ISI and approached significance (β = 0.40, 
p = 0.057) with SL. Avoidance approached significance (β = 0.40, 
p = 0.055) with WASO.
Conclusion: The relationship between overall PTSD severity and in-
somnia severity was most accounted for by hyperarousal. PTSD hyper-
arousal also associated with trouble falling asleep; being on guard and 
being aroused by sounds in the night may partially account for trouble 
with SL. PTSD avoidance was related to WASO suggesting that avoid-
ing memories and reminders of the trauma event may manifest itself 
with middle of the night awakenings. Given the cross sectional data, 
it is also feasible that WASO leads to higher daytime avoidance. The 
approaching significance of hyperarousal and avoidance is most likely 
due to lack of power with smaller N’s on the sleep diaries.
Support (If Any): Center of Excellence for Stress and Mental Health

0948
DETERMINANTS OF POSITIVE RESPONSE TO 
COGNITIVE BEHAVIORAL THERAPY FOR 
POSTTRAUMATIC STRESS DISORDER: EXAMINING 
SLEEP DISORDERED BREATHING AND OTHER 
PATIENT AND CLINICAL CHARACTERISTICS
Haynes P1, Epstein D2, Emert S3, Perkins S 4, Parthasarathy S1, 
Wilcox J4

1University of Arizona, Tucson, AZ, 2Phoenix VA Health Care 
System, Phoenix, AZ, 3University of Alabama, Tuscaloosa, AL, 
4Southern Arizona VA Health Care System, Tucson, AZ

Introduction: Sleep disordered breathing (SDB) is highly prevalent in 
veterans with posttraumatic stress disorder (PTSD), yet research sug-
gests it is largely unassessed in mental health clinics. SDB is associated 
with chronic partial sleep deprivation, which may lead to avoidance 
of effortful tasks and cognitive performance deficits. Approximately 
50–60% of patients who start cognitive behavioral therapy (CBT) for 
PTSD continue to meet PTSD criteria at the end of treatment. As such, 
we explored whether SDB in combination with other factors is consis-
tently associated with response to CBT for PTSD.
Methods: Across two VA sites, we examined 34 Veterans at base-
line and 30-days after receiving CBT for combat-related PTSD with 
trained VA providers. We employed a novel analytic technique, fuzzy-
set qualitative comparative analysis, to identify combinations, or reci-
pes, of fuzzy (f) and crisp (c) factors that achieve a clinically significant 
outcome, based upon Clinician Assessment of PTSD Scale scores. The 
factors examined included: (1) moderate SDB based on the apnea hy-
popnea index (f); (2) Vietnam War era (c); (3) prescription of a sedating 
medication (c); and (4) severe depression based on the Hamilton De-
pression Rating Scale-17 (f).
Results: The following three recipes were consistently associated with 
clinically significant response of PTSD to CBT: (1) Vietnam era veter-
ans, without sedating medication, and without moderate SDB; (2) Vet-
erans from other military conflicts, without severe depression but with 
sedating medication; (3) Veterans from other military conflicts with 
severe depression and moderate SDB but without sedating medication. 

Together, these recipes accounted for 50% of membership in the clini-
cally significant PTSD response set.
Conclusion: Both the presence and absence of sleep apnea, severe de-
pression symptoms, sedating medications, and combat era all play a 
role in PTSD outcomes in different combinations. These results pro-
vide valuable information about treatment response that may elaborate 
and clarify theory incorporating SDB as an important component for 
CBT response in some Veterans with PTSD.
Support (If Any): Department of Defense #W81XWH-10-1-0745

0949
PHYSIOLOGICAL HYPERAROUSAL IN MILITARY 
COUPLES: ASSOCIATIONS WITH PTSD AND SLEEP 
QUALITY
Troxel WM1, Miles J2, Buysse DJ3, Germain A3, Matthews KA3

1RAND Corporation, Pittsburgh, PA, 2RAND Corporation, Santa 
Monica, CA, 3University of Pittsburgh, Pittsburgh, PA

Introduction: Posttraumatic stress disorder (PTSD) is considered a 
disorder of hyperarousal, but scant research has evaluated physiologi-
cal hyperarousal in PTSD, and most has focused on waking measures. 
Servicemembers are at high-risk for PTSD and sleep disturbances. 
Less is known about PTSD or sleep problems in military spouses, but 
they also may be a high-risk group. We examined the association be-
tween PTSD and sleep quality and nocturnal physiological hyperarous-
al in military couples.
Methods: Participants were male veterans and their spouses/partners 
(N = 50 individuals; Mean age = 30.3). Continuous electroencephalo-
gram (EEG) and electrocardiogram (EKG) data were collected during 
in-home polysomnography (PSG) in both members of the couple. Hy-
perarousal measures included delta and beta activity, and parasympa-
thetic tone (indexed by respiratory sinus arrhythmia; RSA), derived 
from spectral analysis of the EEG and EKG, respectively. Lifetime 
PTSD was evaluated using the Clinician Administered PTSD Scale 
(CAPS; Mean = 53.96). Sleep quality was measured using the PSQI 
(Mean = 4.85). Covariates included age, sex, body mass index, and 
depressive symptoms.
Results: Higher PTSD was associated with lower delta activity 
(B = −0.44; p = 0.005) and higher beta (B = 0.51; p = 0.001), but was 
not significantly associated with nocturnal RSA. PSQI scores were 
inversely associated with delta activity (B = −0.31; p = 0.06) as well 
as non-REM RSA (B = −0.16; p < 0.05) and REM RSA (B = −0.19; 
p < 0.05), and positively associated with beta activity (B = 0.34; 
p < 0.05), indicating that poorer sleep quality is associated with in-
creased EEG arousal and decreased parasympathetic tone during sleep.
Conclusions: PTSD was associated with increased EEG arousal but 
not parasympathetic tone. Poorer sleep quality was associated with 
higher EEG arousal and lower parasympathetic tone. These findings 
extend our understanding of the relationship between PTSD and sub-
jective sleep quality and physiological arousal mechanisms. Findings 
also highlight the importance of considering the impact of stress and 
trauma on servicemembers as well as their spouses and families.
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0950
SLEEP ONSET LATENCY AS A PROXY OF INSOMNIA 
SEVERITY IN THE CHARACTERIZATION OF 
VETERAN’S POSITIVE PTSD PSYCHOTHERAPY 
OUTCOMES
Kelly MR1,2,3, Emert SE2,3,4, Epstein DR 5,6, Perkins S7, 
Parthasarathy S 8, Wilcox J 7,3, Haynes PL3,7

1Psychology, University of Arizona, Tucson, AZ, 2Research Service, 
SAVAHCS, Tucson, AZ, 3Psychiatry, University of Arizona, Tucson, 
AZ, 4Psychology, University of Alabama, Tuscaloosa, AL, 5Nursing 
Services, Phoenix VA Health Care System, Phoenix, AZ, 6College of 
Nursing and Health Innovation, Arizona State University, Phoenix, 
AZ, 7Mental Health Care Line, Southern Arizona VA Healthcare 
System, Tucson, AZ, 8Pulmonary, Critical Care and Sleep Medicine, 
University of Arizona, Tucson, AZ

Introduction: Insomnia is common amongst veterans in outpatient 
clinics and in posttraumatic stress disorder (PTSD). Consequences of 
insomnia, such as difficulty with response inhibition and emotion reg-
ulation, may negatively affect treatment response. Only about 40–50% 
of patients receiving Cognitive Behavioral Therapy (CBT) for PTSD 
achieve remission; therefore, we explored whether sleep onset latency 
in combination with other variables would consistently be associated 
with CBT for PTSD response.
Methods: The present study evaluated response of PTSD symptoms to 
CBT for PTSD in 34 veterans at two VA sites (Southern Arizona and 
Phoenix VA Health Care Systems). Fuzzy-set qualitative comparative 
analysis was used to create logically simplified recipes for clinically-
significant symptom reduction on the Clinician Assessment for PTSD 
Scale (CAPS). Characteristics of interest from baseline measures were: 
(a) severe insomnia (fuzzy set, sleep onset latency (SOL) on the daily 
sleep diary); (b) Vietnam War era (crisp set); (c) sedating medications 
(crisp set); and (d) severe depression (fuzzy set, Hamilton Depression 
Rating Scale-17).
Results: The following four recipes contained characteristics consis-
tent with positive PTSD outcomes: (1) Vietnam era with absence of 
prolonged SOL and absence of sedating medication; (2) Vietnam era 
with absence of prolonged SOL and with presence of severe depres-
sion; (3) non-Vietnam era with sedating medication and absence of 
severe depression; (4) absence of prolonged SOL, absence of sedat-
ing medication and presence of severe depression. These four recipes 
comprised 53% of the total sample exhibiting positive PTSD response.
Conclusion: Clinically-significant PTSD symptom reduction may re-
sult from a variety of factors in different combinations. These reci-
pes may help explain variable response to CBT for PTSD in veterans. 
Three of the four recipes included absence of long SOL (29% of par-
ticipants with positive outcome), which supports theory that treatment 
of insomnia may aid PTSD treatment response.
Support (If Any): Department of Defense# W81XWH-10-1-0745

0951
SLEEP DISTURBANCE MEDIATES THE ASSOCIATION 
BETWEEN PTSD SYMPTOMS AND PARENTING 
BEHAVIOR IN OIF/OEF SERVICE MEMBERS
Fillo J, Hussain HA, Lau S, Connaboy C, Alfano CA
University of Houston, Houston, TX

Introduction: Prolonged and repeated operational deployments take a 
considerable toll on service members and their families. Deployment 
is associated with increased rates of marital conflict and domestic vio-
lence (Ruscio et al., 2002) as well as child neglect and maltreatment 
(Gibbs et al., 2007). These negative family-related effects are often 
a byproduct of service members own clinically-significant distress 

(Saltzman et al., 2011). For example, greater PTSD symptoms predict 
poorer post-deployment parenting behaviors (Gewirtz et al., 2010). 
Although sleep problems are among the most common and impair-
ing post-deployment complaints, associations with parenting have not 
been examined.
Methods: Participants were recruited from an ongoing study and in-
cluded 18 U.S. military service members deployed as part of OIF/OEF, 
their spouses/partners, and 31 of their children ages 2 to 17 (M = 10.22, 
SD = 4.31). Services members represented a range of military branches 
and components. Questionnaires were filled out by each family mem-
ber and completed by mail. We specifically examined whether asso-
ciations between PTSD symptoms and post-deployment parenting 
behaviors are mediated by the presence of sleep disturbance (in the 
service member).
Results: Ordinary least squares regression with bootstrapping (10,000 
samples) was used to estimate the indirect effect of PTSD symptoms 
on the use of corporal punishment through sleep disturbance (Hayes, 
2013). PTSD symptoms predicted greater sleep disturbance (a = 0.196, 
p = 0.001), which in turn predicted greater use of corporal punishment 
(b = 0.077, p = 0.022). Whereas there was not a direct effect of PTSD 
symptoms on the use of corporal punishment (c’ = −0.005, p = 0.656), 
results revealed the hypothesized indirect effect through sleep distur-
bance, ab = 0.015; 95% CI [0.002, 0.049].
Conclusion: These findings suggest that sleep disturbance may be a 
critical mechanism through which PTSD symptoms influence parent-
ing behavior post-deployment, particularly the use of corporal pun-
ishment. These results have significant implications for effectively 
targeting sleep problems in service members following periods of de-
ployment.

0952
PTSD DIAGNOSIS IS ASSOCIATED WITH REDUCED 
PARASYMPATHETIC ACTIVITY DURING SLEEP 
IN US MILITARY PERSONNEL OF THE IRAQ AND 
AFGHANISTAN WARS
Ulmer CS1, Hall MH2, Beckham JC3, Germain A 2

1Durham VA Medical Center, Durham, NC, 2University of Pittsburgh, 
Pittsburgh, PA, 3Duke University, Durham, NC

Introduction: Impaired parasympathetic function and posttraumatic 
stress disorder (PTSD) are both associated with increased risk of car-
diovascular disease (CVD). In addition, PTSD has been associated 
with attenuated parasympathetic activity during wakefulness, and poor 
sleep quality. The goal of the present study was to examine parasym-
pathetic activity during sleep in service members of recent military 
conflicts. Parasympathetic activity was derived from a measure of high 
frequency period activity from heart rate variability (HRV), which al-
lows continuous/non-invasive assessment of autonomic function dur-
ing sleep.
Methods: Sixty-four military service members (M age = 32.29 years, 
87.3% male, 88.9% Caucasian, BMI = 27.84, and 46% with PTSD) 
completed 2 consecutive polysomnographic study nights with con-
current assessment of HRV. Average HF-HRV was calculated for all 
epochs of NREM (N2, N3) and REM sleep. Self-report measures in-
cluded the Pittsburgh Sleep Quality Index and PTSD Addendum (PSQI 
and PSQI-A), and the Insomnia Severity Index (ISI).
Results: Participants with PTSD reported significantly more trau-
ma-related sleep disturbances (p < 0.001) on the PSQI-A and greater 
insomnia severity (p < 0.01) on the ISI. Only trend significance was 
found for differences between groups on PSG-derived sleep variables. 
Participants with PTSD trended towards greater percentage of NREM 
(p = 0.06) and lower percentage of REM (p = 0.06) relative to their non-
PTSD counterparts. After adjusting for age, sex and BMI, participants 
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with PTSD showed reduced parasympathetic activity in NREM sleep 
(p = 0.02) relative to those without PTSD, and a similar trend appeared 
during REM sleep (p = 0.06).
Conclusion: These findings suggest that attenuated parasympathetic 
activity may be one mechanism by which PTSD conveys increased risk 
for CVD. Sleep treatment may normalize HRV during sleep, which in 
turn, may reduce the risk for CVD in those with PTSD.
Support (If Any): This work was supported by DoD CDMRP Awards 
# PR054093-W81XWH-07-PTSD-IIRA and PT073961-W81XWH-
07-PTSD-IIRA (PI: Germain) and NIH Award R01 HL104607 (PI: 
Hall).

0953
SLEEP PARAMETERS PREDICTING LENGTH OF STAY 
IN RESIDENTIAL TREATMENT FOR POSTTRAUMATIC 
STRESS DISORDER
Woodward SH1, Loew D2, Lee KB2

1National Center for PTSD, Palo Alto, CA, 2Trauma Recovery 
Programs, Palo Alto, CA

Introduction: Entering inpatient psychiatric treatment is stressful for 
many patients. We investigated whether sleep parameters collected 
immediately upon admission to a Veteran’s Administration inpatient 
program for posttraumatic stress disorder (PTSD) could predict length 
of stay. Though patients leave programs for many reasons, length of 
stay is a rough index of fit between the clinical needs of the individual 
patient and the resources and culture of the treatment program.
Methods: Mattress actigraphy was used to obtain nightly estimates 
of sleep parameters such as scheduling, duration of quiet sleep, heart 
rate, respiration rate, heart rate variability, movement and snoring. 
The convenience sample was composed of 80 patients providing four 
contiguous nights of mattress actigraphy immediately after admission. 
Analysis of mattress actigraphy was automated except for manual de-
termination of to-bed and out-of-bed times which were scored blind to 
length of stay.
Results: The mean amount of quiet sleep obtained and the mean of 
an estimate of snoring severity over the first 4 nights post-admission 
were significantly or near-significantly associated with length of stay. 
Combined in a linear multiple regression, they accounted for 9% of 
the variance (adjusted R-squared ) in length of stay (F(2,78) = 5.13, 
p = 0.008). Quiet sleep duration was positively associated (beta = 0.28, 
t = 2.61, p = 0.011), while snoring severity was negatively associated 
(beta = −0.24, t = 2.19, p = 0.032) with length of stay.
Conclusion: Notwithstanding the many factors which can influence 
the duration of an episode of residential PTSD treatment, sleep param-
eters collected very early in the course of hospitalization may be useful 
in identifying patients in need of individualized programming such as 
referral to an alternative treatment context or concurrent interventions 
for sleep disordered breathing or insomnia.

0954
EXAMINING THE DIFFERENTIAL RELATIONSHIP 
OF ALCOHOL USE AND PTSD ON INSOMNIA IN A 
VETERAN SAMPLE
Colvonen PJ1, Straus LD1, Drummond SP2, Norman SB1

1San Diego VA, San Diego, CA, 2Monash University, Clayton, 
Australia

Introduction: Insomnia occurs in 36–72% of individual with alcohol 
use disorder (AUD) and 66–90% of individuals with posttraumatic 
stress disorder (PTSD). Insomnia hinders treatment outcomes for both 
AUD and PTSD, increases relapse for AUDs, and increases daytime 
symptomology for PTSD. Despite research on insomnia in AU and 

PTSD independently, little is known about their differential or com-
bined effects.
Methods: Participants were 45 Veterans with comorbid PTSD and 
AUD consented for a longitudinal treatment study (Age = 41.21 ± 12.58; 
91.1% male). Measures included baseline assessments of Insomnia Se-
verity Index (ISI), Clinician Administered PTSD Scale (CAPS), and 
percent of days drinking in the last 90 days (%AU). Bivariate correla-
tion and multiple regression were used to determine 1) the independent 
relationship of %AU and PTSD on insomnia; 2) the differential rela-
tionship of %AU and PTSD on insomnia; 3) the interaction of %AU 
and PTSD on insomnia.
Results: Veterans reported moderate insomnia (ISI = 16.82 ± 7.18), 
PTSD (CAPS = 40.46 ± 13.71), and alcohol use (%AU = 64.27% ± 29.07) 
symptoms. Independently, CAPS and %AU were positively correlated 
with the ISI (r(44) = 0.38, p < 0.01, r(34) = 0.52, p < 0.01, respectively). 
When regressed together, both CAPS and %AU associated with the 
ISI (β = 0.40, p < 0.01; β = 0.53, p < 0.001, respectively). When the 
interaction of the CAPS and %AU was added to the omnibus model, 
neither the interaction (β = 0.58, p = 0.34), nor the main effects were 
significant.
Conclusion: Veterans seeking treatment for comorbid PTSD/AUD 
showed clinical levels of insomnia. Additionally, both PTSD and %AU 
associated with insomnia severity, suggesting two independent rela-
tionships to insomnia. Given insomnia can influence daytime PTSD 
symptoms and drinking relapse, and insomnia frequently does not de-
crease after PTSD and AUD treatments, addressing insomnia directly 
may be an important factor for PTSD and AUD treatments. Overall, 
furthering our understanding of the relationship between insomnia, 
AUD, and PTSD will benefit treatment outcomes for Veterans.
Support (If Any): Center of Excellence for Stress and Mental Health

0955
ALCOHOL USE AND PTSD SYMPTOM SEVERITY 
AMONG VETERANS EXPERIENCING TRAUMA-
RELATED NIGHTMARES
Bishop TM1, Possemato K 2, Wade MJ2, Campbell CE3, Maisto SA 2, 
Pigeon WR1

1VA VISN 2 Center of Excellence for Suicide Prevention, 
Canandaigua, NY, 2Center for Integrated Healthcare, Syracuse, NY, 
3Syracuse University, Syracuse, NY

Introduction: Poor sleep quality and alcohol consumption are health 
behaviors that may negatively affect the naturalistic course of PTSD 
symptomatology. Nightmares are thought to contribute to the process-
ing of trauma. Individuals experiencing trauma-related nightmares 
may increase alcohol consumption to avoid this symptom, continuing 
a cycle of avoidance and ultimately impairing recovery.
Methods: Veterans (N = 87) who met criteria for either PTSD or 
subthreshold-PTSD provided data on alcohol consumption, PTSD 
symptomatology, and other behavioral health variables over one year. 
Controlling for baseline depression and insomnia severity, we exam-
ined whether frequency of alcohol consumption, conceptualized as 
percentage of past-month drinking days (heavy ≥ 50%, moderate 25–
49%, low 0–24%), was associated with PTSD symptom severity at 1, 6, 
and 12-months among a sample of veterans who reported moderate to 
severe nightmares.
Results: Random intercept modelling revealed significant main ef-
fects for depression, insomnia, and time. The overall test of slopes for 
time by drinking frequency did not reach significance [F(177) = 2.05, 
p = 0.13]. However, between group contrasts revealed a significant dif-
ference in the moderate versus heavy drinking group [t(177) = −2.03, 
p < 0.05] such that PTSD symptom severity remained more elevated 
for heavy drinkers.
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Conclusion: In this sample of veterans experiencing PTSD and mod-
erate to severe nightmares, PTSD symptom severity significantly 
decreased over time. When accounting for depression and insomnia 
severity at baseline, heavier alcohol consumption was associated with 
greater PTSD symptom severity during one year of follow-up. These 
findings suggest that both alcohol consumption and sleep problems, in-
cluding presence of trauma-related nightmares, should continue to be 
considered in the treatment of PTSD.
Support (If Any): This work was supported, in part, by the VA Ad-
vanced Fellowship Program in Mental Health Illness Research and 
Treatment, VISN 2 Center of Excellence for Suicide Prevention at the 
Canandaigua VAMC.

0956
THE ASSOCIATION OF A FAMILY HISTORY OF 
ALCOHOLISM WITH SLEEP DISTURBANCE AND 
ALCOHOL CONSUMPTION IN ALCOHOLIC SUBJECTS
Chakravorty S1, Chaudhary NS2, Grandner MA3, Khawaja IS 4, 
Oslin DW1

1Philadelphia VAMC, Philadelphia, PA, 2Washington University at St. 
Louis School of Med, St. Louis, MO, 3Perelman School of Medicine, 
Philadelphia, PA, 4Hennepin County Medical Center, Minneapolis, 
MN

Introduction: There is no significant literature on the association be-
tween a family history of alcoholism and sleep-related complaints in 
alcoholics. In this investigation, we studied this association between 
a first-degree family history of alcoholism (FHA) with sleep-related 
complaints, and alcohol consumption in alcoholic subjects.
Methods: Treatment-seeking alcoholic subjects (N = 400) were 
evaluated at baseline visit, using structured instruments to assess for 
their family history of addictive disorders (Family History Interview 
for Substance Abuse disorders), sleep complaints (sleep disturbance, 
sleep adequacy and habitual sleep duration from the Medical Out-
comes Study Sleep Scale) and alcohol consumption (drinking days 
and drinks per drinking day from Time Line Follow Back measure). 
Binary logistic regression analyses adjusted for covariates were use to 
determine the association between family history percentage (a quanti-
tative measure of first-degree family history of alcoholism), with sleep 
complaints and alcohol consumption, and explore for their interactive 
effects in predicting FHA.
Results: The mean (SD) age was 47.81 (10.74) years, 85% were males, 
64.80% identified themselves as Caucasian, 59.0% were employed and 
45.5% were married. FHA was positive among 182 (45.50%) subjects. 
The mean (SD) for sleep disturbance scale was 44.39 (26.12), sleep 
duration was 6.10 (1.53), and sleep adequacy was 48.89 (25.89), and 
in the last 90 days their drinking days were 70.21 (21.21) days, and 
drinks per drinking day (DrPDD) was 10.85 (7.51). In analyses ad-
justed for covariates, a FHA was positively associated with drinking 
days (OR = 1.01, p = 0.05), and inversely associated with the DrPDD 
(OR = 0.93, p = 0.02), and sleep inadequacy scale (OR = 0.98, p = 0.01), 
and with a trend towards significance for sleep duration (OR = 0.85, 
p = 0.09). No association with the sleep disturbance scale was seen. In 
addition, no interactive effects of alcohol consumption on sleep vari-
ables were seen.
Conclusion: A history of alcoholism in their immediate family may 
increase the alcoholic subject’s risk for non-restorative sleep and fre-
quent drinking.
Support (If Any): VA grant IK2CX000855 (S.C.) and NIH grants K23 
HL110216 & R21 ES022931 (M.A.G.)

0957
DISTURBED SLEEP AND SLEEP TIMING DURING 
LATE CHILDHOOD ARE RISK FACTORS FOR LATER 
ALCOHOL AND DRUG INVOLVEMENT
Hasler BP1, Kirisci L2, Clark DB1

1Western Psychiatric Institute and Clinic, Pittsburgh, PA, 2University 
of Pittsburgh School of Pharmacy, Pittsburgh, PA

Introduction: Cross-sectional and limited longitudinal data suggest 
that sleep and circadian disturbances are risk factors for substance use 
disorders (SUDs). Only a handful of longitudinal studies have exam-
ined these relationships during adolescence, despite the elevated inci-
dence of sleep/circadian disturbances and SUDs during this time. In 
the present analyses, we examined whether restless sleep and irregular 
sleep timing during late childhood predicted an earlier onset of alcohol, 
cannabis, and cocaine involvement.
Methods: The sample was 732 children (212 female) recruited at age 
10–12 years old and followed over five visits to age 30. In 314, fathers 
had a history of SUDs involving illicit drugs. The Dimensions of Tem-
perament Survey - Revised (DOTS-R) subscales assessed restless sleep 
(i.e., DOTS-R Activity Level - Sleep) and irregular sleep timing (i.e., 
DOTS-R Rhythmicity-Sleep). Alcohol, cannabis, and cocaine involve-
ment were assessed via diagnostic interviews. Cox proportional hazard 
models were developed for two outcomes (“ever tried” or disorder) for 
each substance, as well as for the onset of major depressive disorder.
Results: Restless sleep at age 10–12 years old significantly predicted an 
earlier onset age for trying alcohol (Wald X2 = 5.85, p = 0.016) and can-
nabis (Wald X2 = 5.31, p = 0.02), and showed a trend towards predicting 
earlier onset of cannabis use disorder (Wald X2 = 3.08, p = 0.079). Rest-
less sleep also predicted an earlier onset of depressive disorder (Wald 
X2 = 7.43, p = 0.0006). Irregular sleep timing at age 10–12 years old sig-
nificantly predicted an earlier onset age for alcohol use disorder (Wald 
X2 = 6.67, p = 0.01), and showed statistical trends toward predicting 
earlier onsets of disorders of cannabis (Wald X2 = 2.76, p = 0.097) and 
cocaine (Wald X2 = 3.71, p = 0.054).
Conclusion: Consistent with findings in other age groups, restless 
sleep predicted earlier alcohol use onset and irregular sleep timing pre-
dicted earlier alcohol use disorder onset. Sleep-focused preventative 
efforts during early adolescence may reduce the incidence of mood and 
substance use disorders.
Support (If Any): This work was funded by the National Institutes of 
Health (P50DA05605, U01AA021690, and K01 DA032557).

0958
THE ROLE OF EXPRESSIVE SUPPRESSION IN TERMS 
OF THE RELATIONS BETWEEN SLEEP QUALITY AND 
DEPRESSION AND ANXIETY SYMPTOMS AMONG 
MEDICAL CANNABIS PATIENTS
Johnson J1, Babson K1, Boden MT 2, Bonn-Miller M1

1National Center for PTSD, VA Palo Alto Health Care System, Menlo 
Park, CA, 2Center for Innovation to Implementation, VA Palo Alto 
Health Care System, Menlo Park, CA

Introduction: Poor sleep quality and symptoms of depression and 
anxiety are often reported as reasons for individual medical cannabis 
use. Indeed, poor sleep quality has been consistently associated with 
the experience of depression and anxiety, including among medical 
cannabis users. However, an important gap in the existing literature 
relates to whether the observed relations between sleep and psycho-
pathology are uniform across medical cannabis users, or whether par-
ticular subsets of individuals with other vulnerabilities, who also suffer 
from sleep problems, may be at particular risk of heightened psycho-
logical symptoms. Emotion dysregulation, and specifically strategies 



SLEEP, Volume 38, Abstract Supplement, 2015A339

B. Clinical Sleep Science VIII. Psychiatric Disorders and Sleep

aimed at expressive suppression, has been associated with poor sleep 
quality, symptoms of depression and anxiety, as well as coping-orient-
ed cannabis use. So as to integrate these two literatures, the present 
study sought to determine the role of expressive suppression in terms 
of the relations between sleep quality and symptoms of depression and 
anxiety, among medical cannabis users.
Methods: 131 medical cannabis patients completed questionnaires, 
including the Pittsburgh Sleep Quality Index, the Inventory of De-
pression and Anxiety Symptoms, and the Emotion Regulation Ques-
tionnaire.
Results: Expressive suppression moderated the relation between sleep 
quality and symptoms of depression (R2 = 0.48. p = 0.05) and PTSD 
(R2 = 0.32, p = 0.00). Specifically, individuals with poor sleep qual-
ity who reported greater expressive suppression tended to have more 
severe symptoms of depression (β = 0.34, p = 0.01). In comparison, 
those with poor sleep quality who reported less expressive suppression 
tended to have more severe symptoms of PTSD (β = −0.62, p = 0.02). 
Sleep quality and expressive suppression were unrelated to symptoms 
of social anxiety or panic (all p’s < 0.05).
Conclusion: Our results provide information regarding risk factors 
that may exacerbate psychological conditions for which cannabis is 
used. Results revealed unique effects based on the form of psychopa-
thology.

0959
A PRELIMINARY REPORT FROM THE “REST-IT” 
STUDY: ACTIGRAPHIC SLEEP AND REST-ACTIVITY 
INDICES PREDICT SUICIDALITY IN DEPRESSED 
INDIVIDUALS
Rumble ME1, McCall WV2, Krystal A3, White KH1, Newman JC 4, 
Case D4, Benca RM1

1University of Wisconsin, Madison, WI, 2Medical College of Georgia, 
Augusta, GA, 3Duke University, Durham, NC, 4Wake Forest School of 
Medicine, Winston-Salem, NC

Introduction: Insomnia has been identified as a modifiable risk fac-
tor for suicidality. However, previous studies have relied mostly on 
self-reported sleep disturbance to explore this relationship and have 
not controlled for depressive symptom severity. The current analyses 
examined relationships between actigraphic indices and suicidality at 
the start of treatment in depressed outpatients experiencing insomnia 
and suicidality, while controlling for depressive symptoms.
Methods: At this time, 45 patients have consented to participate in 
the ongoing Reducing Suicidal Ideation through Insomnia Treatment 
(REST-IT) study, a multisite, double-blind, randomized controlled tri-
al examining whether hypnotic medication (zolpidem CR or placebo) 
along with open-label anti-depressant therapy impacts suicidality in 
depressed outpatients with insomnia and suicidality. Participants com-
pleted actigraphic and questionnaire assessments throughout treatment. 
The current analyses focused on 22 patients who had valid actigraphic 
assessments during the first 2 weeks of treatment. Relationships be-
tween actigraphic indices (sleep onset latency (SOL); wake time after 
sleep onset (WASO); sleep efficiency (SE); total sleep time (TST); me-
sor; amplitude; and acrophase) and the Scale for Suicide Ideation were 
examined. Hypnotic medication condition remained blinded.
Results: All analyses controlled for depressive symptom severity. Dur-
ing week one of treatment, a later peak of activity (acrophase) was re-
lated to higher levels of suicidality (p = 0.02). In week two, greater SOL 
and variability in SOL, lower activity levels (mesor), and a weaker rest-
activity rhythm (amplitude) were related to higher levels of suicidality 
(all p < 0.05).
Conclusion: At treatment start, a variety of actigraphy-derived indices 
demonstrated relationships with suicidality, independent of depressive 

symptoms. Participants exhibiting sleep initiation difficulties and a 
more eveningness pattern, decreased activity, and weaker rhythms re-
ported greater suicidal ideation. Although power may have been limit-
ed due to sample size and these findings are only preliminary and need 
replication in a larger dataset, actigraphy may be a useful tool for fur-
ther understanding the relationship between insomnia and suicidality.
Support (If Any): REST-IT is supported by National Institute of Men-
tal Health (NIMH) award MH095776.

0960
A PRELIMINARY REPORT FROM THE “REST-IT” 
STUDY: INSOMNIA SEVERITY AND HYPERSOMNIA 
SEVERITY EACH INDEPENDENTLY PREDICT THE 
INTENSITY OF SUICIDAL IDEATION
McCall WV1, Ahn E1, Benca R 2, Krystal A3, Rosenquist PB1, 
Rumble M2, Newman JC 4, Case D4

1Medical College of Georgia, Augusta, GA, 2Department of 
Psychiatry, The University of Wisconsin, Madison, WI, 3Duke 
University School of Medicine, Durham, NC, 4Wake Forest School of 
Medicine, Winston-Salem, NC

Introduction: Sleep disorders have been linked to suicidal ideas, sui-
cidal behavior, and suicide death in more than 60 studies. However, 
past research rarely concurrently examined multiple variables about 
sleep in the same study. Herein we describe how insomnia, hypersom-
nia, patients’ attitudes about sleep, and circadian rhythm type correlate 
with suicidal ideation.
Methods: Reducing Suicidal Ideation through Insomnia Treatment 
(REST-IT) is an NIMH-sponsored multisite clinical study that aims to 
assess the effect of treating insomnia with hypnotic medication on the 
intensity of suicidal ideation in depressed outpatients with insomnia 
and suicidal ideation. At baseline, suicidal ideation was assessed with 
the Scale for Suicide Ideation (SSI), insomnia symptoms were assessed 
with the Insomnia Severity Index (ISI), hypersomnia with the Epworth 
Sleepiness Scale (ESS), patients’ attitudes about sleep by Dysfunction-
al Beliefs and Attitudes about Sleep (DBAS), and circadian rhythm 
type by Reduced Morningness-Eveningness Questionnaire (rMEQ). 
As the outcome of interest, predictive models for baseline SSI were cre-
ated using multivariable linear models for all 45 participants with ISI, 
ESS, DBAS, and RMEQ as independent variables, with adjustment for 
age and gender.
Results: 45 patients aged 41 ± 12.6 years (60% women) have thus far 
consented to participate and completed baseline screening. Greater in-
somnia (ISI) and hypersomnia (ESS) were independently associated 
with significantly greater intensity of suicidal ideation (p < 0.02) in 
our multivariable model. Interestingly, ISI and ESS were not correlated 
(r = −0.06, p > 0.7). Dysfunctional beliefs about sleep and RMEQ were 
not associated with greater suicidal ideation.
Conclusion: The results support the concept that insomnia and hy-
persomnia may each contribute to suicidal ideation. Both insomnia 
and hypersomnia independently contributed to this model of suicidal 
ideation. Further research is needed to examine possible causation be-
tween hypersomnia and suicidal ideation in patients with major depres-
sion.
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0961
SLEEP PATTERNS AND SUICIDAL IDEATION IN FIRST-
YEAR COLLEGE STUDENTS
Van Reen E1,2, Sharkey KM1, Roane BM3, Cha C1, Liu R1, Spirito A1, 
Carskadon MA1,2,4

1Alpert Medical School of Brown University, Providence, RI, 2Sleep 
for Science Laboratory of EP Bradley Hospital, Providence, RI, 
3UNT Health Science Center, Forth Worth, TX, 4University of South 
Australia, Adelaide, Australia

Introduction: Self-reported short sleep duration is associated with sui-
cidal ideation and behavior. Others report that adolescents with later 
bedtimes (BT) vs. those with earlier BT report more suicidal ideation, 
implicating sleep timing as a factor in suicidal ideation. We measured 
suicidal ideation and sleep patterns in first-year students, hypothesiz-
ing an association of less sleep, later BTs, earlier wake times (WT), and 
more variable sleep patterns with suicidal ideation.
Methods: Students (n = 846, mean age = 18.6 yrs; SD = 0.5) com-
pleted on-line sleep diaries daily for 9 weeks from the start of term, 
answering questions about sleep timing, sleep latency, and night wak-
ing. Sleep patterns were determined as mean and standard deviation of 
reported BT, WT, and computed total sleep time (TST). Students com-
pleted an online survey at week 9 including questions about suicidal 
ideation and the Center for Epidemiologic Studies-Depression Scale 
(CES-D). Endorsement of “did you seriously consider taking your life?,” 

“did you have thoughts of suicide, even though you would not really 
do it?,” and/or “did you think about a specific way to take your life?” 
placed 74 students in the suicidal ideation (SI+) group. Ultimately, 64 
(female = 39) SI+ participants were matched on sex, age, and CES-D 
score (median = 26, IQR = 14.8) to 64 non-endorsers (SI-). One-tailed 
paired t-tests were performed separately for men and women sleep di-
ary variables.
Results: Men: SI+ men reported significantly earlier WT (M = 9:12 
h; SD = 0.48) compared to SI- (M = 9:42 h; SD = 54 mins) men 
(t(24) = 2.25, p = 0.017; Cohen’s d = 0.51). No additional sleep vari-
ables showed significant differences; however, a trend was observed 
for earlier BT (t(24) = 1.6, p = 0.06) in SI+ (M = 2:00 h; SD = 54 mins) 
versus SI- (M = 2:24 h; SD = 54 mins) men. Women: No significant dif-
ferences were observed for SI+ compared to SI-; however, trends were 
seen for more variable BT (t(38) = −1.7, p = 0.052) and WT (t(38) = −1.6, 
p = 0.054) in the SI+ (BT: M = 1.3 h; SD = 0.3; WT: M = 1.3; SD = 0.4) 
vs. SI- women (BT: M = 1.2, SD = 0.4; WT: M = 1.2, SD = 0.4).
Conclusion: Unlike past studies, sleep length was unassociated with 
suicidal ideation in our sample. Furthermore, we found that sleep tim-
ing for SI+ men was earlier than for SI- men and unassociated with SI 
status in women, though trends for greater variability in SI+ women’s 
sleep timing occurred. These findings indicate an association between 
SI and sleep patterns that differs from previous reports and for young 
men and women.
Support (If Any): NIMH MH079179 (to MAC).

0962
THE ASSOCIATION OF DEPRESSION, SLEEP 
DIFFICULTIES AND SUICIDE RISK IN TEENAGERS
Shahid A1, Khairandish A 2, Gladanac B3, Shapiro C1

1Youthdale Treatment Centres, Toronto, ON, Canada, 2Youthdale 
Treatment Centre, Toronto, ON, Canada, 3Youthdale Child and 
Adolescent Sleep Centre, Toronto, ON, Canada

Introduction: Sleep disturbances are commonly associated with psy-
chiatric disorders. Among adolescents with sleep problems, increased 
rates of depressive symptoms have been identified. There is significant 
and temporal relationship between sleep problems and completed sui-

cide in adolescents and the majority of depressed and suicidal youth 
exhibit increased sleep latency, increased REM density and decreased 
REM latency, when compared to controls. In contrast to adults, consis-
tent sleep disturbances in adolescents are less defined and therefore re-
quire further examination. The objective is to evaluate the association 
of sleep problems, depression, and risk of suicide in youth.
Methods: A retrospective chart review of polysomnographic (PSG) 
studies and psychiatrist evaluations of106 adolescents aged 7–16 years 
during their admission to an involuntary adolescent psychiatric inpa-
tient facility.
Results: Less than 5% of cases had mild or no sleep problems. Ado-
lescents with many co-diagnosed psychiatric disorders had greater fre-
quencies of insomnia, decreased sleep efficiency, and arousals form 
SWS (p < 0.05). Self-harm behavior can be viewed to represent a more 
severe psychopathological state than affective disorders alone. Those 
patients evincing such behaviour had more frequently elevated sleep 
onset latency (SOL), reduced sleep efficiency, reduced slow wave sleep 
(p < 0.05), increased REM sleep, and reduced REM latency compared 
to patients with dysthymia and/or depression.
Conclusion: This study highlights the utility of PSG studies in the 
identification and management of adolescents with respect to sleep and 
mood problems and those at risk of suicidal behaviour and psychopa-
thologies.

0963
PERCEIVED STIGMA TOWARD MENTAL HEALTH IN 
ASSOCIATION WITH SLEEP DISTURBANCES AND AS 
AN ACUTE PREDICTOR OF SUICIDAL SYMPTOMS
Bernert RA1, Iwata N1, Kim J1, Moscowitz A1, Hom M2

1Stanford University School of Medicine, Stanford, CA, 2Florida State 
University, Tallahassee, FL

Introduction: Suicide represents a global disease burden, accounting 
for 1 million deaths annually, yet selective interventions remain scarce. 
Sleep disturbances are listed in the top 10 warning signs of suicide 
by SAMHSA, and preliminary research suggests that sleep complaints 
may confer independent risk for suicidal behaviors. Sleep problems 
have been proposed as a novel treatment target as they may be less stig-
matizing compared to mental health risk factors. However, no study to 
date has evaluated this relationship empirically.
Methods: Participants were recruited and screened for high suicide 
risk for inclusion in a suicide prevention trial, based on presence of 
current suicidal ideation according to standardized risk assessments, 
diagnosis of major depressive disorder (MDD), and insomnia symp-
toms. Data were collected among N = 33 individuals (30% female) as-
sessed according to the following clinician-administered diagnostic 
interviews and validated symptom inventories: The Structured Clini-
cal Interview for DSM-IV Disorders (SCID-I), the Beck Scale for Sui-
cide (BSS), the Beck Depression Inventory (BDI), Suicidal Ideation 
Intensity Ratings (0–100 scale), the Insomnia Severity Index (ISI), the 
Disturbing Dreams and Nightmare Severity Index (DDNSI), and the 
Perceived Stigma Scale (PS).
Results: Participants (M Age = 41.5, SD = 12.6) demonstrated moder-
ate to severe suicidal symptoms for worst point lifetime suicidal ide-
ation, according to standardized risk assessment instruments. Mean 
statistics revealed severe levels of insomnia (M ISI = 20.4, SD = 3.6) 
and nightmare symptoms (M DDNSI = 10.8, SD = 8.7). Pearson cor-
relations revealed significant associations between higher perceived 
stigma toward mental health treatment and greater levels of psycho-
pathology, according to the BDI (r = 0.52, p = 0.002), suicidal ideation 
intensity (r = 0.40, p = 0.02), and BSS as a nonsignificant statistical 
trend (r = 0.34; p = 0.05), but not sleep measures (ISI: r = 0.13, p = 0.43; 
PSQI: r = 0.12, p = 0.47; DDNSI: r = 0.24, p = 0.16).
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Conclusion: Results revealed significant associations between per-
ceived stigma toward mental health and greater depressive symptoms 
and suicidal symptom intensity. Results indicated relationships highly 
specific to mental health symptoms, versus sleep, highlighting a po-
tential focus on sleep complaints as a non-stigmatizing therapeutic 
target that may enhance access to care and intervention opportunity 
in the prevention of suicide. Future research is warranted investigating 
treatment development of sleep interventions that may reduce stigma 
among high risk, high-need samples.
Support (If Any): This work was supported in part by K23MH093490) 
and the Military Suicide Research Consortium (MSRC), an effort sup-
ported by the Office of the Assistant Secretary of Defense for Health 
Affairs under Award No. W81XWH-10-2-0178.

0964
SLOW-WAVE DISRUPTION IMPROVES MOOD IN 
MAJOR DEPRESSIVE DISORDER
Cheng P1, Goldschmied J2, Casement M3, Kim H4, Hoffman R 2, 
Armitage R 2, Deldin P2

1Henry Ford Health System, Detroit, MI, 2University of Michigan, 
Ann Arbor, MI, 3University of Pittsburgh Medical Center, Pittsburgh, 
PA, 4Sogang University, Soeul, Korea, Republic of

Introduction: Although it has been decades since the discovery of the 
antidepressant effects of sleep disruption, the underlying mechanism 
is still poorly understood. Prior research has implicated abnormalities 
in slow-wave homeostasis as a mechanism in the antidepressant effect 
of sleep deprivation, which has been corroborated with a recent study 
showing decreased depression severity following one night of selective 
slow-wave disruption. The current study aimed to extend this research 
by utilizing a dimensional approach in examining the antidepressant 
effects of SWA disruption. Of particular interest is the affective dimen-
sion, as negative affect in depression is arguably the most salient char-
acteristic of depression, and remains a gateway criterion for a DSM-5 
diagnosis of MDD (i.e., presence of depressed mood for two or more 
weeks).
Methods: This sample included 16 individuals with MDD (10 female) 
recruited from the community. Participants slept in the lab for three 
nights (adaptation, baseline night, and slow-wave disruption) with 
polysomnography, and completed measures of negative affect and 
depression severity in the following morning. Power spectral analysis 
was performed on digitized EEG signals, and delta power was defined 
as 0.5–4.0 Hz.
Results: Results show that reductions in delta power predicted im-
proved negative affect the following morning, suggesting a relationship 
between SWA and affect in depression. Results also showed marginal 
decreases in cognitive-affective symptoms of depression, and that de-
crease was also marginally related to reductions in delta power.
Conclusion: This study aimed to extend previous research demon-
strating an antidepressant effect following slow-wave disruption in 
depression by utilizing a dimensional approach. Results indicated that 
improved negative mood following slow-wave disruption was predict-
ed by the reduction of slow-wave activity during the night.

0965
EFFECT OF CBTI ON ANTIDEPRESSANT SIDE-
EFFECTS: A REPORT FROM THE TRIAD STUDY
Manber R1, Edinger JD2, Krystal A 2, Buysse D3, Luther JF3, 
Wisniewski SR 3, Thase ME4

1Stanford University, Stanford, CA, 2Duke University, Durham, NC, 
3University of Pittsburgh, Pittsburgh, PA, 4University of Pennsylvania, 
Philadelphia, PA

Introduction: Little is known about determinants of antidepressant 
side effects. The multi-site TRIAD (Treatment of Insomnia and De-
pression) study offers a unique opportunity to explore whether insom-
nia severity and insomnia treatment predict treatment side effects.
Methods: Participants were 148 individuals (73.3% female, age 
46.6 ± 12.6 years) with insomnia comorbid with MDD, randomized 
to receive 16 weeks of treatment, consisting of 7 sessions of CBTI or 
CTRL and concomitant two-step medication algorithm, involving esci-
talopram, sertraline, and desvenlafaxine in a prescribed sequence. Oth-
er medications that could impact sleep or depression were proscribed. 
Medication side effects were measured with the Frequency, Intensity, 
and Burden of Side Effects Rating scale, which instructed to rate side 
effects of “the medication you have taken within the past week for your 
depression”. Sleep measures included the Insomnia Severity Index 
(ISI) and sleep diary.
Results: Starting antidepressant medications were esctalopram (78%), 
sertraline (14%), and desvenlafaxine (8%) (Group p = 0.44). The aver-
age maximum doses (Mg) were: 16.9 (4.8) for escitalopram, 109.0 ± 60.4 
for sertraline, 75.0 ± 28.4 for desvenlafaxine (Groups p-values > 0.52). 
Baseline ISI, mean latency to sleep onset, and time awake in the middle 
of the night did not predict frequency, intensity, or burden of antide-
pressant side effects (p-values > 0.1). However, compared to CTRL, 
participants receiving CBTI reported greater maximum frequency and 
burden of medication side effects (p ≤ 0.03).
Conclusion: The higher maximum frequency and burden of side ef-
fects among CBTI recipients was observed even though participants 
in the two groups received the same medications and highest doses. 
One possible explanation for this finding is that the sleep restriction 
component of CBTI might have led to a transient partial sleep depriva-
tion, which could have amplified the side effects of the antidepressants 
directly or indirectly, by decreasing tolerance to the side effects.
Support (If Any): MH078924, MH078961, MH079256, HL096492

0966
TREATING INSOMNIA IN DEPRESSION (TRIAD): 
IMPACT ON INSOMNIA SEVERITY AND DEPRESSION 
REMISSION
Manber R1, Buysse D2, Edinger JD3, Krystal A3, Luther JF2, 
Wisniewski SR 2, Gehrman PR4, Thase ME4

1Stanford University, Stanford, CA, 2University of Pittsburgh, 
Pittsburgh, PA, 3Duke University, Durham, NC, 4University of 
Pennsylvania, Philadelphia, PA

Introduction: Disturbed sleep is common in major depressive disorder 
(MDD). This study evaluated the efficacy of cognitive behavioral ther-
apy for insomnia (CBTI) versus a control insomnia therapy (CTRL) 
among patients with comorbid insomnia disorder and MDD, who also 
received 16 weeks of pharmacotherapy for depression. We also tested 
whether change in insomnia severity mediated depression outcomes.
Methods: Participants were 148 individuals (73.3% female, age 
46.6 ± 12.6 years) with insomnia comorbid with MDD, randomized 
to receive seven sessions of CBTI or CTRL. All participants concomi-
tantly received pharmacotherapy for depression following a standard-
ized two-step algorithm, which consisted of escitalopram, sertraline, 
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and desvenlafaxine in a prescribed sequence. Outcome measures in-
cluded the Insomnia Severity Index (ISI) and remission from depres-
sion. Remission was assessed using structured interviews, blind to 
randomization, and was defined by the absence of both core symptoms 
of MDD (depressed mood or anhedonia) and the presence of no more 
than two of the other 7 diagnostic symptoms of depression of MDD for 
at least three consecutive weeks.
Results: CBT-I was superior to CTRL in improving insomnia sever-
ity (p < 0.05). Differential effects of treatments on insomnia severity 
were observed already by week 6. Although a greater proportion of 
those receiving CBT-I (43%) achieved depression remission than did 
those assigned to the CTRL condition (36%), the difference was not 
statistically significant. Improvements in insomnia severity at week 6 
mediated remission from depression in the entire sample.
Conclusion: CBTI is an efficacious treatment for insomnia comorbid 
with MDD among patients treated with antidepressant medications. 
Although depression outcomes did not differ between groups, improve-
ment in insomnia severity mediated reduction in depression remission, 
suggesting that improvement in insomnia may play some role in the 
change in depression. Future studies should identify when the addition 
of an insomnia-focused therapy can enhance standard antidepressant 
treatments.
Support (If Any): MH 078924, MH078961, MH079256, and 
HL096492

0967
A PRELIMINARY INVESTIGATION OF CIRCADIAN 
MEASURES AND RESPONSE TO FLUOXETINE AND 
REPEATED PARTIAL SLEEP DEPRIVATION FOR 
DEPRESSION
Swanson L1, Burgess H2, Holli B1, Mooney A1, Dopp R1, Huntley E1, 
Arnedt J1

1University of Michigan, Ann Arbor, MI, 2Rush University, Chicago, 
IL

Introduction: Major depressive disorder (MDD) is associated with 
abnormalities in circadian rhythms. We investigated circadian rhythm 
changes and their relationship to depression symptoms in a study of 
fluoxetine plus repeated partial sleep deprivation.
Methods: Participants were 15 adults (27 ± 6.86 years old, 8 females, 
all met MDD criteria) randomly selected from the parent study. Sa-
liva was collected in-laboratory to estimate dim light melatonin onset 
(DLMO) using the 3k threshold at baseline and after 14 days (T2) of 
fluoxetine with daily 6 hours’ time in bed (partial sleep deprivation; 
PSD) or 8 hours’ time in bed (no sleep deprivation; NSD). Circadi-
an measures included DLMO and phase angle (in minutes) between 
DLMO and sleep onset per polysomnography. Mood was assessed at 
week 2, 4, and 8 of fluoxetine using the 17-item Hamilton Rating Scale 
for Depression (HRSD-17).
Results: Thirteen participants had phase shifts ≥ 30 minutes between 
baseline and T2. Nine participants had phase delays, and four had phase 
advances. The NSD group demonstrated a phase delay (−36.0 ± 13.42 
minutes), in contrast to the advance in the PSD group (26.67 ± 90.55 
minutes, p = ns). Phase angle (minutes between DLMO and sleep on-
set) increased by 42.0 ± 20.36 minutes in NSD group and 38.33 ± 78.70 
minutes in the PSD group between baseline and T2. Baseline DLMO 
was correlated with HRSD score at week 8 (r = 0.61, p = 0.022). Re-
mission was associated with earlier baseline DLMO (21:13 vs 23:00, 
t = 2.10, p = 0.057). On average, remitters showed phase advances 
(16.67 ± 79.53 minutes), whereas non-remitters had delays (−18 ± 78.23 
minutes, p = ns).
Conclusion: In this preliminary study, earlier pre-treatment circadian 
phase was associated with lower depression scores after 8 weeks of 

treatment. Further, our results suggest that phase advancement may 
augment response to fluoxetine.
Support (If Any): NIH R01 MH077690 (JT Arnedt)

0968
THE EFFECTS OF DELAYING SCHOOL START TIME ON 
SLEEP AND EMOTION OF KOREAN ADOLESCENTS
Hong S, Kim T, Lim H, Seo H, Jeong J, Han J
St. Vincent’s Hospital, College of Medicine, The Catholic University 
of Korea, Suwon, Korea, Republic of

Introduction: Recently, middle schools and high schools of Gyoung-
gyi province in Korea delayed the school start time. Delayed times 
were 40 minutes for middle school and 60 minutes for high school. The 
aim of this study is to investigate the effects of delaying school start 
time on sleep, emotion and behaviors of middle school students.
Methods: 144 middle school students aged 14 through 15 were re-
cruited from one middle school located in Suwon city of Gyounggyi 
province. All subjects fulfilled the questionnaires about demographic 
data, sleep quality, daytime sleepiness, overall mood and behaviors in 
school. We used Pittsburgh Sleep Quality Index, Daytime Sleepiness 
Scale modified for middle school students, and questions about overall 
mood and behaviors in school answered on 10 point visual analog scale 
basis.
Results: Results indicated that average bed time was 23:58, average 
wake up time was 7:24. Average wake up time was delayed about 40 
minutes compared to previous studies. Average total sleep time was 
6 hours 54 minutes. Subjects reported 0.9 in sleep quality and 2.14 in 
daytime dysfunction based on PSQI. There were significant improve-
ments in subjective happiness, numbers of taking breakfast, number of 
being late for school, concentration on class, overall peer relationship, 
vitality, and degree of wishing to go to school.
Conclusion: Middle school Students wake up later, feel happier, take 
breakfast more frequently, get less late for school, more concentrate on 
class, improve peer relationship, and feel more vital. Delaying school 
start time might have positive impacts on their sleep quality and school 
life quality.
Support (If Any): Korean Society of Sleep Medicine
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0969
SHORT-TERM POTASSIUM SUPPLEMENT MIGHT 
IMPROVE SEVERITY OF OBSTRUCTIVE SLEEP APNEA 
IN HYPERTENSIVE PATIENTS WITH HYPOKALEMIA
Li J, Shao L, Li N, Yao X, Heizhati M, Zhang D, Chang G
Hypertension Institute of Xinjiang, Urumqi, China

Introduction: Previous studies proposed the sleep-disordered breath-
ing, sleep disruption and nocturnal desaturation are common in neu-
romuscular diseases, mainly attributing to weakness of respiratory 
muscle. Interestingly, the patients with hypertension who frequently 
complain of unrefreshing sleep, daytime sleepiness, impaired concen-
tration, fatigue and lethargy were commonly detected of hypokalemia. 
Though, few published data support that correct hypokalemia might 
help to maintain sleep architecture and homeostasis, it is still unclear 
that whether potassium supplementation could contribute to reduction 
of sleep-breath events.
Methods: A self before-after control study was designed to explore 
the potential influence of potassium on obstructive sleep apnea (OSA). 
28 hypertensive patients with hypokalemia (mean age 50.6 yrs and 
body mass index 28.97 kg/m2) who attend the Hyperension Center of 
People’s Hospital of Xinjiang from 2013 and 2014 were consecutively 
recruited. 18 subjects underwent polysomnography (PSG) before and 
after oral potassium supplement, simultaneously, the other 10 patients 
performed PSG twice without potassium supplement.
Results: The mean levels of potassium in the whole population were 
(3.31 ± 0.15)mmol/l before potassium supplement and (4.08 ± 0.28)
mmol/l after potassium supplement. Compared to pre-potassium sup-
plement, the AHI [(24.62 ± 17.98) vs (31.94 ± 21.63)events/h, p = 0.001), 
apnea index [(9.38 ± 16.45) vs (15.00 ± 21.06) events/h, p = 0.025) and 
REM sleep (%) [(22.31 ± 5.20)min vs (19.07 ± 6.21)min, p = 0.044) 
were significantly improved after oral potassium supplement. Al-
though the total time of SaO2 < 90% showed a tendency to reduce 
(64.71 ± 96.61 min vs 81.06 ± 105.73 min), the difference did not 
showed statistically significant, with p = 0.094. In patients without po-
tassium supplement, the AHI (33.18 ± 26.76 vs 33.47 ± 24.66 events/h), 
apnea index (21.77 ± 21.39 vs 13.30 ± 17.80 events/h) and the total time 
of SaO2 < 90%(59.76 ± 91.37 min vs 56.77 ± 85.18 min) were similar 
between two PSG.
Conclusion: This study provided preliminary evidence that potassium 
chloride supplement probably improves the severity of OSA as well as 
sleep architecture in hypertensive patients with hypokalemia.

0970
SLEEP SYNCHRONY IN COUPLES IS ASSOCIATED WITH 
CARDIOVASCULAR DISEASE RISK MARKERS
Gunn HE1, Buysse DJ1, Matthews KA1, Troxel WM2

1University of Pittsburgh, Pittsburgh, PA, 2RAND Corporation, 
Pittsburgh, PA

Introduction: Sleep is most often examined at the individual level. 
However, we recently found that couples’ sleep-wake patterns are syn-
chronous, using a novel technique to assess sleep at the dyadic level. 
The next step is to determine how sleep-wake synchrony in couples re-
lates to health outcomes. Given that an individual’s sleep is associated 
with cardiovascular disease (CVD) risk factors, we examined whether 
couples’ sleep-wake synchrony is associated with systolic and diastolic 
blood pressure (SBP, DBP) and systemic inflammation.
Methods: Forty-six couples wore wrist actigraphs for 10 days. The 
independent variable, percent sleep-wake synchrony (whether couples 
were awake or asleep at the same time), was defined as (#synchronous 
epochs/#total epochs)*100. Synchrony scores ranged from 54–88% 
(mean 74.8, SD 7.22). Ambulatory BP monitors were used to assess 

BP at 60 minute intervals during the day and night across 2 consecu-
tive 24-hour periods. Systemic inflammation was assessed with plasma 
C-reactive protein (CRP). Mean systolic and diastolic BP during the 
sleep period, sleep-daytime SBP and DBP ratios, and CRP were the 
dependent variables. Mixed modeling was used to account for interde-
pendence within couples. Covariates included age, sex, education, and 
waist circumference.
Results: Higher sleep-wake synchrony was associated with lower SBP, 
b = −0.32, SE = 0.129, p = 0.018, and DBP, b = −0.211, SE = 0.097, 
p = 0.035 during the sleep period. Synchrony was not associated with 
sleep-daytime SBP ratio, b = −0.001, SE = 0.001 or sleep-daytime DBP 
ratio, b = −0.001, SE = 0.001, ps > 0.05. Higher sleep-wake synchrony 
was associated with lower CRP, b = −0.153, SE = 0.031, p < 0.001. Sig-
nificant findings were independent of age, sex, education, and waist 
circumference.
Conclusion: Greater sleep-wake synchrony in couples was associated 
with lower nighttime BP during the sleep period, but synchrony was 
not associated with sleep-daytime BP ratio. Couples with higher sleep-
wake synchrony also had lower individual CRP, which suggests that 
synchrony is linked to systemic inflammation, a marker of CVD risk. 
Sleep-wake synchrony may be a novel mechanism by which romantic 
relationships are associated with long-term health outcomes, such as 
CVD.
Support (If Any): HL112646 (PI: Wendy M. Troxel, PhD.)

0971
A PROSPECTIVE VIDEO-POLYSOMNOGRAPHIC 
ANALYSIS OF MOVEMENTS DURING PHYSIOLOGICAL 
SLEEP IN 100 HEALTHY SLEEPERS
Stefani A, Gabelia D, Mitterling T, Poewe W, Högl B, Frauscher B
Innsbruck Medical university, Innsbruck, Austria

Introduction: Video-polysomnography (v-PSG) is the gold standard 
for the diagnosis of sleep disorders. Quantitative assessment of type 
and distribution of physiological movements during sleep for the dif-
ferentiation between physiological and pathological motor activity is 
lacking. We performed a systematic and detailed analysis of move-
ments during physiological sleep using current v-PSG technology.
Methods: One-hundred healthy sleepers aged 19–77 years were re-
cruited from a representative population sample after a two-step 
screening. All subjects underwent v-PSG. In all cases where electro-
myographic activity of > 100 msec duration was visible during sleep 
in the mentalis, submentalis, flexor digitorum superficialis or tibialis 
anterior muscles, the time-synchronized video was analysed. Visible 
movements were classified according to movement type and topogra-
phy, and movement rates were computed for the different sleep stages.
Results: A total of 9790 movements (median 10.2/h, interquartile 
range 4.6–16.2) were analysed: 99.7% were elementary, 0.3% complex. 
The majority of movements involved the extremities (87.9%) and were 
classified as focal (53.3%), distal (79.6%) and unilateral (71.5%). Move-
ments resulted in arousals in 15.3%. REM-related movements (median 
0.8 sec, interquartile range 0.5–1.2) were shorter than NREM-related 
movements (median 1.1 sec, interquartile range 0.8–1.6; p = 0.001). 
Moreover, REM-related movements were predominantly myocloni-
form (86.6%), whereas NREM-related movements were more often 
non-myocloniform (59.1%, p < 0.001).
Conclusion: Minor movements are frequent during physiological 
sleep, and are associated with low arousal rates. REM-related move-
ments were predominantly myocloniform and shorter than NREM 
movements, indicating different influences on motor control during 
both sleep states.
Support (If Any): This study was supported by the Austrian National 
Bank (Anniversary Fund Nr. 15127) and the Austrian Science Fund 
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(KLI 236). The recruitment of healthy normals was supported by the 
intramural funding program of Innsbruck Medical University (MUI 
START 2 grant 2010012005). No other financial disclosures related to 
this project have to be disclosed.

0972
THE DANGER ZONE: MICRO SLEEP EPISODES 
PRIOR TO SLEEP ONSET IN MAINTENANCE OF 
WAKEFULNESS TESTS
Ahmed M1, Jishi Z1, Scharf M1, Younes M2, Cyrill N1

1Cleveland Sleep Research Center, Middleburg Heights, OH, 2YRT 
Limited, Winnipeg, MB, Canada

Introduction: Sleep onset is currently defined by the first appearance 
of at least 16 seconds of any sleep stage in a 30-second epoch of re-
cording. Shorter segments of sleep (micro sleep) prior to sleep onset 
are ignored in objective assessments of daytime sleepiness such as the 
Maintenance of Wakefulness Tests (MWT). The Odds Ratio Product 
(ORP) is a new continuous index of sleep depth calculated in 3-sec 
epochs from the electroencephalogram. ORP values range from 0–2.5 
with a value of 1.5 seen as cutoff between wake and sleep. We wanted 
to characterize the instability of vigilance during the sleep onset pro-
cess in MWT and compare sleep onset times using the 3-sec ORP to 
Rechtshaffen & Kales (R&K).
Methods: The Polysomnograms from 8 subjects with EDS who previ-
ously underwent MWTs were re-scored for 3-sec ORP. Each subject 
had 4 nap opportunities separated by 2-hour intervals. Sleep onset la-
tencies (SOLs) were determined by both R&K criteria and ORP crite-
ria. An episode of micro sleep was defined as a 3-sec ORP value ≤ 1.5. 
Sleep onset per ORP criteria was defined as the onset of at least 1 mi-
cro sleep episode with a 3-sec ORP value < 1 or 2 episodes occurring 
within 9 seconds with ORP values ≤ 1.5.
Results: The average number of micro sleep episodes per minute prior 
to R&K sleep onset was 1.69 ± 1.51. Mean SOLs for the 8 MWTs using 
ORP criteria were on average shorter than those determined by R&K 
by 6.15 minutes (0.35–20.75). Six individual MWT nap opportunities 
and 2 full MWTs showed normal sleep latencies per R&K criteria de-
spite frequent lapses in vigilance as suggested by ORP scores.
Conclusion: ORP scoring of sleep onset may provide a more accurate 
assessment of potentially dangerous vigilance lapses.

0973
EVALUATION OF THE ODDS RATIO PRODUCT DURING 
THE PSYCHOMOTOR VIGILANCE TEST
Ahmed M1, Jishi Z1, Scharf M1, Younes M2

1Cleveland Sleep Research Center, Middleburg Heights, OH, 2YRT 
Limited, Winnipeg, MB, Canada

Introduction: One of the main shortcomings of the Rechtschaffen and 
Kales scoring system is the inability to score micro sleep episodes oc-
curring within epochs scored as wake. Episodes of drowsiness or de-
creased vigilance are not captured in standard polysomnographic tests 
of sleepiness such as the MWT. The Michele scoring system generates 
the Odds Ratio Product (ORP), a new continuous index of sleep depth 
calculated in 3-sec epochs from the electroencephalogram. ORP val-
ues range from 0–2.5 with a value of 1.5 seen as cutoff between wake 
and sleep. The Psychomotor Vigilance Test has been shown to be sen-
sitive to sleepiness associated with sleep deprivation. We attempted to 
determine whether lapses and slowed reaction times seen during PVT 
occur more frequently when ORP values reflect drowsiness rather than 
alertness.
Methods: Five subjects with diagnoses of pathological sleepiness and 
two partially sleep deprived normal volunteers underwent EEG record-

ing while simultaneously completing four 10-minute PVT sessions at 
2-hour intervals. Records were scored in 3-second epochs for ORP. 
The time for each PVT stimulus was matched with the corresponding 
ORP value, reaction time (RT) and lapses.
Results: Over 1100 PVT stimuli and ORP values from 4 PVT ses-
sions for 3 of the subjects with hypersomnolence were analyzed. Mean 
ORP values for the 4 sessions averaged 1.20 ± 0.57. Mean reciprocal 
response time (1/RT) was 2.012 ± 0.800. The 4 sessions resulted in a 
total of 123 lapses with 95% occurring at ORP values below 1.75 and 
78% occurring below 1.5. Eighty eight percent of ORP values were be-
low 1.5 for slowest 10% 1/RT as opposed to 40% for fastest 10% 1/RT.
Conclusion: The preliminary results suggest a relationship between 
reduced vigilance and ORP. Interpretation of these results will await 
complete analysis of the data.

0974
EFFECTS OF LONG SLEEP ON CRP LEVELS IN THE 

‘MODELING THE EPIDEMIOLOGIC TRANSITION 
STUDY’
Oyegbile T1, Jean-Louis G2, Seixas A 2, Durazo-Arvizu R 3, 
Shoham D3, Cooper R 3, Dugas L3, Plange-Rhule J4, Bovet P5, 
Forrester T6, Lambert E7, Luke A3

1MedStar Georgetown University Hospital, Washington, DC, 2Center 
for Healthful Behavior Change, Department of Population Health, 
New York University Medical Center, New York, NY, 3Stritch School 
of Medicine, Loyola University Chicago, Maywood, IL, 4Kwame 
Nkrumah University of Science and Technology, Kumasi, Ghana, 
5Institute of Social Preventive Medicine, Lausanne University 
Hospital, Lausanne, Switzerland and Ministry of Health, Lausanne, 
Seychelles, 6Tropical Medicine Research Institute, University of the 
West Indies, Mona, Kingston, Jamaica, 7Research Unit for Exercise 
Science and Sports Medicine, University of Cape Town, Cape Town, 
South Africa

Introduction: Clinical studies have indicated linkages between sleep 
duration and C-reactive protein (CRP), a stable inflammatory marker 
of cardiovascular disease. The present study explored effects of short 
(8 hrs) sleep durations, referenced to healthy sleep (7–8 hours), on CRP 
levels among participants in the Modeling the Epidemiologic Transi-
tion Study (METS).
Methods: We conducted a multi-site comparative study of communi-
ties representing a broad range of social and economic development, 
defined by the UN Human Development Index (HDI): Ghana as low 
middle HDI country, South Africa as middle, Jamaica and Seychelles 
as high, and U.S.A. as very high HDI. Participants were predominantly 
of African descent (n = 1,276; ages 25–44; 50% female). Sociodemo-
graphic and anthropometric data were obtained at outpatient commu-
nity-based clinics. Individuals were excluded if they had infectious 
diseases (e.g. HIV-positive), were pregnant/lactating, or had conditions 
preventing normal physical activities.
Results: Of the sample, 54.9% were overweight/obese; 11.7%, hyper-
tension; 2.2%, diabetes; and 4.7, dyslipidemia. Prevalence of short and 
long sleep durations varied by site. Compared with individuals who 
reported sleeping 7–8 hours, the U.S. had the highest rate of short 
sleepers (43.5%), while South Africa had the highest rate of long sleep-
ers (86.5%), X2 = 69.4; p < 0.001. Likewise, CRP levels varied by site 
(US = 5.9 ± 0.5, South Africa = 7.6 ± 0.7, Ghana = 4.7 ± 0.6, Jamai-
ca = 4.1 ± 0.3, and Seychelles = 3.0 ± 0.2; F = 12.1, p < 0.001); values 
represent means and standard errors. GLM analysis, adjusting effects 
of age, sex, BMI and site, showed that short sleep did not have a signifi-
cant effect on CRP. Rather, long sleep had a significant effect on CRP 
(F = 10.5, p < 0.001). CRP was also affected by sex (F = 11.3, p < 0.001), 
BMI, (F = 8.7, p < 0.001) and site (F = 9.8, p < 0.001), but not by age.
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Conclusion: Findings are consistent with experimental studies show-
ing effects of sleep on CRP, although long sleep, rather than, short sleep 
affected CRP concentrations. Site-specific differences in sleep dura-
tions and CRP levels are important, warranting further investigation.
Support (If Any): This research was supported by funding from 
the NIH (R01DK080763, R01MD007716, U54NS081765, and 
R01HL095799).

0975
EPIGENETIC, TRANSCRIPTOMIC AND PROTEOMIC 
CHANGES IN SKELETAL MUSCLE AND 
SUBCUTANEOUS ADIPOSE TISSUE FOLLOWING 
ACUTE SLEEP DEPRIVATION IN HEALTHY YOUNG 
MEN
Cedernaes J1, Osler M2, Vogel H3, Espes D4, Broman J1, Emtner M5, 
Carlsson P4, Chibalin A 2, Dickson SL3, Zierath J2, Schiöth HB1, 
Benedict C1

1Department of Neuroscience, Uppsala University, Uppsala, Sweden, 
2Integrative Physiology, Karolinska Institute, Stockholm, Sweden, 
3Sahlgrenska Academy, Gothenburg, Sweden, 4Department of 
Medical Cell Biology, Uppsala University, Uppsala, Sweden, 
5Department of Medical Sciences, Uppsala University, Uppsala, 
Sweden

Introduction: To investigate the link between sleep loss and metabolic 
disruption, we conducted a study on the molecular effects of acute to-
tal sleep deprivation (TSD) on skeletal muscle (SM) and subcutaneous 
adipose tissue (SAT) in healthy young men.
Methods: In a two-session, crossover within-subject design, fifteen 
normal-weight male students were subjected to a night of TSD or nor-
mal sleep (8.5 hours), followed by SAT and SM biopsies under fast-
ing conditions. Blood was collected before and after consumption of 
glucose. Epigenetic changes were analyzed with the Illumina Human-
Methylation450 BeadChip; transcriptional changes with quantitative 
PCR and protein changes with western blotting.
Results: After TSD, circadian and metabolic genes (e.g. BMAL1 and 
PDK4; P < 0.05) were significantly hypermethylated in their promoter 
regions compared with sleep, with transcriptomic changes for the cor-
responding genes mainly apparent in SM (downregulated BMAL1 and 
CRY1; upregulated PDK4; P < 0.05). TSD did not cause altered cel-
lular protein expression across tissues (e.g. phosphorylation of AS160), 
which might be attributed to the fact that biopsies were collected before 
and not after glucose consumption. Finally, following TSD, postpran-
dial insulin sensitivity was 15% lower than after sleep (P < 0.05).
Conclusion: Overall, our results demonstrate that sleep loss influenc-
es various molecular switch points of pathways involved in circadian 
rhythmicity and glucose metabolism in peripheral tissues that essen-
tially contribute to systemic glucose disposal. The extent by which 
sleep loss altered these molecular switch points differed between SM 
and SAT. This may suggest that the ability of peripheral tissues to syn-
chronize their energy metabolism is diminished when sleep is lacking, 
thereby possibly contributing to impaired postprandial insulin sensi-
tivity in non-diabetic men.
Support (If Any): Work from the authors’ laboratory is supported by 
the Swedish Brain Foundation, Åke Wiberg Foundation, NovoNordisk 
Foundation, and the Swedish Research Council.

0976
DIFFERENCES IN SLEEP DURATION AND QUALITY 
FROM ACTIGRAPHY AMONG HISPANIC/LATINO 
GROUPS: THE HISPANIC COMMUNITY HEALTH 
STUDY/STUDY OF LATINOS (HCHS/SOL) SUEÑO 
ANCILLARY STUDY
Dudley KA1, Weng J1, Sotres-Alvarez D2, Ramos AR 3, Loredo JS 4, 
Mossavar-Rahmani Y5, Reid KJ6, Zee PC 6, Chirinos DA3, Gallo LC7, 
Wang R1, Patel SR1

1Brigham and Women’s Hospital, Boston, MA, 2University of 
North Carolina, Chapel Hill, NC, 3University of Miami, Miami, 
FL, 4University of California, San Diego, San Diego, CA, 5Einstein 
College of Medicine, Bronx, NY, 6Northwestern University, Chicago, 
IL, 7San Diego State University, San Diego, CA

Introduction: The sleep patterns of Hispanics/Latinos in the United 
States have not been well characterized. We sought to describe how 
aspects of sleep vary by ethnic background among a diverse population 
of U.S. Hispanics/Latino adults.
Methods: Participants aged 18–64 years were recruited from the prob-
abilistic community-based HCHS/SOL cohort in four sites for an an-
cillary study focused on sleep. Subjects completed home sleep testing 
during the baseline exam. As part of the ancillary study, 2,252 adults 
underwent 1 week of wrist from which mean nightly sleep duration, 
sleep efficiency, and sleep fragmentation index were calculated. All 
analyses adjusted for age, gender, education, employment, body mass 
index, tobacco, alcohol, depression symptoms, sleep apnea severity, 
caffeine intake, use of sleep aid, and season.
Results: Overall, 93% had at least 5 days of valid actigraphy data 
and were included in this analysis. Mean ± SD age was 47.0 ± 11.6 
years, 35.3% were male, and mean apnea-hypopnea index was 4.8 ± 7.7 
events/hr. We found significant differences in nightly sleep duration 
across Hispanic backgrounds (p = 0.02 for global test). Nightly sleep 
(adjusted mean ± SD) was longest among Mexicans (6.8 ± 1.0 hrs) and 
shortest among South Americans (6.5 ± 1.0 hrs). Sleep quality was 
worst (highest sleep fragmentation index and lowest sleep efficiency) 
among Puerto Ricans and best among Mexicans (p < 0.01 for global 
test).
Conclusion: Significant differences in habitual sleep patterns exist 
across Hispanic/Latino backgrounds, even after adjustment for factors 
known to impact sleep duration and quality. These differences in sleep 
may explain differences in cardiovascular and other sleep-related dis-
ease risk across Hispanic/Latino groups. Further research is needed to 
understand the causes and consequences of these differences.
Support (If Any): This study was supported by NHLBI HL098297 and 
HL00790. In addition, the Hispanic Community Health Study/Study of 
Latinos was carried out as a collaborative study supported by contracts 
from NHLBI to the University of North Carolina (N01-HC65233), Uni-
versity of Miami (N01-HC65234), Albert Einstein College of Medicine 
(N01-HC65235), Northwestern University (N01-HC65236), and San 
Diego State University (N01-HC65237). The following Institutes/Cen-
ter/Offices contribute to the HCHS/SOL through a transfer of funds 
to the NHLBI: National Center on Minority Health and Health Dis-
parities, the National Institute of Deafness and Other Communications 
Disorders, the National Institute of Dental and Craniofacial Research, 
the National Institute of Diabetes and Digestive and Kidney Diseases, 
the National Institute of Neurological Disorders and Stroke, and the 
Office of Dietary Supplements.
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0977
ASSOCIATION OF SELF-REPORTED SLEEP DURATION 
AND MARKERS OF OBESITY AMONG YOUNG ADULTS 
FROM FIVE AFRICAN-ORIGIN POPULATIONS
Oyegbile T1, Jean-Louis G2, Zizi F2, Ogedegbe G2, Durazo-Arvizu R 3, 
Dugas L3, Kafensztok R 3, Bovet P4, Forrester T5, Lambert E6, 
Plange-Rhule J 7, Luke A3

1MedStar Georgetown University Hospital, Washington, DC, 2Center 
for Healthful Behavior Change, Department of Population Health, 
New York University Medical Center, New York, NY, 3Stritch School 
of Medicine, Loyola University Chicago, Maywood, IL, 4Institute 
of Social and Preventive Medicine, Lausanne University Hospital, 
Lausanne, Switzerland and Ministry of Health, Lausanne, Seychelles, 
5Tropical Medicine Research Institute, University of the West Indies, 
Mona, Kingston, Jamaica, 6Research Unit for Exercise Science and 
Sports Medicine, University of Cape Town, Cape Town, South Africa, 
7Kwame Nkrumah University of Science and Technology, Kumasi, 
Ghana

Introduction: Sleep duration has been inconsistently associated with 
elevated body mass index (BMI) in many populations. The Modeling 
the Epidemiologic Transition Study (METS), provides an excellent op-
portunity to assess these associations among populations of African 
origin at different levels of social and economic development.
Methods: METS enrolled 500 young adults, 25–45 years, from each 
of 5 study sites: rural Ghana, urban South Africa, Seychelles, urban Ja-
maica and suburban U.S. Anthropometrics and self-reported sleep du-
ration data were collected. Multivariate regression models were used 
to assess associations between habitual sleep duration and markers of 
obesity (BMI > 30 kg/m2) using aggregated data (using dummy site 
variables; n = 2,500), as well as with data from each site individually 
(n = 500 per analysis).
Results: The mean (± SD) age was 34.7 (6.2) years. Among men, mean 
BMI ranged from 22.2 ± 2.7 to 29.7 ± 7.5 and among women it ranged 
from 25.5 ± 5.2 and 34.1 ± 8.8 in Ghana and the U.S., respectively. Per-
cent body fat, fat mass, fat-free mass and waist and hip circumferences 
followed the same general pattern, lowest in Ghana and highest in the 
U.S. Mean sleep duration was shortest in the US (6.7 ± 1.4 hours), in-
termediate in Seychelles (7.2 ± 1.3), Jamaica (7.3 ± 1.8), and Ghana 
(7.9 ± 1.5) and longest in South Africa (10.3 ± 1.7; p < 0.001), for both 
men and women. In multivariate regressions, adjusting for sex, age and 
site, sleep was significantly inversely associated with BMI, fat mass, fat-
free mass, waist circumference and hip circumference (all p < 0.001). 
When site-specific regressions were conducted, results remained statis-
tically significant across all sites only for fat-free mass (all sites p < 0.05).
Conclusion: Sleep duration varied significantly between participants 
in South Africa and the other 4 METS study sites. In each and across 
all sites, fat-free mass was consistently more strongly associated with 
sleep duration than other indicators of obesity, warranting further in-
vestigation.
Support (If Any): This research was supported by funding from 
the NIH (R01DK080763, R01MD007716, U54NS081765, and 
R01HL095799).

0978
THE EFFECTS OF SLEEP DISORDERS ON VISUAL 
EFFICIENCY 
Giora E, Galbiati A, Marelli S, Ferini Strambi L
Vita-Salute San Raffaele University, Faculty of Ps, Italy

Introduction: The effects of sleep deprivation on cognitive functions 
such as memory, reasoning and attention has been extensively inves-
tigated, whereas little is known about the effects of sleep disorders on 

visual perception. The aim of this research is to test the efficiency of 
visual processing in insomnia and Obstructive Sleep Apnoea (OSA) 
patients. Visual efficiency was tested by means of a visual search para-
digm.
Methods: Participants had to detect the presence/absence of a target 
(letter T) embedded into a set of characters (letters Os, Xs, Ls, respec-
tively). The test-stimuli were presented without time constraints and 
subjects were instructed to perform the two-alternative-forced-choice 
task as soon as possible. The saliency of the target with respect to the 
contextual letters (T vs. Os, Xs, or Ls, respectively) and the distractors’ 
number (15, 30, 60) were manipulated. As dependent variables, accura-
cy and reaction times were recorded. The results of 24 insomnia (mean 
age: 47 ± 14 years) and 22 OSA (mean age: 51 ± 11 years) patients were 
compared with the performance obtained by 22 control subjects (mean 
age: 45 ± 14 years).
Results: While no difference was observed in accuracy, an overall in-
crease of response latency was found in both clinical groups compared 
to control subjects. However, while the difference in reaction times 
between OSA patients and controls was constant for all conditions, in-
somniacs showed a more remarkable impairment when visual search 
became more difficult.
Conclusion: Those results showed a general impairment of visual ef-
ficiency in populations suffering from sleep disorders and a specific 
impairment for insomniacs when the extraction of visual information 
from noise was more effortful. Those findings are consistent with the 
idea of a specific impairment of daytime cognitive functioning in in-
somnia.

0979
SLEEP FRAGMENTATION IN MEN WITH INCREASED 
ABDOMINAL VISCERAL FAT
Covassin N1, Singh P1, Romero-Corral A 2, Sert-Kuniyoshi FH1, 
Lopez-Jimenez F1, Jensen MD1, Somers VK1

1Mayo Clinic, Rochester, MN, 2Einstein Medical Center, Philadelphia, 
PA

Introduction: Despite the compelling literature linking poor sleep to 
excess adiposity, the role of regional fat distribution has not been clari-
fied. Accumulation of adipose tissue in the visceral fat depot has been 
shown to be particularly deleterious. We investigated whether sleep 
architecture is altered in individuals with increased visceral fat.
Methods: Twenty healthy non-obese men (age 29.8 ± 7.3 years; body-
mass index 25.7 ± 2.7 kg/m2) underwent an overnight attended poly-
somnographic study. Participants were screened for sleep disorders. 
Body composition was determined by dual-energy X-ray absorpti-
ometry and abdominal computed tomographic scans. Subjects were 
grouped by median split of visceral-to-subcutaneous (V/S) fat ratio and 
pair-matched on the basis of comparable total body fat percentage and 
abdominal subcutaneous fat area.
Results: Two groups of high (n = 10) and low (n = 10) visceral fat 
subjects (high V/S vs low V/S: 0.7 ± 0.14 vs 0.33 ± 0.1, p < 0.001) were 
identified. As intended, the two groups were similar for total body fat 
percentage (high V/S vs low V/S: 26.3 ± 6.6% vs 29.5 ± 7.8%, p = 0.273) 
and abdominal subcutaneous fat area (121.1 ± 78.9 cm2 vs 162.7 ± 39.6 
cm2, p = 0.308). Compared to low visceral fat subjects, individuals with 
high visceral fat exhibited significant sleep fragmentation, as indicated 
by lower sleep efficiency (89.7 ± 5.5% vs 94.4 ± 3.3%, p = 0.026), in-
creased wakefulness after sleep onset (31.3 ± 23.9 min vs 13.9 ± 12.1 
min, p = 0.034), more frequent awakenings (16.9 ± 8.1 counts vs 
10.7 ± 5.4 counts, p = 0.046), and more sleep stage shifts (78.7 ± 19.1 
counts vs 54.3 ± 14.9 counts, p = 0.006). Neither total sleep time nor 
time spent in any sleep stage were significantly different between 
groups (all p > 0.2).
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Conclusion: Increased visceral adipose tissue is associated with sub-
stantial sleep fragmentation in healthy non-obese men, independently 
of total body fat and subcutaneous fat. Whether visceral fat accumula-
tion occurs as a consequence of poor sleep or, alternatively, whether 
sleep disruption is caused by enhanced visceral adiposity, remains to 
be determined.
Support (If Any): NIH RO1 HL114024 and RO1 HL73211 to VKS, 
AHA 11SDG7260046 to PS, and AHA 13POST16420009 to NC.

0980
ALTERED AUTONOMIC METRICS IN PATIENTS WITH 
INSOMNIA SYMPTOMS
Chen X1, Goparaju B2, Thomas R1, Bianchi M2

1BIDMC, Boston, MA, 2MGH, Boston, MA

Introduction: Patients with insomnia symptoms often under-estimate 
the amount of objectively measured sleep, a phenomenon known as 
misperception. However, the etiology of misperception remains uncer-
tain. Recent work suggests that autonomic measures of sleep architec-
ture may provide an alternative view of normal and pathological sleep. 
We tested the hypothesis that cardiopulmonary coupling metrics would 
correlate with total sleep time misperception and/or confidence in sub-
jective sleep-wake time reporting.
Methods: We retrospectively analyzed n = 89 subjects studied in the 
MGH clinical laboratory who met the following criteria: AHI < 5, 1 or 
more insomnia symptoms, no hypnotics or neuro-active medications, 
no neurological disorders, and no missing post-sleep subjective reports 
of sleep-wake times and confidence of these estimations. Standard 
scoring was performed, as well as further analysis of PSG single-lead 
electrocardiograms (ECG) using CPC analysis by RemLogic software. 
This is a mathematical integration of heart rate variability and ECG 
R wave amplitude fluctuations driven by respiration to generate fre-
quency maps of coupled autonomic respiratory oscillations. The result-
ing sleep spectrogram is able to categorize NREM sleep as “stable” 
or high-frequency coupling (HFC) and unstable or low-frequency 
coupling (LFC), independent of sleep stages. Very-low-frequency cou-
pling is associated with wake and REM sleep. Elevated LEF (e-LEFC) 
is a subset of LFC that is associated with fragmented sleep of various 
etiologies.
Results: We found that the absolute and relative (percentage) amounts 
of LFC were inversely related to confidence in reporting subjective TST 
and subjective WASO. In addition, although sleep stage content (abso-
lute and percentage) did not predict confidence in reporting, other stan-
dard measures of sleep fragmentation (# of wake transitions, WASO, 
and sleep efficiency) were inversely related to confidence in reporting.
Conclusion: Both EEG-based and EKG-based measures of sleep 
fragmentation are inversely related to confidence in reporting sleep-
wake durations after laboratory PSG. Future work will test the 
hypothesis that misperception itself is linked to a combination of 
objective sleep physiology and subjective confidence in assessing ones 
state of awareness.

0981
SLEEP DURATION, TIMING OF SLEEP AND THE 
HUMAN METABOLOME
Xiao Q, Matthews CE
National Cancer Institute, Rockville, MD

Introduction: Sleep plays an important role in maintaining meta-
bolic homeostasis. Circadian disruptions such as sleep deficit and late 
chronotype have been linked to metabolic disorders. It is important to 
understand the influence of sleep on human metabolomic signatures. 
However no previous study has investigated habitual sleep in relation 
to human metabolome.
Methods: The study population included 339 Chinese men and women 
(age 43–79). Participants reported the time they went to bed and got up 
in four 7-day activity logs during a one year period. We used this infor-
mation to calculate sleep duration and midpoint of sleep. Participants 
donated plasma samples at the end of the study year. Metabolite levels 
were measured using liquid-phase chromatography and gas chroma-
tography coupled with mass spectrometry. Linear regression was used 
to evaluate sleep-metabolite associations, adjusting for age, gender, 
BMI, and smoking.
Results: In total we detected 329 metabolites with known identity. We 
found that midpoint of sleep was associated (false discovery rate < 0.2) 
with 30 metabolites from a wide range of biochemical classes and 
metabolic pathways. Notably, late sleep midpoint was associated with 
higher levels of five amino acids in the branched-chain and aromatic 
amino acids metabolism pathways. In contrast, late sleep midpoints 
was associated with decreased levels of 13 carnitines and fatty acids 
that were involved in beta-oxidation. Some of these metabolites and 
pathways have been linked to metabolic dysfunction such as obesity 
and diabetes. Other metabolites associated with sleep midpoint in-
cluded those from nucleotide sugar metabolism, Krebs cycle, purine 
metabolism and several tea and coffee metabolites. Sleep duration was 
not significantly associated with any metabolites.
Conclusion: Difference in timing of sleep is associated with altera-
tions in the human metabolomic profile. Our study suggests new can-
didates for investigating the mechanisms underlying the important 
health effects of sleep.
Support (If Any): This research was supported by the Intramural Re-
search Program of the National Institutes of Health, National Cancer 
Institute, National Institutes of Health, Department of Health and Hu-
man Services.
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0982
PROTEOMIC DETERMINATION OF CANDIDATE 
BIOMARKERS IN INDIVIDUALS RESISTANT AND 
SENSITIVE TO SLEEP LOSS
Naidoo N1, Sriswasdi S2, Speicher D2, Arnardottir E3, Pack A1

1University of Pennsylvania, Philadelphia, PA, 2Wistar Institute, 
Philadelphia, PA, 3University of Iceland, Reykjavik, Iceland

Introduction: Sleep loss, a common problem in the American popu-
lation, has serious behavioral consequences such as increased human 
error-related accidents and decreased cognitive performance. Epi-
demiological studies indicate an association between sleep loss and 
increased rates of obesity, type-2 diabetes and an increased risk of car-
diovascular disease. It is known that there is a large difference between 
individuals in how affected they are by sleep loss; some individuals are 
relatively resistant while others are markedly affected. It is conceivable 
that changes in protein expression produced by sleep loss might be dif-
ferent in these two groups.
Methods: Blood samples were obtained every 4 hours during baseline 
during 38 hours of sleep deprivation (SD) and then recovery sleep from 
10 individuals who had a low behavioral response (resistant) to sleep 
deprivation, and 10 individuals who had a high behavioral response to 
sleep deprivation (sensitive). We employed a high throughput 3-D label 
free proteomic discovery strategy to assess proteins changing expres-
sion across 12, 24 and 36 hr of sleep deprivation in pooled samples 
from both groups. High-priority sleep deprivation biomarkers were 
verified using label-free multiple reaction monitoring (MRM) quan-
titation using the plasma samples from each of the 5 most resistant or 
sensitive individuals.
Results: We identified 60 proteins that define susceptibility and 99 
proteins that define resistance to sleep deprivation. There were 6 pro-
teins in common between the high and low responders and may rep-
resent the universal biomarker for sleepiness. 17 potential biomarkers 
were verified by MRM assays. Levels of 12 of the 17 proteins across 
different classes were markedly increased in the resistant group but not 
the sensitive groups at 24 hr of SD. Proteins include cell adhesion, ly-
sosomal trafficking, signaling, complement and cytoskeletal function.
Conclusion: The resistant group is able to mount a physiological re-
sponse to sleep deprivation that may afford cognitive protection.
Support (If Any): RC1HL099701 and P01HL094307
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0983
SLEEP DISORDERED BREATHING IS ASSOCIATED 
WITH DNA METHYLATION IN POPULATION-BASED 
ADOLESCENTS: PENN STATE CHILD COHORT
Liao D, Berg A, Imamura Kawasawa Y, Salzberg AC, He F, 
Vgontzas AN, Bixler EO
Pennsylvania State University, Hershey, PA

Introduction: The associations between sleep disordered breathing 
(SDB) and DNA methylation in adolescents is investigated.
Methods: From the population-based Penn State Child Cohort follow-
up exam (N = 421), we randomly selected 8 SDB cases from those with 
apnea hypopnea index (AHI) > 5/hr, and 8 age, BMI percentile, and 
sex matched controls from those with AHI < 5. White Blood Cell DNA 
was subjected to enhanced reduced representation bisulfite sequenc-
ing providing single nucleotide resolution of DNA methylation in CpG 
sites and surrounding regions. The resulting libraries were bisulfite 
converted by the EZ DNA Methylation Kit, followed by PCR ampli-
fication using the NEXTflex Bisulfite-Seq U+PCR Master Mix and 
NEXTflex Primer Mix. Resulting reads were mapped and methylation 
calls were performed using Bismark v0.10.1. Analysis was performed 
using custom R scripts and methylKit v0.9.2. Bases with less than 
10x coverage or fewer than 5 subjects in either group were excluded. 
A gene-level analysis was conducted by selecting only bases with a 
p < 0.05 and identifying genes with the largest number of differentially 
methylated bases after normalizing by gene length.
Results: We identified 1080 bases with statistically significant differ-
ential methylations and an average pairwise difference of 25% or more. 
Ten bases remained statistical significant after chromosome-level Bon-
feronni correction which were on or near the following genes/regions: 
HOXA5, FZD10-AS1, ITPK1-AS1, LINC01395, NEFH, TSSK6, AN-
KRD20A19P, EDG4, and SOX1. The genes with the most differential-
ly methylated bases, after normalizing to gene length, are TUBA3E 
(4 bases), GDF7 (5 bases), GABRD (4 bases), HMX1 (3 bases), and 
CASZ1 (4 bases). Methylkit also identified these significantly differen-
tially methylated genes: ACAP3, SALL3, ADAP1, and AASDH.
Conclusion: SDB in adolescents is associated DNA methylation in 
otherwise healthy population-based individuals. Future analysis will 
focus on validating significant findings in the entire cohort.
Support (If Any): NIH R01 HL63772, R01 HL97165, UL1 RR033184, 
C06 RR16499

0984
IMPROVEMENTS IN PSYCHOSOCIAL FUNCTIONING 
IN PRESCHOOL CHILDREN FOLLOWING 
RESOLUTION OF SLEEP DISORDERED BREATHING 
ARE DEPENDENT ON DISEASE SEVERITY
Biggs SN1, Walter LM1, Jackman AR 2, Nisbet LC1, Weichard AJ1, 
Hollis SL1, Davey MJ3, Anderson V4, Nixon GM3, Horne RS1

1The Ritchie Centre, MIMR-PHI, Melbourne, Australia, 2Melbourne 
School of Psychological Sciences, University of Melbourne, 
Melbourne, Australia, 3Melbourne Children’s Sleep Centre, 
Monash Children’s, Monash Medical Centre, Melbourne, Australia, 
4Clinical Sciences Research, Murdoch Childrens Research Institute, 
Melbourne, Australia

Introduction: Sleep disordered breathing (SDB) in children carries a 
high psychosocial morbidity. Treatment efficacy studies show short-
term improvements, yet it is unknown if this is sustained long-term, 
particularly considering a proportion of children have residual SDB 
following treatment. This study aimed to determine whether sustained 
resolution of SDB in preschool children, either due to treatment or 

spontaneous, predicted improvements in quality of life, family func-
tioning and parental stress.
Methods: Three years following a baseline study, children originally 
diagnosed with SDB at 3–5 y (primary snoring N = 16, mild obstruc-
tive sleep apnea (mild OSA) N = 11, moderate-severe (MS) OSA N = 8), 
and healthy non-snoring controls (N = 25) underwent repeat polysom-
nography (PSG). Parents completed quality of life (OSA-18 & Ped-
sQL™) and stress (Parental Stress Index) questionnaires at both time 
points. Resolution of SDB was determined as obstructive apnea hy-
popnea index (OAHI) < 1 event/h, absence of snoring during PSG, and 
a score of zero on the OSA-18 sleep disturbance scale. Linear mixed-
model analyses determined the effects of time and resolution (control 
N = 25, resolved N = 18, unresolved N = 17) on psychosocial outcomes. 
OAHI was entered as a covariate to determine the predictive value of 
changes in SDB severity on psychosocial outcomes.
Results: 50% of PS, 45% mild OSA, and 63% MS OSA resolved. 67% 
of all children who had resolved received treatment (PS N = 4 treated/8 
resolved; Mild OSA N = 3/5; MS OSA N = 5/5). 47% of children who re-
ceived treatment remained unresolved (PS N = 2 treated/8 unresolved; 
Mild OSA N = 3/6; MS OSA N = 3/3). Children originally diagnosed 
with SDB continued to show significant psychosocial impairments on 
all measures compared to non-snoring controls, irrespective of reso-
lution. A reduction in OAHI significantly predicted improvements in 
OSA-18 physical symptoms, PedsQL™ school functioning, family 
worry and family relationships, and stress related to a difficult child on 
the Parental Stress Index.
Conclusion: This study shows that treatment is more likely to result 
in resolution if symptoms are severe, and the greater the reduction in 
obstructive events, the greater the effect on psychosocial outcomes. 
However, as children with SDB, irrespective of resolution, continue to 
experience psychosocial dysfunction, alternate interventions, particu-
larly for children with mild forms of SDB, are urgently required.
Support (If Any): This research was funded by the National Health 
and Medical Research Council of Australia (APP1008919)

0985
PERINATAL RISKS FACTORS ASSOCIATED WITH 
OBSTRUCTIVE SLEEP APNEA SYNDROME IN SCHOOL-
AGED CHILDREN BORN PREMATURELY
Tapia IE1, Traylor J1, Shults J1, Doyle LW2, Costantini L3, Nixon GM4, 
Bradford RM1, Marcus CL1

1Children’s Hospital of Philadelphia, Philadelphia, PA, 
2Royal Women’s Hospital, Parkville, Victoria, Australia, 
3McMasterUniversity, Hamilton, ON, Canada, 4Monash University, 
Clayton, Australia

Introduction: The obstructive sleep apnea syndrome (OSAS) is com-
mon in ex-premature children, and associated with several complica-
tions when left untreated. However, it is unknown whether OSAS, in 
ex-prematures, is associated with specific perinatal risk factors, such 
as birth weight, Apgar at 5 minutes, maternal race, antenatal cortico-
steroids, chorioamnionitis, delivery route, gender, and multiple gesta-
tion. Considering OSAS is more common in African Americans, and 
linked with inflammatory markers, we hypothesized that OSAS was 
associated with maternal race and chorioamnionitis.
Methods: 197 ex-premature (500–1,250 g) children aged 5–12 years 
who participated as neonates in a double-blind, randomized clinical 
trial (Caffeine for Apnea of Prematurity [CAP]) of caffeine versus 
placebo, underwent full ambulatory polysomnography. A negative 
binomial regression model was used to identify perinatal risk factors 
associated with OSAS, defined as obstructive apnea hypopnea index 
(AHI) ≥ 2 events per hour.
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Results: 19 children had OSAS (9.6%). Chorioamnionitis and multiple 
gestation were positively associated with OSAS with p values of 0.014 
and 0.03, respectively. Caucasian maternal race (p = 0.047) and mater-
nal age (p = 0.002) were negatively associated with OSAS. Other risk 
factors, such as birth weight, Apgar at 5 minutes, antenatal corticoste-
roids, delivery route, and gender were not significant.
Conclusion: OSAS is very frequent, and associated with chorioam-
nionitis and multiple gestation in ex-premature children. Those born 
to older white mothers appear to be protected. We speculate the former 
may be due to systemic inflammation and the latter to a higher socio-
economic status. Future longitudinal studies are warranted.
Support (If Any): NIH R01 HL098045, Canadian Institutes of Health 
Research grant MCT 13288

0986
TRAJECTORIES OF SLEEP DISORDERED BREATHING 
FROM CHILDHOOD TO ADOLESCENCE: A 
LONGITUDINAL STUDY
Bixler EO, Fernandez-Mendoza J, Calhoun SL, Gaines J, Liao D, 
Vgontzas AN
Pennsylvania State University, Hershey, PA

Introduction: The prevalence of sleep disordered breathing (SDB) 
peaks in young children. However, little is known about the remission, 
persistence, and worsening of SDB in the transition between childhood 
and adolescence.
Methods: The Penn State Child Cohort is a general population sample 
of 700 children aged 5–12 y at baseline of whom 421 (53.9% male) were 
followed-up 8 years later during adolescence (12–23 y). All subjects 
underwent a 9-h polysomnography and medical history and parent-
reported scales at baseline. Based on the apnea/hypopnea index (AHI), 
SDB was defined as “no SDB” (AHI < 2), “primary snoring” (snor-
ing and AHI < 2), “mild SDB” (2 ≥ AHI < 5), and “moderate SDB” 
(AHI ≥ 5) at both baseline and follow-up.
Results: Among children without SDB, 25.2% evolve into primary 
snoring. Primary snorers were as likely to fully remit as to persist 
(32.5% and 31.3%, respectively); furthermore, they were as likely to 
evolve into mild SDB (27.5%) or moderate SDB (8.8%) as were those 
children without SDB (24.8% and 8.8%, respectively). Among children 
with mild SDB, 47.7% either fully (29.5%) or partially (i.e., primary 
snoring 18.2%) remitted, while 36.4% persisted and 15.9% evolved 
into moderate SDB. No children with moderate SDB persisted, as they 
either partially (i.e., mild SDB 60%, primary snoring 20%) or fully 
(20%) remitted.
Conclusion: These data question the commonly held belief that milder 
forms of childhood SDB are in a continuum with adolescent SDB. In 
fact, primary snorers are as likely to progress into mild or moderate 
SDB as children without any history of SDB, which calls into question 
the validity of snoring as a predictor of the natural progression of SDB. 
Given the high remission rates across all levels of SDB severity during 
this transitional period, it appears that watchful waiting may be an ap-
propriate clinical approach in some children.
Support (If Any): NIH R01 HL63772, R01 HL97165, UL1 RR033184, 
C06 RR16499

0987
VALIDITY OF HOME PORTABLE MONITORING IN 
THE DIAGNOSIS OF OBSTRUCTIVE SLEEP APNEA IN 
ADOLESCENTS
Connolly HV, Carno M, Petosa JJ, George M
University of Rochester, Rochester, NY

Introduction: The purpose of this study was to examine the validity 
of portable home sleep testing (PHST) equipment, relative to in-lab 
polysomnography (PSG), in the diagnosis of obstructive sleep apnea 
(OSA) in a sample of adolescents.
Methods: Adolescents (N = 159; aged 12–19) were enrolled if pre-
senting with habitual snoring (> 3 nights/week) during an office visit. 
Data was obtained simultaneously between PSG and Embletta Gold® 
(PHST). Data from both study types were scored using guidelines in 
the American Academy of Sleep Medicine Manual for Scoring Sleep 
(2012). PHST studies were scored independently and blinded from the 
PSG results to prevent any bias in scoring. Individual and sleep-related 
parameters were collected from the final set of participants with suffi-
cient scorable data from portable testing (a total sleep period of at least 
four hours) (N = 38).
Results: Mean obstructive apnea-hypopnea index (AHI) from PSG 
testing (5.7 ± 8.6 events/hour) was significantly higher than that from 
home testing (2.8 ± 2.9 events/hour, p < 0.05). The mean apnea index 
(AI) was higher in PHST compared to PSG (4.2 ± 3.9 vs. 1.5 ± 4.0, 
p < 0.05), while the PSG hypopnea index (HI) was higher than the 
portable HI (5.1 ± 6.0 vs. 3.7 ± 4.7; p < 0.05). PHST consistently under-
estimated the severity of OSA when AHI values were classified into 
five standardized categories (χ² (12) = 26.8, p < 0.05). PSG AHI was 
categorized as primary snoring (n = 17), mild (n = 5), moderate (n = 10), 
moderate-severe (n = 4), and severe (n = 2). Applying the same groups 
to PHST AHI values yielded primary snoring (n = 20), mild (n = 12), 
moderate (n = 5), moderate-severe (n = 1), and severe (n = 0). Three 
children were incorrectly diagnosed as disease-free (AHI of < 2 events/
hour) and two children with severe OSA were incorrectly categorized, 
based on PHST v. PSG classifications. The overall difference between 
PSG and portable AHI values did not correlate with either arousal in-
dex or sleep efficiency. For adolescent OSA defined as an AHI ≥ 2, 
portable monitoring exhibited a sensitivity value of 0.52 and a specific-
ity value of 0.53. With a definition of AHI ≥ 5, the sensitivity remained 
consistent at a value of 0.50, but specificity increased to 0.90.
Conclusion: PHST monitoring was found to underestimate obstruc-
tive AHI, overestimate AI, and underestimate the HI in the adolescent 
sample, relative to PSG. PHST also consistently underdiagnosed sever-
ity of OSA compared to PSG, indicating that HST should not be used 
as an alternative to PSG in adolescents. Future studies should identify 
factors causing the disparities in respiratory indices and consider ad-
ditional data from PHST.

0988
CEREBRAL BLOOD FLOW RESPONSE TO 
HYPERCAPNIA IN CHILDREN WITH OBSTRUCTIVE 
SLEEP APNEA SYNDROME
Busch DR1, Lynch JM1, Winters ME1, Newland JJ1, Cornaglia MA1, 
Samuel JM1, Matthews EC1, Licht DJ1, Marcus CL1, Yodh AG2, 
Tapia IE1

1Children’s Hospital of Philadelphia, Philadelphia, PA, 2University of 
Pennsylvania, Philadelphia, PA

Introduction: Children with obstructive sleep apnea syndrome 
(OSAS) routinely have their sleep interrupted by periods of hypercap-
nia, a potent stimulator of cerebral blood flow (CBF). Considering this 
chronic hypercapnia exposure during sleep, it is possible that children 
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with OSAS have abnormal CBF regulation even during wakefulness. 
Therefore, we hypothesized that children with OSAS have blunted 
CBF response to induced hypercapnia during wakefulness, compared 
to snorers and controls.
Methods: CBF increases during hypercapneic ventilatory response 
(HCVR) were tested in age-matched children with OSAS, snorers, and 
healthy controls utilizing diffuse correlation spectroscopy (DCS). To 
isolate and quantify the effects of hypercapnia, we measured the peak 
of CBF change compared to a pre-hypercapneic baseline.
Results: 12 children with OSAS (aged 10.1 ± 2.5 years, obstructive 
apnea hypopnea index (AHI = 9.4 (5.1–15.4) events/hour), 8 snorers 
(11 ± 3 years, 0.5 (0–1.3) events/hour), and 10 controls (11.4 ± 2.6 years, 
0.3 (0.2–0.4) events/hour) were studied. The fractional change in ce-
rebral blood flow relative to a pre-hypercapneic baseline, normalized 
to the change in end-tidal CO2, was significantly higher in healthy 
controls (8.3 (8.1–10)%/mmHg) compared to children with OSAS (7 
(5.9–8.1), p = 0.023). Snorers also had a trending significant blunted 
response (6.2 (5.2–8.7), p = 0.068).
Conclusion: Children with OSAS have blunted CBF response to hy-
percapnia during wakefulness compared to controls. Noninvasive DCS 
measurements of hypercapneic reactivity provide significant insight 
into the physiopathology of OSAS in children. This technique could 
lead to further understanding of central nervous system complications 
of OSAS and potentially provide a screening tool assess CNS compli-
cations of OSAS.
Support (If Any): ASMF 93-JF-13, RedCap

0989
CHARACTERIZING CHRONIC RESPIRATORY 
DISEASES OF INFANCY
Hwang D, Liang J, Chang J, Becker KA, Kim JB, Flores SL, 
French KE, Woodrum RR, Vega DT, Farooqi S
Kaiser Permanente, Fontana, CA

Introduction: Premature infants have risk of chronic respiratory dis-
eases, apnea of prematurity (AOP) and chronic lung disease prematuri-
ty (CLD). We characterized their baseline characteristics and response 
to therapy.
Methods: We retrospectively reviewed infants < 1 year old evaluated 
at our sleep center (Kaiser Permanente, Fontana) and diagnosed with 
a chronic respiratory disease. Most underwent nap polysomnography 
(PSG), but occasionally overnight PSG. Repeat PSGs performed every 
1–2 months until therapy weaned. Baseline clinical characteristics/his-
tory and response to therapy parameters were assessed.
Results: From January 2013 to September 2013, 24 (15 girls; 9 boys) in-
fants were diagnosed with AOP and/or CLD. 4 infants (mean gestation-
al age 25 ± 1.2 weeks) were diagnosed with CLD only: baseline AHI 
8.1 ± 7.8, T90% 4.7 ± 4.3%, minimum oxygen saturation 81.0 ± 2.2%. 
Oxygen (median 0.1875 LPM; range 0.0625–0.25 LPM) improved AHI 
to 3.3 ± 3.9 and mean age of disease resolution (therapy weaned) was 
11 ± 2.9 months. 8 infants (mean gestational age 35 ± 5.6 weeks) were 
diagnosed with AOP only: baseline AHI 87.7 ± 85.6, T90% 8.4 ± 11.3%, 
minimum oxygen saturation 76.6 ± 4.2. Oxygen (median 0.25 LPM; 
range 0.0625–0.25 LPM) improved AHI to 5.7 ± 3.3 (p < 0.05) and 
mean age of resolution was 5.4 ± 5.3 months. 12 infants (mean gesta-
tional age 26 ± 1.4 weeks) were diagnosed with both AOP and CLD: 
baseline AHI 34.2 ± 21.0, T90% 10.3 ± 18.8%, minimum oxygen satu-
ration 81.1 ± 6.5. Oxygen (median 0.125 LPM; range 0.125–0.25 LPM) 
improved AHI to 12.6 ± 10.9 (p < 0.01) and mean age of resolution was 
7.7 ± 4.6 months. 2 patients had ALTEs, both in the AOP group (none 
after initiating therapy). Mean and max sleep CO2 were normal in all 
patients.

Conclusion: While AOP and CLD commonly occurred together, AOP 
(compared to CLD) had higher baseline AHI (central apneas), similar 
hypoxemia, was less premature, and resolved at younger age. Oxygen 
was effective at stabilizing both central apneas and hypoxemia. Inclu-
sion of additional patients is pending.

0990
HOME MONITORING OF ASTHMA DURING SLEEP IN 
CHILDREN
Di Pasquale JP1, Norman MB2, Habibi P1, Sullivan CE2

1Imperial College London, London, United Kingdom, 2David Read 
Laboratory, University of Sydney, Sydney, Australia

Introduction: Little is known about the pattern of asthma-specific 
events during sleep after patients are discharged from hospital. We 
have shown that the Sonomat (our investigational device), previously 
validated against PSG for snoring and respiratory events in adults, also 
captures asthma respiratory signs in children (e.g., wheezes, coughs). 
This device has no attached sensors and is suitable for long-term re-
cording at home. The aim of this study was to determine if asthma 
signs persist during sleep at home following hospital admission for 
acute asthma exacerbation.
Methods: Three asthmatic children (2 male) aged 6–11 (mean 9.3) 
years with active wheeze and cough were monitored in hospital using 
the investigational device and then at home on three consecutive nights. 
Overnight sound recordings were manually reviewed by audio replay, 
time-expanded waveform and Fast-Fourier analysis to determine the 
presence and frequency of pathological sounds at home.
Results: All children had persistent wheezing and cough during their 
in-hospital recordings. Following discharge, pathological sounds 
(wheeze, coughs, crackles) were detected overnight at home. On Night 
One all children wheezed (range: 1–53% of analysed time) but this im-
proved by Night Three (range: 0–4%), including one wheeze-free child. 
Two-of-three children snored overnight (range: 4–44%); both showed 
significant night-to-night variability (20% cf. 44% in one child; 4% cf. 
12% in the other). Initially, coughing overnight was detected in two 
children; by Night Three this was eliminated in one child and lessened 
in the other.
Conclusion: Home-based monitoring reveals that nocturnal wheeze 
and cough persist in some children after hospital therapy for an asthma 
exacerbation. Sleep-Disordered Breathing (SDB) is common in these 
children and varies night-to-night. Monitoring respiratory signs dur-
ing sleep over multiple nights at home could assist the management of 
asthma and help unravel the link(s) between SDB and asthma.

0991
MEASUREMENT OF ASTHMA RESPIRATORY SIGNS IN 
CHILDREN
Di Pasquale JP1, Norman MB2, Habibi P1, Sullivan CE2

1Imperial College London, London, United Kingdom, 2David Read 
Laboratory, University of Sydney, Sydney, Australia

Introduction: While the link between sleep and asthma exacerbations 
is well known, it is difficult to track changes in asthma severity with-
out disturbing the subject’s sleep. The Sonomat (our investigational de-
vice), a thin mattress overlay with built-in vibration sensors, has been 
validated against PSG for snoring and respiratory events in adults. This 
system records breath/lung sounds and so has the potential to capture 
asthma-specific events (e.g., wheezes, crackles, coughs). It has no at-
tached sensors and is suitable for long-term recording at home. The 
aim of this study was to validate lung sounds recorded by the investi-
gational device with simultaneous physician auscultation in children 
with active asthma.
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Methods: Five asthmatic children (3 male) aged 2–11 (mean 8) years 
with active wheeze and cough were examined by a chest physician in 
a hospital paediatric department. Pathological sounds were physician-
confirmed and simultaneously recorded using an electronic stetho-
scope and the investigational device. Sound recordings were compared 
using time-expanded waveform and Fast-Fourier spectral analysis.
Results: Fifteen wheeze and ten cough samples were analysed. Time-
expanded waveform comparisons demonstrated superimposable 
paired recordings, confirmed with Fast-Fourier analysis. Peak wheeze 
frequencies ranged between 150 Hz and 315 Hz. There was no sig-
nificant difference (p = 0.87) between auscultation- and investigational 
device-derived wheeze frequencies (difference range: 0–9 Hz; mean: 
3.5 Hz). Coughing saturated the available frequency spectrum (up to 
2 kHz) and had no fundamental frequencies. All coughs were detected 
by the investigational device.
Conclusion: The investigational device records asthma-specific signs 
that are currently identified using a stethoscope. Monitoring nocturnal 
respiratory signs could assist asthma diagnosis and management and 
help unravel the link(s) between asthma and sleep-disordered breath-
ing.

0992
TRENDS AND LEARNING CURVE FOR THE PEDIATRIC 
HOME VENTILATION PROGRAMS IN ALBERTA: 2003-
2014
Castro Codesal ML1, Bedi P1, Dehaan K1, Olmstead D1, Bendiak G2, 
Katz S3, MacLean J1

1University of Alberta, Edmonton, AB, Canada, 2University of 
Calgary, Calgary, AB, Canada, 3University of Ottawa, Ottawa, ON, 
Canada

Introduction: Rates of non-invasive ventilation (NIV) in children 
have increased worldwide but there is no data available in Alberta. The 
aim of this study is to describe the longitudinal trends of the pediatric 
NIV programs in Alberta.
Methods: This is a retrospective chart review of outpatient medical 
charts and sleep laboratory records of all children receiving NIV for ≥ 3 
months and cared for through one of the two NIV programs in Alberta. 
Data was subdivided into 4-year epochs, 2003–2006, 2007–2010, and 
2011–2014 for trends analysis.
Results: We identified 345 children who commenced NIV during a 12-
year period at first site. We have reviewed 89 charts to date. The mean 
number of children starting NIV each year increased significantly 
across epochs (Kruskal-Wallis, p < 0.05): Nine children started NIV in 
the first epoch, 32 in the second and 48 in the third. Mean age of initia-
tion across epochs differed; Age was similar in the first and second 
epochs (7.9 ± 2.5 years, 10.7 ± 5.1 years) but lower in the third epoch 
compared to the second (7.2 ± 5.4 years; post-hoc ANOVA, p < 0.05). 
Children < 2 years of age were only represented in the third epoch 
(24 subjects). The reason for NIV initiation differed across epochs; For 
example, NIV was initiated after acute illness in 11%, 13% and 37% re-
spectively across epochs (Chi-square 10.33, p < 0.05). Overall, 56% of 
children were started on continuous positive airway pressure (CPAP) 
versus 44% on Bilevel support. There was no difference on NIV type 
across epochs. The interface type changed significantly across epochs 
with a higher proportion of nasal versus full-face mask over time: 6%, 
27%, 67% respectively (Chi-square 15.6, p < 0.001).
Conclusion: NIV use in children has increased over time in Alberta. 
More recently, younger children and infants are receiving NIV. While 
type of ventilation has not changed over time, more nasal mask inter-
faces have been used. This analysis supports our trends in NIV are 
similar to those reported worldwide.

Support (If Any): This project was awarded with the Deloitte and 
Stollery Foundation Clinical Research Fellowship Grant and received 
support from the Women and Children’s Health Research institute 
(WCHRI).

0993
OUTCOMES AND COMPLICATIONS OF LONG-TERM 
NON INVASIVE VENTILATION IN CHILDREN IN 
ALBERTA: 2003- 2014
Castro Codesal ML1, Bedi P1, Dehaan K1, Olmstead D1, Bendiak G2, 
Katz S3, MacLean J1

1University of Alberta, Edmonton, AB, Canada, 2University of 
Calgary, Calgary, AB, Canada, 3University of Ottawa, Ottawa, ON, 
Canada

Introduction: The use of non-invasive ventilation (NIV) in children 
has risen exponentially over the last decade. There is little data about 
outcomes and complications in Canada. The aim of this study is to 
examine the clinical course and outcomes for children started on NIV 
in Alberta.
Methods: A retrospective review was performed for children using 
NIV ≥ 3 months and cared for through one of the two pediatric NIV 
programs in Alberta over the last 12 years. Clinic charts and sleep lab-
oratory records were reviewed. Subjects were divided into 4 categories 
according to their underlying condition: Upper airway (UA), central 
nervous system (CNS), musculoskeletal (MSK), or cardiorespiratory 
(C-RESP) diseases. Symptom improvements, complications and dis-
continuation rates were extracted from clinical reports.
Results: A total of 345 children using NIV were identified at the first 
site; Eighty-nine charts have been reviewed to date. The mean age of 
NIV initiation was 8.7 ± 5.6 years. UA was the predominant disease 
category with 57% of children, CNS 23%, MSK 12.8%, and C-RESP 
7.0%. G-tube and supplemental oxygen were used by 23.3% and 22% 
of children respectively. At 6–12 month follow-up after NIV initiation, 
improvements in sleep (81%), nocturnal breathing (96%), mood/be-
haviour (92%), learning/school performance (92%), and quality of life 
(QOL; 88%) were reported; Data from the most recent visit showed the 
same pattern with no difference by disease category. Overall, compli-
cations were reported for 63% of children. There were no differences in 
the type of complications by disease category, except hospitalizations. 
Thirty-five percent of children have been discharged from the NIV pro-
gram; 20% of discharges were because of discontinuing NIV. There 
were no significant differences by disease category for those who dis-
continued NIV therapy.
Conclusion: NIV use in children often subjectively improved sleep, 
breathing, learning and QOL. NIV was associated with frequent com-
plications. Disease category did not seem to affect reported symptom 
improvements, complications or NIV discontinuation rates except hos-
pitalizations.
Support (If Any): This project has been awarded with the Deloitte and 
Stollery Foundation Clinical Research Fellowship Grant and received 
support from the Women and Children’s Health Research institute 
(WCHRI).

0994
FREQUENCY OF SLEEP DISORDERS IN A 
HYPERTENSIVE PEDIATRIC POPULATION
Hartzell K, Avis K, Lozano D, Feig D
University of Alabama at Birmingham Department of Pediatrics, 
Birmingham, AL

Introduction: There is a reported association between hypertension 
(HTN) and sleep disorders. The Academy of Pediatrics (AAP) rec-
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ommends screening hypertensive children for sleep disorders since 
they may increase the risk for cardiovascular disease. We quantified 
the frequency and severity of sleep disorders within our institution’s 
hypertensive pediatric population and evaluated the effectiveness of 
screening and performing polysomnography (NPSG).
Methods: A retrospective chart review identified pediatric patients at 
Children’s of Alabama who had ambulatory blood pressure monitoring 
(ABPM), NPSG within 1 year of the ABPM, and symptoms concern-
ing for obstructive sleep apnea (OSA). We compared the frequency of 
sleep disorders within this population to the reported diagnosis rates 
and the observed rates in our sleep center.
Results: Out of 54 patients identified with ABPM and NPSG, 33 
(61%) had ABPM positive for HTN. Of these 33, 17 patients were male 
(51.5%), 21 (64%) were African American, and mean BMI was 33. 
Diastolic, systolic or both pressures decreased less than 10% during 
the nighttime in 61% (20/33). Eleven children (33%) had an Apnea-
Hypopnea Index (AHI) > 5 and seven (21%) were found to have PLMD. 
In our sleep center, the overall frequency of children with an AHI > 5 
is 20% and the rate of PLMD is 10%. Mean sleep efficiency was 88%.
Conclusion: In the hypertensive pediatric population referred for 
NPSG at UAB, 64% were diagnosed with a sleep disorder (OSA and/or 
PLMD). Thirty-three percent of hypertensive children had moderate to 
severe OSA (AHI > 5) whereas only 20% of children evaluated in our 
sleep center had moderate to severe OSA. Screening for sleep disorders 
and obtaining NPSG in hypertensive children increases the identifi-
cation of comorbid sleep disorders (including more severe OSA and 
PLMD) and is an effective practice. These findings support the AAP’s 
recommendation to screen hypertensive children for sleep disorders.

0995
RESOLUTION OF SLEEP DISORDERED BREATHING IN 
THREE CHILDREN WITH CHRONIC KIDNEY DISEASE 
POST RENAL TRANSPLANT
Amin R1, Al-Saleh S1, Narang I1, Harvey E2

1Division of Respiratory Medicine, The Hospital for Sick Children, 
Toronto, ON, Canada, 2Division of Nephrology, The Hospital for Sick 
Children, Toronto, ON, Canada

Introduction: There is an increased prevalence of sleep disordered 
breathing (SDB) in chronic kidney disease (CKD). Factors responsible 
for SDB in CKD include an increased apneic threshold secondary to 
uremia, uremic neuropathy causing decreased upper airway muscle 
tone, as well as metabolic alkalosis secondary to bicarbonate based 
dialysate fluids leading to hypoventilation and hypercapnia. The lit-
erature assessing SDB in pediatric CKD using polysomnogram (PSG), 
the gold standard to diagnose SDB is limited. Our aim was to describe 
the PSG features of children with paediatric CKD pre and post renal 
transplant.
Methods: We reviewed the results of three paediatric CKD patients. 
The baseline PSGs were performed as part of a larger research protocol 
approved by the Research Ethics Board (REB) at the Hospital for Sick 
Children (REB #1000031590).
Results: Patient 1 was a 5 year old girl with membranoproliferative 
glomerulonephritis who underwent bilateral nephrectomies for se-
vere hypertension. Nocturnal intermittent peritoneal dialysis using 
Physioneal™ was started. Baseline PSG demonstrated hypoventilation 
with an end tidal carbon dioxide level being greater than 50 mmHg 
for 98.5% of the total sleep time. Patient 2 was a 7 year old boy with 
posterior urethral valves, renal dysplasia and stage 4 CKD. Baseline 
PSG was significant for a CAHI of 8.2/hr. Patient 3 had a diagnosis 
of Joubert’s syndrome, hypertension and stage 4 CKD. The baseline 
PSG was significant for a CAHI of 6.3/hr. All three patients underwent 

repeat PSGs three months post transplant. There was complete resolu-
tion of SDB in all patients.
Conclusion: Children with CKD are at risk for SDB and there should 
be a low threshold for screening with PSG. The resolution of SDB sug-
gests that this was secondary to the underlying kidney disease. Further 
research is needed to identify the clinical characteristics that predict 
the development of SDB in children with CKD.

0996
THE IMPACT OF ADENOTONSILLECTOMY ON SLEEP 
DISORDERED BREATHING IN CHILDREN WITH 
SICKLE CELL DISEASE
Bin-Hasan S, Amin R, Narang I, Al-Saleh S
The Hospital for Sick Children, Toronto, ON, Canada

Introduction: Obstructive sleep apnea (OSA) is a common disorder 
in children estimated at 2–3% in the general pediatric population. The 
prevalence in patients with sickle cell disease (SCD) has been esti-
mated to be higher at 30–70%. Intermittent nocturnal hypoxia, char-
acteristic of OSA is thought to predispose to vaso-occlusive events in 
children with SCD. OSA in this population is believed to be related 
to adenotonsillar hypertrophy secondary to compensatory lymphoid 
hyperplasia. Adenotonsillectomy (AT) has been recognized as the first 
line treatment for moderate to severe OSA in children. The aim of this 
study was to review the polysomnogram (PSG) results of SCD patients 
with moderate to severe OSA pre and post AT.
Methods: We retrospectively reviewed PSG data in patients with SCD 
pre and post AT from 2003 to 2014. Moderate OSA was defined as an 
obstructive apnea-hypopnea index (OAHI) of > 5–10/hr and severe if 
OAHI of > 10/hr. Resolution of OSA was defined as an OAHI < 1.5 
events per hour.
Results: The study included 17 patients with SCD and OSA with a me-
dian age of 6.8 years and a median BMI of 15 kg/m2 at the time of the 
first PSG. The median OAHI was 11.6/hr pre-AT. 13/17 (76%) patients 
had severe OSA and 4/17 (24%) had moderate OSA. Post-AT, 12/17 
(70.5%) of patients had PSG resolution of OSA, p < 0.001. However, 
5/17 (29%) had persistent OSA with 2/5 were in the mild range, 2/5 in 
the moderate range and the one had severe OSA.
Conclusion: In this retrospective study we report the significant im-
provement of the OAHI post-AT in the majority of SCD children with 
moderate to severe OSA. However, 30% of children with SCD have 
persistent OSA despite AT and further work should evaluate the risk 
factors for persistent OSA in children with SCD.

0997
EVALUATION OF THE PEDIATRIC SLEEP 
QUESTIONNAIRE (PSQ) TO SCREEN OSA IN SEVERELY 
OBESE ADOLESCENTS ENROLLED IN THE TEEN-LABS 
STUDY
Heubi CH1, Jenkins TM1, Inge TH1, Simakajornboon N1, 
Michalsky MP2, Ishman SL1

1Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, 
2Nationwide Children’s Hospital, Columbus, OH

Introduction: Obstructive Sleep Apnea (OSA) is reported in up to 
70% of adolescents who present for bariatric surgery. The Pediatric 
Sleep Questionnaire (PSQ) was developed to identify children at risk 
for OSA, but has not been validated in morbidly obese adolescents. Us-
ing polysomnographic results as the gold standard, the aims of this 
study were: (1) to assess the validity of PSQ to detect OSA and (2) 
determine correlation between physical exam findings and polysom-
nograph (PSG) parameters in this population.
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Methods: We conducted a cross-sectional assessment of subjects 
recruited in the Teen-Longitudinal Assessment of Bariatric Surgery 
(Teen-LABS) study who were at high risk for OSA. Each underwent an 
overnight PSG and had a PSQ completed by a caregiver prior to bariat-
ric surgery. Student’s t-test was used to compare groups and spearman 
correlation was used to evaluate the relationship between variables.
Results: Forty-five subjects were included in the analysis. Mean age 
was 16.7 ± 1.5 years; 84% were female, 78% were Caucasian. Mean 
BMI was 51.3 ± 7.7 kg/m2. The mean obstructive apnea-hypopnea in-
dex (oAHI) was 6.1 ± 5.9 events per hour. Using the oAHI ≥ 5 for the 
diagnosis of OSA, the sensitivity, specificity, and positive predictive 
value (PPV) of PSQ total score were 86%, 38%, and 55%, respectively. 
The specificity and PPV of the question, “Do you snore,” were both 
100%, although the sensitivity was only 18%. Sagittal abdominal diam-
eter correlated with both the oAHI and O2 saturation nadir (rho 0.34, 
p = 0.027). Neck and waist circumference did not correlate with oAHI 
or saturation nadir.
Conclusion: The PSQ had low specificity and PPV for OSA in our 
cohort of severely obese adolescents. Inquires about snoring had high 
PPV, but poor sensitivity. Of the physical exam findings evaluated, sag-
ittal abdominal diameter, but not neck or waist circumference, corre-
lated with oAHI and oxygen saturation nadir.

0998
PHYSICAL ACTIVITY AMONG OBESE YOUTH WITH 
AND WITHOUT OBSTRUCTIVE SLEEP APNEA
McKillop A1,2, McCrindle B1,2, Banks L2, Al-Saleh S2,3, Amin R 2,3, 
Narang I2,3

1The Hospital for Sick Children, Division of Cardiology, Toronto, ON, 
Canada, 2University of Toronto, Toronto, ON, Canada, 3The Hospital 
for Sick Children, Division of Respiratory Medicine, Toronto, ON, 
Canada

Introduction: Obstructive sleep apnea (OSA) is noted in ~25% of 
obese children. Obese children with OSA often report feeling tired, 
sleepy and have an overall lack of energy during the day. This may 
contribute to low physical activity levels and subsequent lower ener-
gy expenditure, promoting further weight gain. This study aimed to 
identify factors associated with moderate-to-vigorous physical activity 
(MVPA) among obese youth with and without OSA.
Methods: This was a prospective study at the Hospital for Sick Chil-
dren whereby obese youth were recruited from sleep clinic. Participant 
anthropometric measures included height, weight, BMI, and waist, 
hip and neck circumference. An overnight polysomnogram was per-
formed to evaluate for OSA using the obstructive apnea-hypoapnea 
index. Daytime sleepiness was measured using the modified Epworth 
Sleepiness Scale (ESS). Accelerometry assessed MVPA during wak-
ing hours over 7 consecutive days.
Results: Participants (n = 45; 56% male) (mean ± standard deviation; 
Age (14 ± 3 years), height (161 ± 13 cm), weight (95 ± 30 kg), BMI 
(36 ± 8 kg/m2), waist circumference (102 ± 19 cm), hip circumference 
(110 ± 24 cm), and neck circumference (37 ± 6 cm)) accumulated 11 
minutes of MVPA per day. The mean ESS was not significantly dif-
ferent between those with (n = 15) and without (n = 30) OSA (9 ± 5 
vs. 10 ± 5 points; p = 0.62). Participants with OSA engaged in fewer 
minutes of MVPA compared to participants without OSA (9 ± 3 vs. 
13 ± 9 minutes per day; p = 0.05). The association between MVPA and 
ESS was not significantly different between those with and without 
OSA (parameter estimate[standard error]; p-value)(+0.6[0.4]; p = 0.14).
Conclusion: Obese youth with OSA accumulated less MVPA than 
those without OSA. However, the entire study population achieved 
only 11 minutes of MVPA per day despite the current physical activ-
ity recommendations for children to accumulate 60 minutes of MVPA 

per day. Efforts should focus on increasing MVPA to reduce obesity 
among youth, especially those with OSA. Additional research is need-
ed to elucidate the relationship between MVPA, OSA and daytime 
sleepiness amongst obese youth.

0999
ACOUSTIC ANALYSIS OF BREATH SOUNDS FOR 
THE DIAGNOSIS OF SLEEP APNEA IN OBESE 
ADOLESCENTS
Narang I1, Al-Saleh S1, Amin R1, Al-Shaer H2, Bradley T3

1The Hospital for Sick Children, Toronto, ON, Canada, 2Toronto 
Rehabilitation Institute, Toronto, ON, Canada, 3Toronto General 
Hospital, Toronto, ON, Canada

Introduction: Significant increases in the demand for polysomnogra-
phy (PSG) to diagnose sleep disordered breathing (SDB) in children 
is associated with an increase in the wait times to perform PSG. Of 
importance, SDB has modifiable risk factors and the lack of timely 
diagnosis of SDB limits the scope of potentially beneficial treatments 
in children. The identification and validation of new diagnostic mo-
dalities for SDB in ambulatory settings are urgently needed for chil-
dren. The aim of this study was to evaluate one such tool, the ApneaDx 
monitor, in a pilot set of subjects. ApneaDx records breath sounds from 
which the apnea-hypopnea Index (AHI) is derived. In adults, there is 
a 95% correlation between the AHI derived from ApneaDx and from 
PSG.
Methods: In this prospective comparative study, obese patients were 
recruited during sleep clinic and underwent a full overnight PSG at 
which time an ApneaDx monitor was applied simultaneously. Scoring 
of AHI by PSG was done according to the American Academy of Sleep 
Medicine 2.1 standards. ApneaDx scoring was done automatically us-
ing previously developed and validated acoustic analysis algorithms.
Results: Eleven subjects (5 females) with a mean age of mean age of 
14.6 (± 3.2) years and a mean body mass index (BMI) of 34.6 (± 6.4) kg/
m2 were studied. There was a significant correlation between ApneaDx 
AHI and PSG AHI (Spearman r = 0.8, p = 0.005, [95% CI 0.372–0.95]). 
Using an AHI cut-off of 5/hour, the ApneaDx had a sensitivity of 100% 
and specificity of 71% and a negative predictive value of 100% to detect 
SDB against simultaneous PSG.
Conclusion: These pilot data indicate that ApneaDx may be a useful 
diagnostic device for children and adolescents with SDB, given its high 
NPV. Future work is required to evaluate and validate this monitor in a 
larger paediatric population.

1000
FAMILIAL AGGREGATION OF HABITUAL SNORING 
USING CHILDREN PROBANDS
Li AM, Au C
Department of Paediatrics, The Chinese University of Hong Kong, 
Shatin, Hong Kong

Introduction: This study aimed to examine familial aggregation of 
habitual snoring (HS) using paediatric probands, and we hypothesized 
that first-degree relatives of children with HS were more likely to have 
HS.
Methods: Cases were attendants to our sleep disorder clinic aged be-
tween 6 and 18 years. Their parents completed a validated sleep symp-
toms questionnaire. Cases who snored for at least 3 nights per week in 
the past 12 months were considered as having HS. Controls without 
HS were recruited from a concurrent population-based epidemiologi-
cal study. Parents and siblings of both cases and controls were also 
invited to complete a self-reported and a parent-reported questionnaire, 
respectively, to determine their snoring status. Generalized estimat-
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ing equations were used to examine if first degree relatives of cases 
had higher odds of having HS when compared to controls. Separate 
analyses were performed for families of overweight and normal weight 
cases.
Results: A total of 62 cases with HS and 74 controls were recruited. A 
total of 295 first-degree relatives participated, of whom 133 (including 
59 fathers, 62 mothers and 12 siblings) were of cases and 162 (including 
70 fathers, 68 mothers and 24 siblings) were of controls. The results 
showed that first-degree relatives of cases had significantly higher odds 
of having HS [OR adjusted for age, gender and body size = 1.9 (95% CI: 
1.1–3.4), p = 0.022]. Subgroup analysis revealed that the odds ratio was 
only significant in family members of normal weight cases [adjusted 
OR = 2.4 (95% CI: 1.2–4.8), p = 0.011] but not in those of overweight 
cases [adjusted OR = 1.6 (95% CI: 0.6–4.1), p = 0.31].
Conclusion: First-degree relatives of only the normal weight subjects 
had an increased odds of having HS.

1001
SYMPTOMS OF OBSTRUCTIVE SLEEP APNEA IN 
CHILDREN WITH A PARENT DIAGNOSED WITH 
OBSTRUCTIVE SLEEP APNEA
Campbell A1, Elder D2, Mather S1

1Otago University Wellington, Wellington, New Zealand, 
2Department of Paediatrics, Otago University Wellington, Wellington, 
New Zealand

Introduction: Untreated paediatric obstructive sleep apnoea (OSA) is 
associated with a range of detrimental academic and health outcomes. 
Recognising the presence of OSA in children early so that they can 
receive timely treatment is therefore of the upmost importance. Known 
risk factors for paediatric OSA include enlarged tonsils and adenoids, 
craniofacial abnormalities, neuromuscular co-morbidities and obesity. 
Genetic predisposition has also been reported. We hypothesised that 
children of a parent diagnosed with OSA would be more likely to have 
symptoms and physical characteristics of OSA than age and gender 
matched controls. Aim: To document symptoms of OSA in children 
whose parents have been diagnosed with OSA and compare them to 
age and sex matched controls.
Methods: A case-control study. We recruited 25 children who had a 
parent diagnosed with OSA and 25 age and gender matched controls 
from the community whose parents scored as low risk for OSA (us-
ing adjusted Flemons score). The following measures were compared: 
OSA-18 questionnaire, measures of height and weight and mallampati 
score.
Results: There was a significant difference between the case and 
control groups on the OSA-18 questionnaire. Average score (SD) was 
36.5 ± 18.1 for cases and 28.1 ± 9.1 for controls, resulting in an av-
erage difference of 8.4 (p = 0.018). Twenty percent (n = 5) of cases 
scored > 60 indicating a significant impact on quality of life. 56% of 
the cases group had a mallampati score of either III or IV compared 
to only 11% in the control group. There was a significant difference in 
BMIz between groups with the cases group averaging 0.56 ± 1.07 and 
the control group −0.15 ± 0.67 (p value = 0.002).
Conclusion: Children of parents with OSA are more likely than age 
matched controls to have symptoms of OSA and physical findings that 
are associated with an increased risk of obstruction. Further assess-
ment will be required to determine whether a definite diagnosis of OSA 
can be made in these children and results will be compared to data 
obtained from children referred for sleep studies via a pediatric sleep 
service.
Support (If Any): Maurice and Phyllis Paykel Trust

1002
REM DEPENDENT OBSTRUCTIVE SLEEP APNEA IN 
CHILDREN
Onda N,  Chiba S, Isaka N, Watanabe S, Moriwaki H, Ootori N,  
Kojima H
The Jikei University School of Medicine, Tokyo, Japan

Introduction: The pathophysiology of the obstructive sleep apnea in 
children is still unclear. Therefore, indication criteria of the treatment 
are not clear. We compare the pathologic character of REM-dependent 
OSA with non-REM -dependent OSA.
Methods: We enroll consecutive 386 children who underwent PSG 
from June 2002 to May 2012 in Ota memorial sleep center retrospec-
tively. we compare polygrafic parameters (total sleep time, sleep la-
tency, sleep efficiency, sleep stage, oxygen desaturation index, PLM, 
Obstructive Apnea Index, respiratoly-related arousal index), cephalo-
metric parameters (SNA, SNB, Fx, MPH, PAS, PNS-P), a parameter of 
rhinomanometry and so on.
Results: Obstructive Apnea Index and respiratory-related arousal in-
dex were significantly lower in the REM dependent case. As a result, 
REM dependent OSA was mild. Furthermore, we compare the chil-
dren under 6 years old group with over 6 years old group. In a group 
of under six years respiratory-related arousal index were significantly 
lower in the REM dependent case (12.3 vs 7.3). On the other hand, in a 
group of over 6 years value of total nasal resistance in supine position 
was significantly higher in the REM dependent case (0.659 vs 0.796). 
Now, therefore we speculate association between nasal obstruction and 
severity of OSA in a eldery group.
Conclusion: REM-dependent OSA in children is mild as well as adults 
OSA. In child OSA, there are various pathophysiology according to 
age.

1003
INFANT FEEDING METHOD AND PEDIATRIC SLEEP-
DISORDERED BREATHING
Montgomery-Downs H, Lewis JW, Brefczynski-Lewis J, Clawges H, 
Carey ME, Hou B, Schade M, Tessier P, Frum C
West Virginia University, Morgantown, WV

Introduction: Our previous work shows that children breastfed for 
longer durations as infants have reduced sleep-disordered breathing 
(SDB) severity. This makes conceptual sense: adenotonsillar hypertro-
phy is an inflammatory disorder and breast milk provides immunologi-
cal protection. Additionally, breastfeeding alters infant upper airway 
morphology. Thus, two mechanisms may be responsible for proper 
development of the upper airway. Our goal is to determine whether 
immunological protection, morphological changes—or some combi-
nation of the two—provide this benefit.
Methods: We use a Siemens Verio 3 Tesla magnetic resonance imag-
ing (MRI) to image children diagnosed with but not yet treated for 
SDB, who were or were not breastfed as infants. T2 sequences of both 
axial and sagittal scan planes will be used to image the airway. Upper 
airway quantification is used to determine whether breastfeeding’s ef-
fect is immunological (reduced upper airway lymphatic tissue volume), 
morphological (increased upper airway skeletal space), or both. A brief 
neurocognitive assessment battery is administered.
Results: Twenty children 4–8 years (m = 6.6, 40% female, 85% white 
non-Hispanic) with clinically significant SDB have completed the 
protocol. Following three additional participants and MRI process-
ing, the investigators will be unblinded to feeding methods. Results 
available at the conference will address three hypotheses: (1) Breastfed 
children have smaller proportional adenotonsillar volume compared to 
non-breastfed children; (2) Breastfed children have larger proportional 
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upper airway volume independent of adenotonsillar volume compared 
to non-breastfed children; and (3) Magnitude of airway differences is 
associated with reduced SDB severity and improved neurocognitive 
outcomes.
Conclusion: Our work holds the potential for SDB prevention. Knowl-
edge from this research will enable us to direct prevention efforts to-
ward either encouraging longer and exclusive breastfeeding durations 
for at-risk infants and/or improving existing artificial feeding methods 
that mimic breastfeeding’s positive effects on healthy infant airway 
development.
Support (If Any): Pilot Project Granting through NIH/NIGMS P30 
GM103503 awarded to the West Virginia University Center for Neu-
roscience.

1004
IMPAIRED MEMORY CONSOLIDATION IN CHILDREN 
WITH MILD SLEEP DISORDERED BREATHING
Maski KP1, Steinhart E1, Katz E1, Stickgold R 2

1Boston Children’s Hospital, Boston, MA, 2Beth Israel Deaconess 
Medical Center, Boston, MA

Introduction: Neuropsychological testing has yielded mixed results 
regarding the cognitive effects of sleep disordered breathing (SDB) in 
children. Memory consolidation has been shown to be sleep dependent 
in children and may be more susceptible to sleep disturbances from 
SDB. In this study, we compare memory consolidation across wake 
and sleep periods in children ages 5–9 years with SDB (RDI > 1/hour) 
compared to controls.
Methods: 14 otherwise healthy children with SDB and 7 controls 
matched for age, maternal education and gender were trained and 
tested on a 2D object location task prior to an overnight, in-lab poly-
somnogram (PSG) and retested approximately 10 hours later. At least 1 
week before or after this test, subjects were tested across 10 hr of day-
time wake with a different version of the task. Condition order and task 
versions were counterbalanced. Prior to all test and retesting phases, 
subjects completed a 3 minute psychomotor vigilance test (PVT). We 
compared memory consolidation (test-retest differences) across con-
dition, PVT reaction times, Child Behavior Checklist total problems 
scores, and Conner ADHD T-scores between groups.
Results: We detected group differences in memory consolidation 
[SDB = −17.5 ± 5.5% (SEM), control: 7.9 ± 7.8%, F(1,19) = 7.1, p = 0.02], 
but found no main effect of condition (p = 0.82) or group x condition 
interaction on memory consolidation (p = 0.36). We found no differ-
ences in PVT reaction times based on time, group , and group x time in-
teraction (all p’s > 0.2). CBCL total problems test and Conners ADHD 
test scores were not significantly different between groups (p = 0.19, 
p = 0.79, respectively), suggesting lack of confounding effects on mem-
ory performance results.
Conclusion: Memory consolidation is impaired in children with 
RDI > 1/hour compared to controls; however, we do not find an inter-
action with condition to suggest that these results are sleep dependent. 
These findings highlight the broader problem of impaired memory con-
solidation even in children with mild sleep disordered breathing.
Support (If Any): This study was sponsored by the American Sleep 
Medicine Foundation, Physician Scientist Training Award

1005
INFLAMMATORY CYTOKINES IN PEDIATRIC 
OBSTRUCTIVE SLEEP APNEA
Huang Y1, Guilleminault C2

1Chang Gung Memorial Hospital and University, Taipei, Taiwan, 
2Stanford University Sleep Medicine Division, Stanford University, 
CA

Introduction: Investigation: Pro-inflamatory cytokine IL 17, a pleio-
tropic cytokine produced by a unique CD4+ Th helper (Th) subset Th17 
cells, and IL 23, an heterodimeric cytokine, crucial for production of 
pathogenic CD4+T cell population. Therefore, this study aims to find 
the specific interleukins in pediatric obstructive sleep apnea.
Methods: We collected 3–18 years children in this study. Inclusion 
criteria are based on polysomogram (PSG) findings and clinical symp-
toms. We divided these subjects into two groups (1)Controls: Individu-
als without symptoms, snoring, and AHI1. All participants underwent 
an overnight PSG test followed by blood withdraw and neurocognitive 
function evaluations in the next morning. Plasma samples were ana-
lyzed of inflammatory cytokines including: high sensitivity C reactive 
protein (HS CRP), tumor necrosis factor alpha (TNF alpha), interleu-
kins 1 (IL 1), 6 (IL 6), 10 (IL 10), 17 (IL 17) and 23 (IL 23).
Results: 84 non-obese children (F:M = 25:53, mean 
age = 7.86 ± 3.10 years, body mass index [BMI] = 18.26 ± 4.86 kg/m2, 
BMI z score = 0.45 ± 1.31) were enrolled including: (1) 30 healthy control 
children (F:M = 9:21, mean age = 7.98 ± 2.68 y, [BMI] = 17.91 ± 2.10 kg/
m2, BMI z score = 0.28 ± 1.00) mean AHI = 0.54 ± 0.47/hour; (2) 52 OSA 
children (F:M = 20:32, mean age = 8.05 ± 3.33 y, [BMI] = 19.03 ± 5.26 
kg/m2, BMI z score = 0.68 ± 1.32) with clinical symptoms and mean 
AHI = 10.35 ± 13.80/hour. Serum analyses (controls versus OSA): HS-
CRP (mg/l): 0.40 ± 0.20 and 1.88 ± 3.26 p = 0.002 and IL-17 (pg/mL): 
8.93 ± 5.35 and 14.08 ± 9.09, p = 0.029 were the only significant results. 
IL 23 had non significant trend: 12.14 ± 3.90 and 14.37 ± 4.56 p = 0.056. 
Post T&A analyses show significant reduction in HS CRP and interleu-
kine 17 levels.
Conclusion: The high expression of Th 17 level may contribute to com-
plications of untreated pediatric OSA.

1006
INFLAMMATION IS ASSOCIATED WITH OVERWEIGHT 
AND SLEEP DISORDERED BREATHING IN A DOSE-
RESPONSE PATTERN IN ADOLESCENTS
Eckert C, Gaines J, Vgontzas AN, Fernandez-Mendoza J, Calhoun SL, 
Liao D, Bixler EO
Pennsylvania State University, Hershey, PA

Introduction: Many studies have established the association between 
overweight and sleep-disordered breathing (SDB) with elevated in-
flammation. No study to date, however, has examined the joint effect 
of these factors on inflammation in adolescents.
Methods: A sample of 421 adolescents (17.0 ± 2.3 y, 53.9% male) from 
the Penn State Child Cohort, a representative general population sam-
ple, underwent a single 9-hour polysomnography (PSG) recording and 
physical examination. Body mass index (BMI) percentile was ascer-
tained in accordance with CDC standards. A single fasting blood draw 
was collected in the morning and assayed for IL-6, TNFa, and CRP via 
ELISA. “SDB” was defined as AHI ≥ 5, “mild SDB” as 2 ≤ AHI < 5, or 

“no SDB” as AHI < 2. “Overweight” was defined as BMI ≥ 85th per-
centile. ANCOVA assessed differences in three groups (lean without 
SDB, overweight without SDB, and overweight with SDB), adjusting 
for age, gender, and race.
Results: Elevated IL-6 was observed in overweight adolescents with 
SDB (2.32 ± 0.18 pg/mL) compared to lean without SDB (1.03 ± 0.07 pg/
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mL) and overweight without SDB (1.05 ± 0.08 pg/mL, both p < 0.001). 
Similarly, TNFa was significantly elevated in those overweight with 
SDB (2.93 ± 0.26 pg/mL) compared to lean without SDB (1.76 ± 0.10 pg/
mL) and overweight without SDB (1.88 ± 0.11 pg/mL, both p < 0.001). 
Finally, CRP was significantly elevated in overweight with SDB 
(2.64 ± 0.19 mg/L) compared to lean without SDB (0.58 ± 0.07 mg/L) 
and overweight without SDB (0.88 ± 0.08 mg/L, both P < 0.001); of 
those without SDB, overweight also had significantly higher CRP than 
lean adolescents (p = 0.007).
Conclusion: The joint effect of overweight and SDB is associated 
with elevated inflammation in a dose-response pattern in adolescents. 
Future studies should examine the role of systemic inflammation in 
predicting cardiometabolic abnormalities in children and adolescents 
with SDB.
Support (If Any): NIH R01 HL63772, R01 HL97165, UL1 RR033184, 
C06 RR16499

1007
THE ROLE OF INFLAMMATION IN THE ASSOCIATION 
BETWEEN SLEEP-DISORDERED BREATHING AND 
NEUROCOGNITIVE FUNCTIONING IN ADOLESCENTS
Calhoun SL, Gaines J, Fernandez-Mendoza J, Vgontzas AN, Liao D, 
Bixler EO
Pennsylvania State University, Hershey, PA

Introduction: Sleep-disordered breathing (SDB) has been associ-
ated with impaired neurocognitive functioning. However, the role of 
inflammation in predicting neurocognitive deficits in SDB is unclear. 
The aim of this study was to examine whether the inflammatory factor 
C-reactive protein (CRP) is associated with impaired neurocognition 
in adolescents with SDB.
Methods: A sample of 421 adolescents (17.0 ± 2.3 y, 53.9% male) from 
the Penn State Child Cohort, a representative general population sam-
ple, underwent a single 9-hour polysomnography (PSG) recording and 
neurocognitive testing. A single fasting blood draw was taken upon 
awakening (7:00) and assayed for CRP via ELISA. “SDB” was defined 
as AHI ≥ 5, whereas “mild SDB” was defined as 2 ≤ AHI < 5. Linear 
regression assessed the association of SDB and CRP on various neu-
rocognitive outcomes, adjusting for age, gender, BMI percentile, and 
race.
Results: Overall, there was a marginal interaction between SDB and 
CRP on processing speed (B = −0.12, p = 0.15). While CRP was not 
associated with any neurocognitive outcomes within mild SDB (all 
p > 0.37), elevated CRP was significantly associated with deficits in 
processing speed in those with SDB (B = −0.38, p = 0.02).
Conclusion: Inflammation is associated with impaired processing 
speed in those with sleep apnea. These data offer a possible mechanism 
by which neurocognitive functioning is affected in subjects with SDB, 
suggesting that CRP may be a useful marker of sleep apnea severity in 
adolescents.
Support (If Any): NIH R01 HL63772, R01 HL97165, UL1 RR033184, 
C06 RR16499

1008
INFLAMMATION IS ASSOCIATED WITH 
CARDIOMETABOLIC ABNORMALITIES IN 
ADOLESCENTS WITH SLEEP-DISORDERED 
BREATHING
Gaines J, Vgontzas AN, Fernandez-Mendoza J, Calhoun SL, Liao D, 
Bixler EO
Pennsylvania State University, Hershey, PA

Introduction: Many studies have established a link between inflam-
mation and sleep-disordered breathing (SDB). However, the role of in-
flammation in assessing the medical severity of SDB is unclear. The 
aim of this study was to examine whether the inflammatory factor C-
reactive protein (CRP) is associated with cardiometabolic aberrations 
in adolescents with SDB.
Methods: A sample of 421 adolescents (17.0 ± 2.3 y, 53.9% male) 
from the Penn State Child Cohort, a representative general population 
sample, underwent a single 9-hour polysomnography (PSG) recording, 
anthropometric and blood pressure measures, and a dual-energy X-ray 
absorptiometry (DXA) scan. A single fasting blood draw was taken 
upon awakening (7:00) and assayed for CRP, glucose, insulin, and lip-
ids. “SDB” was defined as AHI ≥ 5, whereas “mild SDB” was defined 
as 2 ≤ AHI 20 mmol/L (n = 3) were excluded from the analysis.
Results: A significant interaction of SDB and CRP was observed for 
triglycerides (B = 0.23, p = 0.02), continuous metabolic syndrome 
score (cMetS; B = 0.22, p = 0.01), and a trend for insulin resistance 
(HOMA; B = 0.18, p = 0.07). Specifically, metabolic aberrations were 
associated with elevated CRP in an SDB-dose-response manner. Com-
pared to mild SDB, CRP in SDB was more strongly associated with 
cMetS (B = 0.43, p = 0.001 vs. B = 0.18, p = 0.05, respectively), HOMA 
(B = 0.61, p < 0.001 vs. B = 0.21, p = 0.04), triglycerides (B = 0.55, 
p = 0.001 vs. B = 0.07, p = 0.47), and visceral fat area (B = 0.25, p = 0.08 
vs. B = 0.03, p = 0.70).
Conclusion: Elevated plasma CRP is associated with metabolic ab-
normalities, suggesting that this biomarker may be a clinically useful 
predictor of the medical severity of SDB in adolescents. Future studies 
should examine how the association between inflammation and SDB 
severity on cardiovascular and metabolic aberrations progress during 
the transition into young adulthood and middle age.
Support (If Any): NIH R01 HL63772, R01 HL97165, UL1 RR033184, 
C06 RR16499

1009
ASSOCIATION BETWEEN SLEEP DISORDERED 
BREATHING WITH BODY MASS INDEX, GENDER AND 
MALOCCLUSION IN CHILDREN
Carvalho FR, Lentini-Oliveira DA, Carvalho GM, Prado LF, 
Prado GF, Carvalho LC
UNIFESP, Sao Paulo, Brazil

Introduction: The aim of this study was to investigate the association 
of body mass index (BMI), gender and malocclusion with sleep disor-
dered breathing (SDB) in children.
Methods: 1216 children (569 boys) aged 7 to 9 years that studied in 
municipal schools in Osasco/Brazil were selected through randomiza-
tion. We excluded children with syndromes, cleft lip and/or palate, had 
undergone tonsil and/or adenoid surgery, were under or had a history of 
orthodontic treatment. The SDB was measured by Sleep Disturbance 
Scale for Children. Answers are given on Likert scale of 1 to 5: 1 point 
for “never”, 2 points for “occasionally” (once or twice per month), 3 
points for “sometimes” (once or twice per week), 4 points for “often” (3 
to 5 times per week), and 5 points for “always” (daily). Hence, the sum 
score for the three questions can be at least 3 and at most 15.The cutoff 
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point adopted was 8. The BMI were divided according to the National 
Center for Health - USA: Underweight, Healthy Weight, Overweight, 
Obese. A dentist assessed the occlusion by: Molar relationship (Angle’s 
classsification), Crossbite, Open bite, Overjet, Overbite, and Crowding. 
We analyzed SDB by gender, BMI and occlusion.
Results: Of all children, 220 (18.09%) had SDB, there more SDB in 
boys (122; 21%) compared to girls (98; 15%, p < 0.01), and there were 
more obese children with SDB (47; 29%) compared to the healthy 
weight children (139; 16%, p < 0.01). Among children with SDB, un-
derweight children (35; 2.88%) and overweight children (176, 14.47%), 
there were no association among SDB and all malocclusion. For 
healthy weight children (843; 69.33%), there were more SDB children 
with: molar relationship class II/III (85; 19%) compared to class I (54; 
13%; p = 0.01), overjet (46; 23%) compared to normal overjet (93; 15%; 
p < 0.01) and crowding (62; 21%) compared to no-crowding (77; 14%; 
p = 0.01). For obese children (162,13.32%) there was more SDB chil-
dren with overbite (21; 39%) than compared to normal overbite (26; 
24%; p = 0.05).
Conclusion: Boys and obese children had more SBD. SDB children 
with healthy weight seem to have more malocclusion associated.
Support (If Any): FAPESP (# 2010/02633-2)

1010
DEVELOPMENT OF A MODIFIED STOP-BANG TOOL 
FOR ADOLESCENT CHILDREN
Combs D1,2, Goodwin J2,3, Quan S3,4, Morgan W3,5, 
Parthasarathy S1,2,3

1Center for Sleep Disorders and Division of Pulmonary, Allergy, 
Critical Care and Sleep Medicine, University of Arizona, Tucson, 
AZ, 2Department of Medicine, University of Arizona, Tucson, AZ, 
3Arizona Respiratory Center, University of Arizona, Tucson, AZ, 
4Harvard Medical School, Boston, MA, 5Department of Pediatrics, 
University of Arizona, Tucson, AZ

Introduction: There are a limited number of tools available to assess 
the risk of sleep-disordered breathing (SDB) in children, and screening 
rates in primary care are low. STOP-Bang is a frequently used tool to 
risk-stratify adults for SDB. We developed a modified STOP-Bang to 
assess the risk of SDB in adolescent children.
Methods: 312 children (age 9–17) from phase 2 of the Tucson Chil-
dren’s Assessment of Sleep Apnea cohort study, with complete anthro-
pomorphic data, parent questionnaires, and home polysomnograms 
were included. The following were included as an adolescent modi-
fication of STOP-Bang: snoring, tired, observed apnea, blood pres-
sure ≥ 95th percentile (for height and age), BMI > 95th percentile for 
age, academic problems, neck circumference > 95th percentile for age, 
and male gender. An apnea-hypopnea index ≥ 1.5 events/hr was con-
sidered diagnostic of SDB.
Results: Receiver Operator Characteristic (ROC) curves for parent-
reported STOP-Bang scores were generated for teenage and pre-teen 
children. The area under the curve (AUC) for teenage children was 
0.77 (95% confidence interval [CI] 0.65–0.90) and was not different 
than that for preteen children (0.68; 95% CI 0.51–0.85, p = 0.42). A 
STOP-Bang score of ≥ 3 in teenage children was associated with a sen-
sitivity of 64%, specificity of 82%, positive predictive value of 0.24 
and negative predictive value of 0.96. To assess whether pubertal status 
influenced test characteristics, ROC curves were generated based on 
child-reported sexual maturity rating (SMR), available for 291 chil-
dren. The AUC for children SMR ≥ 4 (0.83; 95% CI 0.71–0.95) was 
better than children with SMR < 4 (0.63; 95% CI 0.46–0.81) (p = 0.048).
Conclusion: Due to its high negative predictive value, this modified 
STOP-Bang may be useful in risk-stratifying the likelihood for SDB 
in adolescents. The improved test characteristics in children with a 

greater SMR are likely related to the changes in SDB phenotype in 
older compared to younger children
Support (If Any): Arizona Respiratory Center

1011
A SIMPLIFIED DIAGNOSIS SCALE BASED ON 
THE ANALYSIS AND SCREENING OF CLINICAL 
PARAMETERS IN PEDIATRIC OBSTRUCTIVE SLEEP 
APNEA HYPOPNEA SYNDROME
Li S, Li S
General Hospital of Shenyang Military Area Comm, Shenyang, 
China

Introduction: To develop a simplified and accurate method to diagnose 
the pediatric obstructive sleep apnea hypopnea syndrome (OSAHS).
Methods: A total of 311 children with suspected pediatric OSAHS 
were included in the study and were divided into group A and group 
B. The clinical parameters, including gender, age, body mass index 
(BMI), history of snoring or gasping, history of nasal obstruction, his-
tory of running nose, palatine tonsil size, adenoid/nasopharynx (A/N) 
ratio, and curve type based on acoustic immittance, were compared 
with polysomnography (PSG) result in group A using relevant correla-
tion and regression analysis. Based on the established regression equa-
tion, the diagnostic coincidences between PSG result and dependent 
result in group A and B were calculated. Finally, a diagnostic scale was 
established according to the transformed equation.
Results: There was no significant difference in clinical data between 
group A and group B. Apnea-hypopnea index (AHI) had significant 
positive correlations with history of snoring or gasping, palatine tonsil 
size, and curve type based on acoustic immittance. The stepwise logis-
tic regression analysis revealed that there were significant correlations 
between PSG result and history of snoring or gasping, palatine ton-
sil size and A/N ratio. The coincidence between dependant result and 
PSG result was 76.2% in group A and was 78.2% in group B
Conclusion: The diagnosis scale can be considered as a screening 
diagnostic tool to diagnose pediatric OSAHS for clinical application 
when PSG examination can not be accomplished. But it is not suitable 
for us to assess the severity of pediatric OSAHS separately.

1012
VALIDITY OF CLINICAL HISTORY IN DIAGNOSING 
SLEEP DISORDERED BREATHING IN CHILDREN: THE 
PENN STATE CHILD COHORT
Bixler EO, Fernandez-Mendoza J, Calhoun SL, Gaines J, Liao D, 
Vgontzas AN
Pennsylvania State University, Hershey, PA

Introduction: The “gold standard” for the diagnosis of sleep disor-
dered breathing (SDB) in children is a polysomnography (PSG) and is 
indicated when clinical diagnosis suggests SDB. However, the diagno-
sis of SDB is commonly based only on clinical history; thus, the aim 
of this study was to assess the validity of diagnosing SDB based solely 
on clinical assessment.
Methods: The Penn State Child Cohort is a representative random 
sample of elementary school children assessed using a two-phase 
strategy. During Phase I parents of elementary school children com-
pleted a brief questionnaire (N = 5,740) with a response rate of 78.5%. 
Phase II randomly-selected children spent a night in our sleep labora-
tory (N = 700) with a response rate of 70.0%. Each child underwent a 
9-hour PSG, a clinical history and physical examination and a parent 
completed questionnaires.
Results: A ROC analysis was completed on several models predicting 
an outcome of AHI ≥ 2 which generated an optimal sensitivity and 
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specificity. The first model included ADHD, excessive daytime sleepi-
ness, and snoring from parent report plus tonsil size based on ENT spe-
cialist assessment. The resulting sensitivity was 0.86 with a specificity 
of 0.22. In the 2nd model, we added parent report of sleep disturbance 
providing a sensitivity of 0.68 and specificity of 0.44. In the 3rd model, 
we added BMI percentile providing a sensitivity of 0.73 and specificity 
of 0.54. Age was added in model 4 and provided a sensitivity of 0.64 
and specificity of 0.63. Finally, we included minority status providing 
a sensitivity of 0.76 and specificity of 0.57.
Conclusion: These data indicate that the diagnosis of childhood SDB 
based solely on clinical assessment is limited. These data are consis-
tent with the recent CHAT study which reported that almost 50% of 
the recruited sample did not meet minimal objective criteria for SDB 
(AHI ≥ 2).
Support (If Any): NIH R01 HL 63772, R01 HL 97165, C06 RR 16499, 
UL1 RR 33184

1013
DIAGNOSTIC UTILITY OF AN UNATTENDED SLEEP 
STUDY IN PEDIATRIC OBSTRUCTIVE SLEEP APNEA
Khatab Y1, Khatwa U1, Rosen D1, Gunnuscio M1, Kothare SV2, 
Maski KP1

1Boston Children’s Hospital, Boston, MA, 2New York Univeristy 
Langone Medical Center, New York, NY

Introduction: Unattended polysomnograms (PSG) are accepted for 
the evaluation of obstructive sleep apnea (OSA) among adults, yet little 
data exists regarding their usefulness in pediatric populations. We 
present preliminary results of a study evaluating the diagnostic utility 
of a level 2 unattended PSG in a pediatric population for the detection 
of OSA.
Methods: 27 otherwise healthy children ages 4–15 years completed 
both an in-lab PSG (lPSG) at Boston Children’s Hospital and a home 
PSG (hPSG) between 2011–2014 for evaluation of OSA. The unat-
tended, level II, hPSG (Xltek® Trex HD, Natus Medical Inc.) was 
performed within 2 months of the lPSG. A registered sleep technician 
set up the study prior to bedtime and removed leads in the morning 
at the patient’s home. Lead placement included 10 EEG leads, 3 chin 
EMG leads, 2 EOG leads, respiratory effort belts, oral nasal thermistor, 
EKG nasal airway pressure transducer, and oximeter. The hPSG and 
lPSG were scored by qualified scorers and interpreted by board certi-
fied sleep physicians, all blinded to patient information including lPSG 
results. Because AHI data were left skewed, we used nonparametric 
statistics for analysis.
Results: Subjects’ mean age was 8.9 years (2.6) and mean BMI was 
22.1 (5.9); 68% were male and 50% were Caucasian. Based on lPSG, 
18/27 subjects (66.7%) had AHI ≥ 1.While we found a correlation be-
tween hPSG and lPSG AHI values (r = 0.56, p = 0.002), the median 
AHIs significantly differed between test conditions [hPSG: 0/hour 
(0,9.7), lPSG: 1.5/hour (0,14.6), p = 0.007). The sensitivity of the hPSG 
in our sample to detect OSA (AHI ≥ 1)was 55.6% (95th CI: 30.7–78.4) 
and the specificity 100% (95th CI: 66.2–100).
Conclusion: This ongoing study shows that unattended hPSG has an 
overall low to moderate sensitivity for detecting OSA but has a mod-
erate to high specificity in a clinical sample with mostly mild sleep 
disordered breathing.
Support (If Any): Dept. of Neurology and Dept. of Medicine, Boston 
Children’s Hospital

1014
SPLIT-NIGHT POLYSOMNOGRAPHY FOR SEVERE 
OBSTRUCTIVE SLEEP APNEA IN CHILDREN
Faruki AS, Castriotta R, Majid R
University of Texas Health Science Center at Houston, Houston, TX

Introduction: Split night polysomnography (PSG) is an accepted prac-
tice in adults. It is not however, advocated in the pediatric population 
(age ≤ 14 years). The mainstay of treatment of obstructive sleep apnea 
(OSA) in children is adenotonsillectomy. Subsets of children with se-
vere OSA however, arguably are more likely to eventually need posi-
tive airway pressure (PAP) and may benefit from early therapy.
Methods: We performed a retrospective review of polysomnograms 
performed between October 2004 and November 2014, selecting pe-
diatric cases (≤ 14 years of age) that underwent a split night study. De-
mographic and polysomnographic data was collected and success of 
titration was assessed. The studies were staged and scored using the 
2012 AASM manual.
Results: We identified 4 pediatric subjects that underwent a split night 
study. 2 were referred for witnessed apneas and 2 were evaluated post 
tonsillectomy or adenoidectomy. The mean age was 7.5 ± 4.65 (range 
6–14 years) with a mean BMI of 29 ± 10.56 (range 16–41 kg/m2). The 
mean pretitration apnea index (AI) was 40.8 ± 54.4 (range 0–119) and 
apnea hypopnea index (AHI) was 67 ± 65.95 (range 15–162). All the 
patients had significant improvement in their obstructive indices: mean 
AHI 7.8 ± 2.1 (range 5.3–10), with one conversion to bi-level PAP ther-
apy because of continued severe events on CPAP. PAP was tolerated 
well with no adverse events during any of the procedures.
Conclusion: Our data shows that split night studies can be successfully 
performed on pediatric patients. Often times, for example, in an older 
and/or obese pediatric patients, the adenotonsillar tissue is less likely 
to be the main contributing factor to the OSA and early PAP therapy 
may be of benefit. Split night studies should therefore, be considered 
in individualized pediatric cases, that have undergone evaluation and 
who will likely need PAP therapy.

1015
MEASUREMENT OF SNORING IN CHILDREN WITH 
SLEEP-DISORDERED BREATHING
Norman MB1, Pithers SM2, Sullivan CE1

1University of Sydney, Sydney, Australia, 2Sydney Children’s Hospital, 
Sydney, Austrailia

Introduction: Polysomnography (PSG) is used to diagnose sleep-
disordered breathing (SDB) and involves the attachment of multiple 
sensors. The Sonomat (MAT) is a mattress-based device that requires 
no sensor attachment yet can identify respiratory events using breath 
sounds and movements; it has been validated in adults, with snoring 
detection superior to PSG methods. An apnea/hypopnea index (AHI) 
of 1 event/hr is the diagnostic threshold in children, yet their problem is 
primarily obstructed breathing/snoring which is rarely measured and 
not captured by the AHI metric. The aim was to examine the diagnos-
tic accuracy of the investigational device and assess the suitability of 
snoring analysis in children.
Methods: We performed simultaneous recordings using PSG and 
the investigational device in 45 children (28 male, 5.6 ± 2.4 years, 
BMI = 18.7 ± 4.2 kg/m2) with clinical suspicion of SDB.
Results: Data presented as median and IQR. The AHI values correlated 
well (ICC = 0.9) and no significant difference was found (PSG = 1.0 (0.1, 
2.9), MAT = 0.6 (0.3, 1.8) events/hr; p = 0.667 [mean difference = 0.1 
events/hr]). PSG defined respiratory events were present for only 1% of 
sleep time, whereas snoring was present on the investigational device 
for 20% of the corresponding time. There were 272 (148, 719) runs of 
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snoring, occurring at a rate of 20 (10, 52) per hour [min = 0, max = 110]. 
In 22 children (49%) with an AHI < 1, runs of snoring occurred 21 (8, 
47) times per hour [min = 0, max = 57].
Conclusion: Snoring was present for more time, occurred more fre-
quently and had a greater spread than respiratory events. It varied exten-
sively in children with a normal AHI. As pediatric SDB is dominated by 
obstructed breathing (rather than apneas and hypopneas), quantitative 
measurement of snoring may be an additional useful metric.

1016
UTILITY OF A BRAIN MRI IN THE DIAGNOSIS AND 
MANAGEMENT OF SLEEP DISORDERED BREATHING 
IN CHILDREN
Selvadurai S1, Al-Saleh S2, Amin R 2, Allison Z 2, Narang I2

1The Hospital for Sick Children, Toronto, ON, Canada, 2Division 
of Respiratory Medicine, Hospital for Sick Children, Toronto, ON, 
Canada

Introduction: Polysomonography is the gold standard test for the 
diagnosis of both obstructive (OSA) and central sleep apnea (CSA) 
in children. In children, neuro-anatomical causes may contribute to 
both CSA as well as persistent OSA post adenotonsillectomy. A brain 
MRI is often necessary to exclude additional etiologies of sleep disor-
dered breathing. The objective of the study was to evaluate the utility 
of a brain MRI in the diagnosis and management of sleep-disordered 
breathing in children.
Methods: This was a retrospective analysis of the medical records, 
PSG results and brain MRI scan results of children at the Hospital for 
Sick Children in Toronto, Canada. These subjects were diagnosed with 
either 1) persistent OSA despite an adenotonsillectomy, 2) CSA of un-
clear etiology 3) OSA with co-existing CSA of unclear etiology and 4) 
unexplained nocturnal hypoventilation. The brain MRI scan occurred 
after the abnormal PSG. The central and obstructive apnea-hypopnea 
index (CAI and OAHI respectively) were recorded for each subject.
Results: There were a total of 14 subjects selected between 2013–2014. 
The median (range) age was 10.7 years (1 to 15) and the body mass index 
was 20.4 kg/m2 (13.7 to 38.6). Of these subjects, 4/14 (28.5%) had CSA 
(mean CAI = 6.9/hour), 4/14 (28.5%) had OSA (mean OAHI = 19.5/
hour) and 4/14 (28.5%) had both OSA and CSA (mean OAHI and CAI 
were 3.9 and 4.7/hour respectively) and 2/14 subjects (14%) had noc-
turnal hypoventilation (mean peak CO2 was 58 mmHg). Of these 14 
subjects, MRI abnormalities were observed in 6/14 (43%) subjects and 
these abnormalities included Arnold Chiari malformation, malformed 
corpus callosum and changes in the cranio-cervical junction. Interven-
tions and therapies following a brain MRI included neurosurgery, non-
invasive positive airway pressure and oxygen.
Conclusion: A brain MRI was a useful diagnostic tool in 43% of sub-
jects with sleep disordered breathing of unexplained etiology following 
a PSG.

1017
THE STUDY OF UPPER AIRWAY STRUCTURE IN 
SNORING CHILDREN WITH MULTISLICE SPIRAL CT
Cai X1, Wang X 2, Mei H1, Cao H1, Liang D1, Yu C1, Ni L1

1The Second Affliated Hospital & Yuying Children’s Hospital 
of Wenzhou Medical University, Wenzhou, China, 2The Yueqing 
Affliated Hospital of Wenzhou Medical University, Wenzhou, China

Introduction: To investigate the upper airway structural features in 
snoring children with multislice spiral CT scan and post-processing 
techniques.
Methods: The study was conducted at The Second Affilated Hospital 
and Yuying Children’s Hospital of Wenzhou Medical University from 

March 2009 to December 2010. Children with snoring were divided 
into primary snorer (PS) group (n = 45), obstructive sleep apnea hy-
popnea syndrome (OSAHS) group (n = 73) based on polysomnogra-
phy (PSG). Children without snore symptom were enrolled the control 
group (n = 40) during their routine physical examination. The height 
and weight of them were measured respectively and their body mass 
index (BMI) was calculated. The time of snoring was recorded. Mul-
tislice spiral CT scan covering upper airway was performed and mea-
surements of soft tissue, bone structure, spatial structure of the upper 
airway were obtained from a 3-dimensional segmentation using image 
analysis workstation of phillips Corp.
Results: The area, length, thickness and volume of adenoid, the area 
and volume of the soft palate, the cross-sectional area of the tonsils 
in snoring children groups were significantly higher than the control 
group (p < 0.05); The cross-sectional area of the nasopharynx and ve-
lopharyngeal, the anterroposterior diameter of the velopharyngeal, the 
nasopharynx volumes, velopharyngeal volumes and paranasal sinus 
volumes in snoring children groups were significantly reduced than the 
control group (p < 0.05); The angle (α) was smaller and adenoid-na-
sopharynx ratio increased in snoring children groups than the control 
group (p < 0.01); The length and area of the soft palate were correlated 
positively with AHI (r = 0.25, 0.40, p < 0.05).
Conclusion: The snoring children had airway obstruction of various 
degrees at the upper airway by the adenoid and tonsillar hypertrophy 
and the enlarged soft palate. Sinusitis and lower hyoid bone position 
were leading to increased upper airway resistance.

1018
WHAT IS THE UTILITY OF ROUTINE 
POLYSOMNOGRAPHY IN CHILDREN USING POSITIVE 
AIRWAY PRESSURE?
Kirk VG1, Schmalz L2

1University of Calgary, Calgary, AB, Canada, 2Alberta Children’s 
Hospital, Calgary, AB, Canada

Introduction: Children with sleep apnea are often prescribed positive 
airway pressure therapy. Routine repeat polysomnography testing is 
often performed to confirm the presence of ongoing sleep apnea and 
optimal device pressure settings. In order to review the utility of this 
practice, we compared the frequency of treatment changes following 
routine polysomnography to the frequency of changes resulting from 
an urgent study in this population.
Methods: Data from children on therapy who have undergone poly-
somnography at the Alberta Children’s Hospital in the past year was 
reviewed. Data collection included: Demographics, treatment device 
type, pressure setting and indication for repeat study. A difference in 
pressure setting of two or more centimeters of water and/or a pres-
sure device type change were considered clinically significant changes. 
Comparison was made between two main groups of children—those 
undergoing routine study and those tested in response to a clinical con-
cern.
Results: A total of 90 subjects (63 male) on positive airway pressure 
therapy have met inclusion criteria to date. Mean age is 9.4 years (range 
2–18 years). 75/90 chart reviews have been completed to date. 25.3% 
of these had repeat polysomnography performed due to a clinical con-
cern. Of these, 57.9% had a clinically significant change in treatment. 
In comparison, 44.6% of the studies performed on a routine basis re-
sulted in a significant change in treatment. The odds of having a device 
change was highest amongst children under 5 years of age, undergoing 
non-routine polysomnography (OR 5.5).
Conclusion: Our data suggests polysomnography is most likely to re-
sult in changes in treatment when performed in response to clinical 
concerns in children under 5 years of age. However, routine polysom-
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nography follow-up testing frequently results in clinically significant 
changes in therapy as well.
Support (If Any): Alberta Children’s Hospital Foundation

1019
PREDICTORS OF ADHERENCE TO PEDIATRIC 
OBSTRUCTIVE SLEEP APNEA THERAPY
Hawkins SM1, Jensen EL2, Friedman NR 2

1Pediatric Pulmonology, University of Colorado School of Medicine, 
Aurora, CO, 2Department of Otolaryngology, University of Colorado 
School of Medicine, Aurora, CO

Introduction: Obstructive sleep apnea (OSA) is a common pediatric 
condition characterized by recurrent partial or complete cessation of 
airflow during sleep, typically due to inadequate upper airway patency. 
Continuous positive airway pressure (CPAP) is a therapeutic option that 
reduces morbidity. Despite efforts to promote use, CPAP adherence is 
poor. We sought to determine whether demographics, insurance status, 
OSA severity, therapeutic pressure, or comorbid conditions were as-
sociated with CPAP adherence.
Methods: After obtaining institutional review board approval 
(COMIRB#13-1439), chart review was performed on all patients with 
monitored CPAP treatment over a one-year period. All patients had a 
therapeutic in-laboratory CPAP titration prior to CPAP prescription. 
Patients were grouped as either CPAP adherent or non-adherent, where 
adherence was defined as greater than 70% of nights and at least 4 h/
night average usage. Differences between the groups regarding demo-
graphics, comorbidities, and polysomnography results were analyzed 
by Chi-square test.
Results: Overall CPAP adherence was poor at 49% (69/140). Of the 
demographic data collected (age, ethnicity, gender, insurance), only fe-
male gender was associated with adherence (60.9% adherent vs 39.5% 
for males, OR = 2.410, 95% CI = 1.196–4.854; p = 0.0114). Severity 
of OSA (represented by diagnostic apnea-hypopnea index [AHI] and 
degree of hypoxemia), therapeutic CPAP level, and residual AHI did 
not impact CPAP adherence (p > 0.05). Patients with cerebral palsy or 
developmental delay (CP/DD) were more likely to be adherent with 
CPAP than those without CP/DD (OR = 2.551, 95% CI = 1.271–5.128; 
p = 0.0069). Also, patients with any form of atopic illness (asthma, ec-
zema, allergic rhinosinusitis) had increased adherence, but this did not 
reach statistical significance.
Conclusion: Our study suggests that, even in a large pediatric sleep 
medicine center with a robust CPAP desensitization program, adher-
ence to CPAP therapy is poor. Females and those with cerebral palsy 
or developmental delay are more likely to be adherent to CPAP therapy 
for pediatric OSA.

1020
CLOSE FOLLOW-UP, ADHERENCE TO THERAPY AND 
SYMPTOMATIC IMPROVEMENT IN CHILDREN ON 
NONINVASIVE POSITIVE AIRWAY PRESSURE (PAP) 
TREATMENT FOR SLEEP-DISORDERED BREATHING 
(SDB)
Amos L1, Grekowicz M1, Flint K 2, Kuhn E3, Richards K 3, Collins M3, 
D’Andrea L1

1Medical College of Wisconsin, Milwaukee, WI, 2Children’s Hospital 
of Wisconsin, Milwaukee, WI, 3Children’s Hospital of Wisconsin 
National Outcomes Center, Milwaukee, WI

Introduction: Children with SDB can be successfully managed with 
noninvasive PAP. For SLEEP 2012, we evaluated our PAP program, 
symptomatic improvement and subjective adherence in our patients on 
noninvasive PAP. Since then, we have modified our follow-up protocol. 

After PAP set-up, a phone call is made within 1 week, an adherence 
download is requested within 1–2 weeks, and the 1st PAP follow-up vis-
it is scheduled within 4–6 weeks. We hypothesized that close follow-up 
during the 1st month after set-up would result in improved adherence 
and subsequent symptomatic improvement.
Methods: A retrospective chart review was performed on 30 patients, 
a random sample of the 111 patients initiated on PAP between August 
1, 2012 and August 25, 2014 at Children’s Hospital of Wisconsin. Sta-
tistical analysis was performed with chi-square tests and Pearson cor-
relation.
Results: Sleep-related breathing diagnoses included obstructive sleep 
apnea (66.7%), hypoventilation (16.7%), altered respiratory mechanics 
(13.3%) and central sleep apnea (3.3%). PAP modes included CPAP 
(66.7%), bi-level PAP (30%), and ventilator (3.3%). At phone follow-
up (N = 25), 72% reported improved daytime sleepiness, nighttime 
breathing and/or sleep quality. Adherence downloads within 14 days of 
PAP set-up (N = 17) showed a median usage > 4 hours of 80% of nights 
recorded. At the 1st PAP clinic visit (N = 23), 69.5% reported improved 
daytime symptoms, 2.6% reported improved nighttime symptoms, and 
median usage > 4 hours was 60% on adherence downloads (N = 20). 
At the 2nd PAP clinic visit (N = 14), 64.3% reported improved daytime 
symptoms, 71.4% reported improved nighttime symptoms, and me-
dian usage > 4 hours was 23% on adherence downloads (N = 10). Ad-
herence and daytime symptom improvement at phone follow-up were 
predictive of adherence and daytime symptom improvement at the 1st 

PAP clinic, p < 0.02.
Conclusion: Good adherence and symptomatic improvement at phone 
follow-up carry over to the 1st PAP clinic. By the 2nd PAP clinic, symp-
tomatic improvement continues, but adherence declines.

1021
IMPACT OF STANDARDIZED PHONE FOLLOW-UP ON 
PAP ADHERENCE IN OBESE ADOLESCENT PATIENTS 
WITH OBSTRUCTIVE SLEEP APNEA
Medin D1, Al-Saleh S1, Amin R1, Baker A1, Hanimyan J2, Narang I1

1The Hospital for Sick Children, Toronto, ON, Canada, 2ProResp 
Home Oxygen and Respiratory Care, Toronto, ON, Canada

Introduction: Obesity in children is increasing worldwide, and 
obstructive sleep apnea (OSA) is a common morbidity in obese ad-
olescents. Importantly, untreated OSA carries a significant risk of long-
term morbidity for cardio-metabolic disease. Since adenotonsillectomy 
does not cure OSA in a significant number of obese youth, positive air-
way pressure (PAP) therapy is required. Although PAP is an effective 
therapy, adherence rates are suboptimal in this population. This study 
prospectively evaluated PAP adherence rates in obese youth with OSA 
following a program of regular, standardized follow-up phone calls by 
a respiratory therapist (RT).
Methods: Obese youth were prospectively recruited from sleep clin-
ic and were prescribed PAP after PAP initiation with simultaneous 
polysomnogram (PSG). Adherence was evaluated prospectively for 6 
months by a respiratory therapist through PAP usage downloads as 
well as through a standardized questionnaire administered by tele-
phone: weekly for the first month, bi-weekly for the second month, 
and then monthly until six months of PAP therapy. Issues described 
by patients and caregivers as barriers to PAP adherence were met with 
targeted resolution. PAP adherence at one month was compared to PAP 
adherence at 6 months.
Results: Nine obese subjects were prescribed PAP therapy for the 
treatment of moderate to severe OSA. The mean age and the mean 
BMI of the PAP treatment group were 14.3 years and 39.4 kg/m2, re-
spectively. The mean number of follow-up phone calls was nine. At one 
month, the average nocturnal PAP use over a 30-day period was 3.11 
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hours. The average hours of PAP used nightly during the sixth month 
was 3.70 hours.
Conclusion: Obese youth with OSA did not demonstrate improved 
PAP adherence over a six-month period despite regular phone follow-
up by a RT. Persistent barriers to PAP adherence included poor mask 
tolerance, reluctance to use PAP while away from home, and late night 
schedules which rendered PAP use too taxing.

1022
COMPARISON OF AUTO-ADJUSTING CPAP AND 
FIXED PRESSURE CPAP IN PEDIATRIC PATIENTS 
WITH OBSTRUCTIVE SLEEP APNEA: A RANDOMIZED 
CONTROLLED TRIAL
Brockbank J, Dixon M, Carter B, Simakajornboon N
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH

Introduction: CPAP is commonly used to treat adults and children 
with OSA. CPAP titration polysomnogram (TPSG) is the accepted 
method for determining the appropriate therapeutic pressure setting 
for children. Auto-adjusting CPAP (APAP) has commonly been used 
in adults with OSA; however, limited data exist on APAP in children. 
We hypothesize that APAP provides an accurate estimation of pressure 
compared to TPSG, and that APAP confers better treatment adherence 
and outcomes than fixed CPAP.
Methods: This prospective, double-blind, randomized crossover trial 
included children and adolescents with an AHI ≥ 5/hour. All subjects 
began therapy with APAP for 4–6 weeks, followed by TPSG. Subjects 
were then randomized to fixed CPAP or APAP, followed by a cross-
over period, each of 4 weeks duration. Usage data was downloaded to 
determine APAP average 90% pressure (AV90) and to assess adher-
ence. Subjects completed the Michigan Pediatric Sleep Questionnaire 
(PSQ), Epworth Sleepiness Scale (ESS), and Pediatric Quality of Life 
Inventory (PedsQL) at each visit. Non-parametric statistical testing 
was performed.
Results: Twenty one subjects were enrolled with mean age of 14.3 ± 2.7 
years and mean AHI of 10.5 ± 5.8/hour. Eight subjects completed the 
study protocol and pressure comparison was made on 13 subjects. 
There was a trend towards lower AV90 compared to TPSG-derived 
pressure (7.7 ± 2.6 [AV90] vs. 9.8 ± 2.5 [TPSG], P = 0.07). During 
the randomization period there was no significant difference between 
APAP and CPAP percent days with device use (62.5 ± 27.2% [APAP] 
vs. 63.2 ± 26.9% [CPAP], P = 0.74). There was significant improve-
ment in PSQ scores from baseline (B) to both APAP and CPAP periods 
(0.66 ± 0.2 [B], 0.48 ± 0.2 [APAP], 0.44 ± 0.2 [CPAP], P = 0.0087). 
There were no statistically significant differences in ESS (11.5 ± 6.3 [B], 
8.8 ± 4.9 [APAP], 7.9 ± 4.4 [CPAP], P = 0.52) or PedsQL (59.5 ± 19.7 [B], 
63.5 ± 22.1 [APAP], 67.4 ± 20.5 [CPAP], P = 0.25).
Conclusion: In the pediatric population, APAP does not provide an ac-
curate pressure estimation compared to TPSG-derived pressure. APAP 
does not convey improvement in adherence over CPAP. Although PSQ 
improves with both APAP and CPAP use, APAP offers no clear benefit 
over CPAP in terms of daytime sleepiness and quality of life.
Support (If Any): Cincinnati Children’s Hospital Research Fund

1023
THE RELATIONSHIP BETWEEN POSITIVE AIRWAY 
PRESSURE (PAP) ADHERENCE AND QUALITY OF LIFE 
IN CHILDREN WITH OBSTRUCTIVE SLEEP APNEA 
SYNDROME (OSAS)
Lynch M1, Avis K 2

1University of Alabama at Birmingham Department of Psychology, 
Birmingham, AL, 2University of Alabama at Birmingham 
Department of Pediatrics, Birmingham, AL

Introduction: This study examined the quality of life (QoL) of chil-
dren with OSAS before and after PAP therapy. Research has evidenced 
improvement in children’s QoL after tonsillectomy & adenoidectomy 
procedures for treatment of OSAS, however exploration of the impact 
of PAP treatment on QoL is minimal.
Methods: 40 subjects with OSAS diagnosis by polysomnography were 
evaluated at diagnosis and after 3 months of PAP therapy. Measures 
included: Obstructive Sleep Apnea-18 scores, measuring impact of 
OSAS on QoL and PAP adherence at 3 months. 20 participants com-
pleted the study. No significant differences were found between the 
participants who did and did not return for follow up on demographic, 
pre-PAP polysomnography, or paper measures.
Results: OSA-18 total QoL scores were significantly improved with 
the use of PAP [t(19) = 9.147, p < 0.001). Change in QoL and PAP 
adherence were significantly correlated (r = 0.597, p < 0.01). Indi-
viduals adherent with PAP therapy greater than 4 hours a night had 
significantly greater change in QOL than those who were less adherent 
(F(1,16) = 5.150, p < 0.05). Age and BMI were significant predictors of 
compliance (chi-square(2) = 7.377, p < 0.05). With a 1 unit increase in 
age, the odds of adherence decrease by 9%. Additionally, for each unit 
increase in BMI, the odds of adherence decrease by 12.3%.
Conclusion: Children with OSAS adherent with PAP showed improve-
ments in QoL. This increase in QoL positively correlated with greater 
adherence to therapy with a significant difference between the partici-
pants using at least 4 hours and those who did not. Increasing age and 
BMI were related to decreased adherence. Research has shown sur-
gical treatments for OSAS result in improved QoL in children. This 
study provides support for the use of PAP therapy and its usefulness 
in improving QoL.
Support (If Any): In part by Resmed Foundation

1024
EFFECT OF POSITIVE AIRWAY PRESSURE (PAP) 
THERAPY IN CHILDREN WITH OSAS: DOES PAP USE 
REDUCE PEDESTRIAN INJURY RISK?
Avis KT1, Gamble KL2, Schwebel DC3

1University of Alabama at Birmingham Department of Pediatrics, 
Birmingham, AL, 2University of Alabama at Birmingham 
Department of Psychiatry, Birmingham, AL, 3University of Alabama 
at Birmingham Department of Psychology, Birmingham, AL

Introduction: Studies document that treatment with Positive Airway 
Pressure (PAP) therapy in adults with OSAS reduces injury risk. How-
ever, the effect of PAP therapy on children’s injury risk is unknown. 
One notable domain where adults treated with PAP have reduced in-
jury risk is motor vehicle crashes. Among children, diminished cogni-
tive capacity is more prominent when engaged in traffic as pedestrians 
rather than drivers. Thus, we evaluated children’s pedestrian injury 
risk in a virtual reality pedestrian environment (VRPE). We hypoth-
esized children with OSAS would have greater number of hits with a 
virtual vehicle when untreated than when treated with PAP therapy.
Methods: 23 children with OSAS between the ages of 8 and 16 upon 
diagnosis by polysomnography were enrolled. Children participated 
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in the VRPE, which is validated as an accurate measure of real-world 
pedestrian behavior, upon diagnosis and again after 3 months of PAP 
therapy. Children underwent sleep studies at both timepoints. 10 chil-
dren were non-adherent and 13 children were adherent with PAP at 3 
months, as verified by machine downloads.
Results: Children with OSAS treated with PAP therapy had a signifi-
cant reduction in number of hits (p = 0.038) by a simulated vehicle in 
the VRPE. 87.5% of children adherent with PAP had a reduction in hits, 
while only 12.5% of children non-adherent to PAP had a reduction in 
number of hits. Among other aspects of pedestrian behavior, PAP ther-
apy also significantly improved time to contact with oncoming traffic 
(t = −2.94, p = 0.01) but, as expected, no significant differences were 
found on attention to traffic (t = −0.50, p = 0.63).
Conclusion: The study provides initial evidence that PAP therapy re-
duces children’s pedestrian injury risk. The study offers a unique, real-
world study of the consequences of pediatric OSAS and evaluates a 
potential applied benefit of this medically-based treatment.
Support (If Any): RESMED Foundation

1025
HIGH-FLOW AIR VIA NASAL CANNULA TREATS 
OBSTRUCTIVE SLEEP APNEA IN CPAP-INTOLERANT 
CHILDREN
Hawkins SM, Huston SR, Halbower AC
Division of Pediatric Pulmonology, Department of Pediatrics, 
University of Colorado School of Medicine, Aurora, CO

Introduction: Obstructive sleep apnea (OSA) is characterized by 
partial or complete cessation of airflow during sleep. Pediatric OSA 
is common and comorbid with cardiovascular, neurodevelopmental, 
behavioral, and growth sequelae reported. Continuous positive airway 
pressure (CPAP) therapy is often considered for persistent OSA despite 
adenotonsillectomy, though non-adherence is common and an obstacle 
to prevention of morbidity. The use of high-flow, heated, humidified air 
via an open nasal cannula (HFNC) may be more tolerable and has been 
demonstrated to treat OSA in adults and neonates, but data regarding 
treatment in school-age children is scant. We present preliminary data 
of the efficacy of HFNC in children with CPAP intolerance.
Methods: Following approval from our local institutional review 
board (COMIRB#13-2469), we enrolled a convenience sample of pedi-
atric patients with OSA diagnosed on polysomnogram by obstructive 
apnea-hypopnea index (OAHI) of greater than 1/h. Respiratory pa-
rameters obtained during polysomnography while undergoing HFNC 
treatment were compared to diagnostic polysomnography data by Stu-
dent’s paired t-test.
Results: Four patients aged 4.1 to 9.3 y, with moderate to severe OSA 
(diagnostic OAHI of 9.4, 8.5, 10.8, and 19.1/h; mean 12.0/h) were 
treated with therapeutic HFNC ranging from 10 to 20 liters per minute. 
Underlying diagnoses were of severe cerebral palsy, hereditary osteo-
dystrophy, trisomy 21, and VACTERL association. The OAHI was re-
duced to 2.5, 2.2, 2, and 2/h, respectively (mean 2.2/h, p = 0.007).
Conclusion: Our study suggests that HFNC is an effective therapy 
for moderate to severe OSA in CPAP-intolerant children. We plan to 
evaluate additional patients and to follow these patients prospectively 
to determine whether measures of behavior, mood, and sleep quality 
improve following initiation of HFNC therapy. We speculate that the 
partial obstruction (hypopnea) predominant nature of pediatric OSA 
lends itself to therapeutic response to HFNC and that this response may 
be explained by increased upper airway tone.
Support (If Any): This study is supported by the Department of Pe-
diatrics at Children’s Hospital Colorado. Fisher & Paykel provided an 
Airvo2 high-flow air delivery device for clinical use.

1026
MIDFACIAL AND DENTAL CHANGES ASSOCIATED 
WITH POSITIVE AIRWAY PRESSURE IN CHILDREN 
AND ADOLESCENTS WITH SLEEP-DISORDERED 
BREATHING
Roberts SD, Kapadia H, Chen M, Greenlee G
Seattle Children’s Hospital, Seattle, WA

Introduction: Positive Airway Pressure (PAP) for treatment of pediat-
ric Sleep Disordered Breathing (SDB) is a widespread therapy that cur-
rently lacks longitudinal data describing how mask pressure impacts 
the developing facial skeleton. Early reports describe a possible causal 
association between PAP usage and midface retrusion, but limited 
outcome reports and lack of established correlative assessment tools 
highlight the need for systematic research. This study aimed to exam-
ine differences in midfacial growth between pediatric subjects with 
underlying craniofacial diagnoses that were prescribed PAP for SDB 
and were compliant vs. non-compliant with therapy, and to explore cor-
relations between demographic, medical, and sleep variables with rate 
of annual facial change.
Methods: In this retrospective cohort study, Craniofacial Center and 
Sleep Disorders Center records were reviewed to identify patients who 
were prescribed PAP for SDB diagnosed by polysomnograph, and who 
had serial cephalographic images obtained as part of routine clinical 
care for concomitant craniofacial diagnosis. Lateral cephalometric 
analysis was used to determine mean annual change in midfacial struc-
tures from T1 to T2 in compliant vs. noncompliant subjects.
Results: Overall compliance of 45.2% was observed in the initial sub-
ject population. After applying exclusion criteria, 50 subjects (28 male, 
22 female; mean age, 10.42) were compliant with PAP therapy (> 20 
hour/wk., > 6 months) for an average of 2.57 years. 50 non-compliant 
subjects (29 male, 21 female; mean age, 8.53) comprised the control 
group. Compliant subjects experienced negative mean annual change 
for all midface measurements compared to non-compliant subjects 
(SNA: −0.57° vs. 0.56°; ANS-PNS: −0.41 mm vs. 0.95 mm; SN-PP: 

−1.15° vs. 0.09°; A-SN’: 0.40 mm vs. 1.56 mm; A-SN’perp: −0.41 mm 
vs. 0.8 mm), and positive change in maxillary incisor measurements 
(U1-SN: 2.41° vs. −0.51°; U1-PP: 0.10° vs. −0.47°).
Conclusion: Pressure to the midface from compliant PAP use may 
hinder normal facial growth, resulting in maxillary retrusion, coun-
terclockwise tipping of the palatal plane, and flaring of the maxillary 
incisors.

1027
MANDIBULAR ADVANCEMENT APPLIANCES FOR THE 
TREATMENT OF PEDIATRIC OBSTRUCTIVE SLEEP 
APNEA: A SYSTEMATIC REVIEW
Nazarali N1, Altalibi M1, Nazarali S2, Major MP1, Major PM1, Flores-
Mir C1

1University of Alberta, Edmonton, AB, Canada, 2McMaster 
University, Hamilton, ON, Canada

Introduction: Pediatric obstructive sleep apnea (POSA) has been as-
sociated with craniofacial abnormalities including mandibular retrog-
nathism. Numerous orthodontic treatment modalities that have been 
suggested to reduce symptoms of POSA, and, at the same time, im-
prove the associated craniofacial abnormalities. The objective of this 
study is to evaluate the effectiveness of mandibular advancement ap-
pliances (MAAs) for treatment of POSA.
Methods: A systematic search of several electronic databases (PubMed, 
EMBASE (OvidSP), MEDLINE (OvidSP), Healthstar (OvidSP)), lim-
ited grey literature, and manual searches was completed with the help 
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of a health sciences librarian. Studies evaluating the effects of MAAs 
in children with OSA were sought.
Results: A total of 71 original articles were identified from the search-
es. Once selection criteria were applied, only 4 articles satisfied all in-
clusion criteria. Only one study was a quasi-randomized clinical trial. 
The remaining studies were of retrospective nature. All the included 
studies had high risk of bias. Absence of control groups and small sam-
ple sizes were the most limiting characteristics across selected studies. 
The limited available evidence may be suggestive that MAAs result 
in improvements in AHI scores; however they do not normalize AHI 
scores. A meta-analysis was not possible due to the heterogeneity in 
study designs and collected information.
Conclusion: Based on current limited evidence, it is questionable to 
strongly imply that MMAs are effective to treat POSA. There are sig-
nificant weaknesses in the existing evidence due primarily to absence 
of control groups, small sample sizes, lack of randomization and short-
term results.

1028
MAXILLARY EXPANSION FOR THE TREATMENT 
OF PEDIATRIC OBSTRUCTIVE SLEEP APNEA: A 
SYSTEMATIC REVIEW
Major MP1, Pliska BT 2, Saltaji HH1, Alsufyani N1, El-Hakim H1, 
MacLean J1, Witmans M1, Major PM1, Flores-Mir C1

1University of Alberta, Edmonton, AB, Canada, 2University of British 
Columbia, Vancouver, BC, Canada

Introduction: Maxillary expansion (ME) is a relatively common orth-
odontic treatment. Some studies have claimed that ME procedures do 
improve some sleep parameters in pediatric patients with obstructive 
sleep apnea (OSA).
Methods: A systematic search of five electronic databases, available 
grey literature, and manual searches were performed following PRIS-
MA guidelines. Studies evaluating ME in OSA children age 3–16 with 
before and after polysomnography (PSG) were included.
Results: Seven studies in eight publications met the inclusion criteria. 
Methodologic quality of these included studies ranged from poor to 
good. Small sample size, absence of control groups, and variable PSG 
methods not conforming to AASM guidelines were common weak-
nesses. Most included subjects had mild to moderate POSA, and all 
had maxillary constriction. All studies employed rapid ME (RME) and 
demonstrated mild to moderate improvements in apnea-hypopnea in-
dex (AHI) or respiratory distress index (RDI). For children with com-
bined maxillary constriction and adenoid hypertrophy, RME appeared 
equally effective as adeno-tonsillectomy (A&T). Subjects responded 
more favorably to combined RME plus A&T than either individual 
therapy.
Conclusion: Based on currently available evidence, RME in children 
with OSA resulted in mild to moderate improvements in AHI and RDI, 
but appeared to be more effective when combined with A&T. For chil-
dren with adenoid/tonsil hypertrophy and concurrent maxillary con-
striction, combined RME and AT therapy may be recommended.

1029
PREDICTORS OF OBTAINING PREOPERATIVE 
POLYSOMNOGRAPHY AMONG PEDIATRIC 
TONSILLECTOMY PATIENTS AND ITS RELATIONSHIP 
WITH PERIOPERATIVE MANAGEMENT
Lam DJ1, O’Neill E1, Shea SA1, Smith TL1, Weaver EM2

1Oregon Health and Science University, Portland, OR, 2University of 
Washington, Seattle, WA

Introduction: Several guidelines offer conflicting recommendations 
regarding who should undergo preoperative polysomnography when 
considering adenotonsillectomy for treatment of pediatric obstructive 
sleep apnea. The objectives of this study were to 1) determine predic-
tors for obtaining polysomnography (PSG) before tonsillectomy in a 
tertiary care children’s hospital, 2) assess whether preoperative PSG 
affected the likelihood of overnight observation and respiratory inter-
ventions.
Methods: This was a retrospective cohort study of patients aged 0–18 
who underwent tonsillectomy from Sept 2011–Sept 2012. Potential pre-
dictors of PSG and perioperative outcomes included age, gender, insur-
ance type, income quartile, obesity, neurologic condition, craniofacial 
anomaly, and syndromic diagnosis. Outcomes included need for peri-
operative respiratory interventions (oxygen supplementation for > 30 
minutes, nasopharyngeal airway, or unplanned ICU admission). Mul-
tivariable logistic regression was used to test the independent associa-
tions between potential predictors and outcomes of interest.
Results: 172 (38%) of 455 patients in the cohort had preoperative 
PSG with a mean AHI 11.2 (SD 13.7). In multivariable analysis, pre-
operative PSG was significantly associated with age < 3 yrs (OR 2.3), 
Medicaid insurance (OR 2.1), and having a syndromic diagnosis (OR 
2.3). 130 (29%) pts were observed overnight. Perioperative respiratory 
interventions occurred in 27% (47/173) with and 21%(60/282) without 
preoperative PSG (p = 0.17). The need for respiratory intervention was 
associated with age < 3 yrs (OR 2.5), obesity (OR 1.8), and neuromus-
cular disorder (OR 4.6) but not preoperative PSG (OR 0.99). In patients 
with preoperative PSG, overnight observation was associated with age 
10 (OR 37.7).
Conclusion: Despite strong associations between high-risk comorbidi-
ties and pre-tonsillectomy PSG, having this test was not independently 
associated with the need for perioperative respiratory intervention. 
Pre-tonsillectomy PSG does influence the decision to observe over-
night, but may not impact other perioperative outcomes.

1030
IMPACT OF SLEEP DISORDERED BREATHING ON 
OPERATIVE OUTCOMES OF CHILDREN FOLLOWING 
ADENOTONSILLECTOMY: ANALYSIS FROM THE 
MARKETSCAN DATABASE
Mokhlesi B, Choi BH, Gozal D, Baroody F, Bhattacharjee R
University of Chicago, Chicago, IL

Introduction: Adenotonsillectomy (AT) is the second most common 
surgical procedure in children. The high incidence of AT is secondary 
to a heightened awareness and recognition of sleep disordered breath-
ing (SDB) in children. SDB has been shown to pose an operative risk in 
adults, however little is understood whether SDB specifically confers a 
greater operative risk in children undergoing AT.
Methods: The Marketscan Database provides access to all children 
with privatized health insurance and identifies outcomes using specific 
diagnostic billing codes. All children undergoing AT from 2003–2012 
were identified. Using diagnostic codes, children were stratified into 
three groups: (1) SDB codes (excluding recurrent infection (RI) or ad-
enotonsillar hypertrophy (ATH) codes) (2) RI codes (excluding SDB or 
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ATH codes) (3) ATH codes (excluding SDB codes but inclusive of RI 
codes). Outcomes of overnight admissions to hospital, readmission to 
hospital within 31 days, admitting diagnosis and doctors visits within 
31 days will be examined.
Results: From 2003–2012, 91,988 ATs in children with SDB codes, 
99017 ATs with ATH codes, and 95,671 ATs with RI codes were 
performed. In total, 2399 (2.61%) of SDB children, compared to 699 
(0.71%) of ATH children and 353 (0.37%) of RI children (p < 0.0001) 
required admission following AT. SDB children had 2245 total inpa-
tient days in hospital, compared to 643 inpatient days in ATH children, 
and 326 inpatient days in RI children (p < 0.0001) following surgery. 
Readmission to hospital was also greater in SDB children compared 
to ATH and RI (1.41% vs. 0.97% and 0.91%, respectively, p < 0.0001).
Conclusion: In a database of privately insured children, SDB was as-
sociated with a higher frequency of admission, longer duration of ad-
mission, and higher frequency of readmission to hospital following AT, 
compared to ATH or RI. The evidence suggests an association that 
SDB in children confers a higher operative risk than other common 
indications for AT.
Support (If Any): RB is supported by AHA #13SDG14780079
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POSTERIOR MIDLINE GLOSSECTOMY FOR 
TREATMENT OF POST-ADENOTONSILLECTOMY 
OBSTRUCTIVE SLEEP APNEA IN CHILDREN WITH 
DOWN SYNDROME
Heubi CH1, Meinzen-Derr J1, Clark SL2, Lam D3, Shott SR1

1Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, 
2Children’s ENT Center, Austin, TX, 3Oregon Health and Science 
University, Portland, OR

Introduction: Persistent obstructive sleep apnea (OSA) after adeno-
tonsillectomy (T&A) in children with Down syndrome (DS) occurs in 
almost 50% and may involve multiple levels of obstruction. We hy-
pothesize that Posterior Midline Glossectomy (PMG) effectively treats 
persistent OSA in patients with DS who have base of tongue obstruc-
tion. This study evaluates the success of the PMG in children with DS 
and identifies risk factors for failure.
Methods: Retrospective chart review of children with Down syndrome 
who had previously undergone T&A with persistent OSA at a tertiary 
care facility. Persistent obstruction at the level of the base of tongue 
was identified by sleep cine MRI’s. All patients underwent PMG by the 
senior author and underwent pre and post-operative polysomnographs 
(PSG). Changes in apnea-hypopnea index (AHI) pre and post-surgery 
were tested using a paired t-test, and logistic regression was used to 
determine factors associated with failure.
Results: Thirty subjects were included in the analysis. Mean age at 
time of PMG was 10.3 ± 10 years; 30% were female, 73% were Cauca-
sian. Mean BMI was 24.4 ± 34.3. The mean AHI pre-operatively was 
8.9 ± 43.7 events per hour, and the mean post-operative AHI was 5.8 ± 
26.6 (p = 0.01). Using an AHI < 6 and SpO2 ≥ 90% for 98% of the PSG 
as criteria for surgical success, 43% of patients were deemed surgical 
successes. BMI and age at time of PMG correlated with surgical failure, 
OR 2.57 and 1.22, respectively. BMI percentile and non-White race did 
not correlate with surgical failure.
Conclusion: PMG is an effective treatment for specific patient popu-
lations, including children with Down syndrome with persistent OSA 
after T&A who have base of tongue obstruction. Surgical success is 
likely related to reduction of tongue volume and increased fibrosis at 
the base of the tongue. Increasing age and obesity are risk factors for 
failure after PMG in this population.

1032
EATING SELF-EFFICACY, SUGARY BEVERAGE 
INTAKE, AND HEALTHY EATING AS CORRELATES 
OF SLEEP DURATION AND REGULARITY FOR 
ADOLESCENTS WITH OBESITY
Ievers-Landis CE1, Kneifel A1, Giesel J1, Jiang P2, Narasimhan S1, 
Uli N1, O’Riordan M1

1University Hospitals Case Medical Center, Cleveland, OH, 2Case 
Western Reserve University School of Medicine, Cleveland, OH

Introduction: Sleep duration and regularity are associated with weight 
status in pediatric populations, even among adolescents who are obese. 
Less is known about which behavioral nutrition/dietary intake vari-
ables relate to sleep in this population. Identifying sleep and behav-
ioral nutrition/dietary intake associations could assist in determining 
the role of behavioral sleep medicine interventions for pediatric weight 
loss. The goal of this study was to evaluate these relationships among 
adolescents who were obese and treatment-seeking. Hypotheses were 
that shorter and more irregular sleep would relate to lower eating self-
efficacy, greater food preoccupation and sugary beverage consumption, 
and eating a less healthy diet in models adjusting for demographics and 
BMI z-scores.
Methods: Participants were adolescents being evaluated for the 
Healthy Kids, Healthy Weight treatment program and their caregivers. 
Outcomes were obtained via a validated parent-report measure of their 
children’s typical weekday and weekend sleep. Predictors included 
child-reported eating self-efficacy (20-item Weight Efficacy Lifestyle 
Questionnaire), the 5-item food preoccupation subscale from the Chil-
dren’s Eating Attitude Test, and the REAP total score (a healthy eat-
ing index). Consumption of sugary beverages was coded from food 
records/dietary recalls.
Results: The sample included 276 adolescents ages 13 to 18 years 
(M = 14.61; SD = 1.36) (64% female; 51% White) with BMI z-scores on 
average 2.41 (SD = 0.38). Significant correlations were: Greater sugary 
beverage intake (p < 0.02) and a less healthy diet (p < 0.01) were related 
to shorter sleep duration. Greater sugary beverage intake was associ-
ated with more irregular sleep for bedtime shift (p = 0.005) and wake-
time shift (p < 0.01); a less healthy diet was related to wake-time shift 
(p < 0.05). Multiple regressions predicting sleep duration/regularity 
were conducted for behavioral nutrition/dietary variables, controlling 
for demographics significant in bi-variate analyses for that outcome 
and for BMIz. In separate adjusted models, lower self-efficacy for eat-
ing behaviors (p < 0.05), drinking more servings of sugary beverages 
(p < 0.02), and having a less healthy diet (p < 0.02) were each related 
to shorter sleep duration. For irregular sleep, drinking more sugary 
beverages was related to sleep duration shift (p < 0.05).
Conclusion: For adolescents who are obese and treatment-seeking, 
having shorter and more irregular sleep is related to more difficulty 
overcoming barriers to healthy eating, drinking more sugary bever-
ages, and eating a less healthy diet. Evaluating sleep behaviors and im-
proving them with behavioral interventions should be evaluated as an 
additional weight loss strategy to promote adherence to dietary treat-
ment recommendations.
Support (If Any): Rainbow Babies & Children’s Foundation
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ACTIGRAPH-MEASURED SLEEP PARAMETERS IN 
PATAGONIAN ADOLESCENTS WITH AUTISM AND 
OTHER DISABILITIES
Chen X1, Velez J2, Gelaye B1, Barbosa C2, Pepper M2, Williams MA1

1Department of Epidemiology, Harvard School of Public Health, 
Boston, MA, 2Centro de Rehabilitación Club de Leones Cruz del Sur, 
Punta Arenas, Chile

Introduction: To characterize actigraphy-measured sleep parameters 
among adolescents with disabilities, and to examine whether adoles-
cents’ sleep parameters were associated with adolescents’ age, sex, 
disability diagnosis, caregiver-adolescent relationship, and caregiver 
education.
Methods: This cross-sectional study was conducted between April 
and July 2013 among 54 adolescents aged 13–18 years diagnosed with 
autism and other disabilities and their primary caregivers. Adolescents 
wore ActiSleep monitors for eight consecutive days, while caregivers 
completed sleep logs for adolescents. Interviewer-administered ques-
tionnaires were used to collect sociodemographic information from 
caregivers. Log-transformed sleep latency and awakening length were 
included in linear regression models. Multivariable logistic regression 
models were conducted to evaluate associations between risk factors 
and sleep parameters.
Results: The mean wake after sleep onset was 92.5 minutes (standard 
deviation [SD] = 41.9), number of awakenings 19.7 (SD = 7.2), sleep du-
ration 7.5 hours (SD = 1.2), and sleep efficiency 79.4% (SD = 8.5). The 
median sleep latency was 20.3 minutes (interquartile range [IQR] = 8.1–
40.7) and awakening length was 6.3 minutes (IQR = 4.4–9.6). 31.5% of 
adolescents had longer sleep latency ≥ 30 minutes and 33.3% had short 
sleep < 7 hours. Compared to adolescents of caregivers with higher ed-
ucation (> high school), adolescents of caregivers with low education (< 
high school) had longer sleep latency (P = 0.036) and awakening length 
(P = 0.013). Girls were less likely to have long sleep latency (odds ratio 
[OR] = 0.20; 95% confidence interval [CI] = 0.05–0.88) and short sleep 
duration < 7 hours (OR = 0.10; 95% CI = 0.02–0.53) than boys. There 
were no such significant associations for other sleep parameters. Over-
all, adolescents’ age, disability diagnosis, caregiver-child relationship, 
and caregivers’ age were not significantly associated with adolescents’ 
sleep parameters.
Conclusions: Adolescents with disabilities had long sleep latency, long 
wake after sleep onset, frequent nocturnal awakenings, short sleep, and 
poor sleep. Male adolescents and caregivers’ low education were asso-
ciated with adolescents’ sleep disturbances. These findings underscore 
the importance of developing effective sleep education interventions 
for adolescents and caregivers.
Support (If Any): This research was supported by awards from the 
National Institutes of Health (National Institute on Minority Health 
and Health Disparities: T37-MD001449; the National Center for Re-
search Resources (NCRR), the National Center for Advancing Transla-
tional Sciences (NCATS): 8UL1TR000170-05), and the Rose Traveling 
Award.
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ITEM ANALYSIS OF THE CHILDREN’S SLEEP HABITS 
QUESTIONNAIRE IN THE AUTISM SPEAKS-AUTISM 
TREATMENT NETWORK REGISTRY DATA
Shui AM1, Malow BA 2, Katz T3

1Massachusetts General Hospital, Boston, MA, 2Vanderbilt University, 
Nashville, TN, 3University of Colorado School of Medicine, Aurora, 
CO

Introduction: Sleep difficulties are a common problem in children 
with autism spectrum disorder (ASD). Parents within the Autism 
Speaks-Autism Treatment Network (AS-ATN) complete the Child 
Sleep Habits Questionnaire (CSHQ), along with a parent survey sleep 
problems question. An item analysis for reliability of the CSHQ has not 
been performed in a sample of children with ASD.
Methods: 1220 parents of children ages 2–3 and 2118 of children ages 
4–10 completed the CSHQ and parent survey forms. A Cronbach’s al-
pha item analysis was conducted on each subscale of the CSHQ by age 
group. If deletion of an item resulted in an increase in standardized 
alpha of at least 0.01, then the item was deleted from the CSHQ total 
score. Using the parent survey sleep problems question as the “gold 
standard”, receiver operating characteristics (ROC) of the shortened 
CSHQ were used to determine an optimal range of cut-points to indi-
cate sleep problems. Using these cut-points, the sensitivity, specificity, 
positive predictive value (PPV), and negative predictive value (NPV) 
of the shortened CSHQ were compared to those of the full CSHQ.
Results: ROC analysis of the shortened CSHQ indicated a range of 
cut-points from 38–42 for ages 2–3 and 38–40 for ages 4–10. Using 
these cut-points, the shortened CSHQ score improved specificity and 
PPV but worsened sensitivity and NPV. When using the cut-point that 
resulted in the smallest change in sensitivity, the changes in percentage 
points range from +26.6 to +26.8 for specificity, +10.8 to +12.0 for PPV, 

−11.9 to −17.9 for sensitivity, and −6.7 to −9.4 for NPV.
Conclusion: Comparing the shortened CSHQ to the full CSHQ, the 
total improvements in specificity and PPV are greater than the total 
losses in sensitivity and NPV. This analysis is a preliminary step for 
future work on refining the CSHQ among children with ASD.
Support (If Any): This research was conducted as part of the Autism 
Speaks Autism Treatment Network. Further support came from a co-
operative agreement (UA3 MC 11054) from the U.S. Department of 
Health and Human Services, Health Resources and Services Admin-
istration, Maternal and Child Health Research Program, to the Massa-
chusetts General Hospital. The views expressed in this publication do 
not necessarily reflect the views of Autism Speaks, Inc.

1035
BEHAVIORAL PROFILES OF CHILDHOOD-ONSET AND 
ADOLESCENCE-ONSET INSOMNIA
Mathiowetz C, Calhoun SL, Fernandez-Mendoza J, Gaines J, 
Vgontzas AN, Liao D, Bixler EO
Pennsylvania State University, Hershey, PA

Introduction: Sleep disorders have been associated with behavioral 
problems in children and adolescents. However, no study to date has 
examined the impact of insomnia on behavior while taking into ac-
count whether the disorder persisted since childhood or developed in 
adolescence.
Methods: The Penn State Child Cohort is a random sample of 700 
children aged 5–12 years (8.6 ± 1.7 y) at baseline of whom 421 (53.9% 
male) were followed-up 8 years later during adolescence (17.0 ± 2.3 y). 
Childhood-onset insomnia was defined as a parent-report of difficulty 
falling (DFA) and/or staying (DSA) asleep at baseline and self-report of 
DFA and/or DSA at follow-up, while adolescence-onset insomnia was 
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defined as a self-report of DFA and/or DSA at follow-up in the absence 
of a parent-report of DFA and/or DSA at baseline. Controls did not 
have any history of DFA or DSA either at baseline or follow-up. All 
subjects underwent a 9-h polysomnography and Child/Adult Behavior 
Check List testing at follow-up.
Results: We found a significant effect of insomnia groups on all do-
mains of behavioral functioning (p = 0.027–0.0001) after adjusting for 
sex, age, race, body mass index, and sleep disordered breathing, with 
the exception of anxious-depressed and anxious problems that were 
only marginally significant (p = 0.104 and p = 0.092, respectively). 
Specifically, both adolescent-onset and childhood-onset insomnia 
were significantly associated with externalizing behaviors (p = 0.008 
and p = 0.0001, respectively) and childhood-onset insomnia was sig-
nificantly associated with internalizing behaviors (p = 0.015), while 
adolescent-onset was only marginally associated (p = 0.096).
Conclusion: Insomnia in adolescence appears to be associated with in-
ternalizing and externalizing behavioral problems. Interestingly, child-
hood-onset insomnia is associated with higher scores in internalizing 
behaviors, which are primarily driven by somatic problems. These data 
suggest that childhood-onset insomnia may represent a more severe 
form of the disorder.
Support (If Any): NIH R01 HL63772, R01 HL97165, UL1 RR033184, 
C06 RR16499
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IMPACT OF CHILDHOOD-ONSET AND ADOLESCENCE-
ONSET INSOMNIA ON NEUROCOGNITIVE 
FUNCTIONING
Mathiowetz C, Calhoun SL, Fernandez-Mendoza J, Gaines J, 
Vgontzas AN, Liao D, Bixler EO
Pennsylvania State University, Hershey, PA

Introduction: Sleep disorders have been associated with impaired 
neurocognitive functioning in children and adolescents. However, no 
study to date has examined the impact of insomnia on neurocognition 
taking into account whether the disorder persisted since childhood or 
developed in adolescence.
Methods: The Penn State Child Cohort is a random sample of 700 
children aged 5–12 years (8.6 ± 1.7 y) at baseline of whom 421 (53.9% 
male) were followed-up 8 years later during adolescence (17.0 ± 2.3 y). 
Childhood-onset insomnia was defined as a parent-report of difficulty 
falling (DFA) and/or staying (DSA) asleep at baseline and self-report of 
DFA and/or DSA at follow-up, while adolescence-onset insomnia was 
defined as a self-report of DFA and/or DSA at follow-up in the absence 
of a parent-report of DFA and/or DSA at baseline. Controls did not 
have any history of DFA or DSA either at baseline or follow-up. All 
subjects underwent a 9-h polysomnography and neurocognitive testing 
at follow-up.
Results: We found a significant effect of insomnia groups on domains 
of general ability (p = 0.001), processing speed (p = 0.004), math 
achievement (p = 0.004), and response interference (p = 0.041), after 
adjusting for sex, age, race, body mass index, and sleep disordered 
breathing. Specifically, both adolescent-onset and childhood-onset in-
somnia were associated with impaired general ability (p = 0.033 and 
p = 0.003, respectively), while only childhood-onset insomnia was as-
sociated with impaired processing speed (p < 0.0001), math achieve-
ment (p = 0.004), and response interference (p = 0.041) as compared to 
controls. No significant differences on vigilance or working memory 
were found.
Conclusion: Insomnia in adolescence appears to be associated with 
impaired cognition. Interestingly, childhood-onset insomnia is associ-
ated with more pervasive deficits in neurocognitive functioning. These 

data suggest that childhood-onset insomnia may represent a more se-
vere form of the disorder.
Support (If Any): NIH R01 HL63772, R01 HL97165, UL1 RR033184, 
C06 RR16499

1037
SECOND-HAND SMOKE EXPOSURE, SLEEP-
DISORDERED BREATHING, AND INSOMNIA 
SYMPTOMS IN CHILDREN AND ADOLESCENTS
Honaker SM1, Shaib F2, Cash E3, Saunders T4, Jortani S3
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Introduction: Second-hand smoke (SHS) exposure has been associ-
ated with a number of sleep problems in pediatric populations, such as 
increased sleep-disordered breathing, longer sleep onset latency, and 
parasomnia. Prior investigations, however, have relied on subjective 
report of either SHS exposure or sleep variables. The current study 
uses objective measures to examine associations between SHS ex-
posure and indices of sleep patterns and sleep-disordered breathing 
(SDB).
Methods: N = 70 children and adolescents (ages 3–17) referred to a 
Pediatric Sleep Medicine Center for snoring underwent an overnight 
polysomnogram (PSG). SHS exposure was measured via urinary coti-
nine levels from a single sample collected the evening before the PSG. 
Parents completed a self-report questionnaire describing their child’s 
sleep.
Results: Participants were 62.9% male and 50% Caucasian with a 
mean age of 8.62 years (SD = 2.86), mean cotinine level of 6.00 ng/
ML (SD = 8.06), and mean obstructive apnea hypopnea index (oAHI) 
of 8.45 events per hour (SD = 13.01). After adjusting for median house-
hold income, gender and weight at the time of PSG, patients with uri-
nary cotinine levels suggestive of SHS exposure (> 10 ng/ML) had 
significantly higher mean oAHI (p < 0.01) and respiratory disturbance 
index (RDI; p < 0.01) values. Those exposed to SHS also had less total 
sleep time (p < 0.01), lower sleep efficiency (p < 0.05), and more wake 
after sleep onset (p < 0.01) during the PSG. No differences in sleep 
onset latency, sleep architecture, or parental report of parasomnia were 
found.
Conclusion: In a population of children and adolescents referred for 
snoring, those exposed to SHS had more problematic sleep indices in 
the domains of sleep-disordered breathing and insomnia symptoms. 
Disrupted sleep in youth constitutes another adverse health effect as-
sociated with SHS exposure.
Support (If Any): University of Louisville, Research Initiation Grant
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EFFECT OF INFANT SLEEP ARRANGEMENT ON SLEEP 
PATTERN, FEEDING METHODS, AND PARENTAL 
SLEEP QUALITY
Chung S1, Chu S2, Chen P1

1College of Medicine, School of Nursing, Chang Gung University, 
Taoyuan County, Taiwan, 2Department of Newborn Medicine, Chang 
Gung Memorial Hospital, Taoyuan County, Taiwan

Introduction: Different sleep arrangements in infancy might affect 
infant sleep development, feeding pattern, and parental sleep quality; 
however, the association among these is rarely studied. The aim of this 
study was to compare infant sleep pattern, feeding methods, and pa-
rental sleep quality between bed-sharing and room-sharing infants of 
1-month age.
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Methods: This is a preliminary study of one longitudinal research that 
investigates the effect of infant sleep arrangement on infant sleep, body 
weight development, parental psychological well-being, and parental 
sleep quality from birth to 2 years. Eighty-six eligible healthy moth-
er-newborn pairs were recruited during 1st week after birth, and they 
were followed for 1 month. Newborns were match paired for maternal 
age, family economic status, and gender after they were classified into 
bed-sharing (n = 40) and room-sharing (n = 46) groups based on their 
sleep arrangement reported by the parents. Parents completed a 3-day 
infant sleep-feeding diary, weighed their infant, and completed the 
Pittsburgh Sleep Quality Index (PSQI) weekly.
Results: When the infants reached their first month of age, bed-sharers 
gained more weight (+232 gm) than room-sharers. In addition, more 
bed-sharers were exclusive breastfed (100%) than the room-sharers 
(92%). Bed-sharers comparing to room-sharers showed longer sleep 
latency and longer wake time after sleep onset. In addition, bed-shares 
kept lower sleep efficiency comparing to room-sharers. Parental sleep 
quality was not associated with infant sleep arrangement.
Conclusion: Bed-sharers had a higher breastfeeding rate and gained 
more body weight than the room-sharers. However, room-sharers slept 
better than the bed-sharers. Parental sleep quality was not affected by 
infant sleep arrangement.
Support (If Any): This study was supported by Chang Gung Memo-
rial Hospital, Taiwan (CMRPD1C0481)
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POSITIVE AND NEGATIVE ROLE MODELING OF 
CHILD AND PARENT SLEEP BEHAVIORS IN PICTURE 
BOOKS
Karzmar K1, Garrison M2

1University of Washington School of Public Health, Undergraduate 
Public Health Major, Seattle, WA, 2Seattle Children’s Research 
Institute, Seattle, WA

Introduction: Children’s picture books can be a powerful tool in shap-
ing parent and child norms around bedtime and sleep. Although en-
tertaining, books may be normalizing bedtime resistance, poor sleep 
hygiene, and inconsistent limit setting.
Methods: An initial list of themes about bedtime and sleep was devel-
oped from a review of healthy and problematic bedtime and sleep be-
haviors in preschool-aged children from existing research. Using this 
list of themes, we then quantified the degree and frequency to which 
they occur in currently available children’s picture books. Books were 
reviewed by at least two trained reviewers, who met periodically to re-
view discrepancies and maintain agreement levels. Books were eligible 
for inclusion if title or keyword searches included sleep, bedtime, or 
related topics on library databases or Amazon.com. This undergradu-
ate project will review at least 50 picture books; 17 books have been 
reviewed and coded to date.
Results: Of books coded, 65% contained at least some elements of a 
bedtime routine, although 41% depicted significant bedtime resistance 
and 31% showed the child staying up considerably past the bedtime 
stated in the book. Other negative themes commonly shown included 
the child calling out to the parent after bedtime (53%), poor parent en-
forcement of limit setting at bedtime (56%), child insistence that they 
are not tired (76%), and night wakings (23%). On the other hand, posi-
tive themes were also shown, including having calming activities as 
part of the bedtime routine (18%), using self-soothing or relaxation 
skills to help the child fall asleep (18%), and making a point of feeling 
refreshed or more ready for fun in the morning after a good night’s 
sleep (12%). Overall, there was a trend towards a greater proportion of 
pages depicting negative sleep behaviors (46% of the book, on average) 
than positive (34%).

Conclusion: Although valuable examples were observed of positive 
parent and child role modeling, negative bedtime and sleep behaviors 
were very common. This may contribute to parent and child norms and 
expectations about bedtime and sleep, especially when picture books 
like these are read to the child as part of the bedtime routine. Among 
families struggling with bedtime resistance, it may be advisable to 
search out books with positive presentations of bedtime and sleep be-
haviors. Future research will address whether picture book selection is 
associated with differences in parent and child attitudes and behaviors 
around bedtime and sleep.

1040
AN IPHONE APPLICATION FOR YOUNG CHILDREN’S 
SLEEP: CAREGIVERS’ CONCERNS
Puzino K1, Mindell JA 2, Leichman ES3, Walters R4, Bhullar B5

1Lehigh University, Bethlehem, PA, 2Saint Joseph’s University, 
Philadelphia, PA, 3Kennedy Krieger Institute, Baltimore, MD, 
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Introduction: The aim of this study was to assess the types of ques-
tions asked through an Ask the Expert feature of a smartphone appli-
cation for sleep in infants and toddlers and their relationship to sleep 
patterns.
Methods: Data were collected from 21 users of a free publicly-avail-
able smartphone app who (1) logged data for a minimum of 450 sleep 
sessions and (2) asked a question via an Ask the Expert feature. This 
study was IRB approved and all users provided consent.
Results: Of these 21 users, 15 had children who were identified as con-
solidated sleepers (71.4%) and 6 were not consolidated (28.6%). There 
was no difference in median child age (130 vs 118 days) at the time 
of the initial question or in number of total questions asked (2.7 vs 
2.8 questions). However, there were differences in types of questions 
asked, with users of children whose sleep was not consolidated being 
much more likely to ask questions regarding nightwakings (27% vs 
67%) and more likely to indicate that they believed that their child had 
a sleep problem (47% vs 100%). In contrast, the caregivers of consoli-
dated sleepers were more likely to ask questions about naps, sleep on-
set, and sleep safety.
Conclusion: Overall, these preliminary results indicate that caregivers 
seem to appropriately identify when their child has a sleep problem 
and seek advice for such issues. Caregivers of children whose sleep 
had not yet consolidated are much more likely to ask questions about 
night wakings, whereas caregivers of children whose sleep had already 
consolidated are much more likely to ask about other issues, such as 
naps and sleep safety. These findings indicate that parents appear to 
seek appropriate sleep-related advice and are willing to do so through 
an accessible means of obtaining information.
Support (If Any): This study was supported by Johnson & Johnson 
Consumer Products Company, Division of Johnson & Johnson Con-
sumer Companies, Inc.

1041
SLEEP IN CHILDREN RAISED BY GRANDPARENTS 
COMPARED TO OTHER FAMILY STRUCTURES: 
ANALYSIS OF FACES SURVEY
Pandey A1, Littlewood K 2, Cooper L3, Vu S2

1SUNY Downstate Medical Center, Brooklyn, NY, 2East Carolina 
University, Greenville, NC, 3The Children’s Home, Inc., Tampa, FL

Introduction: One in ten grandparents live with their grandchildren. 1 
in 11 children and 1 in 5 black children live with a grandparent or other 
relative at some point before age 18, little is known about these children 
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and how they compare to children raised in other settings, particularly 
about their sleep behavior. This study uses a nationally representative 
dataset to examine a sleep profile for children raised by grandparents.
Methods: 2009 Head Start Family and Child Experiences Survey 
(FACES), (mean age: 3.6 ± 0.6 years; 47% boys) a periodic, ongoing 
longitudinal study of program performance with successive nationally 
representative samples of Head Start children was investigated. Subset 
of 328 child-level cases was created by stratifying subjects into four 
groups (82 in each group) based on family structure including: mother 
and father, biological mother only, biological mother with non-biolog-
ical father, and grandparent headed households and randomized into 
groups. Descriptive statistics and one-way between subjects ANOVA 
were conducted to compare means.
Results: Children slept an average of 10.4 ± 0.9 hours. Among the 
children raised by grandparents, 94% have regular bedtime at least 4 
weekdays in past week, most sleep (66%) 10–11 hours per night, 22% 
seem sleepy or tired in class, 23% wake up at night at least once, 46% 
have restless sleep, 10% do not wake up full of energy. Grandparent 
caregivers were more likely than other parents or caregivers to report 
that their children have a safe place to sleep at night [F(3,323) = 3.67, 
p = 0.01]. Children raised by grandparents were more likely to appear 
very restless and fidgety during the daytime [F(3,283) = 3.82, p = 0.01] 
and less likely to wake up full of energy than children raised by biologi-
cal mothers only [F(3,323) = 2.98, p = 0.03].
Conclusion: Limited information exists about children raised by 
grandparents, these results suggest children raised by grandparents 
have restless sleep, despite maintaining a regular bedtime. More re-
search is needed to better understand sleep behavior and develop inter-
ventions specifically for grandparents to promote healthy sleep for the 
children in their care.
Support (If Any): Office of Planning, Research and Evaluation, Ad-
ministration for Children and Families, U.S. Department of Health and 
Human Services, US Administration on Children and Families, Chil-
dren’s Bureau Juvenile Welfare Board of Pinellas County, FL, Chil-
dren’s Home, Inc., Tampa, FL, PCORI (1IP2 PI000781)

1042
SLEEP ONSET DIFFICULTIES IN CHILDREN LIVING 
WITH NEGLECT ARE LINKED TO MATERNAL’S 
EMOTIONAL NEGLECT AND DEPRESSION SYMPTOMS
Mercier K, Bérubé A, Coutu S, Dubeau D, Forest G
Université du Québec en Outaouais, Gatineau, QC, Canada

Introduction: Previous research has indicated the parent-child rela-
tionship and parenting quality to be important modulators of children’s 
sleep. Considering that parenting stress is an important predictor of ne-
glect, and that parenting impacts on children’s sleep in neglect context 
have never been studied, this study examines the relationship between 
sleep problems of children living with neglect and various parental 
variables.
Methods: Participants were 43 mothers (from 20 to 43 years old) 
and one of their children, aged from 12 to 59 months, taking part in 
a national government parental neglect intervention program. Moth-
ers completed questionnaires on their level of parenting stress (PSI), 
depression symptoms and their child’s sleep habits. An observational 
measure of parental emotional neglect was also completed. Multiple 
linear regression analyses were performed to examine child’s sleep on-
set difficulties’ association with parenting stress, depression symptoms 
of the mother and the level of emotional neglect.
Results: Children’s sleep onset difficulties showed significant corre-
lations with the PSI parent-child dysfunctional interaction subscale 
(r = −0.31*), PSI difficult child subscale (r = −0.25*), depression symp-
toms (r = 0.26*) and emotional neglect (r = 0.33*). Stepwise multiple 

linear regression modeling demonstrated mothers’ depression symp-
toms and emotional neglect explained together 17.1% of sleep difficul-
ties in children living with neglect (p = 0.03). Emotional neglect was 
the largest predictor (β = 0.39*), followed by depression (β = 0.32*). 
However, parenting stress was not a significant predictor in the model. 
Further analyses indicated that children’s sleep onset difficulties were 
not a predictor of the parenting stress either.
Conclusion: Those results highlight the importance of targeting emo-
tional neglect and mothers’ depression symptoms in addition to parent-
ing stress, which is usually the main objective in neglect intervention 
programs, when trying to protect children’s sleep. In light of our results, 
the potential and risks of developing long term sleep problems in chil-
dren living with neglect need to be addressed.
Support (If Any): This research was supported by the Ministère de la 
Santé et des Services sociaux du Québec.

1043
SLEEP WELL!: IMPROVING SLEEP OF 
DISADVANTAGED CHILDREN
Mindell J1, Sedmak R 2, Boyle JT1, Butler R1

1Saint Joseph’s University, Philadelphia, PA, 2Beds for Kids, 
Philadelphia, PA

Introduction: The aim of this study was to assess the efficacy of the 
Sleep Well! Project, a simple 3-message parent-based sleep health edu-
cation endeavor that supplemented the Beds for Kids program, a pro-
gram that provides beds to disadvantaged children.
Methods: 77 families of children (ages 2–12 years; mean age = 5.62; 43 
boys) were randomly assigned to a sleep education (3 messages: bed-
time before 9:00; no caffeine; keep electronics out of the bedroom) or 
control (dental hygiene education) group. All education was provided 
at the time of delivery of a bed to each child. Sleep data were collected 
at baseline and at 1-month follow-up.
Results: Provision of beds was found to significantly reduce technol-
ogy in the bedroom for all children (baseline: 1.71 items control; 1.95 
items intervention) but more so for those who received sleep education 
(follow-up: 1.29 items vs 0.74 items), P = 0.003. Although not signifi-
cant, there was a reduction of 0.46 caffeinated beverages in the inter-
vention group, with an increase of 0.05 drinks in the control group, 
P = 0.126. No change was observed in bedtimes, which may have been 
the result of early bedtimes at baseline (9:12 control, 8:54 intervention), 
P = 0.624. Furthermore, a trend was observed for an increase in total 
sleep time from baseline (9.85 hours) to follow-up (10.21) for all partici-
pants, P = 0.055, with no group differences, P = 0.670.
Conclusion: A simple parent-based 3-message educational program 
resulted in significant reductions in electronics in the bedroom for 
disadvantaged children. Although not significant, there was also a re-
duction of half a caffeinated beverage following sleep education. No 
change in bedtime was observed, although this may be the result of 
already early bedtimes at baseline. Finally, it should be noted that there 
was an overall increase of 22 minutes in total sleep time and decrease 
of electronics in the bedroom for all children, which may be a result of 
the provision of beds for these disadvantaged children.
Support (If Any): This study was supported by the non-profit organi-
zation Beds for Kids.
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1044
RELATIONSHIPS AND MECHANISMS BETWEEN PRE-
BEDTIME BEHAVIORS AND ACTIGRAPHY MEASURED 
SLEEP IN ADOLESCENTS
Harbard E1, Allen NB2, Trinder J3, Bei B1

1Monash University, Melbourne, Australia, 2University of Oregon, 
Eugene, OR, 3University of Melbourne, Melbourne, Australia

Introduction: Computer and technology use before bedtime is associ-
ated with poorer and shorter sleep in adolescents. However, little is 
known about non-technology related behaviors like school-work. This 
study characterised both adolescent’s technology and non-technology 
related behaviours in the hour before bed (i.e., pre-bedtime behaviors; 
PBB) and examined their relationship with sleep timing, duration and 
onset latency. Pre-sleep arousal was examined as a mediator of the rela-
tionships between technological PBBs and sleep onset latency.
Methods: During the last week of a school-term and throughout a two-
week vacation, 146 adolescents (47.26% male, age M ± SD = 16.2 ± 1.0 
years) from the general community wore actigraphs continuously, which 
measured bedtime, risetime, sleep duration and sleep onset latency. 
During school and vacation periods participants completed a Pre-bed-
time Behaviour Questionnaire that assessed the frequency of weekly 
engagement in PBBs, Morningness-Eveningness Questionnaire that 
assessed chronotype and the Pre-Sleep Arousal Scale that assessed 
cognitive pre-sleep arousal.
Results: During school and vacation periods, adolescents engaged in a 
range of technological and non-technological PBBs that shared varying 
relationships with sleep outcomes. Notably, playing video-games was 
associated with significantly later school-term and vacation bedtime 
(controlling for chronotype), and shorter school-term sleep duration. 
During vacation, online social-media behaviors were significantly as-
sociated with longer SOL, and this relationship was mediated by higher 
cognitive pre-sleep arousal. In contrast, during the school term spend-
ing time with family related to significantly earlier bedtime and longer 
sleep duration.
Conclusion: Some pre-sleep behaviors were associated with adoles-
cents’ sleep timing, duration, and onset latency. Playing video-games 
might delay bedtime and has the potential to shorten sleep duration 
when sleep opportunity is constrained. In the context of relatively 
unconstrained sleep opportunity and lowered sleep drive, the use of 
online social media might increase sleep onset latency via increased 
pre-sleep arousal. Conversely spending time with family may encour-
age an earlier bedtime and longer sleep duration. Findings in this study 
help better understand not just whether but also how PBBs relate to ad-
olescents’ sleep and have practical implications for adolescents’ health 
and wellbeing.

1045
IMPACT OF TECHNOLOGY USE BEFORE SLEEP ON 
DAYTIME FUNCTION IN ADOLESCENCE
Johansson AE, Petrisko MA, Casens ER
University of Pittsburgh School of Nursing, Pittsburgh, PA

Introduction: Particularly among adolescents, technology (cell 
phones, computers, and video games), has become pervasive in Ameri-
can culture. The purpose of this study is to examine associations be-
tween the use of technology, nighttime sleep, and daytime function in 
adolescents.
Methods: This study is a secondary analysis of a subsample of respon-
dents ages 13 to 21 years from the 2010 National Sleep Foundation’s 
Sleep in America Poll. The survey includes questions on demographics, 
sleep duration, frequency of waking unrefreshed, daytime sleepiness 
(questions from the Epworth Sleepiness Scale [ESS]), and frequency 

of technology use during the hour before bedtime. Descriptive and in-
ferential statistics were performed. Statistical significance was set at 
p < 0.05.
Results: Adolescents (N = 259, 17.1 ± 2.6-years, 52% male, 32% mi-
nority) had a mean sleep duration of 7.7 hours ± 1.2 (range: 2.9–11.9); 
60% report 8+ hours a night required to “function at best.” There was 
no statistical difference in sleep duration by gender; Those under age 
16 had an average of 30 minutes more nighttime sleep. Use of technol-
ogy before bedtime was almost universal; Social media, internet, and/
or texting nightly/almost every night were done by > 50% of the sample. 
Females were more likely to text message; Males more likely to play 
video games (p values < 0.05). Frequent use of technology (internet, 
social media, games with crude humor and/or violence, videos on 
mobile devices) was significantly associated with increased daytime 
sleepiness (p values < 0.05). Less than 10% of adolescents turn off their 
cellphone at night; Almost 30% report they were awaken a “few nights 
a week” to “every night” with phone calls/text messages and/or emails. 
The frequency of being awoken by a cell phone was associated with in-
creased daytime sleepiness and waking unrefreshed (p values < 0.05).
Conclusion: Use of technology before sleep, ubiquitous among Ameri-
can adolescents, may have negative consequences on nighttime sleep 
and next day function.
Support (If Any): T32NR009759

1046
INFLAMMATION AND VASCULAR STIFFNESS IN 
CHILDREN WITH OBSTRUCTIVE SLEEP APNEA
Smith DF, Ishman SL, Wang Y, Zhang N, Amin RS
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH

Introduction: The cardiovascular outcomes of obstructive sleep ap-
nea (OSA) in children are not clearly defined as they are in adults. We 
hypothesize that children with OSA have a systemic inflammatory re-
sponse coupled to vascular stiffness. The aim of this study was to com-
pare, in children with OSA and healthy controls, plasma levels of CD40 
ligand (CD40L), adiponectin and IL-6, and measure their relationship 
to pulse wave velocities (PWV), a marker for vessel stiffness.
Methods: Prospective cohort study at an academic tertiary care center. 
Children with OSA and healthy matched controls (age, BMI, gender) 
aged 5–13 years were recruited. Plasma samples, blood pressures and 
PWV were obtained both before and after an overnight polysomno-
gram.
Results: 85 children with OSA and 105 controls were recruited. Chil-
dren with OSA were more likely to be older (p = 0.01), obese (p = 0.02) 
and African American (p = 0.0006). Morning adiponectin levels were 
lower in OSA patients compared to controls (p = 0.04), and adiponectin 
negatively correlated with PWV (p = 0.02). While there were no group 
differences in pm or am IL-6 levels, IL-6 positively correlated with 
PWV (p = 0.03). Serum CD40L was significantly higher in OSA versus 
control patients in the pm (p ≤ 0.0001) and am (p ≤ 0.0001) but did not 
correlate with PWV. There was no significant difference in PWV be-
tween control and OSA patients (345.5 versus 338.1, p = 0.10).
Conclusion: IL-6 and adiponectin were associated with increased ves-
sel stiffness in children with OSA. While CD40L, a biomarker of ath-
erosclerosis in adults, was significantly higher in children with OSA 
compared to controls, it was not a predictor of vessel stiffness. These 
findings suggest that the effect of upregulated inflammatory mediators 
on vascular function might not all manifest at the same stage of the dis-
ease and that longer exposure to OSA and elevated CD40L is required 
before structural and functional vascular changes are observed.
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1047
ASSOCIATION BETWEEN OBSTRUCTIVE SLEEP APNEA 
AND OBESITY IN A PEDIATRIC POPULATION
Wang G1, Chen ML2

1University of Washington Nutritional Science Program, Seattle, WA, 
2Seattle Children’s Hospital, Seattle, WA

Introduction: In adult populations, the pathology of obstructive sleep 
apnea syndrome (OSAS) is mainly related to obesity. In contrast, early 
studies in pediatric populations suggested adenoid and tonsillar hy-
pertrophy (ATH) to be the main causes of OSAS in children, making 
adenotonsillectomy the main treatment. Early consensus was that, in 
contrast to adults, pediatric OSAS patients often present with inad-
equate weight gain and even failure to thrive. In fact, the past three 
decades have witnessed a 2–3-fold increase in the prevalence of child-
hood obesity. This fact sparked a shift in the pediatric OSAS paradigm 
towards combing obesity and ATH as the main causes of the disease. 
This represents a major change from the traditional view that ATH 
alone was the primary cause. Thus, further research on the pathology 
and outcomes of pediatric OSAS is needed. Especially given the in-
creased prevalence of childhood obesity.
Methods: Correlations between patients’ sleep apnea severity, indi-
cated by apnea hypopnea index (AHI) score, and patients’ body weight, 
indicated by the body mass index Z-score (BMI Z-score) were studied 
in a pediatric population from Seattle Children’s Hospital Sleep Center 
(n = 500). Analysis was carried out in the overall group and then strati-
fied by body weight.
Results: Nearly half of the study subjects were overweight or obese. 
There was a significant association between AHI scores and the BMI 
Z-scores in the non-underweight group (n = 480). This association re-
mained significant after adjusting for sociodemographic and comorbid-
ity factors. No significant association was found between AHI scores 
and the BMI Z-scores in the all-subject group (n = 500) or in the under-
weight group (n = 20).
Conclusion: Obesity has become another major risk factor and poten-
tial cause for OSAS in the pediatric population. Weight management 
should become an important first line of treatments for OSAS patients 
in addition to the traditional surgical approach.

1048
ESTABLISHING A ROLE FOR POLYSOMNOGRAPHY IN 
HOSPITALIZED CHILDREN
Abreu N1, Tkachenko N2,3, Singh K4, Day C3, Velez B5, Fitzgerald K6, 
Kazachkov M6, Kothare SV3

1Department of Pediatrics, NYU Langone Medical Center, New 
York, NY, 2Dnepropetrovsk State Medical Academy, Dnepropetrovsk, 
Ukraine, 3Sleep Center, Department of Neurology, NYU Langone 
Medical Center, New York, NY, 4Department of Pediatrics, University 
of Massachusetts Medical School, Worcester, MA, 5Department of 
Respiratory Therapy, NYU Langone Medical Center, New York, MA, 
6Division of Pediatric Pulmonology, Department of Pediatrics, NYU 
Langone Medical Center, New York, NY

Introduction: Children with neuromuscular disorders, intellectual 
& developmental disabilities, and chronic respiratory diseases have 
a high prevalence of sleep disorders. Outpatient polysomnography 
(PSG) may be difficult to perform due to lack of skilled nursing care. 
Recently, a case series on inpatient PSGs in adults was published, but 
similar studies are lacking in children. The aim of this study was to 
explore PSG indications in hospitalized children and assess its impact 
on patient care.
Methods: Data (demographics, clinical diagnosis, PSG indications, 
findings, and interventions) from 58 inpatient PSGs of 49 children hos-

pitalized between March and August 2014 on the pediatric inpatient 
unit, ICU, & neonatal ICU of a single medical center was retrospec-
tively collected. All patients underwent PSGs according to established 
AASM guidelines.
Results: 61% of patients were boys with ages 6.5 ± 6 years. Chronic 
respiratory failure was present in 55%, upper and lower airway ob-
struction due to congenital defects of the tracheobronchial tree & 
craniofacial abnormalities in 49%, hypoxic-ischemic encephalopathy 
(cerebral palsy, hydrocephalus) in 26.5%, genetic syndromes and neu-
rodegenerative disorders in 18.4%, congenital myopathies in 10.2%, 
metabolic diseases in 6.1%, OSA in 6.1%, congenital cyanotic heart 
defects in 4.1%, acute life threatening events (ALTE) in 4.1%, and 
unexplained tachypnea and desaturations in the newborn in 4.1% pa-
tients. Indications for PSG were chronic pulmonary disease with upper/
lower airway obstruction in 62.8%, assessment of ventilator require-
ments in 37.9%, apnea and desaturation in 17.2%, and ALTE in 1.7% 
patients. Abnormal PSG results were found in 96.6% patients. The 
observed PSG diagnosis was: OSA in 67.9% (mild 23.7%, moderate 
39.5%, severe 36.8%), hypoventilation in 8.9%, signs of chronic lung 
disease (tachypnea, desaturation, hypercapnia) in 39.3%, hypoventila-
tion in 8.9%, periodic breathing in 5.4%, and periodic limb movement 
of sleep in 3.6% patients. The following interventions were performed 
based on PSG findings: adjustment of ventilator parameters in 37.9% 
of patients, initiation of positive airway pressure ventilator support in 
41.4%, otorhinolaryngology referral for upper airway assessment in 
27.6%, supraglottoplasty in 1.7%, decannulation of tracheostomy in 
3.4% patients, and performing tracheostomy as a temporary measure 
prior to corrective craniofacial surgery in 6%.
Conclusion: In a select group of patients, inpatient PSGs give invalu-
able information leading to appropriate intervention, and should be 
performed when indicated.

1049
SLEEP CONCUSSION REVIEW AND EVALUATION 
(SCORE): SLEEP DISORDERS IN PEDIATRIC SPORTS-
RELATED CONCUSSIONS
Ko PT1, Lockhart CT 2, Lockhart JH3, Lynn FB4, Chen ML2

1Department of Pulmonary and Sleep Medicine, University of 
Washington, Seattle, WA, 2Department of Pediatric Pulmonology 
and Sleep Medicine, Seattle Children’s Hospital, Seattle, WA, 
3Department of Pediatric Sports Medicine, Seattle Children’s 
Hospital, Seattle, WA, 4Department of Sociology, University of Iowa, 
University of Iowa, IA

Introduction: There is mounting evidence of sleep disturbance related 
to sports-related concussions in adults, including diminished sleep effi-
ciency, insomnia, daytime sleepiness, and circadian rhythm abnormal-
ities. However, there is little published data specifically characterizing 
the sleep disturbances in children due to sports-related concussions.
Methods: Retrospective cohort study. Participants who were evaluated 
for a physician-confirmed sports-related concussion March-November 
2014 in the Sports Medicine Clinic at Seattle Children’s Hospital com-
pleted a questionnaire at their initial post-concussion visit regarding 
sleep schedule, modified pediatric Epworth sleepiness scale (ESS), 
daytime napping habits, and other sleep habits prior to and after con-
cussion.
Results: 84 questionnaires were reviewed. Mean age 14.4 ± 2.4 years, 
50% male, 83% Caucasian. Mean concussion symptom checklist score 
was 12.3 ± 6.5, indicating a broad range of subjective complaints. Mean 
time from concussion to clinic was 16.3 ± 13.9 days. Mean ESS score 
worsened post-concussion (5.0 ± 3.9 vs 8.2 ± 5.1, p < 0.001). 88% had 
increased reported daytime nap frequency post-concussion. Compared 
to pre-concussion: post-concussion bedtime on weekdays was earlier 
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(22:02 vs 21:42, p = 0.03) though sleep onset and wake times were 
not different; on weekends, bedtimes and sleep onset times were not 
different, but wake times were (8:21 vs 9:25, p < 0.001); subjects re-
ported more unhappiness (p < 0.001), more hopelessness (p < 0.001), 
and worsened quality of sleep (p < 0.001) post-concussion. Symptom 
checklist scores positively correlated with increases of ESS post-con-
cussion (coef = 0.059, p = 0.005).
Conclusion: ESS significantly increased after a sports-related concus-
sion in a pediatric cohort. Weekday bedtime was reportedly earlier 
and weekend waketime was reportedly later. These results indicate a 
subjective increase in sleepiness following a sports-related concussion. 
Symptoms of mood disturbance increased post-concussion which may 
be related to an objective sleep disturbance. Future studies with objec-
tive measures of sleep habits such as actigraphy, sleep logs, and paren-
tal reports may further characterize these findings.

1050
SLEEP AFTER PEDIATRIC TRAUMATIC BRAIN 
INJURY: A SURVEY STUDY
Allen KA1, Roan SP1, Levine VN1, Thomas KA 2

1University of Illinois-Chicago, Chicago, IL, 2University of 
Washington, Seattle, WA

Introduction: The purpose of this study was to compare sleep dis-
turbances, daytime sleepiness, and sleep quality among children with 
traumatic brain injuries (TBI) to healthy matched control children. We 
hypothesized that children with TBI would have poorer sleep quality, 
greater daytime sleepiness, and more sleep disturbances compared 
to healthy matched control children based on parental report survey 
scales.
Methods: Information about the study and the study link was placed 
on pediatric hospitals, brain injury organizations, and health promo-
tion internet sites for 2 months. Parents of children with TBI and par-
ents of healthy children completed three surveys related to their child’s 
sleep behaviors and sleep quality: Children’s Sleep Habits Question-
naire (CSHQ), Child Sleep Wake Scale (CSWS), and the modified Ep-
worth Sleepiness Scale (ESS). Children with TBI were then matched 
with healthy children based on age, race, and maternal education level. 
Children with TBI and healthy children were then compared using one-
tailed directional t-tests based on a priori hypotheses.
Results: A total of 15 children with TBI along with 15 healthy children 
matched on age, race, and maternal education level. Children with TBI 
had significantly poorer sleep quality, measured by the CSWS, com-
pared to healthy controls. The children with TBI also had significantly 
more daytime sleepiness, measured by the ESS, compared to healthy 
controls. However, no difference was found between groups on sleep 
disturbances, as measured by the CSHQ.
Conclusions: Children with TBI have poorer parent report sleep qual-
ity and daytime sleepiness, when compared to children with similar 
demographic characteristics.
Support: T32NR007106 to Landis, C. Mentors: Karen Thomas, PhD; 
Carol Landis, PhD, RN, FAAN

1051
LOW HEART RATE VARIABILITY DURING SLEEP IN 
YOUTH WITH CHRONIC PAIN
Lopes M1, Spruyt K 2, Rosa A3, Roizenblat S 4, Guilleminault C5, 
Passarelli C 6, Tufik S 4
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University School of Medicine, Shanghai, China, 3Evolutionary 
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Introduction: Idiopathic juvenile arthritis (IJA) is a chronic inflamma-
tory syndrome associated with chronic pain status in youth population. 
The presence of sleep fragmentation has been described in children 
with IJA. However, the arousal is an insensitive marker of sleep frag-
mentation in young patients. Changes in heart rate variability (HRV) 
have been associated with sleep disruption, and it may be an important 
marker of less favorable health in all ages. Moreover, low HRV may be 
an indicator of increase in cardiovascular risks, including sudden death. 
The aim of this study was to examine HRV during sleep in pediatric 
patients with JIA.
Methods: We studied 10 patients with JIA that were compared with 10 
healthy subjects matched for age, gender and Tanner stage. The HRV 
Standard Time and Frequency Domain were calculated for 5-minute 
periods in all sleep stages. The frequency components were subdivided 
in low and high frequency, and the time domain analyses were calcu-
lated by determination of the ratio of the standard deviation of the RR 
intervals. The Mann-Whitney U-test was used for identifying differ-
ences in HRV parameters, with a significance level set at 5%.
Results: We found that JIA patients had more arousals than controls. 
They also presented a reduction of NREM sleep, and a significantly 
longer total sleep time and wake time after sleep onset (WASO). Aver-
age normal-to-normal interval (SDNN) during slow wake sleep (SWS) 
was higher compared to stage 2 [94.6 ± 75.2 vs 47.0 ± 38.5, p = 0.02, 
respectively]. The total power of the HRV was lower in patients in all 
sleep stages (p < 0.05). Increased number of joints with impairment 
was positively related to pNN50 parameter (rs = 0.45; p < 0.05).
Conclusion: Patients with JIA suffer sleep fragmentation with con-
comitantly changes in their cardiovascular autonomic function during 
sleep. Change in parasympathetic process since childhood may lead to 
unfavorable cardio-vascular prognostic in this population.

1052
SLEEP DISORDERS IN CHILDREN WITH ASTHMA
Che D, Lu M
Shanghai Children’s Hospital, Shanghai, China

Introduction: Previous studies have shown that sleep complaints are 
common in patients with Asthma. However, there is very little data on 
sleep in children with asthma and the association with severity of lung 
disease.
Methods: A prospective study was conducted in asthma children. To-
tal Sixty-four children with asthma were enrolled in the study. Subjects 
were questioned for daytime sleepiness using the Paediatric Daytime 
Sleepiness Scale (Epworth Scale),and sleep complaints using Michigan 
Scale. Enrolled asthma children finished lung function (FVC,FEV1, 
PEF as a percent predict).Complete overnight polysomnography tech-
niques were performed on all subjects before and after asthma con-
trolled, to evaluate the association between sleep disorder and asthma 
control.
Results: 1. Studies have shown decreased quality of sleep defined as 
reduced sleep time, reduced sleep quality, snoring, difficulty in main-
taining sleep, and daytime sleepiness in asthma children, especially 
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in non-well controlled asthmatics. Non-well controlled asthmatic chil-
dren had a significant decrease in sleep efficiency [SE; 76.3% (N) vs 
79.1% (W); P < 0.05], prolonged rapid eye movement (REM) latency 
[150.5 min (N) vs 88 min (W); P < 0.05], and reduction in percent-
age of REM sleep [12.7 (N) vs18.3 (W); P < 0.05]. The data suggest 
that the prevalence of pediatric sleep-disordered breathing and sleep 
fragmentation could be very high among children with asthma, no 
matter well-controlled or non-well controlled. 2. Non-well controlled 
asthmatic children had a higher apnea-hypopnea index (P < 0.05) and 
apnea-hypopnea-related arousal index (P < 0.05) as compared with 
well-controlled asthmatics. 3. SE , indicated the degree of sleep dis-
ruption ,was correlated with FEV1. However, there was no significant 
correlation between SE and oxygen desaturation or SE and end-tidal 
pCO2.
Conclusions: It is concluded that asthmatic children have significant 
sleep fragmentation. OSA may coexist with asthma. Sleep disruption 
is associated with severity of lung disease, but is not directly correlated 
with the degree of nocturnal hypoxemia or hypoventilation.

1053
SUBJECTIVE BEDTIME VARIABILITY PREDICTS 
OBJECTIVE SLEEP ONSET LATENCY AMONG YOUTH 
WITH ASTHMA
Krietsch KN1, Wagner MH2, Prabhakaran S2, Baker D2, Janicke D1, 
McCrae C1

1University of Florida Clinical and Health Psychology, Gainesville, 
FL, 2University of Florida Pediatric Pulmonary Division, College of 
Medicine, Gainesville, FL

Introduction: The relationship between pediatric asthma and sleep is 
bidirectional; youth with asthma exhibit altered sleep architecture, and 
sleep disturbance exacerbates asthma symptomology. Compared to 
healthy peers, youth with asthma also exhibit more maladaptive sleep-
related behaviors, including poor sleep hygiene and greater variability 
in week-to-weekend bedtimes, which may indirectly influence sleep 
architecture. This study examined the relationship between subjective 
parent-reported week-to-weekend variability in average bedtime and 
objective PSG-determined sleep onset latency (SOL) among youth 
with asthma. We hypothesized that greater at-home bedtime variability 
would predict longer PSG-determined SOL.
Methods: Data from 41 youth (3–16 yrs) with asthma (confirmed by 
parent-reported use of asthma controller or bronchodilator medication) 
were obtained from medical records from one overnight polysomnog-
raphy (PSG) study. All data were collected at the University of Florida 
Health Sleep Disorders Center, and included subjective questionnaire 
data and technician-scored PSG outcomes. Variables of interest in-
cluded: lights off = time of lights off during overnight PSG; bedtime 
variability = absolute value of the difference score between parent-
reported average weeknight bedtime and average weekend bedtime; 
SOL = minutes to sleep onset during overnight PSG.
Results: Average parent-reported bedtime variability was 47.5 mins 
(SD = 32.5 mins); average PSG light’s out was 10:00 pm (SD = 36.5 
mins); average PSG SOL was 23.3 mins (SD = 23.1 mins). Hierarchical 
linear regression (block 1 = child age and lights out; block 2 = bed-
time variability) revealed that greater at-home week-to-weekend bed-
time variability significantly predicted longer SOL (F(2,39) = 4.44, 
p = 0.009, b-weight = 0.28, R2 = 0.26) during the overnight PSG, even 
after controlling for age and lights off.
Conclusion: This study found that greater variability in average week-
to-weekend bedtimes independently predicted longer PSG-determined 
SOL in children with asthma. Specifically, each 3-minute increase in 
average week-to-weekend bedtime variability corresponded to 1 min-
ute greater PSG-determined sleep onset latency. Findings suggest that 

promoting consistent bedtimes in youth with asthma may be an effec-
tive way to shorten overall SOL, thereby indirectly increasing TST and 
possibly improving overall sleep architecture.

1054
OBJECTIVE AND SUBJECTIVE REPORT OF SLEEP 
PROBLEMS IN CHILDREN WITH EOSINOPHILIC 
ESOPHAGITIS
Lynch M1, Godwin B1, Dimmitt R 2, Avis K 2

1University of Alabama at Birmingham Department of Psychology, 
Birmingham, AL, 2University of Alabama at Birmingham 
Department of Pediatrics, Birmingham, AL

Introduction: This preliminary study examined the sleep patterns and 
problems of children with Eosinophilic Esophagitis (EoE) compared to 
healthy peers. EoE is a chronic inflammatory gastrointestinal disorder 
with symptoms of upper gastrointestinal distress and increased eosino-
phils in the esophagus. Research has illustrated the negative impact 
EoE has on the child’s quality of life (QOL). Sleep is an important, yet 
to be examined, factor that may impact the QOL of children with EoE.
Methods: Fourteen children with EoE and 12 healthy children ages 
4–12 years participated. Parents completed the Children’s Sleep Habits 
Questionnaires (CSQH), a QOL questionnaire, and a sleep diary for 
their child. The child wore an actigraph watch for 12 days for objective 
report on sleep.
Results: Based on on actigraphy, an objective measure, sleep efficiency 
of children with EoE (80.2%) was significantly poorer than the healthy 
children (87%; t(1) = −2.294, p < 0.05. However, children’s scores on 
the CSQH, by parent report, were equivalent across groups with no 
significant differences on subscales or total scores. Parents reported 
children with EoE had poorer QOL than healthy peers (t(1) = −3.042, 
p < 0.05).
Conclusion: Objective reports of sleep in children with EoE provide 
evidence of significantly poor sleep compared to healthy controls 
which may be under-reported or unrecognized. Subjective reports via 
caregivers were incongruent with actigraph data, indicating limited 
awareness of the nighttime problems. The child may not alert the par-
ent to sleep problems, or the focus of attention with EoE in families 
may be on the quality of life daytime changes rather than the nighttime 
problems. Assessment of sleep problems and daytime consequences 
that may indicate sleep problem is needed.

1055
SENSITIVITY AND SPECIFICITY OF THE MODIFIED 
EPWORTH SLEEPINESS SCALE IN CHILDREN WITH 
CRANIOPHARYNGIOMA
Crabtree VM1, Mandrell BN1, Sykes A1, Wise M2, Graef DM1, 
Indelicato D3, Merchant TE1

1St. Jude Children’s Research Hospital, Memphis, TN, 2Methodist 
Sleep Disorders Center, Memphis, TN, 3University of Florida Health 
Proton Therapy Institute, Jacksonville, FL

Introduction: The modified Epworth Sleepiness Scale (ESS) has been 
demonstrated to be an effective measure of sleepiness in children with 
sleep-disordered breathing (SDB). Pediatric craniopharyngioma pa-
tients are at increased risk for excessive daytime sleepiness (EDS) with 
different pathophysiology leading to EDS than is seen in children with 
SDB. Because no prior work has examined the appropriateness of self-
reported sleepiness tools in this population, we sought to explore the 
sensitivity and specificity of the modified ESS in a sample of children 
with craniopharyngioma.
Methods: After surgery and prior to proton therapy, 40 patients with 
craniopharyngioma ages 7–20 (M = 11.5 ± 3.9) underwent overnight 
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polysomnography and multiple sleep latency testing (MSLT) and 
completed the modified ESS. Participants were 55% female and 65% 
Caucasian. McNemar’s tests were used to compare the proportion of 
patients identified with sleepiness by the modified ESS in relation to 
MSLT.
Results: 68% of the sample had mean sleep onset latency (SOL) of ≤ 10 
minutes, while 38% had modified ESS ≥ 10 (McNemar’s p = 0.008). 
The modified ESS demonstrated 44% sensitivity and 77% specificity 
in relation to mean SOL. 38% of the sample had ≥ 2 sleep-onset REM 
episodes (SOREM) on MSLT. The modified ESS demonstrated 27% 
sensitivity and 56% specificity in relation to SOREM.
Conclusion: Preliminary data in children with craniopharyngioma 
evaluated prior to proton therapy reveal that approximately two-thirds 
present with objectively documented EDS, and one third demonstrate 
significant SOREM. On the other hand, nearly twice as many children 
had objective sleepiness than subjectively reported sleepiness. Given 
the significant risk for EDS in children with craniopharyngioma, the 
poor sensitivity of the modified ESS points to the importance of objec-
tively measuring sleepiness in this high-risk population.

1056
SLEEP IN ADOLESCENTS AND YOUNG ADULTS IN THE 
YEAR POST CANCER TREATMENT
Daniel L1, Barakat L1,2, Butler E1, Diguiseppe A3, Schwartz L1,2

1The Children’s Hospital of Philadelphia, Philadelphia, PA, 2Perelman 
School of Medicine of the University of Pennsylvania, Philadelphia, 
PA, 3St. Joseph’s University, Philadelphia, PA

Introduction: Adolescents and young adults with cancer (AYA) are 
a vulnerable group facing more intense treatments, higher symptom 
burden (sleep disturbance, fatigue, pain, depression), and poorer treat-
ment outcomes relative to younger children. Sleep disruption is com-
mon during cancer treatment and sleep problems persist into adulthood 
for some survivors. Furthermore, the developmental period of adoles-
cence/emerging adulthood confers greater biological and behavioral 
risk for insufficient sleep relative to older or younger ages. Thus, under-
standing the frequency and characteristics of AYA sleep disturbances 
shortly after completing treatment is important for informing targets of 
intervention to manage cancer-related symptoms and improve quality 
of life.
Methods: The data is from baseline assessments of an ongoing ran-
domized controlled trial testing a texting health-promoting interven-
tion with AYA in the first year after completing treatment. Forty AYA 
completed the Pittsburg Sleep Quality Index (PSQI) as part of the base-
line visit.
Results: AYA ranged in age from 12–24 (M = 17.05, SD = 2.98) and they 
were 6.53 months (SD = 3.20) off treatment. On average, AYA reported 
sleeping 7.85 hours (SD = 1.73), taking 37.96 minutes (SD = 54.38) to 
fall asleep, and sleep efficiency of 91% (SD = 18.85). However, 30% 
of the sample reported sleep efficiency below 85%. The average total 
PSQI score was 5.50 (SD = 2.64) and 47% (n = 19) were above the clini-
cal cut-point of 5 indicating that they were “poor sleepers.”
Conclusion: On average, AYA report less sleep than age recommenda-
tions and take longer to fall asleep than clinical cut-points for insom-
nia diagnoses. Similar to research in adult childhood cancer survivors, 
almost one-third of this sample reported suboptimal sleep efficiency 
suggestive of insomnia. That almost half of AYA were above the clini-
cal cut-point of the PSQI indicates the importance of assessing and 
treating sleep problems as an essential component of improving quality 
of life during and after cancer treatment.
Support (If Any): Department of Pediatrics Chair’s Initiative grant, 
The Children’s Hospital of Philadelphia and University of Pennsylva-
nia School of Medicine, PI: Lisa Schwartz

1057
SLEEP AND BEHAVIORAL FUNCTIONING IN 
SURVIVORS OF CHILDHOOD HEMATOPOIETIC STEM 
CELL TRANSPLANT
Crabtree VM, Parris KR, Zhang H, Huang L, Graef DM, Phipps S
St. Jude Children’s Research Hospital, Memphis, TN

Introduction: As survival rates in pediatric hematopoietic stem cell 
transplantation (HSCT) increase, attention to long-term psychosocial 
outcomes becomes increasingly important. Past studies have dem-
onstrated that a subset of pediatric HSCT survivors have increased 
rates of depression and anxiety. No attention has been paid, however, 
to sleep in HSCT survivors or to the relation between sleep and be-
havioral outcomes. The aim of this study is to examine parent-proxy 
and self-reported sleepiness as a predictor of behavioral and executive 
functioning in childhood HSCT survivors.
Methods: Seventy-six HSCT survivors (age 8-29 years; M = 17.84 ± 6.04 
years) were assessed 5–14 years post-transplant (M = 7.8 ± 1.87 years). 
Parent-proxy report was obtained for participants younger than 18 
years. Two sample t-tests were conducted to compare the presence of 
excessive daytime sleepiness (EDS; Epworth Sleepiness Scale ≥ 10) 
to emotional/behavioral functioning (Behavior Assessment System in 
Children-BASC-2) and executive functioning (Behavior Rating Inven-
tory of Executive Function-BRIEF).
Results: EDS was reported by approximately 21–28% of parents and 
survivors. Self-reported EDS was associated with significantly more 
self-reported behavioral and emotional difficulties across most do-
mains (Mean BASC-2 T-score differences = 6–11 points; all p’s < 0.05). 
Parent-reported EDS was significantly associated with more parent-re-
ported difficulties in global behavioral symptoms, aggression, anxiety, 
atypicality, and withdrawal (Mean BASC-2 T-score differences = 8–15 
points; all p’s < 0.05). Parent-reported EDS was also significantly asso-
ciated with more parent-reported executive dysfunction (Mean BRIEF 
T-score differences = 10–12 points; all p’s < 0.05).
Conclusion: This study is the first to examine the role of sleepiness 
in behavioral and executive functioning of long-term survivors of 
pediatric HSCT. Survivors with EDS exhibited both statistically and 
clinically more behavioral and executive functioning difficulties by 
both self- and parent-report. These findings illustrate the importance 
of examining EDS in pediatric HSCT survivors and considering the 
development of interventions to improve alertness, which may have a 
broader impact on daytime function.
Support (If Any): St. Baldrick’s Foundation

1058
PULMONARY ARTERIAL HYPERTENSION 
PREVALENCE IN CHILDREN FROM 2 TO 16 YEARS 
OLD WITH OBSTRUCTIVE SLEEP APNEA-HYPOPNEA 
SYNDROME LIVING AT HIGH ALTITUDE SEEN AT 
FUNDACION NEUMOLOGICA COLOMBIANA
Duenas Mesa E1, Santos C2, Talani J2

1Fundación Neumológica Colombiana, Bogota, Columbia, 
2Universidad de la Sabana, Bogotá, Columbia

Introduction: A relation between Obstructive Sleep Apnea-Hypopnea 
Syndrome (OSAHS) and Pulmonary Arterial Hypertension (PAH) has 
been proven. However, there is lack of studies showing this relation at 
high altitude. The aim of this study was to establish the PAH preva-
lence in children from 2 to 16 years old with SAHS living at 2640 me-
ters above sea level (masl)
Methods: We included children from 2 to 16 years old seen at Funda-
cion Neumologica Colombiana Sleep Laboratory (2630 masl), with a 
positive polysomnography (PSG) for SAHS and Transthoracic Echo-
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cardiography. Variables such us demographic data, respiratory pattern, 
oxygen saturation (SpO2) and echocardiographic parameters were 
analyzed using medians, interquartile range (IQR), Chi-square and 
Kruskal-Wallis as needed
Results: Of 55 participants 63.6% were male, with a median age of 6 
yrs. Weight variable: 14 children (25.5%) overweight, 6 (10.9%) obesity, 
1 (1.8%) morbid obesity. OSAHS 12 (21.8%), 12 (21.8%), 31 (56.4%) 
mild, moderate and severe respectively. The indexes of apnea-hypop-
nea (AHI): 11 (6–24)/hour; obstructive apnea-hypopnea (OAHI): 7 
(4–15)/hour. Severe SAHS: minimum oxygen saturation during events 
78%, oxygen desaturation index (ID) 33.8/hour (p < 0.01); median T90: 
9% RIC (1.5–17), T85: 1% (0.06–4). T90 y T85 increase with SAHS se-
verity (p < 0.05), whereas SpO2 median and minimum decreased with 
SHAS severity (p < 0.05). The time of OSAHS symptoms evolution 
median was 2 years; 17 (31%) had tonsillar hypertrophy, 45.4% allergic 
rhinitis or asthma. None of them evidence PAH by echocardiography; 
4 (7.2%) had right ventricular systolic pressure border line and has not 
relation with body mass index either time of OSAHS symptoms evolu-
tion
Conclusion: Children with OSAHS living at high altitude show a sig-
nificant and intermittent desaturation, however, we did not find asso-
ciation between OSAHS and PAH in this population

1059
OBESITY, SLEEP AND BREATHING IN CANADIAN 
CHILDREN AND ADOLESCENTS
MacLean JE1, DeHaan K1, Chowdhury T1, Nehm J2, Constantin E3, 
Bendiak G4, Hoey L5, Horwood L6, Pasterkamp H7, Kirk V4, Katz S2

1University of Alberta, Edmonton, AB, Canada, 2University of 
Ottawa, Ottawa, ON, Canada, 3McGill University, Montreal, QC, 
Canada, 4University of Calgary, Calgary, AB, Canada, 5Children’s 
Hospital of Eastern Ontario Research Institute, Ottawa, ON, Canada, 
6Montreal Childreǹ s Hospital, Montreal, QC, Canada, 7University of 
Manitoba, Winnipeg, MB, Canada

Introduction: Sleep disordered breathing (SDB) is an important co-
morbidity of obesity and is associated with poorer health outcomes. 
Elevated body mass index (BMI) is a major risk factor for SDB though 
insufficient alone to explain variability in SDB severity. The aim of 
this study was to identify predictors for SDB severity in children with 
obesity presenting for polysomnography (PSG).
Methods: The design of the study was a multi-centre retrospective 
chart review. Data was collected from 3 pediatric sleep laboratories 
for all children 8–16 years of age with a BMI ≥ 95th centile undergo-
ing PSG (2011–2012). SDB severity was measured by apnea-hyponea 
index (AHI). Predictors of SDB severity were selected on univariate 
analysis where p < 0.10 was used for entry into the model with log 
transformed AHI as the outcome variable.
Results: A total of 225 children were identified, of whom 191 under-
went a diagnostic PSG and were included in this analysis. The mean 
age of the group was 12.8 ± 2.6 years and 66% were male. The primary 
sleep symptoms included snoring (82%), daytime sleepiness (45%), 
and mouth breathing (42%). The majority of children had comorbidi-
ties (88%). Tonsils were enlarged in 25% of children. AHI was < 1.5 
events/h for 32%, 1.5–4.9 events/h for 30%, 5–9.9 events/h for 13% 
and > 10 events/h for 23% of children. Only 4 demographic or clinical 
features showed significant association with AHI on univariate analy-
sis. Three showed independent associations on multivariate analysis; 
age (beta 0.19, p < 0.01) and BMI z-score (beta 0.017, p < 0.05) were 
positively associated with higher AHI while mouth breathing was as-
sociated with lower AHI (beta −0.29, p < 0.001).
Conclusions: Sleep symptoms, comorbidities and physical examina-
tion fail to show associations with the presence and severity of SDB 

in children with obesity. PSG is necessary to characterize SDB risk in 
children with obesity.

1060
SLEEP PROBLEMS IN CHILDREN WITH 
NEURODEVELOPMENTAL DISORDERS
Ramagopal M
Rutgers-Robert Wood Johnson Medical School, New Brunswick, NJ

Introduction: Sleep related problems are well known in children with 
neurodevelopmental disorders. Some of the etiologies are due to dys-
regulation of melatonin synthesis and sensitization to environmental 
stimuli. They include circadian rhythm disorders, behavioral insom-
nia and multiple night time awakenings. Sleep fragmentation and poor 
quality of sleep maybe responsible for some of the behavior problems 
exhibited by these children.
Methods: This prospective study involved administering a 61-item 
questionnaire to 76 children who attended Neurodevelopmental (ND) 
clinic, 50 of whom had a diagnosis and 26 controls who were recruited 
from siblings or friends. Questions included demographic information, 
diagnosis, family history, medications and sleep related history.
Results: Fifty (31 males) were recruited from the ND clinic and 26 
children formed the controls. Age of ND children was 9.6 ± 4.1 years 
(mean ± S.D.) and age for controls was 9.07 ± 4.5 years. The most com-
mon diagnosis were ADHD (10/50), and Autism (9/50). Of the available 
information, 22/50 children were Caucasian, 15/50 reported snoring 
and 19/50 restless sleep. Among the controls, 19/26 were Caucasian, 11 
being male. Night time awakenings were much more commonly seen 
in children who co-slept with their care-givers (p = 0.001). Snoring 
and restless sleep are seen more in children with a neurodevelopmental 
diagnosis (Spearman coefficient = 0.32).
Conclusion: Sleep problems are much more common in children with 
a neurodevelopmental diagnosis. It is likely a combination of behavior-
al and organic factors. A detailed sleep history and sleep study should 
form part of the neurodevelopmental evaluation.

1061
SLEEP PROBLEMS IN CHILDREN WITH AUTISM 
SPECTRUM DISORDERS COMPARED TO CHILDREN 
WITH DEVELOPMENTAL DISABILITIES AND A 
POPULATION BASED SAMPLE IN THE STUDY TO 
EXPLORE EARLY DEVELOPMENT
Reynolds AM1, Hepburn S1, Soke GN1, Katz T1, Levy S2

1University of Colorado School of Medicine, Aurora, CO, 2The 
Children’s Hospital of Philadelphia, Philadelphia, PA

Introduction: Sleep problems are commonly reported in children with 
autism spectrum disorders (ASD) and Developmental Disability (DD), 
with prevalence rates ranging from 50 to 80%. The Children’s Sleep 
Habits Questionnaire (CSHQ) is a 33 item questionnaire with 8 sub-
scales which was validated in children ages 4 to 10 years but has been 
used in younger populations.
Methods: Children 2 to 5 years of age in the Study to Explore Early 
Development (SEED) with ASD (n = 650), DD (n = 929), and from the 
general population (POP) (n = 873), whose parent completed a CSHQ 
were included. A univariable Analysis of Variance was used to com-
pare total and subscale scores on the CSHQ between groups (ASD, DD, 
and POP). Chi-square tests were used to examine group differences in 
sleep problems using a total score (TS) cutoff of 41.
Results: The mean CSHQ TS was 48.05 in children with ASD, 45.63 
in children with DD, and 42.7 for POP children. Differences between 
groups were significant (p < 0.0001). Children with ASD and DD had 
higher scores on all CSHQ subscales when compared to POP. Chil-



SLEEP, Volume 38, Abstract Supplement, 2015 A376

B. Clinical Sleep Science X. Pediatrics

dren with ASD had higher scores than children with DD on all sub-
scales except for Daytime Sleepiness. Children with ASD were more 
likely to be classified with sleep problems (70.62%) than POP (50.17%) 
[OR = 2.38, 95% CI = 1.93, 2.96, p < 0.0001] or DD (62.76%))[OR = 1.67, 
95% CI = 1.15, 1.77, p = 0.0012].
Conclusion: Children with ASD had higher TS on the CSHQ than chil-
dren with DD and children from the POP groups, and higher subscales 
scores in all areas except daytime sleepiness when compared to the 
DD group. The proportion of children with sleep problems, defined 
by TS 41, was higher in those with ASD compared to DD and POP 
groups, however, the cutoff score of 41 may not be appropriate for this 
age group.
Support (If Any): This study was supported by the Centers for Dis-
ease Control and Prevention and the Clinical and Translational Re-
search Center.
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RESTLESS LEGS SYNDROME IN CHILDREN WITH A 
HISTORY OF PREMATURITY
Cielo CM1, DelRosso LM1, Nixon GM2, Meltzer LJ3, Biggs SN2, 
Traylor J1, Marcus CL1

1Children’s Hospital of Philadelphia, Philadelphia, PA, 2Monash 
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Introduction: Little is known about which children are at increased 
risk for restless legs syndrome (RLS) and periodic limb movement dis-
order (PLMD). Polysomnographic data from the Caffeine for Apnea 
of Prematurity-Sleep study showed that 14% of a cohort of ex-preterm 
children aged 5–12 years had an elevated periodic limb movement in 
sleep (PLMS) index (> 5/hour), but the clinical importance of this find-
ing is unknown. We hypothesized that ex-preterm children would have 
a high prevalence of RLS and PLMD.
Methods: Subjects underwent polysomnography and caregivers com-
pleted questionnaires. A diagnosis of RLS or PLMD was established 
by subjects meeting the ICSD3 criteria with positive symptoms derived 
from the Owens RLS questionnaire and the Pediatric Sleep Question-
naire (PSQ). Clinically available serum ferritin levels were assessed.
Results: 5 (19.2%) of the 26 subjects with a PLMS index > 5 who com-
pleted the RLS Questionnaire had RLS; 10 (7.0%) of the 143 subjects 
with a PLMS index < 5 had RLS (p = 0.04). 11 of the 26 subjects with 
an elevated PLMS index (42.3%) had PLMD. 9 subjects were referred 
for serum ferritin evaluation, and levels ranged from 11 to 48.9 mcg/L.
Conclusion: Children with a history of prematurity have an increased 
risk of RLS and PLMD. Iron deficiency likely contributes to RLS and 
PLMD symptoms in this population. Clinicians evaluating ex-preterm 
children with sleep disturbances should evaluate for RLS and PLMD. 
Prospective studies including serum ferritin evaluation are needed to 
confirm these findings.
Support (If Any): NIH RO1 HL098045, NIH KL2 TR000139
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KIDS AND IRON SUPPLEMENTATION IN SLEEP
Patano J1, Garberich M1, Lu A1, Chen M1, Meltzer L2
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Denver, CO

Introduction: Many children with potential Restless Legs Syndrome 
(RLS) present with vague “restlessness” in sleep. Iron supplementation 
has been shown to reduce symptoms of RLS, though limited data in pe-
diatrics are available. The goal of this pilot study is to characterize the 
effects of iron supplementation (IS) on sleep quality, daytime function 

and behavior, and Quality of Life (QOL) in children reporting restless 
sleep with low ferritin levels.
Methods: Sixty participants (2–18 yrs) will be enrolled in this ongoing 
prospective observational study who are treated with IS for low ferritin 
levels (< 50 ng/mL) in the context of restless sleep/possible RLS. Study 
outcomes at pre- and post-3 months IS include: Pediatric Sleep Ques-
tionnaire (PSQ), Epworth Sleepiness Scale (ESS), Pediatric Symptom 
Checklist (PSC), and Pediatric QOL Inventory (PedsQL). A subset of 
participants does pre- and post- iron treatment actigraphy. Iron compli-
ance is monitored weekly, with ferritin monitored as part of clinical 
care.
Results: To date 31 subjects have been enrolled. The average age is 
7.18 years old, 72% male, 93% Caucasian, 7% Hispanic. Pre-treatment 
ferritin levels were 19.91 ng/mL (SD ± 8.4 ng/mL). On average at 
baseline: parents report their children have 5 restless nights/wk (mean 
PSQ = 7.7), while the children report excessive daytime sleepiness 
(mean ESS = 10.4), and poorer quality of life than healthy children 
(mean PedsQL = 71.1). Preliminary results indicate fewer restless 
nights, improved QOL, and increased ferritin levels following iron 
supplementation.
Conclusion: As one of the first prospective studies investigating the 
effects of IS on children’s sleep quality and daytime function/behavior 
who present with restless sleep, the preliminary results from this pilot 
study highlight the need to address restless sleep in children with low 
ferritin, and suggest the need for more research in this area.
Support (If Any): Grant from Seattle Children’s Research Institute 
Nursing Research Program
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INADEQUATE SLEEP AS A MEDIATING VARIABLE 
BETWEEN EXPOSURE TO VIOLENCE AND 
DEPRESSION SEVERITY IN ADOLESCENTS
Nowakowski S, Choi H, Temple JR
University of Texas Medical Branch, Department of Obstetrics and 
Gynecology, Galveston, TX

Introduction: Exposure to violence is a serious concern that has 
been associated with depression. Little is known about mechanisms 
by which exposure to violence influences depressive symptoms. We 
sought to determine whether short sleep duration mediates the rela-
tionship between violence exposure and depressive symptoms. We 
predicted that adolescents who were exposed to violence would report 
obtaining less total sleep time; and insufficient sleep will, in turn, pre-
dict greater depression severity.
Methods: A 3-year longitudinal study of 1,042 (57% female) high 
school students was conducted where the majority of participants 
(75%) were in 9th grade (mean age = 15.1 ± 0.79), and the remaining 
in 10th grade at wave1. The retention rate of wave2 and wave3 were 
92.5% and 85.8%, respectively. To measure interparental violence, 
students were asked the number of times their father or mother per-
petrated physical violence toward each other. Friends’ dating violence 
was measured with two items asking the number of friends who per-
petrated physical violence toward their dating partners. Sleep duration 
was measured based on the number of hours to sleep on school night. 
Depression symptoms were measured with Center for Epidemiologic 
Studies Short Depression Scale (Andresen et al., 1994). Gender, paren-
tal highest degree, ethnicity, and previous depression symptoms were 
included in the model as control variables.
Results: Structural equation modeling showed that a mediation model 
fit the data well, χ2[78] = 214.98, p < 0.05. The mediator model ex-
plained 8% of the variance in sleep duration at wave2 and 26% of the 
variance in depressive symptoms at wave3. Interparental violence was 
negatively related to sleep duration (b = −0.27, p = 0.001), whereas 
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friends’ dating violence was not (b = −0.01, p = 0.90). Sleep dura-
tion was negatively associated with depressive symptoms (b = −0.08, 
p = 0.002).
Conclusion: Short sleep duration mediated the relationship between 
exposure to interparental violence and depression severity, indicating 
that sleep duration may be a valid treatment target for youth exposed 
to violence.

1065
THE SENSE STUDY: A RANDOMIZED CONTROLLED 
TRIAL OF A COGNITIVE-BEHAVIORAL/
MINDFULNESS-BASED, MULTICOMPONENT GROUP 
SLEEP INTERVENTION AMONG ADOLESCENTS 
EXPERIENCING SLEEP AND ANXIETY DISTURBANCE
Blake MJ1, Waloszek JM1, Schwartz OS1, Raniti M1, Simmons JG1, 
Blake LM1, Dudgeon PL1, Bootzin RR 2, Dahl RE3, Murray G4, 
Trinder JA1, Allen NB5

1The University of Melbourne, Melbourne, Australia, 2The University 
of Arizona, Tucson, AZ, 3University of California, Berkeley, Berkeley, 
CA, 4Swinburne University of Technology, Melbourne, Australia, 
5University of Oregon, Eugene, OR

Introduction: Existing literature links poor sleep and mental health 
problems in adolescents. The SENSE Study (Sleep and Education: 
learning New Skills Early) is a randomized controlled trial investigat-
ing whether a 7-week, multi-component group sleep intervention can 
improve sleep, anxiety and depression among at-risk adolescents.
Methods: Participants were 101 adolescents (Mean age = 14.4, 
SD = 0.92, Female = 65, Male = 36), recruited from screenings conduct-
ed at 23 secondary schools across Melbourne, who showed high levels 
of anxiety (Spence Children’s Anxiety Scale [SCAS] > 32 Males, > 38 
Females) with comorbid sleeping difficulties (Pittsburgh Sleep Qual-
ity Index [PSQI] > 4). Eligible participants were randomly allocated 
to either a ‘Sleep-SENSE’ group intervention (Treatment, n = 49) or 

‘Study-SENSE’ study skills group intervention (Active Control, n = 52), 
with randomization stratified by gender, age and presence/absence of 
an anxiety disorder at baseline. Sleep-SENSE is a multi-component, 
group program designed to improve sleep by addressing barriers to 
sleep across the sleep-wake cycle. It aims to improve sleep quality in 
the short term and, via sustained behavior change, the long-term, and 
is tailored to address the unique developmental challenges and oppor-
tunities of adolescence. It incorporates sleep hygiene, stimulus control, 
cognitive-behavior therapy and mindfulness-based therapy, and has 
a specific focus on identifying and overcoming barriers to change. It 
involves 7 weekly 90-minute sessions supported by a range of psycho-
educational materials. Interventions were facilitated by psychologists 
or psychologists in training (Treatment) and teachers (Control) trained 
in the interventions. Participants underwent repeated assessments of 
sleep (PSQI), anxiety (SCAS) and depression (Centre for Epidemiolog-
ic Studies - Depression Scale [CESD]) before and after the intervention.
Results: A series of 2 (treatment condition; Sleep-SENSE, Study-
SENSE) × 2 (assessment point; pre-intervention, post intervention) 
mixed between-within subjects ANOVAs were conducted. Results 
showed that participants in the Sleep-SENSE intervention improved 
significantly more than participants in the control intervention, from 
pre-post intervention, on most PSQI variables (Total Score [p = 0.00], 
Sleep Onset Latency [p = 0.03], Sleep Quality [p = 0.03], Daytime 
Dysfunction [p = 0.03]) and some SCAS sub-scales (Separation Anxi-
ety [p = 0.01], Obsessive-Compulsive symptoms [p = 0.02]), with 
small-moderate effect sizes. There was a trend for participants in the 
Sleep-SENSE intervention to improve more than participants in the 
control intervention, from pre-post intervention, on SCAS Total Score 

(p = 0.06). There was no difference between the groups from pre-post 
intervention on CESD Total Score (p = 0.20).
Conclusion: This study provides evidence that a cognitive-behavioral/
mindfulness-based, multi-component group sleep intervention can 
improve sleep and anxiety among at-risk adolescents. Its impact on 
depression needs further investigation.
Support (If Any): NHMRC (Australia) Grant (APP1027076).
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PARENTAL SLEEP PRACTICES IN INFANCY PREDICT 
LATER SLEEP PROBLEMS IN CHILDREN WITH 
GENERALIZED ANXIETY DISORDER
Hussain HA, Cowie J, Alfano CA
Sleep and Anxiety Center of Houston (SACH), Department of 
Psychology, University of Houston, Houston, TX

Introduction: Parenting practices in infancy, particularly over-
involvement in bedtime routines, predict later sleep problems and 
anxiety. Although sleep problems are prevalent in children with gen-
eralized anxiety disorder (GAD), little is known about the early sleep 
patterns of this group. This study examined parental sleep practices 
and bedtime routines during infancy and associations with later sleep 
problems among children with GAD and healthy controls.
Methods: Children ages 7–11 with primary GAD (n = 44) and non-
anxious controls (n = 40) completed a diagnostic assessment, wore 
actigraphs for 7 consecutive nights, and completed the Sleep Self Re-
port (SSR). Primary caregivers completed the Children’s Sleep Habits 
Questionnaire (CSHQ) and a measure of early sleep-related parenting 
practices from 0–6 months of age.
Results: Analyses were controlled for parental anxiety, preterm birth, 
and maternal education. Compared to non-anxious controls, as infants, 
children with GAD were more frequently rocked to sleep, F = 4.75, 
p = 0.03, and were more often already asleep when put to bed, F = 4.02, 
p = 0.05. For children with GAD, being rocked to sleep as an infant 
predicted longer parent-reported sleep onset latency (SOL), β = −2.41, 
p = 0.02 during childhood. Also, age at which GAD children slept 
through the night for the first time predicted longer parent-reported 
SOL, β = 2.04, p = 0.05, shorter parent and child-reported sleep dura-
tion (β = 2.31, p = 0.03; β = 2.13, p = 0.04).
Conclusion: Being rocked to sleep and first sleeping through the night 
at later ages predicted both parent and child report of subjective sleep 
problems during the childhood years in the GAD group. These find-
ings highlight the role of early sleep practices in shaping later sleep and 
self-regulatory skills among children with GAD. Implications for early 
intervention are considered.
Support (If Any): Funding support for this study was provided by the 
National Institute of Mental Health (K23 MH081188).

1067
SLEEP MISPERCEPTION AND ITS CLINICAL 
CORRELATES IN CHILDREN WITH ANXIETY 
DISORDERS
Najm J, Palmer CA, Reynolds KC, Alfano CA
University of Houston, Houston, TX

Introduction: Sleep state misperception (SSM) is characterized by an 
inaccurate perception of one’s sleep as alertness and is frequently expe-
rienced by individuals with insomnia. Inaccurate beliefs of inadequate 
sleep elicit arousal and worry, further perpetuating insufficient sleep 
(Harvey, 2002). Up to 90% of children with generalized anxiety disor-
der (GAD) report problems sleeping, but SSM has not been explored 
in this population.
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Methods: Eighty-four children (44 females; Mage = 8.80, SD-
age = 1.40) with either primary GAD (n = 44) or no diagnosis (n = 40) 
were studied across seven consecutive nights of actigraphy and self-
reports of sleep onset latency (SOL), reported in minutes. Discrepancy 
between the measures was calculated using a difference score (self-
report SOL - actigraphy SOL).
Results: Multilevel models using full maximum likelihood estimation 
were used. At level 1, we predicted the SOL indicator (actigraphy, self-
report, or the discrepancy score) by an intercept. At level 2, we used 
group as a predictor of the intercept. Group only marginally predicted 
objective SOL (Intercept = 20.84, Beta = 5.18, SE = 2.74, p = 0.06) with 
GAD children evidencing slightly longer SOL (M = 26.08, SD = 13.43) 
than control children (M = 20.82, SD = 10.93). GAD children reported 
significantly longer SOL (M = 27.38, SD = 22.91) than control children 
(M = 14.89, SD = 10.15; Intercept = 14.95, Beta = 12.43, SE = 3.86, 
p = 0.002). Children with GAD were more likely to over-report SOL 
(Intercept = −5.87, Beta = 6.79, SE = 3.27, p = 0.04).
Conclusion: Results suggest that GAD children estimate significantly 
longer sleep initiation than they actually experience. On average, anx-
ious youth only require about 6 minutes longer than controls to fall 
asleep. Future research is needed to explore the nature of SSM in this 
group including possible differences in EEG arousal based on spectral 
analyses.
Support (If Any): Funding support for this study was provided by the 
National Institute of Mental Health (K23 MH081188).
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COMPARISON OF NIGHT POLYSOMNOGRAM 
FINDINGS IN CHILDREN WITH ATTENTION-DEFICIT/
HYPERACTIVITY DISORDER WITH AND WITHOUT 
SLEEP COMPLAINTS
Kim J1, Ha M2, Kwon H2, Paik K 3, Kim E4, Yoo S 4, Lim M5

1Department of Neurology, Dankook University College of Medicine, 
Cheonan, Korea, Republic Of, 2Department of Preventive Medicine, 
Dankook University College of Medicine, Cheonan, Korea, Republic 
Of, 3Department of Psychiatry, Dankook University College of 
Medicine, Cheonan, Korea, Republic Of, 4The Environmental Health 
Center, Dankook University Hospital, Cheonan, Korea, Republic Of, 
5Department of Psychology, Dankook University, Cheonan, Korea, 
Republic Of

Introduction: Our previous research using questionnaires revealed 
that 11.3% of Korean children with attention-deficit/hyperactive disor-
der (ADHD) symptoms have habitual snoring whereas only 5.88% of 
normal children have it. The aim of this study is to evaluate the objec-
tive sleep quality in children with ADHD depending on the presence 
of sleep complaints.
Methods: Children with ADHD who completed the sleep question-
naire were grouped as those with sleep complaints and those without 
sleep complaints. Each group of 19 age-, sex- and BMI matched chil-
dren underwent a night PSG. Sleep structure, respiratory disturbance 
index (RDI), apnea-hypopnea index (AHI), periodic limb movement 
index (PLMI), oxygen saturation and end-tidal CO2 were analyzed.
Results: Total 38 children (mean age 7.5 ± 1.0 yrs, 32 male) performed 
a night PSG. There was no difference in sleep latency, REM sleep la-
tency, sleep efficiency, arousal index and sleep architecture between 
groups except for the percentage of N2 sleep, which was higher in 
children with sleep complaints. PLMI was significantly higher in chil-
dren with sleep complaints (0.25 ± 0.95/h vs. 2.5 ± 4.5/h, p = 0.020). 
AHI and RDI were similar between two groups (AHI, 0.9 ± 0.7/h vs. 
1.2 ± 0.8/h; RDI, 3.0 ± 2.1/h vs. 3.2 ± 1.8/h). Oxygen saturation and 
ETCO2 did not reveal a difference.

Conclusion: Our study showed that children with ADHD have sleep-
disordered breathing despite the lack of sleep complaints. Evaluation 
of their sleep should include not only sleep questionnaire but also night 
PSG.
Support (If Any): supported by the grant from Ministry of Environ-
ment of Republic of Korea
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USE OF AN EDUCATIONAL STORY TO PREPARE 
CHILDREN WITH DEVELOPMENTAL DISABILITIES 
FOR OVERNIGHT POLYSOMNOGRAPHY
Paasch V1,2, Weadon C1, Thompson CB3, Slifer K1,2,4, Accardo JA1,4,5

1Kennedy Krieger Institute, Baltimore, MD, 2Johns Hopkins 
University School of Medicine, Department of Psychiatry & 
Behavioral Sciences, Baltimore, MD, 3Johns Hopkins Bloomberg 
School of Public Health, Biostatistics Center, Baltimore, MD, 4Johns 
Hopkins University School of Medicine, Department of Pediatrics, 
Baltimore, MD, 5Johns Hopkins University School of Medicine, 
Department of Neurology, Baltimore, MD

Introduction: Children with developmental disabilities (DD) are at 
risk for sleep problems. Overnight polysomnography (PSG) is a valu-
able diagnostic tool in sleep medicine. However, it requires patient 
cooperation with equipment placement and maintenance. Children 
with DD have cognitive and behavioral challenges which make this 
even more challenging. There is little research on how to prepare chil-
dren for PSG. Our research tests effectiveness of an educational story, 
a simple, low-cost method of preparation, for parents and children in 
a randomized single-blind controlled trial. We hypothesized that our 
educational intervention would increase parent knowledge, child coop-
eration, and informational yield of PSG.
Methods: Parents of 10 subjects aged 4–17 years (mean = 8.2; SD = 3.2), 
80% male, with DD, primarily attention-deficit/hyperactivity disorder 
and autism spectrum disorder, referred for clinical PSG participated. 
Families were randomized into a control group and an intervention 
group who received a printed copy of an educational story about a child 
coming to a sleep laboratory for PSG, illustrated with color photo-
graphs depicting the entire PSG process. Parents completed question-
naires on PSG knowledge and a Parental Beliefs Scale assessing parent 
confidence in supporting children through medical procedures, both 
on enrollment and the night of PSG. An adapted Wong-Baker FACES 
scale measured child distress during PSG setup.
Results: An interim analysis has been performed, since recruitment 
is ongoing. Preliminary assessment showed no significant difference 
between group pre-test knowledge. Both groups improved, although 
no significant difference in post-test knowledge was detected. Parental 
Beliefs Scale scores showed improvement for both groups. The inter-
vention group improved from mean score of 75 to 79 (maximum score 
100); the control group from 64.8 to 72.4. Adapted Wong-Baker FACES 
scale ratings were similar between groups.
Conclusion: An educational story could be a promising intervention 
to increase parent knowledge of and child cooperation with PSG. Our 
study is ongoing, and additional research is warranted.
Support (If Any): American Sleep Medicine Foundation Educational 
Award #100-EP-13
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PARASOMNIAS, SLEEP QUALITY AND MATERNAL 
MENTAL HEALTH
Pennestri M1, Bouvette-Turcot A1, Steiner M2, Lydon J3, Atkinson L 4, 
Meaney M1, Gaudreau H1

1Douglas Mental Health University Institute, Verdun, QC, Canada, 
2St. Joseph’s Hospital, Hamilton, ON, Canada, 3Department of 
Psychology, McGill University, Montreal, QC, Canada, 4Department 
of Psychology, Ryerson University, Toronto, ON, Canada

Introduction: Poorer maternal mental health was often shown in as-
sociation with infant’s sleep disturbances. However, little is known 
about the link between maternal mental health and parasomnias in 
children. The present study aimed to investigate the potential associa-
tion between the presence of parasomnias in children and maternal de-
pression or anxiety and to assess the co-occurence of parasomnias and 
sleep disruptions in children.
Methods: Participants (n = 349 mother-child dyads) were part of a lon-
gitudinal study (Maternal Adversity, Vulnerability, and Neurodevelop-
ment; MAVAN). Maternal anxiety was evaluated with the State and 
Trait Inventory (STAI) and maternal depression with the Center for 
Epidemiologic Studies Depression Scale (CESD) at 24 months post-
partum. The presence of parasomnias (nightmares, sleep terrors, sleep-
walking, bruxism, and body rocking), sleep duration, longest period of 
uninterrupted sleep and bedtime were also assessed at 24 months by 
maternal reports. Parasomnias were dichotomized (never versus some-
times, often, or every night) and a total score was then computed for 
each child. Mother’s level of anxiety and depression was compared as 
a function of child’s number of parasomnias with one-way ANOVAs. 
Sleep variables were also compared as a function of child’s number of 
parasomnias.
Results: On 349 children, 128 had no parasomnia, 100 had one para-
somnia, 55 had two parasomnias and 66 had three or more parasom-
nias. Mothers of children with 3 or more parasomnias had significantly 
higher levels of depression (13.3 vs. 9.4; p < 0.05) and anxiety (39.4 vs. 
34.9; p < 0.05) than those without any parasomnia. In addition, chil-
dren with 3 or more parasomnias went to bed later (20h27 vs. 20h04; 
p < 0.05) and slept in average 30 minutes less than children without pa-
rasomnia (10h12 vs.10h32; p < 0.05). Finally, children with 3 parasom-
nias had a shorter duration of uninterrupted sleep than those with one 
(8h00 vs. 9h08; p < 0.05) or two parasomnias (8h00 vs. 9h21; p < 0.05).
Conclusion: Present results show that mothers of children with para-
somnias have higher levels of anxiety and depression compared with 
mothers of children without parasomnias. In addition, children with 
parasomnias present more sleep disruptions. The association between 
parasomnias, sleep quality and maternal mental health deserves more 
attention and the mechanism linking these phenomena remains to be 
clarify.
Support (If Any): Supported by the Canadian Institutes of Health Re-
search
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TOO LONG, TOO SHORT, OR TOO VARIABLE? 
VARIABILITY OF DAILY ACTIGRAPHY SLEEP, 
PERCEIVED SLEEP QUALITY, AND NEGATIVE MOOD 
IN ADOLESCENTS
Bei B1, Wiley JF2, Allen NB3, Manber R4, Trinder J5

1Monash University, Melbourne, Australia, 2University of California, 
Los Angeles, CA, 3University of Oregon, Eugene, OR, 4Stanford 
University, Stanford, CA, 5University of Melbourne, Melbourne, 
Australia

Introduction: Average sleep duration and quality have been extensive-
ly researched in relation to adolescents’ mental health. A small number 
of studies in adults have linked higher day-to-day sleep variability to 
insomnia and depression. However, the relationship between variable 
sleep patterns and adolescents’ mental health remains unexamined.
Methods: 146 adolescents (47.3% male) aged 16.2 ± 1.0 years (M ± SD) 
from the general community wore an actigraph that assessed daily 
bedtime, risetime, time-in-bed (TIB), and sleep onset latency (SOL) 
throughout a two-week vacation with relatively unconstrained sleep 
opportunity. Self-report sleep quality (SSQ), negative mood (symp-
toms of anxiety and depression), and life stress for this period were 
assessed using questionnaires. For each sleep parameter, individuals’ 
mean values and daily variability were used to simultaneously predict 
negative mood with SSQ as mediator. The models were estimated in 
a purpose-built Bayesian framework, with age, sex, and life stress in-
cluded as covariates.
Results: Longer and more variable TIB were both associated with 
poorer SSQ (p-values < 0.01), which in turn, was associated with more 
negative mood (p < 0.01). Similarly, more variable SOL was associated 
with worse SSQ (p < 0.01), which in turn, was associated with more 
negative mood (p < 0.05); the mean of SOL, however, was not signifi-
cantly related to either SSQ or negative mood. Neither variability nor 
the mean of bedtime and risetime were significantly associated with 
SSQ or negative mood.
Conclusion: During a period of relatively unconstrained sleep oppor-
tunity, higher day-to-day variability of actigraphy TIB and SOL were 
associated with greater severity of anxiety and depressive symptoms, 
mediated by poorer perceived sleep quality. Significant effects of vari-
ability found in this study were over and above the effect of mean val-
ues, suggesting unique aspects of sleep variability that are relevant to 
symptoms of anxiety and depression in adolescents.

1072
CIRCADIAN RHYTHM GENE VARIANTS INFLUENCE 
BODY MASS INDEX IN CHILDREN
Chang A1,2, Taveras EM3,4, Rifas-Shiman SL5, Litonjua A 2, 
Gillman MW4,5, Saxena R6, Redline S2,7

1Department of Biobehavioral Health, The Pennsylvania State 
University, University Park, PA, 2Department of Medicine, Brigham 
and Women’s Hospital, Boston, MA, 3Department of Pediatrics, 
Massachusetts General Hospital for Children, Boston, MA, 
4Department of Nutrition, Harvard School of Public Health, Boston, 
MA, 5Obesity Prevention Program, Department of Population 
Medicine, Harvard Medical School and Harvard Pilgrim Health Care 
Institute, Boston, MA, 6Department of Anesthesia, Massachusetts 
General Hospital, Boston, MA, 7Department of Epidemiology, 
Harvard School of Public Health, Boston, MA

Introduction: Variants in circadian rhythm-related genes may influ-
ence obesity and metabolic phenotypes. However, little research in 
humans has examined associations among circadian rhythm/sleep-
related genes and sleep, obesity and cardio-metabolic phenotypes. 
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Even less evidence is available in childhood and adolescence, when 
metabolic and obesity phenotypes are shaped. Our objective was to in-
vestigate potential associations of candidate circadian rhythm-related 
genes with parental report of sleep duration and with cardio-metabolic 
outcomes in a large pediatric population.
Methods: We selected 64 single nucleotide polymorphisms (SNPs) 
from 8 candidate genes (Clock, Period2, Period3, Cryptochrome2, 
Melatonin Receptor 1B, Adenosine Deaminase, Adenosine A2a Re-
ceptor, and BHLHE41) for association testing in 814 children par-
ticipating in a pre-birth cohort study, Project Viva (79.4% European, 
20.6% non-European ancestry). We also controlled for population 
structure using genetic ancestry. Sleep and cardio-metabolic measures 
included parental report of child’s sleep duration, body mass index 
(BMI), waist circumference, blood pressure, and heart rate. Outcomes 
were collected at 3 different time points: 6 months, early childhood 
(median 3.3 years), and mid-childhood (median 7.7 years). We used 
an additive genetic model in linear regression analyses adjusting for 
covariates age, sex and race/ethnicity. Bonferroni-adjusted p-value (< 
0.00078) was considered significant.
Results: We found significant independent associations of BMI at age 
7 with 2 SNPs, Period 2 (PER2) rs11892306 and Adenosine deaminase 
(ADA) rs6031682. Minor allele carriers for PER2 rs1182306 had lower 
BMI (−1.52 kg/m2; 95% CI −2.32, −0.73) compared to non-carriers, 
whereas carriers of the ADA rs6031682 minor allele had a 0.88 kg/m2 
(95% CI 0.43, 1.33) higher BMI relative to non-carriers. No association 
was seen with other cardio-metabolic outcomes, including BMI at ear-
lier ages. Sleep duration was not significantly associated with any SNP.
Conclusion: Using genetic analysis of circadian rhythm- and sleep-
related variants we identified associations of PER2 and ADA with dif-
ferences in BMI in children but results need replication.
Support (If Any): This study was supported by NIH/NCI grant 
U54CA155626. Data collection for Project Viva was supported by 
NIH/NICHD grant R37HD034568. A-MC was supported by NIH/
NHLBI grant K01HL115458.
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BLOOD LEAD LEVELS IN EARLY CHILDHOOD ARE 
ASSOCIATED WITH SLEEP PROBLEMS IN LATER 
CHILDHOOD
Liu J1, Liu X 2, Pak V1, Veasey S1, Pinto-Martin J1, Dinges D1

1University of Pennsylvania, Philadelphia, PA, 2Indiana University, 
Indianapolis, IN

Introduction: Lead exposure has been linked to mental and behavioral 
developmental problems in children. Little is known about the impact 
of lead exposure on children’s sleep. This study examined the associa-
tion between blood lead levels (BLL) and sleep problems as reported by 
both parents and children themselves in a sample of Chinese children.
Method: 1419 preschool children participated in a longitudinal cohort 
study of lead exposure and health outcomes in Jiangsu, China. BLL 
were measured when children were aged 3–5 years and sleep was as-
sessed when children were aged 9–13 years. The Chinese version of the 
Child Sleep Habits Questionnaire (CSHQ) was used to assess parent-
reported child’s sleep and an adolescent sleep questionnaire was used 
to assess self-reported sleep. A total of 665 children with complete data 
on BLL and sleep were included for the current study.
Results: Mean age of the sample at BLL assessment was 4.74_years 
(SD = 0.89). Mean age at sleep assessment was 11.05 years (SD = 0.88), 
53% were males. Mean BLL was 6.26 µg/dl (SD = 2.54). There were 
significant correlations between BLL and 3 CSHQ subscales divided 
by BLL < 10 and BLL > 10: Sleep onset delay (r = 0.113, p < 0.01), 
Less sleep duration (r = 0.139, p < 0.001), and Night waking (r = 0.089, 
p < 0.05). Insomnia was somewhat higher (45.7% vs 32.5%, p = 0.067 ), 

and excessive daytime sleepiness EDS (26.1% vs 9.0%, p < 0.001), and 
use of sleep pills (6.5% vs 1.8%, p = 0.03) were reliably more preva-
lent in children BLL ≥ 10.0 µg/dl than in those children BLL < 10.0 
µg/dl. After adjusting for demographics, BLL ≥ 10.0 µg/dl was sig-
nificantly associated with increased risk for insomnia (OR = 2.01, 95% 
CI = 1.03–3.95) and excessive daytime sleepiness (EDS) (OR = 2.90, 
95% CI = 1.27–6.61).
Conclusion: Our findings suggest that elevated BLL in early childhood 
are associated with increased risk for sleep problems in later child-
hood. Further research is warranted to examine the long-term impact 
of childhood lead exposure on objective sleep measures and the mecha-
nisms underlying higher lead levels and associated sleep problems.
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DAY-TO-DAY ASSOCIATIONS BETWEEN SLEEP 
QUALITY AND DAILY EXPERIENCES IN YOUTH
Sin NL1, Almeida DM1, McHale SM1, Crain TL2, Beverly CM1, 
Kossek EE3, Berkman LF4, Buxton OM1,5,6,7

1The Pennsylvania State University, University Park, PA, 2Portland 
State University, Portland, OR, 3Michigan State University, East 
Lansing, MI, 4Harvard Center for Population and Development 
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6Harvard Medical School, Boston, MA, 7Harvard School of Public 
Health, Boston, MA

Introduction: Inadequate sleep is associated with increased risks of 
emotional and health problems among youth, but we know little about 
the relationships among sleep, emotions, and social experiences at the 
daily level. This study examined bidirectional associations between 
youths’ daily experiences and nightly sleep quality across one week.
Methods: The sample comprised 123 youths spanning 9 to 17 years of 
age (mean age of 13; 52% female). During telephone interviews on 8 
consecutive evenings, youths rated their previous night’s sleep quality 
in addition to the current day’s emotions and both positive and stressful 
experiences involving their parents or others. Multilevel models tested 
daily experiences as predictors of same-night sleep quality, as well as 
the reverse associations (i.e., sleep predicting next-day experiences). 
Analyses adjusted for the previous day’s experiences and sleep quality, 
youth and parent demographics, and day-level covariates (e.g., school 
day, parent work day).
Results: Participants collectively provided 807 days of interviews. 
On average, youth reported positive social events on 73% of days and 
stressors on 27% of days. Mean sleep quality was 3.5, positive emo-
tions were 3.3, and negative emotions were 1.3 on 1–4 rating scales. 
Numerous significant between-person associations emerged. Youth 
who had better sleep quality across the week tended to have more posi-
tive emotions, more positive experiences with parents, and were less 
likely to argue with parents or others. Accounting for between-person 
effects, within-person associations revealed that, after nights when 
sleep quality was better than usual, youth reported fewer stressors and 
more positive events than usual on the following day.
Conclusion: Individual differences in daily emotional and social ex-
periences are linked to individual differences in youths’ sleep quality. 
Furthermore, decreases and increases in youths’ nighttime sleep qual-
ity from one night to the next are linked to decreases and increases in 
their next-day emotional and social experiences.
Support (If Any): This research was conducted as part of the Work, 
Family, and Health Network, which is funded by a cooperative agree-
ment through the National Institutes of Health and Centers for Disease 
Control and Prevention: Eunice Kennedy Shriver National Institute of 
Child Health and Human Development (U01HD051217, U01HD051218, 
U01HD051256, U01HD051276), National Institute on Aging 
(U01AG027669), Office of Behavioral and Social Sciences Research, 
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the National Heart, Lung and Blood Institute (R01HL107240), and 
National Institute for Occupational Safety and Health (U01OH008788, 
U01HD059773). Grants from the William T. Grant Foundation, Alfred 
P Sloan Foundation, and Administration for Children and Families pro-
vided additional funding.
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Introduction: Sleep quantity and quality were associated in school-
aged children to cognitive development measured by the executive 
functioning, school performance, intelligence quotient (IQ), language 
development, and memory learning. Few studies were conducted 
among preschoolers from healthy general population and usually fo-
cused on only one aspect. We aimed at identifying, among 3 years 
old children, factors associated with IQ estimated through WPPSI-III 
and its indicators i.e. full-scale (FSIQ), verbal (VIQ) and performance 
(PIQ) scores.
Methods: We included children from the French birth-cohort AuBE 
with a WPSSI-III test performed at 3 years old (N = 188) and available 
sleep data. Information on mothers and children were collected through 
self-questionnaires at birth, 6, 12, 18, and 24 months of age. We con-
sidered mother’s age at birth, working category, parity, pre-pregnancy 
BMI, smoking during pregnancy, gender, term at birth, birth weight, 
breastfeeding duration, childcare arrangement and child’s TV viewing 
duration. Child’s sleep duration (night and naps), snoring (≥ 3 times/
week) and night-awakenings were also collected at each age. A day/
total sleep duration ratio was calculated. Analyses were performed us-
ing linear regressions.
Results: Mean scores were 106 (range: 62–138), 92 (61–140) and 
99 (61–138) for VIQ, PIQ and FSIQ, respectively. Being a ≥ 3 born-
child from an unemployed overweight mother and watching TV ≥ 1 
hours/day at 24 months were negatively associated with QIV while 
night-awakenings at 6 months were positively associated; Snoring at 
18 months, watching TV ≥ 2 hours/day at 24 months, and having a 
manual worker mother was negatively associated with PIQ while day/
total sleep ratio at 12 months and collective childcare arrangement at 
24 months were positively associated. All factors but working category 
were significantly associated with FSIQ.
Conclusion: Factors associated with FSIQ reflected those associated 
with VIQ and PIQ subscales. Different sleep characteristics at 6, 12 and 
18 months influenced IQs scores at 3 years old.

1076
ACTIGRAPHY-MEASURED SLEEP PATTERNS AMONG 
CHILDREN WITH AUTISM AND OTHER DISABILITIES
Chen X1, Velez J2, Barbosa C2, Pepper M2, Gelaye B1, 
Carskadon MA3, Redline S 4,5, Williams MA1

1Department of Epidemiology, Harvard School of Public Health, 
Boston, MA, 2Centro de Rehabilitación Club de Leones Cruz del 
Sur, Punta Arenas, Chile, 3Chronobiology & Sleep Research, Brown 
University Medical School, Providence, RI, 4Division of Sleep and 
Circadian Disorders, Brigham and Women’s Hospital, Boston, MA, 
5Department of Medicine, Harvard Medical School, Boston, MA

Introduction: Children with disabilities are reported by their parents 
to experience sleep disturbances. This study characterized actigraphy-
measured sleep patterns among children with disabilities and exam-
ined whether caregivers’ education was associated with children’s 
sleep disturbances.
Methods: This cross-sectional study was conducted among 125 chil-
dren (aged 6–12 years; boys: 55.2%) with autism and other disabilities 
and their caregivers in Chile. Children wore ActiSleep monitors for 
seven consecutive days, while caregivers completed sleep logs for chil-
dren with key measures including sleep latency, wake after sleep onset 
(WASO), sleep efficiency, and sleep duration. Linear regression models 
were fitted to estimate mean and standard error (SE) of sleep efficiency 
across caregivers’ education levels while adjusting for children’s age, 
sex, disability type, caregiver-child relationship, and caregivers’ age. 
Multivariable logistic regression analyses were conducted to estimate 
odds ratios (ORs) and 95% confidence intervals (CIs) for risks of longer 
sleep latency (≥ 30 minutes) and other dichotomized measures of sleep 
disturbances in relation to caregivers’ educational attainment.
Results: Median sleep latency was 27.3 minutes, WASO 88.1 minutes, 
and sleep duration 8.0 hours. Mean sleep efficiency was 80.0%. Ad-
justed mean of sleep efficiency varied by caregivers’ education, with 
the lowest sleep efficiency observed among children of caregivers 
with < high school (75.7% (SE = 1.4)), followed by children of care-
givers with high school (80.4% (SE = 1.0)) and > high school (81.9% 
(SE = 1.0)). Caregivers’ education was significantly and positively as-
sociated with children’s sleep efficiency (Ptrend = 0.001). Compared to 
children whose caregivers had > high school, children of caregivers 
with < high school had higher odds of longer sleep latency (OR = 3.27; 
95% CI = 1.12–9.61) and WASO ≥ 90 minutes (OR = 5.95; 95% 
CI = 1.91–18.53). Associations were generally consistent across dis-
ability groups.
Conclusions: Children with disabilities have long sleep latency, long 
WASO (a measure of sleep fragmentation), short sleep, and poor sleep. 
Caregivers’ lower educational levels are strongly associated with chil-
dren’s sleep disturbances.
Support (If Any): This research was supported by awards from the 
National Institutes of Health (National Institute on Minority Health 
and Health Disparities: T37-MD001449; the National Center for Re-
search Resources (NCRR), the National Center for Advancing Transla-
tional Sciences (NCATS): 8UL1TR000170-05), and the Rose Traveling 
Award.
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SLEEP SYMPTOMS IN A POPULATION BASED SAMPLE 
OF 5-11 YEAR OLD CHILDREN WITH ASTHMA 
ENROLLED IN THE SUPERVISED ASTHMA MEDICINE 
IN SCHOOLS (SAMS) STUDY
Goodwin JL, Gerald JK, Brown MA, Clemens CJ, Jenkins IC, 
Gerald LB
University of Arizona, Tucson, AZ

Introduction: There are few reports of the prevalence of symptoms 
associated with sleep problems in a non-clinical sample of children 
with asthma. SAMS is a school based study which provides an op-
portunity to examine these relationships in a community based sample 
of children.
Methods: Children were eligible if they had physician-diagnosed asth-
ma, were enrolled in a participating Tucson Unified School District 
(Tucson, Arizona) elementary school, and spoke English or Spanish. 
Parents were interviewed by telephone upon enrollment to obtain de-
mographic and sleep-related data. Snoring, daytime sleepiness, trouble 
falling asleep, witnessed apnea, and nighttime awakenings were con-
sidered present if the parent reported they occurred ‘frequently or al-
most always’.
Results: The 262 children had a mean age of 8.5 (1.7) years, were 
mostly male (65%), Hispanic (77%), and had a mean BMI of 19.6 (5.7). 
The prevalence of snoring (20.2%), nighttime awakenings (13.8%), and 
tonsillectomy (16.2%) are substantially greater in children with asthma 
than those reported in the general population of normal children of 
the same age. However, the prevalence of daytime sleepiness (9.4%), 
trouble falling asleep (16.2%), and witnessed apnea (2.6%) were similar 
to previous reports of these symptoms in non-asthmatic schoolchildren. 
Boys had trouble falling asleep more often than girls (20.3% vs 8.5%, 
p < 0.01). There were no differences in snoring, daytime sleepiness, or 
witnessed apnea within gender, ethnicity, BMI (> 95th percentile) or 
children with tonsillectomy. However, children with nighttime awak-
enings also had a greater prevalence of habitual snoring (57.9% vs 
17.2%, p < 0.001) and trouble falling asleep (42.1% vs 14.0%, p < 0.001).
Conclusions: In this community based sample of 5–11 year-old chil-
dren with asthma, the prevalence of habitual snoring, nighttime awak-
enings, and tonsillectomy are greater than reported in non-asthmatic 
schoolchildren. Asthmatic children with frequent nighttime awaken-
ings are more likely to have trouble falling asleep and habitual snoring.
Support: NHLBI 110858; Thayer Medical Corporation; Merck, Sharp 
& Dohme Corporation

1078
ADENOTONSILLECTOMY OUTCOMES OF CHILDREN 
WITH PRIMARY MEDICAL DIAGNOSES AS COMPARED 
TO HEALTHY CHILDREN: A RETROSPECTIVE 
REVIEW OF A CANADIAN TERTIARY PEDIATRIC 
SLEEP CENTER
Al-Saleh S, Huang J, Narang I, Lam L, Amin R
The Hospital for Sick Children, Toronto, ON, Canada

Introduction: Children with an underlying medical diagnosis have 
traditionally been excluded from studies reporting on the persistence 
of obstructive sleep apnea (OSA) post adenotonsillectomy (AT). Our 
aim was to determine the prevalence of persistent OSA in a cohort of 
children with an underlying primary medical diagnosis as compared to 
a cohort of healthy children.
Methods: We conducted a retrospective review of children that under-
went PSGs pre and post AT in the sleep laboratory at SickKids, Toronto, 
Canada, between 2009 and 2013. Children with an underlying medical 
diagnosis were defined as those with ≥ 1 International Classification of 

Disease tenth revision diagnostic code (ICD-10). Data were collected 
on baseline demographics, medical diagnoses, and PSG results pre and 
post AT.
Results: A total of 280 children underwent pre and post AT PSGs 
or post AT PSG during the study period. The mean (SD) age was 5.9 
(6.0) years. Fifty-nine (n = 165) percent were male. 245 (88%) children 
had ≥ 1 ICD-10 diagnosis. Pre AT, there were no differences in age, 
gender, obstructive apnea-hypopnea index, oxygen saturation nadir or 
maximum end-tidal carbon dioxide level between children with and 
without an ICD-10 diagnosis. Post AT, the oxygen saturation nadir 
mean (SD) was significantly lower for the children with an ICD-10 di-
agnosis, 82.9 (11.4) vs 88.7 (8.0), p = 0.03. Post AT, moderate-severe 
OSA persisted in 41.0% of children with an ICD-10 diagnosis as com-
pared to 31.6% of children without a diagnosis (p = 0.026).
Conclusion: The prevalence of persistent OSA post AT is higher in 
children with an underlying ICD-10 diagnosis as compared to healthy 
children. Clinical factors which predict the persistence of OSA in these 
children including the presence of Complex Chronic Conditions as per 
Feudtner will be available by the time of the meeting.

1079
PREVALENCE AND CLINICAL CORRELATES OF 
NOCTURNAL SHORT ONSET REM (SOREM) PERIODS 
IN 12,113 PEDIATRIC PATIENTS
Cairns A, Bogan R
SleepMed, Inc., Columbia, SC

Introduction: Sleep-onset REM (SOREM) during nocturnal PSG is 
suggested to be a unique diagnostic indicator of narcolepsy and is in-
cluded in the newest nosology for narcolepsy (DSM-V and ICSD-3). 
We evaluated the prevalence of PSG SOREMs in a large sample of 
pediatric patients being evaluated for sleep disorders.
Methods: Data were extracted from SleepMed’s repository of PSG 
data collected from 2004 to 2013. Multiple logistic regression analyses 
were employed to predict the odds (odds ratio; OR) of PSG SOREM 
across the following factors: sex, race, age, respiratory disturbance in-
dex (RDI), arousal index (AI), WASO, napping the day of test, habitual 
weekday/weekend napping, and symptoms of narcolepsy (sleep paraly-
sis and hypnogogic hallucinations).
Results: The final sample consisted of 12,113 patients (58% Male; 
46% Caucasian) with a mean age of 9.3 ± 4.7 yr (range = 1–17) and 
RDI of 6.3 ± 12.6. The prevalence of PSG SOREM was 1.0% (n = 125; 
SOREMM = 5.8 ± 4.5 min) but varied with age. Overall, SOREM 
was most prevalent in infancy (age = 1; 4.3%) and declined to ≤ 0.5% 
through 13 years of age. A small increase was seen in children between 
14 and 15 years of age (1.5%). The adjusted model was significant 
R2 = 7.7%, χ2 (11, n = 7,290) = 62.6, p < 0.001, but “napping the day of 
the test” (OR = 3.6; 50% vs. 27%; p < 0.001) contributed to most vari-
ance in SOREM (3.4%). Unique variance was accounted for by AI and 
WASO, but effect sizes were very small after controlling for napping.
Conclusion: The prevalence of NPSG SOREM in children was similar 
to our adult sample (0.9%; see accompanying abstract entitled “Predic-
tors and Potential Confounders of SOREM in 239,047 Adult Sleep Clin-
ic Patients”), but had different predictors. Napping children, regardless 
of age, were much more likely to have a PSG SOREM. Napping in 
older children may be a marker of unstable sleep/wake regulation and 
excessive sleepiness, a hallmark symptom of narcolepsy and certain 
other sleep disorders.
Support (If Any): Jazz Pharmaceuticals SIIR 13 009
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FACTORS ASSOCIATED WITH CHANGES IN 
RESPIRATORY TECHNOLOGY SETTINGS DURING 
PEDIATRIC POLYSOMNOGRAMS
Sayal P, Al-Saleh S, Florence J, Sayal A, Narang I, Amin R
Division of Respiratory Medicine, The Hospital for Sick Children, 
Toronto, ON, Canada

Introduction: There are long wait times for pediatric PSG in Canada. 
Our aim was to examine factors associated with changes in respiratory 
technology (Continuous Positive Airway Pressure (CPAP), Bi-level 
positive airway pressure ventilation (Bi-level) and invasive ventilation 
(IPPV)) settings during titration studies.
Methods: We conducted a retrospective review of children with ≥ 2 
PSGs using CPAP, Bi-level and IPPV at the sleep laboratory at Sick-
Kids, Toronto, Canada, between 2009 to 2013. Major change in set-
tings was defined as a change in pressure or rate. Repeated measures 
regression for major change was performed with age, gender, BMI, 
technology type, reason for ventilation (Central Nervous System 
(CNS), Musculoskeletal (MSK), respiratory), obstructive and central 
apnea-hypopnea indices, time from last PSG, and PSG within recom-
mended limit. Initiation studies were excluded.
Results: A total of 224 patients, 108 (48%) male, underwent 521 PSGs 
during the study period. The technology subgroups were: Bi-level, 333 
(64%), CPAP 87 (17%) and IPPV, 101 (19%). The mean (SD) age was 
10.02 (5.09). The mean (SD) time between PSGs was 1.16 (0.98) years. 
352 (67%) studies had a major change. Technology type and reason for 
ventilation were significant variables in the regression analysis. The 
odds of a major change was greatest for Bi-level as compared to both 
CPAP (OR 2.74, p = 0.0004) and IPPV (OR 1.72, p = 0.0495). The odds 
of a major change was greatest for a CNS diagnosis for ventilation as 
compared to both a MSK diagnosis (OR 2.23, p = 0.0049) and a respira-
tory diagnosis (OR 2.10, p = 0.0042).
Conclusion: Bi-level ventilation and a CNS diagnosis requiring ven-
tilation were associated with the greatest chance of a major change in 
settings during technology titration. Further exploration of the specific 
CNS diagnoses associated with changes in the settings will be avail-
able at the time of the meeting.

1081
SLEEP DISORDERS IN BRAZILIAN CHILDREN: 
REGIONAL DIFFERENCES
Carvalho LB, Figueiredo MB, Ferreira VR, Prado LF, Prado GF
Universidade Federal de Sao Paulo, Sao Paulo, Brazil

Introduction: Adenoid or tonsil hyperplasia is the most common cause 
of sleep disordered breathing (SDB) in children and together with the 
inflammatory condition can impair growth. The disrupted sleep and 
the oxygen desaturation are the most important characteristics of SDB 
and can lead to cognitive dysfunction. The pollution in big cities can 
provide an environment for allergies and inflammatory diseases, in-
creasing the incidence of SDB. The objective is to verify the prevalence 
of SD in children in a big city compared to a small town.
Methods: This study was carried out in elementary public schools, in 
Sao Luis City, Maranhao State, northeast of Brazil and in Sao Paulo 
City, Sao Paulo State, southeast of Brazil, a big industrial polluted city. 
Parents of 6 to 10 years old children filled in the Sleep Disturbance 
Scale for Children Questionnaire, adapted and validated for Brazilian 
Portuguese. We excluded children with genetic or neurological dis-
eases.
Results: We analyzed 3023 questionnaires (51.5% girls) from Sao 
Paulo and 694 (51% girls) from Sao Luis. For all sleep disorders there 
was no difference between the two cities (21% in Sao Paulo; 18% in 

Sao Luis; p = 0.09). When we analized the subgroups of sleep disor-
ders, we found more children with SDB (15.4%) and disorders of ini-
tiating and maintaining sleep (2.9%) in São Luis than in Sao Paulo 
(2.6%, 0.52%, respectively; p < 0.05); and more children with disorder 
of arousal (15%), disorder of sleep-wake transition (2.8%), and exces-
sive sleepiness (2%) in Sao Paulo than in Sao Luis (1.2%; 0.72%; 0.14%, 
respectively; p < 0.05).
Conclusion: The data surprisingly showed a greater prevalence of 
SDB in Sao Luis compared to Sao Paulo. Economic and Social condi-
tions, as poor health assistance and poor public health polices, can be 
more effective to impair sleep than industrial environmental aggres-
sion such as air pollution.
Support (If Any): Fapesp 00/07513-3; 2010/06188-3

1082
REVIEWING THE EFFECTS OF PRENATAL ALCOHOL 
EXPOSURE ON SLEEP AND CIRCADIAN FUNCTIONING 
IN CHILDREN: AN EMERGING PATHWAY TO 
NEUROCOGNITIVE IMPAIRMENT
Kuhar R1, Hart A1, McGuinness H1, Garrison MM2

1University of Washington, Department of Health Services, 
Community Oriented Public Health Practice, Seattle, WA, 2Seattle 
Children’s Research Institute, Center for Child Health, Behavior and 
Development, Seattle, WA

Introduction: Prenatal alcohol exposure (PAE) has been associated 
with a range of neurocognitive effects, including decreased executive 
function. Emerging research suggests that these children are also at 
increased risks for sleep problems, which may in turn exacerbate the 
neurocognitive symptoms. This systematic review explores the body 
of primary research literature surrounding the relationship between 
children’s sleep and circadian problems caused by PAE and daytime 
neurocognitive impairment.
Methods: We developed a detailed search string to capture relevant 
studies in both humans and animal models in PubMed. Studies in 
which the mother had consumed alcohol during pregnancy, and sleep 
or circadian functioning was measured in the offspring were included; 
reviews, studies in a language other than English, studies that were not 
peer-reviewed, and studies in which offspring studied were over 18 
years old were excluded.
Results: Of the 524 studies yielded from applying our search string in 
PubMed, 40 studies met inclusion criteria for this systematic review. 
Sleep problems are common among children with PAE, with 21 studies 
documenting increased risks in animal models and 19 studies in hu-
mans. The specific sleep problems associated with PAE include shorter 
sleep duration (8 studies), longer onset latency (7 studies), bedtime 
resistance (4 studies), sleep anxiety (3 studies), and other physiologic 
abnormalities of sleep (10 studies). Finally, sleep problems in children 
with PAE are both more severe and prevalent with the presence of co-
morbid neurocognitive problems such as ADHD, anxiety, and depres-
sion (2 studies).
Conclusion: The current state of the literature demonstrates a signifi-
cantly increased risk of sleep problems among children with PAE; this 
burden may be translating in turn to a greater neurocognitive burden or 
decreased family quality of life. What remains unknown is the degree 
to which these sleep problems can be addressed with treatment, and 
whether children with PAE will show any amelioration of neurocogni-
tive symptoms with improved sleep, as is seen among children with 
non-teratogenic behavior and development disorders.
Support (If Any): The University of Washington Department of Health 
Services and the Community Oriented Public Health Practice Program 
provided library resources and logistical support for this project.



SLEEP, Volume 38, Abstract Supplement, 2015 A384

B. Clinical Sleep Science X. Pediatrics

1083
FACTORS ASSOCIATED WITH NIGHT SLEEP 
TRAJECTORIES AMONG FRENCH PRESCHOOL 
CHILDREN FROM THE EDEN MOTHER-CHILD 
COHORT
Plancoulaine S, Heude B, Charles M
INSERM - CRESS U1153 - ORCHAD Team, Villejuif, France

Introduction: Children sleep has been associated with subsequent 
health outcomes, but less is known about sleep trajectories and their 
associated factors among preschoolers.
Methods: We included 1258 children from the French mother-child 
EDEN cohort with sleep data between 2 and 5.5 years old. Group-
based trajectory modeling was used to identify night sleep duration 
(NSD) trajectories and simultaneously identify time-stable factors ex-
plaining differences between trajectories and time-dependent factors 
associated with variations within trajectories. Studied time-stable fac-
tors concerned the family (income, educational level, familial status), 
the mother (age at birth, parity, pre-pregnancy BMI, depression, smok-
ing status) and the child (term, gender, birth-weight, breastfeeding du-
ration); Time-dependent factors were childcare arrangement, working 
mother, parental presence when falling asleep, BMI-z-score, night 
awakenings, nap, physical activity and TV viewing durations.
Results: Five distinct NSD trajectories were identified: constant-short 
sleepers (CSS, < 10h30/night, 5.5%), constant-medium-low sleepers 
(CMLS, < 11h/night, 45.0%), constant-medium-high sleepers (CMHS, 
≈11h30/night, 36.5%), decreasing-long sleepers (DLS, ≥ 11h30/night, 
5.1%) and modifier sleepers (MS, i.e. LS-MLS, 7.9%). Factors associ-
ated with increased risk for SS trajectory were being a first-born child 
and having a smoking mother during and after pregnancy. Within SS 
group, NSD between 2 and 5.5 years was negatively associated with 
TV viewing duration. Factors associated with increased risk for LS 
trajectory were being a girl, born to a young or a mother who smoked 
during pregnancy. Within LS group, NSD was negatively associated 
with collective childcare arrangement, parental presence when falling 
asleep and TV viewing duration. Factor associated with increased risk 
for MS trajectory was having a smoking mother during pregnancy. In 
MS group, NSD was negatively associated with collective childcare 
arrangement.
Conclusion: Early life factors, especially maternal smoking during 
pregnancy, were associated with several sleep trajectories from 2 to 5.5 
years. Factors associated with sleep duration changes within trajectory 
groups were mainly behavioral.

1084
CIRCADIAN PREFERENCE, SLEEP HYGIENE AND 
MEDIA USE IN ITALIAN CHILDREN
Giannotti F1, Cortesi F1, Santoro F2, Panunzi S2

1University of Rome La Sapienza, Rome, Italy, 2University of Rome, 
Rome, Italy

Introduction: Circadian phase preference is an individual charac-
teristic related to different daily rhythms of many physiological vari-
ables. Previous researches have demonstrated that poor sleep hygiene 
and screen-based media use is associated with poor sleep, but little is 
known about prepubertal children. Purpose of this study was to inves-
tigate relationship between circadian preferences, sleep hygiene, media 
use in children aged 4–11 y.
Methods: Data were collected on 2592 non-referred children (49% 
male), attending ten schools in Rome (response rate = 79.5%). Sample 
was divided into three groups (4–6, 6.1–9; 9.1–10.11 years). Parents 
completed Children’s Sleep Hygiene Scale (CSHS), Children’s Sleep 
Habits Questionnaire (CSHQ), Children’s Chronotype Questionnaire 

(CCTQ). Questionnaires showed adequate internal consistency. Par-
ents were asked about children’s screen time (time spent on screen-
based activities, including mobile phone, television, video-game 
console, computer and electronic social media such as text messages 
and online social networking sites) over the past 30 days. Those who 
spent more than 120 min/daily were considered extensive users.
Results: ANOVA results showed poor sleep hygiene practices across 
evening types in all age groups (F 58.3; p < 0.001), particularly in the 
oldest group. Similarly, the Evening groups scored higher on CSHQ 
across all ages (F 111; p < 0.0001) and slept less than Morning and 
Intermediate types (F 438.6; p < 0.001). As expected, Evening chil-
dren showed higher screen exposure than other circadian types (F 71.3; 
p < 0.001) constantly over time. Interestingly, 45%, 50%, 55% respec-
tively in younger to older Evening children are media extensive users. 
SES and female sex as covariate showed a significant effect indicating 
that higher SES and sex act as protective factors.
Conclusion: This study indicated that Evening circadian preference 
is importantly related to insufficient and low quality sleep, poor sleep 
hygiene and higher screen time exposure even in pre-schoolers. This 
trend increases as children get older, especially in males with low so-
ciocultural level.

1085
VARIATION IN OBJECTIVELY DETERMINED 
PHYSICAL ACTIVITY, SEDENTARY BEHAVIOR AND 
SLEEP BY SEASON IN 12-14 YEAR-OLD CHILDREN
Quante M1,2, Kaplan ER1, Rueschman M1, Wang R1,2, Weng J1, 
Taveras EM3, Rifas-Shiman SL 4, Gillman MW4, Redline S1,2,5

1Division of Sleep and Circadian Disorders, Departments of Medicine 
and Neurology, Brigham & Women’s Hospital, Boston, MA, 2Harvard 
Medical School, Boston, MA, 3Division of General Academic 
Pediatrics, Department of Pediatrics, MassGeneral Hospital for 
Children, Boston, MA, 4Obesity Prevention Program, Department of 
Population Medicine, Harvard Medical School and Harvard Pilgrim 
Health Care Institute, Boston, MA, 5Beth Israel Deaconess Medical 
Center, Boston, MA

Introduction: An integrative consideration of multiple health behav-
iors may inform the development of novel approaches for reducing obe-
sity risk in children. We sought to examine the extent to which physical 
activity, sedentary behavior and sleep vary by season.
Methods: We examined 302 12–14 year old children in Project Viva, 
a pre-birth cohort study in eastern Massachusetts, enrolled across all 
seasons. Activity levels were assessed from GT3X+ accelerometers 
worn on the wrist for at least 3 days and nights, and characterized 
as moderate-to-vigorous activity, sedentary time and sleep based on 
Evenson cut-points and the Cole-Kripke sleep algorithm. We used 
multivariable linear regression models adjusted for child age, sex, race/
ethnicity and maternal education.
Results: Mean (SD) age was 12.9 years (0.4); 51% were male and 65% 
were white. Mean (SD) moderate-to-vigorous physical activity was 136 
min (48); sedentary time was 229 min (76); total sleep time was 7.8 
hours (0.7); wake after sleep onset was 55 min (23); mid-sleep time was 
3.3 hours (1.2) and accelerometer wear time was 7.2 days (1.5). In mul-
tivariable models, children had higher moderate-to-vigorous physical 
activity during spring and summer compared to winter (spring: β = 17.1 
min [95% CI: 1.5, 32.7]; summer: β = 19.5 min [95% CI: 4.9, 34.2]; au-
tumn: β = 8.1 min [95% CI: −7.4, 23.5]; p = 0.05). The sedentary time 
and average total sleep time did not differ between seasons (p = 0.20 
and p = 0.97, respectively), but wake after sleep onset was higher in 
summer compared to winter (β = 7.5 min [95% CI: 0.5, 14.4]; p = 0.01). 
The mid-sleep time was significantly delayed in summer compared to 
winter (β = 0.5 hours [95% CI: 0.2, 0.8]; p < 0.001).
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Conclusion: Physical activity was higher in the summer than the win-
ter, but sleep quality was worse. Longer wake after sleep onset and 
delayed sleep timing in the summer suggest influences associated with 
changes in routines, activities or sun exposure.
Support (If Any): Max Kade Postdoctoral Research Exchange Grant, 
Max Kade Foundation, NY; Year 4 Within-Center Developmental 
Award, National Cancer Institute Centers for Transdisciplinary Re-
search on Energetics and Cancer (TREC) (U54CA155626).

1086
SLEEP IN THE MODERN FAMILY: PROTECTIVE 
FAMILY ROUTINES FOR CHILD AND ADOLESCENT 
SLEEP: RESULTS FROM THE 2014 SLEEP IN AMERICA 
POLL
Buxton OM1,2,3,4, Chang A1,3, Spilsbury JC5, Bos T6, Emsellem HA6, 
Knutson K7

1Pennsylvania State University, University Park, PA, 2Harvard School 
of Public Health, Boston, MA, 3Brigham and Women’s Hospital, 
Boston, MA, 4Harvard Medical School, Boston, MA, 5Case Western 
Reserve University, Cleveland, OH, 6The Center for Sleep and Wake 
Disorders, Chevy Chase, MD, 7University of Chicago, Chicago, IL

Introduction: The overall objective of the 2014 National Sleep Foun-
dation Sleep in America Poll “Sleep in the Modern Family” was to 
obtain a current picture of sleep in families with at least one school-
aged child.
Methods: Cross-sectional poll; Internet-based interview; Nationally-
representative internet panel of US households with a child 6–17 years.
Results: Primary measures included parental perception of the impor-
tance of sleep, parental and child sleep quality, child sleep duration 
and habits, technology in bedroom, and family rules. Parents/guard-
ians (n = 1103, mean age 42, 54% female) completed the survey. Al-
though the majority of parents endorsed the importance of sleep, 90% 
of children obtain less sleep than recommended. Significant predic-
tors of age-adjusted sufficient sleep duration (estimated conservatively 
as ≥ 9 h for ages 6–11, ≥ 8 h for ages 12–17) included parent education, 
regular enforcement of rules about caffeine, and whether children left 
technology on in their bedroom overnight. Significant predictors of ex-
cellent sleep quality included whether a bedtime was always enforced 
and whether children left technology on overnight.
Conclusions: Children generally have better age-appropriate sleep in 
the presence of household rules and regular sleep-wake routines. Suffi-
cient sleep quantity and adequate sleep quality were protected by well-
established rules of sleep hygiene (limited caffeine, regular bedtime). 
In contrast, sleep deficiency was more likely to be present when parents 
and children had electronic devices on in the bedroom after bedtime. 
Public health intervention goals for sleep health might focus on reduc-
ing the encroachment of technology and media into time for sleep and 
supporting well-known sleep hygiene principles.

1087
SLEEP DURATION AND INJURY-RELATED RISK 
BEHAVIORS AMONG US HIGH SCHOOL STUDENTS
Wheaton AG, Croft JB
CDC, Atlanta, GA

Introduction: In the US, more than two-thirds of high school students 
sleep < 8 h on school nights. Insufficient sleep is associated with an 
increased risk for injury from drowsy driving crashes and workplace 
errors.
Methods: To evaluate the association between sleep duration and in-
jury-related risk behaviors, we analyzed data from 51,091 high school 
students (grades 9–12) who participated in the National Youth Risk 

Behavior Survey in 2007, 2009, 2011, and 2013. Students responded 
to questions about school night sleep duration and demographics, as 
well as how frequently they used a bicycle helmet, wore a seatbelt, rode 
with a driver who had been drinking, drove when drinking, and texted/
emailed while driving. Adjusted prevalence ratios (PR) and 95% con-
fidence intervals (CI) for the likelihood of each injury-related behavior 
were obtained from logistic regression analyses adjusted for sex, grade 
in school, and race/ethnicity with a referent sleep duration of 9 h.
Results: The distribution of sleep duration was ≤ 4 h (6.3%), 5 h 
(10.5%), 6 h (21.8%), 7 h (30.1%), 8 h (23.5%), 9 h (5.9%), and ≥ 10 h 
(1.9%). Never/rarely using a bicycle helmet was reported by 86%, but 
only 9% never/rarely wore a seatbelt. Riding with a driver who had 
been drinking (in past month) was reported by 26%, while driving 
when drinking (in past month) was reported by 10%. Texting/email-
ing while driving was reported by 41% of students. In fully adjusted 
models, the likelihood of each behavior (except texting/emailing while 
driving) was significantly higher for students sleeping ≤ 7 h (PR > 1.0); 
while infrequent seatbelt use, riding with drinking driver, and driv-
ing when drinking were also more likely for students sleeping ≥ 10 h 
compared to 9 h.
Conclusion: Since insufficient sleep and injury-related risk behaviors 
often co-occur, interventions efforts aimed at these behaviors might 
help prevent injuries resulting from drowsiness, as well as provide op-
portunities for increasing awareness of the importance of sleep.

1088
SERUM MICRONUTRIENT STATUS ASSOCIATED WITH 
SLEEP DURATION IN ADOLESCENTS
Ji X, Liu J
University of Pennsylvania School of Nursing, Philadelphia, PA

Introduction: The role of serum micronutrient levels in habitual sleep 
duration during adolescence represents an underexplored pathway 
linking nutrition, sleep and health. The aim of this study was to exam-
ine serum levels of iron, zinc and copper in relation to sleep duration 
in adolescents.
Methods: This study represents a sub analysis of the China Jintan 
Child Cohort Study of 269 adolescents (12.03 ± 0.39 years old) en-
rolled from June to July 2013. Venous blood samples were collected 
and analyzed for iron, zinc, and copper concentrations, with the refer-
ence range of 75–175 ug/dl, 67–186 ug/dl, and 80–120 ug/dl respective-
ly. Micronutrient concentrations below or above the reference ranges 
were categorized as low or high micronutrient level. Both adolescents 
and their parents were asked to fill in the question of habitual sleep 
duration on weekdays.
Results: The prevalence rates of insufficient (= 9 hours) in adolescents 
were 33.46% (n = 89), 40.23% (n = 107) and 26.32% (n = 70) respective-
ly. After adjusting for age, gender, co-sleep status, family income and 
habitual sleep duration in parents, low iron level (OR = 0.80, P = 0.001) 
and high copper level (OR = 0.40, p = 0.00) in serum were negatively 
associated with sleep duration levels in adolescents, indicating a de-
creased likelihood of optimal sleep duration relative to normal range 
of iron and copper respectively. In contrast, adolescents with high iron 
level (OR = 1.72, p = 0.00) and low copper level (OR = 1.94, p = 0.007) 
were more likely to have optimal sleep duration. Although serum zinc 
status (p = 0.60) was not significantly correlated with sleep duration 
levels, the ratio of serum iron and zinc concentration showed a negative 
effect (OR = 0.69, p = 0.00) on the levels of sleep duration. Additionally, 
the ratios of serum iron and copper, as well as zinc and copper were 
not significantly associated with sleep duration levels in adolescents.
Conclusion: Our findings suggest that levels of serum micronutrient 
contribute to adolescent sleep duration. Future research is needed to 
examine the possible role of micronutrients in adolescent sleep in order 
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to inform the future interventions for the interrelated health issues of 
nutrition and sleep during adolescence.
Support (If Any): Support for this research was provided by NIH/
NIEH R01-ES018858 and K02ES019878 to Dr. Jianghong Liu at the 
University of Pennsylvania

1089
CIRCADIAN PATTERNS IN TODDLERS BORN 
PRETERM: LONGITUDINAL ASSOCIATIONS WITH 
ATTENTIONAL AND BEHAVIORAL CONCERNS
Schwichtenberg A1, Christ SL1, Abel E1, Poehlmann-Tynan JA 2

1Purdue University, West Lafayette, IN, 2University of Wisconsin, 
Madison, WI

Introduction: Children born preterm are at elevated risk for develop-
mental and behavioral concerns (Bhutta et al., 2002). Preterm infant 
survival rates are increasing, as is our need to understand the develop-
mental cascade associated with preterm birth. Early sleep patterns may 
play a crucial role in child attentional and behavioral development. The 
current study assesses the roles of toddler circadian sleep/activity pat-
terns on later school-age attentional and behavioral problems.
Methods: We used time series modeling to examine circadian sleep/
activity patterns at two years of age in 70 children born preterm. Pre-
maturity and family sociodemographic assets were recorded at hospi-
tal discharge. Child school-age concerns were assessed using parent 
and teacher reports on the Child Behavior Checklist and the Conners 
3. Sleep/activity data (actigraphy) were assessed via cosinor models 
with two sinusoidal waves. The first wave modeled nighttime sleep and 
the second wave modeled a mid-day nap. We compared each child to 
this prototypical circadian pattern (PCP) and assessed their daytime 
activity patterns. Child sleep/activity parameters were regressed onto 
school-age concerns with gender, prematurity, and family sociodemo-
graphic assets as covariates.
Results: Sleep variations from the PCP at age two are associated with 
school-age concerns. Toddlers with patterns that closely aligned with 
the PCP had fewer parent-reported behavioral concerns at school age 
(p = 0.01) and fewer parent-reported attentional difficulties (p < 0.01). 
Toddler mean activity level adjusted for rhythm was negatively as-
sociated with teacher-reported attentional difficulties (p < 0.05) and 
parent-reported externalizing problems (p < 0.05). Within-child activ-
ity variability was also associated with elevated behavioral problems 
(p < 0.01).
Conclusion: The novel approach used in this study to index child cir-
cadian patterns provides a holistic analysis of sleep/activity, which may 
prove to be developmentally consequential. These findings may help 
practitioners identify preterm infants/toddlers at increased risk for 
later difficulties.

1090
GREATER DECLINE IN SLOW WAVE SLEEP 
IS ASSOCIATED WITH METABOLIC AND 
NEUROCOGNITIVE SEQUELAE IN ADOLESCENTS: A 
LONGITUDINAL STUDY
Eckert C, Gaines J, Vgontzas AN, Fernandez-Mendoza J, Calhoun SL, 
Liao D, Bixler EO
Pennsylvania State University, Hershey, PA

Introduction: The loss of slow-wave sleep (SWS) across the lifespan 
has been well-documented. Recent work suggests that the decline in 
SWS during adolescence occurs more rapidly in males than females. 
Although SWS is thought to play a role in health and disease, no study 
to date has examined possible physical or neurocognitive consequenc-
es of this decline. The aim of this study was to longitudinally assess the 

effects of SWS loss from childhood to adolescence on cardiometabolic 
and neurocognitive outcomes in a large population-based sample.
Methods: The Penn State Child Cohort is a representative general 
population sample of 700 children (8.6 ± 1.7 y) of whom 421 (53.9% 
male) were followed up 8 years later during adolescence (17.0 ± 2.3 y). 
At both time points, participants underwent a single 9-hour polysom-
nography (PSG) recording, and ∆SWS was calculated as percentage of 
SWS at baseline minus that at follow-up. A dual-energy X-ray absorp-
tiometry (DXA) scan, fasting morning blood draw, and neurocognitive 
testing were also conducted at follow-up. Linear regression assessed 
the association of ∆SWS on various metabolic and neurocognitive out-
comes at follow-up separately in males and females, adjusting for age, 
BMI percentile, race, and time elapsed between visits.
Results: In males, a greater decline in SWS was significantly associ-
ated with insulin resistance (HOMA; B = 0.17, p = 0.01). ∆SWS was 
also marginally associated with increased visceral fat area (B = 0.09, 
p = 0.09) and impaired vigilance (B = −0.15, p = 0.06). No associations 
between ∆SWS and any cardiometabolic or neurocognitive outcomes 
were observed in females (B = −0.06–0.06, p = 0.48–0.52).
Conclusion: A greater loss in SWS from childhood to adolescence is 
associated with insulin resistance, visceral adiposity, and impaired 
vigilance in adolescent males, but not females. Future studies should 
examine how the decline of SWS is associated with gender differences 
in physical health and neurocognitive outcomes into young adulthood 
and middle age.
Support (If Any): NIH R01 HL63772, R01 HL97165, UL1 RR033184, 
C06 RR16499

1091
SLEEP IN CHILDREN HAVING SURGERY
Rabbitts J, Groenewald C, Palermo T
University of Washington and Seattle Children’s Research Institute, 
Seattle, WA

Introduction: Five million children undergo surgery in the U.S. an-
nually. Emerging literature in adults suggests that sleep plays a role in 
recovery after surgery. Limited research, however, has examined post-
surgical sleep patterns in children. Through analysis of a large retro-
spective database and conduct of a smaller prospective study we aimed 
to examine (1) associations between surgery and sleep disturbances in 
a national sample of children, and (2) longitudinal trajectories of sleep 
in a local sample in the 12-months following surgery.
Methods: To address aim 1 we analyzed nationally representative data 
for children ages 10–17 (N = 6040) from the National Health Interview 
Survey-2012. Parents reported on child health during the preceding 
12-months (insomnia, surgeries, psychosocial health). To address aim 
2 we conducted a prospective study in 60 children 10–18 years (67% 
female,83% White) undergoing major surgery. Children underwent 7 
days of actigraphy monitoring of sleep patterns (sleep duration, effi-
ciency), completed daily electronic diaries (sleep-quality, pain inten-
sity), and completed validated questionnaires (sleep quality, anxiety, 
health-related quality-of-life/HRQOL) at 4 time-points from presur-
gery to 12-months postsurgery.
Results: In the national sample, surgery in the past 12-months was 
associated with increased odds of insomnia (OR = 2.03;95% CI: 
1.13–3.62; logistic regression adjusting for demographic and psycho-
social factors). In our local sample, baseline sleep duration predicted 
pain intensity 2-weeks after major surgery (β = −0.26, p < 0.05; linear 
regression adjusting for anxiety). At 2-weeks postsurgery, children 
reported significant impairment in sleep (68% reported insomnia). At 
4-months and 12-months, children’s sleep patterns improved to base-
line on average, however a sizeable group continued to have sleep dif-
ficulties (46% reported insomnia at 12-months). Longitudinal models 
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will be used to characterize trajectories of sleep over 12-months from 
our final dataset.
Conclusion: Preliminary findings from both studies suggest that post-
surgical sleep disturbances occur commonly in children. Research is 
needed examining relationships between sleep and postsurgical out-
comes including pain and HRQOL.
Support (If Any): This research was funded by Seattle Children’s 
Center for Clinical and Translational Research Clinical Research 
Scholars Program (P.I.: Rabbitts).

1092
SLEEP IN CAREGIVERS AND CHILDREN WITH A 
CHRONIC ILLNESS
Feeley C1, Leu R 2, Rogers AE2

1University of Pittsburgh, Pittsburgh, PA, 2Emory University, Atlanta, 
GA

Introduction: Children with cystic fibrosis (CF) and their caregivers 
often report poor sleep quality and disrupted sleep. Poor and disrupted 
sleep may lead to other negative health outcomes, such as poor QOL 
and elevated depressive symptoms, highlighting the importance of as-
sessing sleep in caregivers and children with CF. However, few studies 
have examined sleep and feasibility of measures using the dyad of both 
caregiver and child.
Methods: Caregivers were over the age of 18, and children had to be be-
tween the ages of 8 and 13 years, with a documented diagnosis of cystic 
fibrosis. 10 dyads were recruited (mean age of caregiver = 38.4 ± 3.4 
years; 80% high school grads; 8 female; mean age of child = 8.9 ± 2.5 
years, 6 females, all Caucasian). Caregivers completed the PSQI, CES-
D depression measure, PROMIS Sleep Disturbance (SF-6), and World 
Health Organization Quality-of-Life-BREF measure. Children filled 
out the Pediatric Daytime Sleepiness Scale (PDSS). Both caregiver and 
child wore an actigraph for a week and kept a sleep diary.
Results: : Caregivers slept a mean of 6 hours and 33 minutes, but re-
ported a mean of 7 hours on the PSQI, with a PSQI score of 6.56, PRO-
MIS mean of 8.5. Children slept a mean of 7 hours and 45 minutes. 
Caregivers reported elevated levels of depressive symptoms (CESD 
mean 9.4 ± 7.2), and lowered physical QOL (mean 26.7 ± 4.8). Children 
reported a mean of 14.6 ± 4.7 on the PDSS.
Conclusion: Caregivers are reporting short sleep and poor quality of 
sleep, but may be overestimating the number of hours they actually 
get when compared to actigraphy. Children with CF are not getting 
adequate sleep as reported by actigraphy. Poor sleep may have further 
implications for children and caregivers on overall health, including 
depressive symptoms and QOL.

1093
FEASIBILITY OF HOME-BASED SLEEP RESTRICTION 
AND EXTENSION PROTOCOLS FOR ADOLESCENTS 
WITH AND WITHOUT CHRONIC PAIN
Tham S1, Durkin LK 2, Ghafari GT 2, Palermo TM1

1University of Washington School of Medicine, Seattle, WA, 2Seattle 
Children’s Research Institute, Seattle, WA

Introduction: Home-based sleep manipulation protocols have advan-
tages of increased ease of implementation, generalizability to the home, 
and less burden. However, these protocols have not been well estab-
lished for use in different populations. This study sought to test the 
validity and feasibility of a home-based sleep manipulation protocol 
for use in adolescent pain research to better understand the relationship 
between sleep and pain.
Methods: Sleep manipulation protocols were piloted in a randomized 
crossover study. Adolescents (12–17 years) completed a 4-week sleep 

protocol with daily electronic sleep diary and actigraphy monitoring. 
During Week 1, adolescents continued baseline sleep patterns. In Week 
2, adolescents were randomized to sleep restriction or extension condi-
tion, followed by a washout period (2–4 weeks). During Week 3, ado-
lescents continued baseline sleep patterns, and crossed over to the other 
sleep condition in Week 4. During sleep restriction, adolescents were 
instructed to go to bed one hour later than usual bedtime; during sleep 
extension, to go to bed one hour earlier.
Results: 21 healthy adolescents (males = 33.3%, M = 13.5 years, 
SD = 1.2) and 5 adolescents with chronic pain (males = 20%, M = 14.6 
years, SD = 2.5) were recruited during the academic year. Baseline 
sleep duration did not differ between groups (M = 436 vs 431 minutes). 
For healthy adolescents, paired t-test revealed differences between 
baseline sleep duration and restricted sleep (M = −17 minutes,SD = −30, 
p = 0.02), and baseline sleep duration and extended sleep (M = 26 min-
utes, SD = 37, p = 0.005). For adolescents with chronic pain, paired 
t-test revealed significant differences between baseline sleep duration 
and restricted sleep (M = −55 minutes, SD = −16, p = 0.002), but not 
baseline sleep duration and extended sleep (M = 6 minutes, SD = 23, 
p = 0.6). There was good compliance with diary entries (90.9%) and 
protocol completion by all participants.
Conclusion: Preliminary findings indicate the validity and feasibility 
of a home-based sleep manipulation protocol in healthy adolescents. 
In contrast, adolescents with chronic pain demonstrated significant 
change during sleep restriction, but not extension. Given the limited 
sample size in this preliminary investigation, the next step is to test 
the sleep protocol in a larger sample of adolescents with chronic pain. 
Future studies will also examine the relationship between sleep restric-
tion and pain responses.
Support (If Any): Sleep Research Society Foundation/JAZZ Pharma-
ceuticals Early Career Development Research Award

1094
POWER SPECTRAL ANALYSIS OF 
POLYSOMNOGRAPHY IN CHILDREN WITH 
ATTENTION-DEFICIT/HYPERACTIVITY DISORDER 
(ADHD)
Begum E1, Khashmelmous G1, Corkum P1,2,3,4

1Department of Psychology and Neuroscience, Dalhousie University, 
Halifax, NS, Canada, 2Department of Pediatric, Dalhousie University, 
Halifax, NS, Canada, 3Department of Psychiatry, Dalhousie 
University, Halifax, NS, Canada, 4IWK Health Center, Halifax, NS, 
Canada

Introduction: Sleep disorders have often been reported among chil-
dren with attention-deficit/hyperactivity disorder (ADHD); yet, studies 
using objective measures of sleep have been unable to find reproduc-
ible consistent finding. The majority of studies have not found any 
differences in the macrostructure (e.g., sleep architecture) of children 
with ADHD compared to their typically developing peers. In order to 
examine whether there are differences in the microstructure of sleep, 
the electroencephalogram (EEG) frequencies were compared between 
children with ADHD and typically developing (TD) children.
Methods: Overnight polysomnography was recorded for 25 medication 
naïve children with ADHD and 25 age and sex matched TD children, 
ages 6–12 years, with no history of mental health comorbidities. Using 
data from channel C3-A2 or C4-A1, Fast Fourier Transformation was 
performed to obtain absolute power density in delta (0.5–4.0 Hz), theta 
(4.0–8.0 Hz), alpha (8.0–13 Hz), sigma (12–14 Hz) and beta (14–30 Hz) 
frequency domains as well as the total power of the EEG (0.5–30 Hz). 
Further, the relative power of each frequency bands (power of each 
band/Total power*100) and the ratio of theta/delta were calculated.
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Results: No significant difference was found between children with 
ADHD and TD children when absolute power was assessed. In contrast, 
significant group differences were revealed when data was expressed 
as relative power. Compared to TD children, children with ADHD had 
significantly lower relative theta (p < 0.05) and sigma (p < 0.001), but 
significantly higher relative alpha (p < 0.001) and beta (p < 0.05). No 
significance difference was seen in delta.
Conclusion: This study demonstrated that relative values of alpha, the-
ta and beta differed between children with ADHD and TD children and 
as such might be one of the important contributors of impaired sleep 
homeostasis. Further studies in children with ADHD need to investi-
gate EEG abnormalities to better understand the clinical implications 
of this finding.

1095
IMPROVEMENT OF PARASOMNIAS AFTER 
TREATMENT OF RESTLESS LEG SYNDROME/
PERIODIC LIMB MOVEMENT DISORDER IN 
CHILDREN
Gurbani N, Dye TJ, Jain S, Simakajornboon N
Cincinnati Childrens Hospital, Cincinnati, OH

Introduction: Previous studies have shown that parasomnias and rest-
less leg syndrome/periodic limb movement disorder (RLS/PLMD) 
commonly co-exist in children, leading to speculation that RLS/PLMD 
may precipitate or worsen parasomnias. However, there is limited data 
about the effect of the treatment of RLS/PLMD on parasomnias in chil-
dren. Hence, we performed this study to determine if the treatment of 
RLS/PLMD with oral iron therapy is associated with the resolution of 
parasomnias in children.
Methods: A retrospective database was created for children with RLS/
PLMD and a review of the medical records was performed for children 
who were treated with iron therapy and followed for a year at Cincinna-
ti Children’s Hospital Medical Center. All subjects underwent ferritin 
level testing and were treated with iron therapy. All subjects underwent 
polysomnography before starting iron therapy for RLS/PLMD except 
for one subject who was already on iron but required a higher dose. 
Most subjects underwent polysomnography after iron therapy.
Results: Two hundred twenty six subjects were identified with the di-
agnosis of RLS/PLMD. Fifty one of these subjects had parasomnias 
and 31 of them were treated with iron therapy. Of the 31 subjects, RLS 
symptoms improved in 18 (58%) subjects and resolution of parasom-
nias was noted in 13 (42%) subjects after iron therapy. Repeat poly-
somnography after iron therapy was performed in 22 (71%) subjects. 
There was a significant decrease in PLM index (21.6 ± 13.9/hr [pre] vs 
6.4 ± 7.0 [post]; P < 0.001), but there was no significant difference in 
arousal index (12.1 ± 5.5/hr [pre] vs 11.3 ± 5.7; P = NS).
Conclusion: Parasomnia is common in our cohort of children with 
RLS/PLMD. Iron therapy leads to significant improvement in PLM in-
dex as well as RLS symptoms, and resolution of significant proportion 
of parasomnia suggesting that RLS/PLMD may precipitate parasom-
nia. Persistent increased arousal index even after iron therapy raise the 
possibility of intrinsic hyper-arousal state in this population.
Support (If Any): This study was supported by the Cincinnati Chil-
dren’s Hospital Research Fund

1096
SLEEP HABITS, PATTERNS AND DISTURBANCES IN 
CHILDREN WITH HYPERSOMNIA
Avis KT1, Shen J2, Schwebel DC2

1University of Alabama at Birmingham Department of Pediatrics, 
Birmingham, AL, 2University of Alabama at Birmingham 
Department of Psychology, Birmingham, AL

Introduction: Extreme daytime sleepiness. While sleepiness and day-
time functioning are well described, little has been reported on typi-
cal sleep patterns, and disturbances in this pediatric population once 
treated with medication for daytime symptoms. Further investigation 
to describe sleep patterns and complaints may provide additional areas 
of intervention.
Methods: Using a case control design, self-reported sleep habits using 
the School Sleep Habits Questionnaire were compared between thirty-
three 8- to 16-year-olds diagnosed with and treated for narcolepsy or 
idiopathic hypersomnia and 33 healthy children matched by age, race, 
gender, and household income. Sleep outcomes included total sleep 
time during schooldays and weekends, schoolday-weekend sleep dif-
ference, daytime sleepiness, sleep/wake problems, phase delay of sleep, 
and sleep quality. Independent samples t-tests were performed and 
Holm-Bonferroni Sequential Correction was applied to adjust for the 
multiple comparisons. A few aspects related to sleep hygiene were as-
sessed.
Results: Compared to the healthy children, children with hypersomnia 
had significantly more fluctuation in sleep time between schooldays 
and weekends (t = 2.60, p < 0.05), more phase delay of sleep (t = 3.34, 
p < 0.01) and poorer sleep quality (t = −5.24, p < 0.01). Children with 
hypersomnia, even when treated, were also sleepier during daytime 
(sleepiness index, t = 5.14, p < 0.01) and had more sleep/wake problems 
(t = 4.86, p < 0.01) than healthy children, particularly on items related to 
functioning upon awakening. On weekends, children with Hypersom-
nia go to bed 25 minutes earlier than controls and wake up 40 minutes 
later, thus on average obtaining 65 minutes more sleep per weekend 
night than the controls.
Conclusion: Children with hypersomnia, even when treated with med-
ication, continue to have daytime sleepiness, poor sleep quality, and 
significant weekend oversleep patterns. While much focus has been 
placed on daytime sleepiness as an outcome of treatment, other aspects 
of sleep patterns and quality should be assessed.
Support (If Any): Kaul Pediatric Research Institute at Children’s of 
Alabama

1097
DEVELOPING OUTCOME MEASURES FOR ASSESSING 
NARCOLEPSY WITH CATAPLEXY IN CHILDREN AND 
ADOLESCENTS
Wang Y1, Benmedjahed K 2, Lambert J2, Evans C3, Hwang S3, 
Black J1,4, Johns M5

1Jazz Pharmaceuticals, Inc., Palo Alto, CA, 2Mapi, Lyon, France, 
3Endpoint Outcomes, Boston, MA, 4Stanford Sleep Medicine Center, 
Redwood City, CA, 5Optalert Pty Ltd., Melbourne, Australia

Introduction: Current measures of cataplexy and excessive sleepi-
ness in patients with narcolepsy may not be adequate for assessment of 
these outcomes in a pediatric population.
Methods: Appropriateness of a daily cataplexy diary and the Epworth 
Sleepiness Scale for Children and Adolescents (ESS-CHAD) were 
evaluated by conducting face-to-face concept elicitation and cognitive 
interviews with children (7–9 years old; n = 13) and adolescents (10–17 
years old; n = 16) who have narcolepsy with cataplexy; parents were 
interviewed separately. ESS-CHAD is a modification of the adult ESS 



SLEEP, Volume 38, Abstract Supplement, 2015A389

B. Clinical Sleep Science X. Pediatrics

that adapts specific items to the pediatric population. Based on these 
interviews, the measures were modified as appropriate.
Results: Subtle differences were noted between narcolepsy concepts 
described by children and their parents, suggesting different but com-
plementary perspectives; parents may not recognize cataplexy symp-
toms/triggers as well as children, but parents have greater recognition 
of the different circumstances of falling asleep. Interviews resulted in 
the following modifications to the cataplexy diary: providing definition 
and examples of cataplexy using child-friendly terminology; adding a 
quantitative question to determine daily frequency; standardizing the 
questionnaire for evening administration with self-completion by the 
child. Modifications were made to the ESS-CHAD for child-friendly 
wording and to insure that items more accurately reflect activities (eat-
ing, watching TV/video) and environments (school, bus/car transport) 
in which children are likely to participate. Two ESS-CHAD versions 
were proposed for assessment: a 1-month recall period for general use 
and one for research with a recall period of “since your last study visit,” 
which could be a shorter or longer period than 1-month duration (as 
short as 1 week).
Conclusion: The cataplexy diary and ESS-CHAD were modified to 
be used in children and adolescents. Further psychometric validation 
is recommended. The modified cataplexy diary and ESS-CHAD are 
being used as outcome measures in an ongoing phase 3, placebo-con-
trolled clinical trial of sodium oxybate in children and adolescents with 
narcolepsy.
Support (If Any): This study was funded by Jazz Pharmaceuticals.

1098
DESIGN OF THE FIRST STUDY EVALUATING THE 
EFFICACY, SAFETY, AND PHARMACOKINETICS 
OF SODIUM OXYBATE FOR THE TREATMENT OF 
PEDIATRIC PATIENTS WITH NARCOLEPSY WITH 
CATAPLEXY
Wang Y1, Owens J2, Rosen C3, Mignot E4

1Jazz Pharmaceuticals, Inc., Palo Alto, CA, 2Sleep Medicine, 
Children’s National Medical Center, Washington, DC, 3Rainbow 
Babies & Children’s Hospital, Cleveland, OH, 4Stanford Center for 
Sleep Sciences and Medicine, Palo Alto, CA

Introduction: Sodium oxybate (SXB), approved for the treatment of 
cataplexy and excessive daytime sleepiness (EDS) in patients with nar-
colepsy, has not been formally evaluated in the pediatric population.
Methods: Primary objective of this double-blind, placebo-controlled, 
randomized-withdrawal study is to evaluate SXB efficacy and safety 
for treatment of narcolepsy-associated cataplexy in patients 7–17 years 
old. Secondary objectives are to evaluate efficacy for EDS treatment; 
characterize SXB pharmacokinetics; and evaluate safety of SXB titra-
tion to an effective, tolerable dose. An open-label extension will evalu-
ate long-term efficacy and safety up to 1 year.
Results: A minimum of 100 patients will be enrolled: ≥ 30 SXB-naïve 
patients (titration to dose based on weight [10-week period]) and ≥ 30 
on stable SXB doses. Patients on concurrent stable doses of drugs for 
EDS will be eligible. After a stable dosing period (2–3 weeks), patients 
will be randomized to SXB continuation or withdrawal (placebo) for 2 
weeks. Primary efficacy endpoint is change in weekly number of cata-
plexy attacks evaluated using a daily diary. Secondary endpoints are 
Clinical Global Impression of Change (CGI-C) for cataplexy severity; 
EDS change using Epworth Sleepiness Scale for Children and Ado-
lescents; CGI-C for narcolepsy overall; and change in quality-of-life 
using the 10-Item Short Form. Change in weekly school attendance 
and Patient Global Impression of Change will be exploratory endpoints. 
Blood samples for pharmacokinetic evaluation will be collected during 
the stable dose period. To address multiplicity, secondary endpoints 

will be evaluated only if the primary endpoint is met. Safety evaluation 
includes incidence of adverse events and vital sign changes.
Conclusion: Study results will help determine the benefits and identify 
any safety issues associated with SXB for the treatment of narcolepsy 
with cataplexy in pediatric patients, and characterize SXB pharmaco-
kinetics to enable appropriate management strategies for titration and 
dosing. This trial is currently enrolling patients and is registered with 
clinicaltrials.gov (NCT02221869).
Support (If Any): This study is funded by Jazz Pharmaceuticals.

1099
PRESENTATION AND TREATMENT OF CATATHRENIA 
IN THREE PEDIATRIC PATIENTS
Petitto L1, Jambhekar S2, Com G2, Jackson R 3

1University of Arkansas for Medical Sciences/Arkansas Children’s 
Hospital, Little Rock, AR, 2Attending Physician, UAMS/Arkansas 
Children’s Hospital, AR, 3Respiratory Therapist, Arkansas Children’s 
Hospital, AR

Introduction: Catathrenia, also known as sleep related groaning, is 
a relatively new and rare sleep disorder with characteristics consis-
tent with loud moaning on expiration during sleep. The etiology of 
catathrenia is unknown and the decision of whether or not to treat is 
unclear. Limited research is available concerning appropriate treat-
ment and none of the existing literature focuses primarily on pediatrics.
Methods: We report a series of three male pediatric cases with 
catathrenia that were treated with continuous positive airway pressure 
(CPAP). The first child was a seven year old boy who presented with 
daytime fatigue, nocturnal groaning, fatigue and behavioral problems. 
His polysomnogram showed expiratory groaning and pauses (catathre-
nia) with increased stage N1 (10% of total sleep time). The family of 
a fourteen year old boy complained of loud nocturnal moaning that 
disrupted their sleep. He also complained of generalized fatigue. He 
also complained of fatigue. Polysomnography showed catathrenia 
and hypoventilation as he spent 33.6% of total sleep time with etCO2 
greater than 50 mmHg. Lastly the mother of a twelve year boy reported 
abnormal noises coming from her son at night which caused uneasi-
ness and concern. He complained of fatigue and morning headaches. 
Polysomnography showed catathrenia and abnormal oxygenation with 
a mean saturation of 94.7% and spO2 was < 95% for 37% of total sleep 
time. Due to daytime symptoms and abnormal polysomnogram find-
ings, all three patients were treated with CPAP. When re-evaluated at 
follow up, they showed clinical response to the treatment.
Conclusion: The etiology of catathrenia is unclear. Based on the three 
cases we presented, we speculate that catathrenia may be associated 
with sleep disruption, hypoventilation, and/or abnormal oxygenation 
during sleep which can cause daytime fatigue. If children with ca-
tahrenia present with abnormal PSG findings and/or residual day time 
symptoms, treatment with CPAP should be considered.

1100
CHARACTERISTICS OF PATIENTS WHO MISSED 
POLYSOMNOGRAPHY APPOINTMENTS IN A TERTIARY 
CARE FACILITY
Balog MJ1, Loghmanee D1, Thomas J2, Bhushan B1

1Ann and Robert H. Lurie Children’s Hospital of Chicago, Chicago, 
IL, 2Oakland University William Beaumont School of Medicine, 
Rochester, MI

Introduction: Missed appointments, or “no shows” delay care for both 
the patient missing the appointment and others who could have been 
scheduled in their place. This is especially problematic in pediatric 
sleep medicine where the paucity of centers leads to long wait times. 
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We evaluated whether patients who no showed at our center shared 
characteristics.
Methods: We queried our electronic medical record for no shows with-
in 9 months and collected the following variables: Ordering service, 
study order date, schedule date, and date missed, language, race, age, 
gender, diagnoses, distance from center, and date of any surgical inter-
ventions for sleep disordered breathing.
Results: 131 subjects were identified. Most frequent referring divi-
sions were Primary Care (55.7%), Otolaryngology (22.9%), and Pul-
monary (13%). Lack of problem list or symptoms on the study order 
was characteristic in 48.9%. Patients living 0–10 miles and 11–20 miles 
from the center represented 40% and 35% respectively. Time from 
scheduling to appointment was 8–10 weeks (35%), 6–8 weeks (23%), 
and 0–1 week (11%). 17% underwent surgery for SDB. Gender, race 
and insurance were representative of our population: 54% Boys, 42% 
Latino, 37% African-American, and 86% Medicaid.
Conclusion: No shows decreased productivity by 8%. These results 
suggest setting target wait times between 2–6 weeks, enhancing 
communication with families who live close to our center about why 
Polysomnography has been ordered, and working with physicians in 
Primary Care and Otolaryngology to order studies appropriately and 
improve adherence to recommendations.

1101
HOW RECOMMENDATIONS ON BABY SLEEP HAVE 
CHANGED AND EXPANDED OVER THE LAST 100 
YEARS
Culnan E1, Mindell J2,3, Day D4, Telofksi L5, Walters R 5

1Drexel University, Philadelphia, PA, 2The Children’s Hospital 
of Philadelphia, Philadelphia, PA, 3Saint Joseph’s University, 
Philadelphia, PA, 4University of Pennsylvania, Philadelphia, PA, 
5Johnson & Johnson, Skillman, NJ

Introduction: Baby sleep is a major parental concern in the care of 
infants. Parents are often desperate for advice and recommendations. 
There have long been parenting guidebooks that offer help and advice 
with supposedly the best available advice at a given time. Often au-
thored by health care professionals or more recently by mom’s these 
guide books a major source of information in addition to health care 
professionals, providing answers in the home. As new evidence based 
care is developed, changing behavior of baby care in the home is often 
the goal, however effective communication and the changing of past 
trends is difficult. Baby care in the home has changed, or not, over 
the past 100 years. Understand when and how these changes occurred 
could help inform future public health campaigns.
Methods: We collected a representative set of 40 parenting guides 
published over the last 100 years. In a process modeled after the cre-
ation of the Oxford English Dictionary, direct excerpts, along with the 
biographical data, were taken from the books on recommendation re-
garding sleep. The excerpts were then analyzed and specific recom-
mendations were determined.
Results: Many different patterns were observed in how recommenda-
tion changed over time. Often recommendations were overly precise. 
For example, the variability in total sleep time between books was 
much larger than the range in sleep time recommended by individual 
books. Many books provided ranges of total sleep time of about two 
hours while the variability between books was about 6 hours. Some 
recommendations with seemingly little basis in evidence persist. Some 
recommendations are the result evidence and effective campaigns by 
the AAP and result in rapid adoption by most future books, such the 
Back to Sleep campaign. Other recommendations cycle as if due to 
some fashion or fade.

Conclusion: Recommendations in parenting guidebooks can have a 
large impact on the daily care of infants in the home and the expecta-
tion of care givers. Many recommendations have sound evidence to 
support them, other do not. This work demonstrates that is possible to 
make relatively quick changes that can persists, but likely more work is 
need to establish evidence based care in the daily care of infants.
Support (If Any): The authors declare that they are employees of 
JOHNSON & JOHNSON Consumer Companies, Inc. (Skillman, NJ). 
This study was funded in full by JOHNSON & JOHNSON Consumer 
Companies, Inc.

1102
PHYSICAL ACTIVITY AND SLEEP PATTERNS IN 
INFANTS
Wang Y, Tsai S
National Taiwan University, Taipei, Taiwan

Introduction: Sleep problems occur in 20–30% of infants and may 
cause childhood obesity, poor neurobehavioral function, and maternal 
depression. Previous studies show that adequate physical activity is 
associated with improved sleep quality and quantity in adults, but such 
associations have been inconsistent in pediatric populations, with no 
studies conducted in infants. The purpose of the study was to examine 
the association between physical activity and sleep patterns in infants.
Methods: 165 healthy full-term infants aged 6 months were recruited 
from a university affiliated hospital. Infants wore an actigraphy on the 
ankle to monitor physical activity and sleep patterns for 7 consecutive 
days. Parents and caregivers completed a sleep-activity diary.
Results: Actigraphy-derived nocturnal sleep latency, nocturnal sleep 
percent, nocturnal sleep duration, daytime nap duration, and 24-hour 
sleep duration were 13.2 ± 9.1 minutes, 87.5 ± 4.2%, 463.5 ± 52.6 
minutes, 185.6 ± 54.4 minutes, and 649.8 ± 55.8 minutes, respectively. 
Time spent in sedentary-to-light physical activity, including watching 
TV or other electronic devices, being restrained, kept inactive, or sit-
ting or lying in one position, was 559.8 ± 119.3 minutes per day. Time 
spent in moderate-to-vigorous physical activity, including floor-based 
play, rolling, or crawling, was 67.4 ± 77.9 minutes per day. Time spent 
in sedentary-to-light physical activity was negatively correlated with 
24-hour sleep duration (r = −0.24, p < 0.01).
Conclusion: This is the first study to examine the association between 
physical activity and objectively measured sleep patterns in infants. 
Our results suggest a link between physical activity and infant sleep 
and that reducing sedentary-to-light physical activity may lengthen in-
fant daily sleep duration.
Support (If Any): Partially supported by National Health Research 
Institutes in Taiwan (NHRI-EX103-10229PC).

1103
BARRIERS TO SEEKING MEDICAL HELP FOR INFANT 
SLEEP PROBLEMS
Hsu P, Tsai S
National Taiwan University, Taipei, Taiwan

Introduction: Infant sleep problems are a significant health issue, with 
a prevalence rate up to 46% reported in prior studies. Poor sleep nega-
tively affects children’s physical and mental development and has been 
associated with overweight and obesity. Our previous study showed 
that mothers typically utilize informal sources of help, rather than seek 
medical advice, to identify infant sleep problems. The purpose of this 
study is to explore the barriers that mothers perceived in the process of 
seeking medical help for infant sleep problems.
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Methods: Twelve mothers of one-year-old infants living in northern 
Taiwan participated in this study. Data was collected through in-depth 
audio-taped interviews.
Results: The interviews yielded three main themes related to the bar-
riers in seeking medical help for infant sleep problems including: 1) 
I do not know it; 2) I can handle it; and 3) I am not satisfied with it. 
Overall mothers know little about or misunderstand infant sleep behav-
iors. Lacking of proper information and knowledge about infant sleep 
prevents the mothers from receiving medical services. Mothers who 
had positive experiences through trial and error or those who can cope 
with infant sleep behaviors also hamper their decision to seek medical 
services. Mothers who have seen a pediatrician but received unsatis-
fied responses such as ambivalent attitude or insufficient examinations, 
reported being less motivated and unwilling to seek medical help again.
Conclusion: Mothers perceive a wide range of barriers that influence 
the likelihood that they will seek medical help for infant sleep prob-
lems. Providing adequate medical attention and reducing knowledge 
barriers likely facilitate parental access to health care services for man-
aging infant sleep problems.
Support (If Any): Partially supported by National Health Research 
Institutes in Taiwan (NHRI-EX103-10229PC).

1104
5-HTTLPR MODERATES THE LONGITUDINAL 
EFFECTS OF SLEEP ON TEMPERAMENT: EVIDENCE 
OF DIFFERENTIAL SUSCEPTIBILITY
Bouvette-Turcot A1, Pluess M2, Annie B1, Pennestri M3, Levitan R4, 
Sokolowski MB5, Kennedy JL 4, Minde K6, Steiner M 7, Meaney MJ 8, 
Gaudreau H6

1University of Montreal, Montreal, QC, Canada, 2Queen Mary 
University of London, United Kingdom, London, United Kingdom, 
3Ludmer Center for Neuroinformatics and Mental Health, Montreal, 
QC, Canada, 4Center for Addiction and Mental Health, University 
of Toronto, Toronto, ON, Canada, 5Department of Ecology and 
Evolutionary Biology, University of Toronto, Toronto, Canada, 
Toronto, ON, Canada, 6Douglas Mental Health University Institute, 
Montreal, QC, Canada, 7St. Joseph’s Hospital and Department of 
Psychiatry, McMaster University, Hamilton, Canada, Hamilton, ON, 
Canada, 8McGill University, Montreal, QC, Canada

Introduction: Sleep problems are frequent in young children, however, 
children vary in the degree to which they are affected by poor sleep 
quality. We investigated whether a polymorphism in the serotonin 
transporter gene, which is linked to emotional function, is a potential 
moderator of the influences of sleep duration on infant temperament 
using longitudinal data.
Methods: We examined the interactive effects of total sleep duration 
between 6 and 36 months of age and the 5-HTTLPR genotype on nega-
tive emotionality/behavioral dysregulation at 36 month in 235 children 
recruited into a longitudinal birth cohort study. Triallelic genotyping of 
5-HTTLPR was performed by looking at SLC6A4 genotype, focusing 
on the serotonin transporter-linked polymorphic region (5-HTTLPR) 
including the SNP polymorphism (rs23351).
Results: After controlling for demographics and both previous and 
concurrent maternal depression, multiple linear regression analyses re-
vealed a significant interaction effect of cumulative sleep duration for 
the first three years of life and 5-HTTLPR genotype on child negative 
emotionality/behavioral dysregulation such that the effects were exclu-
sive to those with low expressing 5-HTTLPR genotypes.
Conclusion: The results suggest differential susceptibility to the cu-
mulative effect of total sleep duration early in life, which reiterates that 
the short allele of the 5-HTTLPR represent a marker of increased en-
vironmental sensitivity regarding emotional development. Differential 

susceptibility theory posits that certain factors may increase an indi-
vidual’s susceptibility to the environment, either positive or negative.
Support (If Any): CIHR

1105
CHARACTERISTICS OF CHILDREN WHO DO NOT NAP 
IN CHILDCARE
Smith SS, Neil EH, Thorpe KJ, Pattinson CL, Staton SL
Queensland University of Technology, Brisbane, Australia

Introduction: Over eighty percent of children aged 3 to 6 years in de-
veloped economies attend early childhood education and care services 
(including daycare and kindergartens) in the years prior to school. A 
scheduled naptime is a common feature of most of these environments. 
However, not all children are able to sleep during these times. Some of 
these children have been identified in the literature as ‘problem nap-
pers’, not only because they do not get to sleep but also because they 
may present with behavioural difficulties during the scheduled nap-
time. The characteristics of children who do not nap in childcare are 
not known.
Methods: To differentiate ‘problem nappers’ from those that either 
sleep or lie quietly during naptime, typical napping behaviour was 
obtained through educator report for 143 children aged 3 to 6 years. 
Parents completed standardized behavioural and temperament ques-
tionnaires for children. A test of cognitive ability, the Woodcock John-
son III Brief Intellectual Ability test, was administered to each child.
Results: Results indicated that children who have difficulty lying qui-
etly during naptime sleep were significantly older than those who did 
nap (mean 2.9 months), performed significantly better on neurocogni-
tive tests, and had significantly shorter night time sleep duration.
Conclusion: These data suggest a mismatch between children’s neuro-
cognitive development, including their requirement for daytime sleep, 
and the practice of scheduling naptimes in early childhood education 
and care settings. Further research is needed to inform recommenda-
tions for sleep practices in childcare centers that best suit individual 
needs.

1106
PHYSICAL GROWTH AND SLEEP IN YOUNG 
CHILDREN
Mindell JA1, Kahl D1, DiGuiseppe A1, Sadeh A 2, Kwon R 3, Goh DT4

1Saint Joseph’s University, Philadelphia, PA, 2Tel Aviv University, Tel 
Aviv, Israel, 3Johnson & Johnson Asia Pacific, Singapore, Singapore, 
4National University of Singapore, Singapore

Introduction: The aim of this study was to assess the relationship be-
tween growth and sleep in a large cross-cultural sample of Asian and 
Caucasian young children (birth to 6 years).
Methods: Parents of 10,085 children (birth to 6 years) from Australia/
New Zealand, Canada, China, Hong Kong, India, Korea, Japan, Ma-
laysia, Philippines, Singapore, Thailand, United States, and United 
Kingdom completed online a modified version of the Brief Infant Sleep 
Questionnaire and reported their child’s current height and weight. 
Weight to height ratio (WLR) was calculated.
Results: Children who snore 3 or more times per week had a signifi-
cantly higher WLR than children who never snored (p = 0.001). After 
controlling for age and snoring, there were significant relationships 
between WLR and sleep patterns. Higher WLR was associated with 
earlier bedtimes, decreased number and duration of night wakings, lat-
er waketime, increased total nighttime sleep, decreased daytime sleep, 
and increased total sleep time (p < 0.001). These relationships were 
stronger in 0–35 month olds than in 3–6 year olds. Furthermore, these 
relationships were stronger in children in predominantly-Caucasian 
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countries compared to those in predominantly Asian countries. No dif-
ferences were found in these relationships for girls versus boys.
Conclusion: As expected, increased weight to length was associated 
with increased snoring. Unexpectedly, it was also associated with “bet-
ter” nighttime sleep, including earlier bedtimes and increased sleep 
consolidation. These relationships were stronger in young children and 
those from predominantly Caucasian countries. These findings were 
different from earlier studies, including one of 6-month-olds (Tikotzky 
& Sadeh, 2009), and thus require further study to understand these 
relationships.
Support (If Any): This study was supported by the Asia Pacific Pae-
diatric Sleep Alliance and sponsored by Johnson & Johnson Consumer 
Products Company, Division of Johnson & Johnson Consumer Com-
panies, Inc.

1107
COMPARISONS OF SLEEP/WAKE PATTERNS AND 
PARENTAL PERCEPTIONS OF SLEEP IN CANADIAN 
AND AUSTRALIAN CHILDREN BORN PRETERM
Biggs SN1, Meltzer LJ2, Nixon GM3, Horne RS1, Doyle LW4, 
Asztalos E5, Marcus CL6

1The Ritchie Centre, MIMR-PHI, Melbourne, Australia, 2Division 
of Pediatric Behavioral Health, National Jewish Health, Denver, CO, 
3Melbourne Children’s Sleep Centre, Monash Children’s, Monash 
Medical Centre, Melbourne, Australia, 4Department of Obstetrics and 
Gynaecology, The Royal Women’s Hospital, Melbourne, Australia, 
5Department of Pediatrics, University of Toronto, Toronto, ON, 
Canada, 6Department of Pediatrics, Sleep Center, Children’s Hospital 
of Philadelphia, Philadelphia, PA

Introduction: Research has shown later bedtimes and reduced total 
sleep time in Canadian compared to Australian toddlers. Adequate 
sleep duration may be particularly important for ex-preterm children 
who are at increased risk of sleep disruption due to obstructive sleep 
apnea or periodic limb movements. This study compared objectively 
assessed sleep/wake patterns and parental perceptions of sleep need in 
a cohort of ex-preterm Canadian and Australian children. We hypothe-
sized that Australian children would have earlier bedtimes, later wake-
times and longer sleep duration than the Canadian children; Australian 
parents would perceive their children as needing more sleep; and this 
would be associated with actual sleep practices.
Methods: 188 children (5–12 y, Canada N = 101, Australia N = 87) en-
rolled in the Caffeine for Apnea of Prematurity trial underwent 14-day 
actigraphy monitoring. Parents completed the National Sleep Founda-
tion 2004 Sleep in America questionnaire. Actigraphy derived bedtime, 
wake-time, sleep onset latency, wake after sleep onset, total sleep time 
(TST), sleep efficiency and night-to-night bedtime variability were 
compared between countries for school nights (Sun-Thurs) and week-
ends (Friday/Saturday). Parental perceptions of child sleep need were 
compared and correlated with actigraphy data.
Results: According to actigraphy, Australian children went to bed 
earlier on school nights (~20 min, p < 0.05) and weekends (~33 m, 
p = 0.001) than Canadian children. Australian children also woke sig-
nificantly earlier, resulting in no difference in TST. No other differ-
ences in actigraphy were found. Parent-reported TST was longer in 
Australian children (~33 min, p = 0.001) which was reflected in reports 
of perceived sleep need (Australia: 606 ± 58, Canada: 585 ± 66 min, 
p < 0.05). Perceptions of child sleep need was significantly correlat-
ed with actigraphy bedtimes (school: r = −0.38, p < 0.001; weekend: 
r = −0.34, p < 0.01) in the Australian, but not the Canadian cohort. 
TST was significantly correlated with perceptions of sleep need in both 
countries (Australia: r = 0.31, p < 0.01; Canada: r = 0.34, p = 0.001) on 

school nights, but only in the Australian cohort (r = 0.34, p < 0.01) on 
weekends.
Conclusion: This study shows that while the timing of sleep is shifted, 
sleep duration is equivalent between ex-preterm school-aged Cana-
dian and Australian children, contrary to previously reported data in 
healthy toddlers. Differences in the associations with parental percep-
tions of sleep need suggest the environment has a greater influence on 
sleep behavior in Canada, providing important implications for sleep 
education.
Support (If Any): This study was supported by NIH grant R01 
HL098045 and Canadian Institutes of Health Research grant MCT 
13288.Philips Respironics, Inc. provided actigraphy devices.
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DOES CHRONOTYPE RELATE TO ADIPOSITY IN 
URBAN MEXICAN MAYAN CHILDREN?
Wilson HJ1, Dickinson F2, Griffiths PL 3, Varela-Silva M3, Bogin BA3

1Northwestern University, Evanston, IL, 2Cinivestav- Unidad Merida, 
Merida, Mexico, 3Loughborough University, Loughborough, United 
Kingdom

Introduction: Childhood obesity rates are increasing in developing 
countries, setting up a major health crisis as the children age. Changes 
in diet and physical activity levels are often identified as the major cul-
prits. Few consider sleep’s role. The timing of sleep is linked to obesity 
and related diseases. The aim of this paper is to determine if chrono-
type relates to adiposity in urban schoolchildren.
Methods: Maya schoolchildren living in Merida, Mexico wore an 
Actiheart, combined heart rate and accelerometer, for seven days of 
free-living activity. These data were used to calculate mean wake and 

“fall asleep” times in the children with at least three days of usable 
nighttime data. The child’s stature, body mass, waist circumference, 
skinfolds (subscapular, supra-iliac, triceps) and bioelectrical imped-
ance analysis were used to assess adiposity. Linear regressions used 
total sleep time to predict body mass index z-score, waist circumfer-
ence z-score, and percentage body fat.
Results: On average, these 8.4 year-old Maya children woke up at 8.01 
am and fell asleep at 22:48. Adiposity was high, with 20%, 15%, and 
77% of the sample classified as overweight or obese by body mass in-
dex, waist circumference, and percentage body fat, respectively. Wake 
and sleep times were 37% correlated. Girls had significantly higher 
waist circumference z-scores and percentages body fat. In regressions, 
wake time predicted percentage body fat [B 1.38 (SD 0.705), p = 0.056, 
R2adj = 0.303] but age and gender contributed the most of the vari-
ance. Mean time fall asleep did not significantly predict any adiposity 
indicator.
Conclusion: Chronotype did not appear to relate to obesity risk in 
these urban Mexican Mayan children.
Support (If Any): This work was supported by the Wenner-Gren 
Foundation grant number ICRG-93 and National Science Foundation 
grant number SMA-1306167.

1109
THE ASSOCIATION BETWEEN SLEEP HYGIENE AND 
BODY MASS INDEX (BMI) IN TYPICALLY DEVELOPING 
SCHOOL-AGE CHILDREN
Gruber R1, Somerville G2

1McGill Univesrity, Montreal, QC, Canada, 2Riverside School Board, 
Saint-Hubert, Quebec, QC, Canada

Introduction: Sleep deprivation has been shown to be a significant 
risk factor for obesity, and an inverse relationship has been observed 
between Body Mass Index (BMI) and sleep duration. A prevalent 
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cause for sleep loss in children is poor sleep hygiene. Despite the wide-
spread and increasing prevalence of obesity in children and the high 
prevalence of poor sleep hygiene practices in children; however, little 
research has focused on the relationship between poor sleep hygiene 
and BMI. Here, we examined the association between sleep hygiene 
and BMI in typically developing school-age children.
Methods: As part of our preparation for designing a school-based in-
tervention aimed at preventing childhood obesity, we measured the 
sleep hygiene and BMI of 34 elementary school students. Sleep hy-
giene was measured using subscales of the Children’s Report of Sleep 
Patterns, which is a parent-reported sleep questionnaire. BMI was cal-
culated as weight (kg) divided by height squared (m2). BMI percentiles 
were obtained with reference to a standardized BMI percentile chart 
that reflected the child’s gender and age at the time of measurement.
Results: The studied children did not show any gender- or age-related 
difference in the results of the Children’s Report of Sleep Patterns. Cor-
relation analyses indicated that the Sleep Hygiene Caffeine Index was 
significantly correlated with the BMI percentile (r = 0.49*, p  <  0.003).
Conclusion: Poor sleep hygiene as it relates to consumption of caffeine 
(i.e., soda, iced tea, hot tea, or coffee) was associated with higher BMI 
percentiles in children aged 6 to 12 years. Given the negative impact of 
caffeine consumption on sleep and the observed association with BMI, 
caregivers should be made more aware that even small amounts of caf-
feine can negatively affect the health of school-age children.
Support (If Any): The American Sleep Medicine Foundation, Cana-
dian Institute of Health Research Grant #122165
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PRELIMINARY RESULTS FROM A MULTICOMPONENT 
OBESITY PREVENTION SCHOOL BASED PROGRAM
Gruber R1, Somerville G2

1McGill Univesrity, Montreal, QC, Canada, 2Riverside School Board, 
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Introduction: The negative impact of insufficient sleep on weight 
regulation and the associations between sleep deprivation and other 
leading risk factors for obesity (e.g., lack of physical activity, poor nu-
trition, and too much screen time) have been well established in the 
scientific literature. However, no previous program has sought to apply 
this knowledge to benefit youth. Our group has used a community-
based participatory research approach to develop the “Healthy Nights 
Healthy Days” (HNHD) program, which is designed to reduce the risk 
of childhood obesity by increasing total sleep and developing a healthy 
balance in terms of food intake, physical activity, sleep, and sedentary 
behavior. The goal of the present study was to evaluate a pilot imple-
mentation of this intervention.
Methods: To determine the effectiveness of the program, we compared 
a control group (students on school waiting lists) with an interventional 
group. A total of 194 students aged 7–12 years (M = 8.54 SD = 1.7 ) 
participated in HNHD activities. Of them, 46 students participated in 
the evaluation of the program. Before and after the intervention, food 
intake, physical activity, sleep, and sedentary behavior were measured 
using accelerometers and subjective measures. BMI was calculated 
based on the weight and height of each child before and 8 months after 
intervention.
Results: T-tests assessing differences in sleep measures before and 
after program implementation showed: 1) significant reductions in 
actigraphic measures of sleep variability, parental reports of bedtime 
resistance, sleep anxiety and time spent sitting; 2) a marginally signifi-
cant decrease in sedentary activity counts, as measured by accelerom-
eters; and 3) an increase in reported physical activity. The mean BMI of 
children was significantly lower in the intervention group, whereas this 

parameter showed a small but non-significant increase among children 
in the control group.
Conclusion: Positive changes in healthy behaviors and a decrease in 
BMI were observed following implementation of the HNHD program. 
Larger sample size is needed to determine which specific changes were 
associated with the observed reduction in BMI.
Support (If Any): American Sleep Medicine Foundation, Canadian 
Institute of Health Research 122165

1111
THE IMPACT OF VARIABLE MIDDLE SCHOOL START 
TIMES ON SLEEP DURATION
Hoehn J, Wang G, Skora E, Wang J, Cheng Y, Owens J, Lewin D
Children’s National Medical Center, Washington, DC

Introduction: In national surveillance studies, approximately 70% 
of adolescents report sleeping less than 9 h and 6% less than 6 h on 
week nights. One important contributor to deficient sleep is school start 
times (SST) before 8:30 am, as they conflict with adolescents’ biologi-
cal drive for later bed- and wake times. This is one of a few studies that 
focuses on Middle School (MS) students.
Methods: Self-reported weeknight sleep duration data was drawn 
from an annual statewide administration of a modified version of the 
CDC’s Youth Risk Behavior Survey. This study combined data from 
3 years with a sample of 32,980 8th graders from 32 MS in a large and 
diverse school district in a major metropolitan area. This study capital-
ized on variable SST divided into three groups: earliest (7:20 am–7:30 
am), early (7:40 am–7:55 am) and later (8:00 am–8:10 am). Participants 
were 50.2% female, and 58.2% non-white. Sleep data were grouped 
into 4 categories: ≤ 6, 7, 8, and ≥ 9 h. Multilevel multinomial logistic re-
gression was used to evaluate the impact of start time on self-reported 
sleep time while accounting for the contributions of gender, race, and a 
proxy measure of socioeconomic status (SES).
Results: Students with the earliest and early start times were signifi-
cantly more likely to report shorter sleep duration. For the earliest 
start time, almost equal percentages of students reported sleep dura-
tion ≤ 7 h (50.3%) and ≥ 8 h (49.7%); for early start times, 46% reported 
sleep ≤ 7 h and 54% ≥ 8 h; and for the latest start times, 41.3% slept 
for ≤ 7 h and 58.7% ≥ 8 h (ps < 0.05). Female and non-white students 
were more likely to report short sleep duration.
Conclusion: Early SST are a significant contributor to insufficient 
sleep in MS students. Variability in start times in this study are lim-
ited to 40 minutes, but are still earlier than those recommended by the 
American Academy of Pediatrics.
Support (If Any): During the study period, Wang G. was supported 
by the Scholarship for Studying Abroad from China Scholarship Coun-
cil (201306140090), and the Distinguished Young Academics Fund 
from East China Normal University (xrzz2013009). Statistical support 
was provided by the Children’s National Medical Center Clinical and 
Translational Science Institute.

1112
MULTILEVEL ANALYSIS OF SLEEP TIME AND RISK 
BEHAVIORS AMONG MIDDLE SCHOOL STUDENTS
Owens J, Wang G, Baylor A, Skora E, Lewin D
Children’s National Medical Center, Washington, DC

Introduction: A number of studies have identified a relationship be-
tween short sleep duration and an increase in risky behaviors such as 
alcohol and drug use in adolescents. In this study, we examined the 
association between sleep and peer/individual risk factors (e.g., rebel-
liousness, sensation seeking) in a large ethnically and socioeconomi-
cally diverse community sample of early adolescents.
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Methods: We used data collected by a modified version of the Youth 
Risk Behavior Survey (YRBS) from 10,718 and 11,240 8th grade stu-
dents in a large suburban school district in 2010 and 2012, respectively. 
Self-reported school-night sleep duration (SD) was grouped as ≤ 4 h, 
5 h, 6 h, 7 h, 8 h, 9 h, and ≥ 10 h. Scores on ten peer/individual risk be-
havior scales (i.e., Communities That Care Survey) included within the 
YRBS were dichotomized according to national cut-points established 
for 8th grade. Multilevel modeling was used to explore the relationship 
between SD and high versus low risk factor scores after adjusting for 
gender, race and a proxy measure of socioeconomic status.
Results: The percentage of students reporting an “optimal” SD of 9 h 
was 14.8%, and 15.6% in 2010 and 2012, respectively, while 45.6% and 
46.1% reported ≤ 7 h. Odds ratios (ORs) for 9 of 10 risk factor scales 
were elevated when students slept ≤ 7 h, with a dose response effect 
for each hour less sleep compared to a SD of 9 h. For example, ORs 
for students sleeping 7 h ranged from 1.3 (early initiation of antisocial 
behavior) to 1.8 (early initiation of drug use). The risk factor scale ORs 
for ≤ 5 h SD ranged from 3.0 (sensation seeking) to 6.4 (gang involve-
ment).
Conclusion: Middle school students are at high risk for insufficient 
sleep; a SD ≤ 7 h is associated with an increase in risk factors linked to 
high risk behaviors such as lifetime and recent substance use.
Support (If Any): During the study period, Wang G. was supported by 
the Scholarship for Studying Abroad from China Scholarship Council 
(201306140090), and the Distinguished Young Academics Fund from 
East China Normal University (xrzz2013009).

1113
ADOLESCENT ATHLETES: SLEEP PATTERNS AND 
NEEDS
Baharav A1,2, Shargal E1, Fuxman Y2, Weisblat D3, Navot D1

1Wingate Institute, Netanya, Israel, 2HypnoCore, Petach Tiqva, Israel, 
3Kibutzim College, Tel Aviv, Israel

Introduction: Recent research indicates that adequate sleep duration 
is essential for athletic performance. Adolescent recommended sleep 
time is 8.5–9.25 hours per night, while according to a CDC health tele-
phone survey 68.9% of 12,154 teenagers get less than 7 hours, and only 
23.5% report 8 hours nightly sleep. Sleep deprivation affects health, 
wellbeing, cognitive and physical performance, and leads to increased 
sports injuries. We aimed at characterizing sleep patterns in adoles-
cents who chose to attend an excellence-in-sports high school program 
that allows them to have regular studies and intensive athletic profes-
sional training in a special facility with live-in setup.
Methods: The youngsters sleep in dorms during weekdays and at 
home weekend nights. All new candidates were interviewed before 
they started the program and after the completion of three months of 
the academic year. The interview included standard or validated ques-
tionnaires regarding sleep duration, sleep quality, bed time, wake up 
time, sleepiness, mood, and more. 58 subjects (55% males age 14.9 y/
SD 1.1 y) answered the first round of interviews and 50 the second one 
(some dropped before joining the program and some had sleep prob-
lems uncovered at the first interview and were excluded).
Results: The initial Total Sleep Time (TST), already shorter than opti-
mal during week nights, decreased by 0.4 hours (7.4 h/SD0.9 vs 7.8 h/
SD0.9; p < 0.04); TST during weekend nights remained unchanged, but 
became more irregular (mean 9.9 h/SD2.3 vs 9.8 h/SD1.2); not enough 
time to nap regularly; increased daytime sleepiness (ESS 13 vs 11; 
p < 0.002), increased mood scores; bed time (during week nights after 
the beginning of the program) 23:00 on average (lights off at 22:30) and 
wake-up time at 6:20; a good correlation between the change in TST 
and school grades (P = 0.03); no correlation between TST and referrals 

to medical services for sport injuries; many referrals for sleep-related 
difficulties.
Conclusion: Teenagers in this special program for excellence in sports 
are sleep deprived, the price is increased sleepiness and a decrease in 
their regular curricular achievements, as well as sleep related com-
plaints. These problems are addressed by making sleep care and educa-
tion available; general changes in the training and school schedules are 
needed to allow more time for sleep.

1114
ASSOCIATIONS BETWEEN SLEEP DISTURBANCE AND 
HEALTH SERVICES USE AMONG ADOLESCENTS: 
RESULTS FROM THE NATIONAL HEALTH INTERVIEW 
SURVEY
Groenewald CB, Rabbitts JA, Palermo TM
1University of Washington and Seattle Children’s Hospital, Seattle, 
WA

Introduction: Sleep disturbance is common among adolescents and is 
associated with poor health outcomes that might increase health ser-
vices utilization. However, patterns and predictors of health service 
use by adolescents with sleep disturbance have not been well described. 
The aim of this study was to examine relationships between sleep dis-
turbance and health service use among adolescents.
Methods: We analyzed data from a nationally representative sample 
of adolescents ages 11–17 (n = 5,339) who participated in the 2012 
National Health Interview Survey, the principal source of data on the 
health of the United States population. Adolescents with sleep distur-
bance were identified by parent report of their child regularly having 
insomnia, trouble sleeping or excessive daytime sleepiness during 
the past year. Parents also reported on health service use in the past 
year. We used multivariate logistic regression models, controlling for 
sociodemographics (e.g. age, sex, race/ethnicity, income), and health 
conditions (e.g., pain, anxiety, depression) to test associations between 
sleep disturbance and office-based healthcare visits, medication use, 
and emergency department visits.
Results: Parents reported that 11.1% of adolescents had frequent sleep 
disturbances during the preceding year. Compared to adolescents with-
out sleep disturbances, those with sleep disturbances had higher rates 
of ED visits (27.9% vs 13.2%), office-based visits (92.1% vs 87.3%), 
and medication use (41.3% vs 14.3%). After controlling for covari-
ates, adolescents with sleep disturbances had greater odds of ED vis-
its (OR = 1.49; 95% CI: 1.06–2.10) and medication use (OR = 2.19; 
95% CI: 1.63–2.94) than adolescents without sleep disturbance. After 
controlling for covariates, there were no differences however in office-
based visits (OR = 1.16; 95% CI: 0.74–1.84) in youth with and without 
sleep disturbance.
Conclusion: In a nationally representative sample of adolescents in the 
USA sleep disturbance were associated with increased use of health 
services. Studies describing the economic burden associated with ado-
lescent sleep disturbance are urgently needed.
Support (If Any): CBG was supported by National Institutes of Health 
Ruth L. Kirschstein National Research Service Award Institutional Re-
search Training Grant T32GM086270 (PI: TMP).
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DEMOGRAPHIC FACTORS PREDICTIVE OF SLEEP 
PROBLEMS IN A CLINICAL SAMPLE OF YOUTH
Rubens SL1, Patrick K 2,3, Sampilo ML 4, Moore M3, Mindell JA3,5

1Dana-Farber Cancer Institute, Boston, MA, 2Drexel University, 
Philadelphia, PA, 3The Children’s Hospital of Philadelphia, 
Philadelphia, PA, 4The University of Oklahoma Health Sciences 
Center, Oklahoma City, OK, 5Saint Joseph’s University, Philadelphia, 
PA

Introduction: The purpose of this study was to identify demographic 
factors that predict presenting complaints and diagnoses at a pediatric 
sleep clinic.
Methods: This study utilized a retrospective review of electronic med-
ical records for 325 consecutive youth presenting for an initial visit at 
a pediatric sleep clinic in an academic medical center. Demographic 
information, referral question, diagnosis, and recommendations were 
collected via medical chart review. Neighborhood data based on zip 
code was gathered utilizing the US Census Bureau’s American Fact 
Finder.
Results: Participants were 58% male, 53% White, with a mean age of 
7.84 (SD = 5.34), living across 175 zip codes. Within participants’ com-
munities, there was a median income of $64,974. The most frequent 
initial sleep complaints were symptoms of obstructive sleep apnea 
(OSA; 50.2%) and difficulty falling/staying asleep (42.5%). The most 
common diagnoses were rule-out OSA (64.3%) and behavioral insom-
nia of childhood (BIC; 16.5%). Stepwise logistic regression analyses 
were conducted that examined median community income, age, gen-
der, and race as predictors of the top sleep complaints and diagnoses. 
Patients with initial complaints of difficulty falling/staying asleep were 
more likely to be White and female, whereas those with OSA symp-
toms were more likely to live in a lower median income community 
and be Non-White. In regard to diagnosis, being younger and White 
were related to BIC and being male and living in a lower median in-
come community were related to OSA.
Conclusion: Findings from the current study suggest that, among a 
sample of youth presenting at a pediatric sleep clinic, OSA and BIC 
symptoms and diagnoses could be predicted by demographic variables, 
primarily neighborhood income and gender. Identifying demographic 
factors in patient-identified sleep problems and diagnoses can assist 
in understanding mechanisms underlying sleep disorders as well as in 
developing targeted assessments and interventions for diverse popula-
tions to ensure sleep problems are identified and diagnosed.

1116
TOWARDS ADDRESSING THE GAP IN PEDIATRIC 
SLEEP MEDICINE: AN EXAMINATION OF REFERRALS 
TO A PEDIATRIC SLEEP CLINIC
Chung SA1, Stephens RJ2, Jovanovic D2, Sandor P2, Shapiro CM2

1Toronto Western Hospital, University Health Network, Toronto, ON, 
Canada, 2Youthdale Treatment Centres, Toronto, ON, Canada

Introduction: The aim of the current study is to examine referrals to 
a pediatric sleep clinic and obtain information from both parents and 
referring physicians in order to help develop an action plan for the con-
tent and direction of dissemination about pediatric sleep medicine.
Methods: Demographic and questionnaire data were gathered from 
children and their parents who were attending the Youthdale Child and 
Adolescent Sleep Centre (YCASC) in Toronto Canada. Another survey 
was sent to physicians who had referred patients to the clinic within the 
last six months.
Results: Completed questionnaires were received from 67% of pa-
tients and their families and from 25% of physicians. Almost half of 

the referring physicians were pediatricians with their office in an urban 
location. The pediatric patients were predominantly male (76%, n = 38), 
mean age of 11 ± 5 years and of primarily Caucasian (82%) origin. The 
majority (84%) of physicians referred children for investigation of two 
or more sleep-related issues. Following diagnostic polysomnography, 
for most patients a mismatch was revealed between the primary reason 
for referral and the actual sleep diagnosis/diagnoses received. When 
asked what additional healthcare services physicians feel their patients 
would benefit from in conjunction with the sleep medicine services, the 
vast majority of physicians identified child psychiatric and psychologi-
cal services.
Conclusion: The ethnic composition of the sleep clinic patients does 
not match the 50% visible minority composition of Toronto indicat-
ing that children of visible minorities are not being referred for sleep 
testing. Only one-third of children referred for insomnia received that 
diagnosis suggesting that insomnia-type symptoms are likely indica-
tive of a variety of pediatric sleep-related problems. Based on the find-
ings, a pediatric sleep referral form was developed to assist physicians 
in determining which of their pediatric patients would benefit from 
diagnostic sleep assessment.

1290
CLINICAL CHARACTERISTICS OF PEDIATRIC PATIENTS 
WITH OBSTRUCTIVE SLEEP APNEA AND PULMONARY 
HYPERTENSION
Singh A, Muzumdar H
University of Pittsburgh, Pittsburgh, PA

Introduction: The association between pulmonary hypertension (PH) 
and obstructive sleep apnea (OSA) in children is poorly understood. 
This study aims to assess the clinical characteristics of pediatric pa-
tients with PH and OSA.
Methods: Retrospective data was collected from patients aged 21 
years or younger with ICD-9 diagnoses of Primary PH, Secondary 
PH, congestive heart failure due to PH, and personal history of other 
diseases of the circulatory system from January 1, 2003 to March 22, 
2013 from one tertiary center. Patients were deemed to have PH from 
echocardiographic and/or right heart catheterization reports confirm-
ing estimated elevated pulmonary artery pressures (PAP) > 25 mmHg. 
Clinical characteristics of patients with concurrent OSA and PH with-
out other heart disease were examined.
Results: 1,613 patients were diagnosed with PH from January 1, 2003 
to March 22, 2013. Of these, 731 were confirmed to have PH; 15 pa-
tients also carried a diagnosis of OSA. 9 patients had OSA demonstrat-
ed by polysomnography and mild to moderate PH by echocardiography 
estimated by right ventricular systolic pressure or by indirect methods 
(1 patient). 4 patients had Trisomy 21 and 3 had Prader-Willi Syndrome 
(PWS). 7 of 9 patients in this cohort were male and the median age of 
evaluation was 14.5 years (IQR 3.25 to 16.75). One child with PWS 
died of cor pulmonale.
Conclusion: The prevalence of PH in children with OSA was low with 
a preponderant male distribution. PH was most commonly observed 
in children with OSA in the presence of Trisomy 21 and Prader-Willi 
syndrome. Screening and monitoring for PH should be an integral part 
of management of pediatric OSA.
Support (If Any): The project described was supported by the Na-
tional Institutes of Health through Grant Number UL1-TR-000005.
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PHYSICAL ACTIVITY IS ASSOCIATED WITH 
FUNCTIONAL OUTCOMES OF SLEEPINESS AMONG 
OLDER ADULTS
Hagen EW1, Hale L2, Harden C1, Peppard PE1

1University of Wisconsin, Madison, Madison, WI, 2Stony Brook 
University, Stonybrook, NY

Introduction: Physical activity is associated with sleepiness, but 
whether it is associated with functional outcomes of sleepiness is 
unknown. Using data from the Wisconsin Sleep Cohort study we in-
vestigated whether, for a given level of subjective sleepiness, physi-
cal activity level was associated with reduced functional outcomes of 
sleepiness in older adults.
Methods: Four annual questionnaires that included questions about 
sleepiness, functional outcomes of sleepiness, physical activity, and 
work status were mailed to potential respondents. Subjects contributed 
1–4 observations to the cross-sectional analysis. Linear regression es-
timated the association between physical activity, measured by meta-
bolic equivalent-hours (MET-hours) per week, and the standardized 
Functional Outcomes of Sleepiness Questionnaire (FOS-Q), account-
ing for correlated data. A four-level variable was created to categorize 
MET-hours per week: (1) 0–4 MET-hrs/week (the equivalent of 0–60 
minutes of moderate activity per week, comparison group); (2) 4–6 
MET-hrs/week (60–90 minutes); (3) 6–10 MET-hrs/week (90–150 min-
utes); and (4) > 10 MET-hrs/week (> 150 minutes of moderate exercise 
per week). Models were adjusted for multiple potential confounding 
factors.
Results: 2,136 individuals provided 6,880 observations (48% male, 
46–86 years old). Participants reported physical activities that were 
estimated as a mean (SD) 25 (30) MET-hours per week. For a given 
self-reported level of sleepiness, more physical activity was associated 
with better functional outcome of sleepiness. Those with the high-
est level of physical activity (> 10 MET-hrs/week) scored 0.20 points 
higher on the FOS-Q than those with the lowest level of physical activ-
ity (p < 0.0001); subjects with 6–10 MET-hrs/week scored 0.11 points 
higher on the FOS-Q (p = 0.03); and subjects who reported 4–6 MET-
hrs/week did not score significantly differently on the FOS-Q than 
those at the lowest level of physical activity (p-trend < 0.001).
Conclusion: For a given level of sleepiness, engaging in greater levels 
of physical activity may be associated with better functional outcomes 
of sleepiness among older adults.
Support (If Any): This work was supported by the National Institute 
of Aging (1R01AG036838), National Heart, Lung, and Blood Insti-
tute (R01HL62252) and the National Center for Research Resources 
(1UL1RR025011) at the National Institutes of Health.

1118
SLEEP DISTURBANCES ARE ASSOCIATED WITH 
COGNITIVE DECLINE IN THE ELDERLY: RESULTS OF 
THE MULTI-ETHNIC NORTHERN MANHATTAN STUDY 
(NOMAS)
Ramos AR1, Garderner H2, Rundek T3, Elkind MS 4, Boden-Albala B5, 
Dong C2, Sacco RL2, Wright CB2

1University of Miami, Miller School of Medicine, Miami, FL, 
2Department of Neurology, University of Miami, Miller School 
of Medicine, Miami, FL, 3Department of Neurology, University 
of Miami, Miller School of Medicine, Miami, FL, 4Department 
of Neurology, Columbia University, New York, NY, 5New York 
University, New York, NY

Introduction: We examined the cross-sectional and longitudinal as-
sociations of frequent snoring, daytime sleepiness, and sleep duration 
with worse cognitive performance and decline.
Methods: NOMAS is an ongoing prospective cohort study with base-
line data collected in 1993–2001 and neuropsychological assessments 
beginning in 2003. We analyzed a subsample of 711 NOMAS partici-
pants with sleep and cognitive data (mean age = 63 ± 8 years, 62% 
women, 18% white, 17% black, 67% Hispanic) and 687 with repeat 
cognitive testing. The main predictors were frequent snoring, daytime 
sleepiness (Epworth sleepiness scale) and sleep duration. Participants 
underwent a neuropsychological battery, and had repeated testing 
within a mean time span of 6 ± 2 years. We used factor analysis-derived 
domain-specific Z-scores for memory, language, executive function, 
and processing speed. We evaluated the associations between frequent 
snoring (yes versus no), daytime sleepiness (severe dozing and mild 
dozing with no dozing as the reference) and sleep duration (< 6 hours 
and ≥ 9 hours of sleep with 6–< 9 hours as the reference) with cognitive 
performance and decline for each domain.
Results: Adjusting for demographics and vascular risk score, frequent 
snoring had a cross-sectional association with worse executive function 
(β = −0.123; p = 0.04) and processing speed (β = −0.134; p = 0.02), but 
not with memory or language. Severe dozing (β = −0.265; p = 0.009), 
but not mild dozing, was associated with worse executive function. 
There was no cross-sectional association between sleep duration and 
the cognitive domains. When evaluating cognitive decline over time 
across domains, frequent snoring (β = −0.292; p = 0.0007), severe 
dozing (β = −0.287; p = 0.05), and long sleep duration (β = −0.289; 
p = 0.04), were associated with worse executive function, after adjust-
ing for demographics and vascular risk score. No decline was observed 
in the domains of memory, language and processing speed.
Conclusion: We found significant cross-sectional and longitudinal 
associations between worse executive function and frequent snoring, 
daytime sleepiness and long sleep duration.
Support (If Any): This work was supported by the NIH/NINDS (R37 
NS 29993 and R01 NS 48134) and 1KL2TR000461 (ARR) from the Mi-
ami Clinical and Translational Science Institute.

1119
PREVALENCE OF INSOMNIA DISORDER DECREASES 
WITH AGE AMONG OLDER VETERANS
Ryden AM1, Matsuwaka S2, Mitchell MN2, Fung CH2, 
Dzierzewski JM2, Song Y2, Martin JL2, Alessi C2

1Veterans Affairs Greater Los Angeles Health Care System, Los 
Angeles, CA, 2Geriatric Research, Education and Clinical Center 
(GRECC): Veterans Administration Greater Los Angeles Healthcare 
System, Los Angeles, CA

Introduction: Previous studies have shown that sleep complaints in-
crease with advanced age and worse health status. The present study 
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was undertaken to explore the relationships among insomnia, age, and 
health status among older veterans.
Methods: We sent a postal survey, designed to identify insomnia dis-
order based on ICSD-2 criteria, to all patients aged ≥ 60 years who live 
within a 25-mile radius of a VA clinic, and had received care within 
the prior 12-month period. We estimated the prevalence of insomnia 
disorder (5-year age groups). Health status was assessed with the single 
self-rated health question from the SF-36 (response options: excellent, 
very good, good, fair and poor). We then performed logistic regression 
to assess the odds of insomnia disorder across age groups adjusted for 
self-rated health status.
Results: 4637 veterans participated in the survey (response 
rate = 52.4%). Mean age was 74.1 [SD 9.4] years and 2451 (52.8%) had 
responses consistent with insomnia disorder. Among the age groups 
60–64, 65–69, 70–74, 75–79, 80–84, and ≥ 85 years the prevalence of 
insomnia was 63.9%, 57.5%, 51.9%, 50.1%, 44.1%, and 45.6% respec-
tively. After adjusting for self-rated health status the odds ratios com-
paring each age group (65–69, 70–74, 75–79, 80–84, and ≥ 85 years) to 
the reference group (60–64 years) were 0.82, 0.68, 0.57, 0.43 and 0.44 
(all p-values < 0.05). More favorable health status was associated with 
decreased odds of having an insomnia disorder (OR = 0.48, p < 0.001).
Conclusion: The prevalence of insomnia in this group of older vet-
erans was very high. However, the prevalence of insomnia decreased 
with age, which is inconsistent with reports from prior studies. This 
may be due to a healthy survivor effect, response bias, a cohort effect, 
or a confounder not included in the model.
Support (If Any): Veterans Administration Health Services Research 
and Development. Merit Review (IIR 08–295-1)”Implementing Sleep 
Interventions for Older Veterans.”

1120
SLEEP ONSET FRONTAL INTERMITTENT RHYTHMIC 
DELTA ACTIVITY AND COGNITION IN OLDER ADULTS
Kawai M, O’Hara R
Department of Psychiatry and Behavioral Sciences, Stanford 
University, School of Medicine, Palo Alto, CA

Introduction: Sleep onset frontal intermittent rhythmic delta activ-
ity (SOFIRDA) occurs within normal EEG background activity and is 
considered to represent normal variation among elderly adults. How-
ever, initial data indicate a predominance of delta activity in dementia 
patients, raising the question of whether SOFIRDA is associated with 
impairments in cognition that precede the development of dementia. 
We examined the relationship of SOFIRDA to cognition in communi-
ty-dwelling, older adults without dementia.
Methods: 153 community-dwelling older adults were administered 
overnight polysomnography, and the following cognitive measures (1) 
MMSE measure of global cognition; (2) delayed verbal memory; (3) 
information-processing speed and attention (Stroop); (4) verbal nam-
ing; and (5) visuospatial ability. SOFIRDA was defined as sequences 
of rhythmic, bilateral anterior delta activity (1–3 Hz), duration between 
2 and 10 seconds without voltage criteria, arising from normal back-
ground in the transition from awake to sleep, and excluding delta activ-
ity in slow-wave sleep.
Results: Subjects were 83 women and 70 men, 52 to 90 years (Mean 
Age = 71.3 ± 0.6). SOFIRDA was present in 30 subjects (19.6%). Age, 
years of education, Gender and BMI were not different between SO-
FIRDA (+) and (−) groups. Multiple regression found Stroop perfor-
mance to be significantly faster in the SOFIRDA (+) group (p = 0.007; 
covaried with age, gender, year of education and BMI). There was also 
a trend for better MMSE in the SOFIRDA (+) group (p < 0.058).
Conclusion: A significant percentage of participants had SOFIRDA, 
similar to that observed in prior studies of older adults suggesting it is 

relatively common in healthy older adults. However, SOFIRDA was 
not correlated with poorer cognition. Indeed, the SOFIRDA positive 
group demonstrated significantly better information processing speed, 
and global cognition. The lack of association of SOFIRDA with cogni-
tive dysfunction suggests its presence in healthy elderly may indeed 
represent normal variation without pathological implications.

1121
HIPPOCAMPAL VOLUME IN OLDER ADULTS WITH 
MILD COGNITIVE IMPAIRMENT (MCI) IN RELATION 
TO SLEEP APNEA STATUS
Gooneratne N1, Onen F2, Yushkevich P1, Detre J1, Das S1, Lu Y3, 
Hanlon A1, Scharf M1, DiCicco B4, Richards K 5

1University of Pennsylvania, Philadelphia, PA, 2University of Paris-
INSERM U669, Paris, France, 3Temple University, Philadelphia, 
PA, 4Pulmonary and Critical Care Specialists of Northern Virginia, 
Fairfax, VA, 5George Mason University, Fairfax, VA

Introduction: Mild cognitive impairment (MCI) represents an early 
stage of the progression towards Alzheimer’s Disease, which is associ-
ated with sleep apnea and a variety of brain morphologic changes. The 
specific aim of this study was to compare the MRI scans of older adults 
with MCI (with and without sleep apnea), and explore relevant covari-
ates. This data was obtained at the baseline assessment of the MEMO-
RIES study, a pilot clinical trial on the effect of CPAP on cognitive and 
everyday function in older adults with MCI.
Methods: Primary inclusion criteria for this analysis were age 55–90, 
amnestic MCI using established diagnostic criteria and ability to un-
dergo an MRI scan. Participants were divided into two groups: controls 
without sleep apnea (n = 12) and cases with sleep apnea (n = 44) defined 
as an apnea-hypopnea index (AHI) ≥ 10, and clinical response to CPAP 
as evidenced by AHI < 5 following optimal pressure during titration 
polysomnography. 56 participants [age 68.8 years, sd 8.20; 50% men; 
Mini-Mental State Examination (MMSE) 28.3, sd 1.40] were recruited 
from sleep, primary care, and geriatric clinics. Study participants were 
not on CPAP at the time of the baseline MRI scan.
Results: Untreated sleep apnea (apnea vs no-apnea control) was sig-
nificantly associated with right hippocampal volume, with a larger 
volume noted in the apnea patients (2077.6 ± 329.6 vs 1850.3 ± 247.9, 
p = 0.031). The association between hippocampal volume persisted 
when controlling individually for age, sex, race, marital status and 
education in bivariate regressions (all p-values < 0.05, model R-square 
values from 0.15 to 0.29).
Conclusion: Right hippocampal volume was larger in the baseline 
MRI scans of older adult MCI patients with untreated sleep apnea as 
compared to controls. These findings are consistent with hippocampal 
hypertrophy noted in a cognitively intact younger cohort with sleep 
apnea, and may be due to neuroglial ischemic preconditioning (Rosen-
zweig et al., PLoS One, 2013).
Support (If Any): R01AG034682; CPAP units were donated by Phil-
ips Respironics
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SLEEP AND COGNITIVE PERFORMANCE FROM TEENS 
TO OLD AGE: MORE IS NOT BETTER
Richards A1, Metzler T 2, Inslicht S1, Mohlenhoff B1, Rao M1, 
O’Donovan A1, Neylan T1

1UCSF, San Francisco, CA, 2SFVAMC, San Francisco VA Medical 
Center, CA

Introduction: Research to date has not provided evidence of an opti-
mal sleep duration, but assumes that there is wide variability in sleep 
need. Nonetheless, there is growing public health concern that chronic 
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sleep deprivation in youth is pervasive and negatively impacts cog-
nitive functioning (as reflected in school performance). In contrast, 
research in elderly people suggests that sleep in excess of 7 hours is 
associated with worse cognitive performance, although this relation-
ship is generally attributed to confounding factors such as medical 
comorbidities. The current analyses benefit from a large sample of in-
ternet braingame users to examine the relationship of sleep duration to 
cognitive performance across the lifespan. We hypothesize that there 
will be a decline in performance with extended sleep times, which will 
be most observable in older subjects.
Methods: We examined the relationship of subjectively reported sleep 
duration to users’ performance on three games (working memory, vi-
sual memory, and arithmetic, respectively) across ten-year age groups 
spanning from age 15 through age 90+, adjusting for gender and educa-
tion. Each game represented a different sample of players (Speedmatch: 
N = 499,896; Memory Matrix: N = 448,063; Raindrops: N = 233,824) 
with similar demographics. Performance was defined by game score, a 
measure of speed and accuracy.
Results: Adjusted performance in all 3 games deteriorated with in-
creasing age. Contrary to expectations, peak cognitive performance 
was at 7 hours habitual sleep duration in all age groups and younger 
subjects showed the greatest deterioration in performance with longer 
sleep duration.
Conclusion: These findings challenge the hypothesis that deteriorating 
cognitive performance with long sleep duration is driven by medical 
comorbidities. These data suggest that the model for the homeostatic 
recovery of cognitive function as a function of sleep duration has to 
incorporate a curvilinear decline with longer duration sleep, indicating 
that there may be a cost to increased sleep, even in young individuals.

1123
SPECTRAL ANALYSIS OF THE REM SLEEP EEG AS A 
DIAGNOSTIC TOOL FOR AMNESTIC MILD COGNITIVE 
IMPAIRMENT
Brayet P1, Petit D1, Frauscher B2, Gagnon J1, Gosselin N1, 
Gagnon K1, Rouleau I3, Montplaisir J1

1Center for Advanced Research in Sleep Medicine (CARSM), 
Montreal, QC, Canada, 2Innsbruck Medical University, Innsbruck, 
Austria, 3Université du Québec à Montréal, Montreal, QC, Canada

Introduction: The first brain neurotransmitter to be affected in Al-
zheimer’s disease is acetylcholine. Because acetylcholine is more 
crucial for the activation of rapid-eye-movement (REM) sleep elec-
troencephalogram (EEG) than that of wakefulness, the superiority of 
quantitative REM sleep EEG as a discrimination tool for preclinical 
Alzheimer’s disease was assessed.
Methods: Thirty subjects with mild cognitive impairment [MCI; 19 
men; 64.7 ± 7.2 years; 13 amnestic MCI (a-MCI) and 17 non-amnestic 
MCI (na-MCI)] and 30 control subjects (19 men; 64.9 ± 6.5 years) par-
ticipated in the study. Spectral analyses of wakefulness and REM sleep 
EEGs were performed and the theta/alpha ratio was used to assess 
between-group differences in EEG slowing. Moreover, Pearson prod-
uct-moment correlation coefficients were calculated between scores on 
memory variables and the theta/alpha ratio in wakefulness and in REM 
sleep for the 60 subjects.
Results: As a whole, the MCI group did not differ from the controls 
subjects. However, the a-MCI subgroup showed a slowing of the REM 
sleep EEG in frontal, frontal lateral and anterior temporal regions com-
pared to both na-MCI and control groups and in posterior temporal and 
parietal regions compared to the na-MCI subgroup only. There was no 
between-subgroup difference for the wakefulness EEG. Furthermore, 
correlations were found between both the immediate and delayed re-
call for the Rey Auditory Verbal Learning Test and the REM sleep ratio 

in frontal, frontal lateral and anterior temporal regions. The poorer was 
the memory performance, the greater was the REM sleep EEG slowing 
in these regions. On the other hand, memory performance was not cor-
related with the wakefulness EEG ratio.
Conclusion: This study demonstrates the advantage of the REM sleep 
EEG in the discrimination between a-MCI and both na-MCI and con-
trol subjects. Follow-up studies should be conducted to assess the pre-
dictive value of the REM sleep measures.

1124
INSOMNIA SYMPTOMS IN A LARGE ELDERLY GREEK 
POPULATION ARE ASSOCIATED WITH COGNITIVE 
DECLINE
Basta M1, Bertsias A 2, Koutentaki E1, Zaganas I3, Simos P1, 
Duijker G2, Panagiotakis S 4, Boumpas D5, Tziraki C 6, Lionis C2, 
Vgontzas A1

1Department of Psychiatry, University Hospital of Heraklion, 
Crete Greece, Heraklion, Greece, 2Clinic of Social and Family 
Medicine, School of Medicine, University of Crete, Heraklion, 
Crete, Greece, 3Department of Neurology, University Hospital 
of Heraklion, Heraklion, Crete, Greece, 4Department of Internal 
Medicine, University Hospital of Heraklion, Heraklion, Crete, Greece, 
5Department of Internal Medicine, University of Athens, Athens, 
Greece, 6Melaby Community Club of Elder Care, Haifa, Israel

Introduction: Sleep problems are very prevalent among older adults 
with cognitive deficits. The goal of our study was to assess the associa-
tion of sleep complaints with cognitive decline in a large elderly popu-
lation living in the island of Crete, Greece.
Methods: The sample consisted of 3220 community-dwelling older 
adults (60–100 yrs). The primary objective of this study was to assess 
the prevalence and risk factors associated with cognitive impairment. 
All participants completed a structured questionnaire assessing demo-
graphics, physical and mental health, life-style habits and cognitive 
function. Subjects were classified as having cognitive decline accord-
ing to their Mini Mental Status Examination (MMSE) using a cut-off 
score of < 24. Sleep complaints were assessed in terms of difficulty 
initiating sleep (DIS), maintaining sleep (DMS) and early morning 
awakening (EMA). Multiple logistic regression stratified by gender 
was performed to examine the association between insomnia symp-
toms, physical/mental health and cognitive decline after controlling for 
age, marital status, education, smoking, alcohol and physical activity.
Results: We found that 496 (26.7%) women and 189 (14%) men were 
cognitively impaired (p < 0.0001). In women DMS and the composite 
score of mental illness were associated with increased odds of having 
a low MMSE score (OR 1.6; p = 0.002, OR 1.9; p = 0.001, respectively). 
In men DMS, and the composite score of mental illness were associat-
ed with increased odds of having low MMSE score (OR 1.9 ; p = 0.002, 
OR 1.9 ; p = 0.01, respectively). In women but not in men there was an 
association between two or more sleep complaints (OR 1.3, p = 0.043) 
and low MMSE score.
Conclusion: In a large elderly population, insomnia symptoms, par-
ticularly difficulty maintaining sleep, and mental health are associated 
with increased risk for cognitive decline. Future studies should assess 
whether treatment of sleep problems improves or delays the deteriora-
tion of cognitive function in older adults.
Support (If Any): Thales, University of Crete, A multi-disciplinary 
network for the study of the Alzheimer’s disease; National Strategic 
Reference Framework (ESPA) 2007–2013
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1125
DEPRESSIVE SYMPTOMS UNDERLIE THE 
ASSOCIATION BETWEEN SLEEP QUALITY AND 
COGNITIVE PERFORMANCE FOR MIDDLE-AGED BUT 
NOT OLDER ADULTS
Penn T, Condeelis K, Tighe C, Shoji K, Imel J, Dautovich N
University of Alabama, Tuscaloosa, AL

Introduction: Previous research suggests that sleep quality is asso-
ciated with cognition in middle-aged and older adults. Furthermore, 
people with significant depressive symptoms with sleep disturbance 
report more impaired cognitive functioning, compared to people with-
out sleep disturbance. However, less is known about whether depressed 
mood serves as a pathway from sleep to cognition. The purpose of the 
current study was to examine depressive symptoms as a mechanism 
underlying the association between sleep quality and cognitive per-
formance. Additionally, age differences in this association were also 
examined.
Methods: An archival analysis was conducted using data from 
the Midlife in the United States-II study, Projects 3 and 4. Middle-
aged (M = 50.23, SD = 8.09, range = 34–64, n = 835) and older adult 
(M = 71.84, SD = 5.40, range = 65–84, n = 239) samples were com-
pared. Global sleep quality was measured using the PSQI. Depressive 
symptoms were assessed using the CES-D. Cognition was assessed 
with the Brief Test of Adult Cognition by Telephone. Specific cognitive 
outcomes included overall cognitive performance, episodic memory, 
and executive functioning.
Results: Multiple hierarchical regression mediation analyses were 
conducted to test whether depressive symptoms mediated the associa-
tion between sleep quality and cognitive performance after controlling 
for gender. Additionally, age differences in this association were ex-
amined. For middle-aged adults, depressive symptoms partially medi-
ated the association between sleep and overall cognitive functioning 
(z = −3.58, p < 0.001), episodic memory (z = −2.28, p = 0.03), and ex-
ecutive functioning (z = −3.75, p < 0.001). Depressive symptoms did not 
significantly mediate the sleep-cognition association for older adults.
Conclusion: For middle-aged adults, depressive symptoms may serve 
as a pathway from poorer sleep quality to poorer cognitive perfor-
mance. Depressive symptoms did not serve as an underlying mecha-
nism for older adults, which could suggest that older adults cope with 
depressive symptoms in a more adaptive way than their middle-aged 
counterparts. It is also possible that older adults have different expecta-
tions about their sleep.

1126
OLDER VETERANS WITH LOWER PHYSICAL 
FUNCTION BENEFIT FROM BEHAVIORAL SLEEP 
INTERVENTION
Song Y1, Dzierzewski JM1,2, Fung C1,2, Rodriguez Tapia J1,2,3, 
Jouldjian S1, Mitchell MN1, Josephson K1, Alessi CA1,2, Martin JL1,2

1VA Greater Los Angeles Healthcare System, Geriatric Research, 
Education, and Clinical Center, North Hills, CA, 2David Geffen 
School of Medicine, University of California, Los Angeles, Los 
Angeles, CA, 3Pontificia Universidad Catolica, Santiago, Chile

Introduction: Studies show that behavioral interventions improve 
sleep in older adults. However, little is known about whether levels 
of physical function of older adults affect sleep after behavioral sleep 
intervention. We recently completed a randomized controlled trial of a 
brief Sleep Intervention Program (SIP) vs. Informational control (IC) 
for veterans at an adult day health care program (ADHC). This second-
ary analysis examined whether veterans with lower physical function 
could benefit from SIP.

Methods: Veterans (n = 42, mean age 77 years) were randomized to 
receive SIP or IC. Sleep data were measured using the Pittsburgh Sleep 
Quality Index (PSQI), Insomnia Severity Index (ISI), and actigraphy 
at baseline, post-treatment, and 4-months follow-up. Physical func-
tion at baseline was measured using the Older Americans Resources 
and Services Multidimensional Functional Assessment Questionnaire, 
comprised of 14 items measuring activities of daily living (ADL) and 
instrumental ADL (IADL); total score ranges from 0 to 28; higher 
scores indicate greater independence. ANCOVA models were used to 
test interaction between treatment and physical function in sleep out-
comes at follow-ups, with baseline sleep values as a covariate.
Results: For sleep efficiency, the SIP vs. IC by ADL/IADL interaction 
was significant (F[1,35] = 6.28, p < 0.05); sleep efficiency improve-
ment in the SIP vs. IC was greater for veterans with lower levels of 
physical function, with significant differences when ADL/IADL ≤ 17. 
For ISI, the SIP vs. IC by ADL/IADL interaction was also significant 
(F[1,37] = 7.50, p < 0.01); ISI improvement in the SIP vs. IC was greater 
for veterans with lower levels of physical function; the effect was also 
significant when ADL/IADL ≤ 19. No significant interaction was found 
between treatment and physical function for other sleep measures.
Conclusion: Veterans with worse baseline physical function at ADHC 
may especially benefit from behavioral sleep interventions. Further 
studies of older adults with low physical function in other settings are 
needed to test its effectiveness.
Support (If Any): VARRD 1RX000135–01 (Martin), Geriatric Re-
search, Education, and Clinical Center.

1127
THE FEASIBILITY AND EFFICACY OF A SHARED 
YOGA INTERVENTION FOR SLEEP DISTURBANCE IN 
OLDER ADULTS WITH OSTEOARTHRITIS
Buchanan DT, Vitiello MV, Bennett K
University of Washington, Seattle, WA

Introduction: Yoga is a complementary and alternative medical 
(CAM) approach with potential to reduce sleep disturbances and pain 
in older adults with osteoarthritis (OA). This study examined the feasi-
bility and efficacy of a yoga program designed for persons with OA that 
incorporated a novel aim of exploring whether attending the classes 
with a practice partner (“Shared Yoga”) promoted adherence and im-
proved efficacy.
Methods: Eligibility criteria: aged 50–85 years; OA of the hip, knee, 
or ankle; meeting Research Diagnostic Criteria for Insomnia; and hav-
ing a willing practice partner (required of all for group equivalence). 
Participants were randomized to Shared Yoga (SY, n = 9) or Individual 
Yoga (IY, n = 7). Participants completed baseline and post-intervention 
assessments. The 12-week intervention involved a weekly 75-minute 
class, a 5-minute morning “warm up” routine, and a 30-minute daily 
home practice.
Results: The sample was 53% male and 59% white/Caucasian, with 
mean age 56.8 ± 6.6 years. General feasibility was supported by class 
attendance (SY = 8.8 ± 3.2 classes, IY = 9.0 ± 2.0) and home practice 
(SY = 5.8 ± 1.4 days per week, IY = 6.1 ± 1.1), with no significant group 
differences. For the efficacy outcomes, the Insomnia Severity Index 
and PROMIS Sleep Disturbance scale significantly improved in the 
whole sample, but no other significant improvements were seen on the 
Western Ontario McMaster Osteoarthritis Index, PROMIS Sleep-relat-
ed Impairment or Fatigue, sleep diary, or actigraphy. Change scores on 
the outcomes did not significantly differ between the two groups.
Conclusion: The study supports the feasibility of this yoga interven-
tion, both when performed with a partner and individually. Inclusion of 
a practice partner did not seem to improve adherence or efficacy, but 
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neither was it a barrier. Efficacy data suggest that this yoga program 
may improve perceived sleep, but further research is needed.
Support (If Any): P30 NR 011400 (Center for Research on the Man-
agement of Sleep Disturbance).

1128
SLEEP IS BOTH A DIRECT AND AGE-MODERATED 
PREDICTOR OF INDIVIDUAL PERCEPTIONS OF 
HEALTH
Tighe CA, Shoji KD, Imel JL, Condeelis KL, Dautovich ND
University of Alabama, Tuscaloosa, AL

Introduction: Sleep has frequently been studied in relation to objec-
tive health outcomes. However, work examining the unique contribu-
tion of sleep to subjective perceptions of health, and the role of age in 
these associations, is limited. This study examined the extent to which 
global sleep quality predicts subjective perceptions of health, includ-
ing: self-rated physical health, perception of physical health compared 
to same-aged others, and ratings of physical health 10 years in the fu-
ture. Of additional interest was whether these associations vary by age.
Methods: An archival analysis was conducted on cross-sectional data 
from Projects 1 and 4 of the Midlife in the United States follow-up 
study, MIDUS-II. Participants were 1255 community-dwelling adults 
aged 35 to 86 years (M = 55.99, SD = 11.60). Demographic information 
and health ratings were collected via self-administered questionnaires. 
Sleep outcomes were measured using the Pittsburgh Sleep Quality In-
dex. All materials were completed by mail.
Results: Multi-tiered regression analyses were used to test study 
aims. Covariates included: gender, age, self-rated mental and emo-
tional health, and number of health conditions and symptoms. Poor 
sleep quality significantly predicted lower self-rated physical health, 
β = 0.06, p = 0.03, and worse predictions of health 10 years in the fu-
ture, β = −0.24, p < 0.001. Although poor sleep quality did not uniquely 
predict perceived health compared to same-age others, p = 0.11, age 
emerged as a significant moderator in this association, such that old-
er age buffers the negative impact of poor sleep quality on self-rated 
health compared to same-age others, β = −0.08, p = 0.003. Age did not 
significantly moderate the associations of self-rated health and future 
health ratings with sleep.
Conclusion: Overall, the present findings suggest that poor sleep may 
impact individuals’ overall perceptions of health in a negative way. 
However, this negative association may be attenuated at older ages. 
This research underscores the need to consider sleep experiences when 
assessing subjective beliefs about physical health.
Support (If Any): The MIDUS II research was supported by a grant 
from the National Institute on Aging (P01-AG020166) to conduct a lon-
gitudinal follow-up of the MIDUS I investigation. The MIDUS-II re-
search was further supported by the following grants M01-RR023942 
(Georgetown), M01-RR00865 (UCLA) from the General Clinical Re-
search Centers Program and UL1TR000427 (UW) from the National 
Center for Advancing Translational Sciences (NCATS), National Insti-
tutes of Health.

1129
SLEEP AND NOCTURNAL FALLS; METEOROLOGICAL 
ANALYSIS OF INPATIENTS
Magota C1, And S2, Nishizaka M2, Horikoshi K 3, Tanaka K 3, 
Miyazono M4, Hashiguchi N1, Sawatari H1, Ohkusa T5, Chishaki A1

1Department of Health Sciences, Kyushu University Graduate School 
of Medical Sciences, Fukuoka, Japan, 2Sleep Apnea Center, Kyushu 
University Hospital, Fukuoka, Japan, 3Saiseikai Futsukaichi Hospital, 
Fukuoka, Japan, 4School of Nursing, Fukuoka Prefectural University, 
Fukuoka, Japan, 5Kirameki Projects Career Support Center, Kyushu 
University Hospital, Fukuoka, Japan

Introduction: Falls often cause fractures of variable part of a body in 
old patients. As a result, their quality of life deteriorates and medical 
costs are increasing. The aim of this study was to clarify the effects of 
meteorological factors on nocturnal falls of inpatients.
Methods: We performed retrospective analysis of fall-incident reports 
(April, 2010~March, 2014) in a medium sized hospital with 260 beds. 
We collected all fall-incident reports except for those of intensive care 
unit and out-patients. Patient characteristics, number of falls and fall-
rates (total number of fall-incident reports/total of patient days x 1000 
patient days), month and time, activities associated with falls were 
evaluated. After dividing the reports into two groups: diurnal falls 
(light-on 6:00–21:00) and nocturnal falls (light-off 21:00–6:00), we an-
alyzed relationships between the nocturnal fall-rates and meteorologi-
cal factors. For data analysis, t-test and regression analysis were used.
Results: We reviewed 464 fall-incident reports; in a total number 
of patients were 339,485 for 4 years. The mean age of these patients 
was 76 ± 11 years old, and 263 were male (57%). Fifty seven percent 
of the fall-patients (n = 265) associated with excretion activity. The 
mean number of falls per month was 10 ± 3 (fall-rates 1.4 ± 0.5), fall-
rates was significantly increased in November compared with in May 
(p < 0.05). Fall-incidents significantly increased during 2:00~3:00 am, 
and 7:00~8:00 am compared with that of the 15:00~16:00 (p < 0.001). 
Additionally, we examined correlation between the length of night-time 
and fall-rates to investigate the factors of seasonal variation in noctur-
nal fall-rates. Regression analysis showed significant positive correla-
tion between night-time length and fall-rates (R2 = 0.73, p < 0.001).
Conclusion: Since many incidents of nocturnal falls were related to 
excretion activity in dark period, we should pay more attention to me-
teorological factors, especially to the darkness in the early morning of 
the season with a long night-time in order to decrease the fall incidence.

1130
IS THE HIGH PREVALENCE OF SLEEP PROBLEMS IN 
ELDERLY MEXICAN-AMERICANS ASSOCIATED WITH 
NOT BEING BORN IN THE U.S.?
Bubu OM, Schwartz SW, Womack LS, Adegoke K
University of South Florida, Tampa, FL

Introduction: We previously reported that among elderly individuals 
enrolled in the Health and Retirement Study, Hispanics had signifi-
cantly higher prevalence of sleep-complaints than non-Hispanics. We 
explored this association further by looking at sub-groups of Hispanics 
and whether or not they were born in the United States.
Methods: Data from the 2006 and 2010 waves of the Health and Re-
tirement Study were used in this analysis. Participants with sleep-com-
plaints (i.e., trouble falling asleep, waking during the night, waking up 
early, un-refreshing sleep) at baseline (2006) were excluded. Incidence 
of new sleep-complaints between 2006 and 2010 was determined 
(N = 3,850; 231 Mexican-Americans, 137 Puerto-Rican/Cuban-Amer-
icans, 3,025 non-Hispanics). The association between Mexican-Amer-
icans and sleep complaints versus non-Hispanics and other Hispanics 
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was determined using multivariable logistic regression. A four-level 
variable was created as follows: non-Hispanics, other Hispanics, U.S.-
born Mexican-Americans, and non-U.S.-born Mexican-Americans to 
assess the effect of being born in the United States.
Results: Compared to non-Hispanics and other Hispanics respectively, 
Mexican-Americans had an increased likelihood of incident sleep-
complaints (OR = 1.93, p < 0.0001 and OR = 1.55, p = 0.03, respec-
tively). After adjusting for age, sex, race, education, and being recently 
retired, the association remained for Mexican-Americans versus non-
Hispanic (OR = 1.90, p < 0.0001). The increased likelihood of sleep 
complaints was seen regardless of whether the participant was born in 
the U.S. (OR = 1.90, p = 0.004 and OR = 1.94, p = 0.001, respectively), 
after adjusting for age, sex, race, education, and recently retired.
Conclusion: Older Mexican-Americans are more likely to develop in-
cident sleep-complaints that could not be explained by country of birth. 
These results suggest that patterns and correlates of sleep-problems 
differ among Hispanic ethnicity. Understanding these differences may 
help in developing culturally appropriate interventions to improve 
sleeps problems.

1131
SLEEP QUALITY AND COGNITIVE FUNCTION 
DETAILS IN ELDERLY HISPANICS: RESULTS FROM 
THE HISPANIC ESTABLISHED POPULATION FOR 
EPIDEMIOLOGICAL STUDY OF THE ELDERLY 
(HEPESE), WAVE 6, 2006–2007
Neelamegam M, Malavade SS, Schwartz SW
University of South Florida, Tampa, FL

Introduction: Sustained working memory and other cognitive func-
tions have been shown to be affected by sleep dysfunction. Our study 
determined if sleep complaints, quality of sleep and average length of 
sleep is associated with specific cognitive function domains in elderly 
Hispanics.
Methods: Data of 1,542 individuals aged 75 years and above, partici-
pating in Wave 6 of the Hispanic Established Populations for the Epi-
demiologic Study of the Elderly (HEPESE) were analyzed. Scores in 
seven domains of the Mini Mental State Examination (MMSE) were 
constructed by contrasting a perfect score with any error. Association 
with self-reported quality of sleep, sleep dysfunction, and average 
length of sleep was assessed using logistic regression and adjusting for 
gender, age, education, marital status, BMI, physical activity, depres-
sion and ADL scores.
Results: After adjustment, sleeping less than 6 hours per night appears 
significantly protective in 4 specific cognitive domains: orientation 
to place (OR = 0.636, 95% CI 0.478–0.846), three word registra-
tion (OR = 0.399, 95% CI 0.257–0.729), language (OR = 0.707, 95% 
CI 0.539–0.928), attention & calculation (OR = 0.697, 95% CI 0.523, 
0.931). While restless sleep was not associated with most domains, it 
was associated with significant impairment of attention & calculation 
(OR = 1.507, 95% CI 1.002–2.268; OR = 2.963, 95% CI 1.583–5.544; 
OR = 2.385, 95% CI 1.336–4.258 respectively for restless sleep “some,” 

“moderate” and “all the time”). Individuals who woke up tired after 
their usual amount of sleep 15 or more days a month were more likely to 
have impaired performance in the three word registration (OR = 2.631, 
95% CI 1.323–5.232), recall (OR = 1.803, 95% CI 1.101–2.954) and lan-
guage (OR = 1.723, 95% CI 1.004–3.840) domains.
Conclusion: Our findings suggest that sleep related dysfunctions and 
sleep length affect some cognitive domains more than others. Short 
sleep (< 6 hours) may have minimal, if any effect, on performance in 
MMSE domains in this very elderly study population.

1132
DAILY BEHAVIORAL REGULARITY AND SLEEP: AN 
AGE-MODERATED ASSOCIATION
Tighe CA, Shoji KD, Imel JL, Condeelis K, Dautovich ND
University of Alabama, Tuscaloosa, AL

Introduction: Regularity in the timing of daily events has been linked 
to sleep outcomes, with separate studies indicating that this associa-
tion changes with age. However, existing studies have been limited in 
that the age ranges studied were restricted (e.g., only younger adults, 
middle-aged adults, etc). Further, such studies have had relatively 
small sample sizes. The present analyses extend existing literature by 
examining how daily regularity relates to sleep quality in a nationally 
representative sample and explores how this association varies across 
middle and older adulthood.
Methods: An archival analysis was conducted on cross-sectional data 
from the Midlife in the United States follow-up study, MIDUS-II. Par-
ticipants were 785 community-dwelling adults aged 34 to 84 years 
(M = 55.99, SD = 11.60). Data regarding the duration of time spent on 
daily activities was collected by phone over 8 consecutive days. Sleep 
outcomes were measured using the Pittsburgh Sleep Quality Index, 
which was completed by mail.
Results: Multi-tiered regression analyses indicated that greater regu-
larity in time spent on daily activities predicted better global sleep out-
comes, across ages, but that this association was stronger at lower ages, 
β = −0.27, p = 0.01. A similar pattern emerged where better sleep out-
comes predicted greater regularity, but to a greater extent at younger 
ages, β = −2.18, p = 0.04.
Conclusion: The present analyses indicate a bidirectional relation-
ship, where regularity in time spent on daily activities predicted sleep 
outcomes and sleep outcomes, in turn, predicted daily regularity. The 
identification of this association in a population-based sample under-
scores the need to consider introducing regularity into individuals’ 
lifestyle practices to promote better sleep. The findings also prompt 
research on additional, positive outcomes associated with daily regu-
larity in older adulthood.
Support (If Any): The MIDUS II research was supported by a grant 
from the National Institute on Aging (P01-AG020166) to conduct a lon-
gitudinal follow-up of the MIDUS I investigation. The MIDUS-II re-
search was further supported by the following grants M01-RR023942 
(Georgetown), M01-RR00865 (UCLA) from the General Clinical Re-
search Centers Program and UL1TR000427 (UW) from the National 
Center for Advancing Translational Sciences (NCATS), National Insti-
tutes of Health.

1133
THE ASSOCIATION OF SLEEP AND HEALTH IN 
WORKING MEN AND WOMEN
Helvig A1, Chasens E2

1Georgia State University, Atlanta, GA, 2School of Nursing, 
University of Pittsburgh, Pittsburgh, PA

Introduction: While later mid-life is a time when individuals fre-
quently achieve the height of their work career, it is also a time of in-
creased prevalence of sleep disorders and chronic health conditions. 
The purpose of this study was to evaluate the association of age, gender, 
health disorders, hours worked and impaired sleep on self-rated health.
Methods: A secondary analysis of the National Sleep Foundation’s 
Sleep in America 2008 survey was conducted. The survey included 
demographic data, height and weight for calculation of BMI, sleep 
characteristics (sleep latency, sleep duration, waking unrefreshed), the 
Epworth Sleepiness Scale (ESS), total hours worked, number of chron-
ic health conditions and self-rated health from “excellent” to “poor.” 
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An Insomnia Index was calculated from the sum of 3 questions (poten-
tial range 3–15): the frequency of difficulty in falling asleep, awakes 
a lot during the night, and woke too early/unable to return to sleep. 
Descriptive statistics and a linear regression were performed on a sub-
set of participants ages 50–65 years. Statistical significance was set at 
p < 0.05.
Results: The sample (N = 392) was well distributed by gender (46% 
female), primarily Caucasian (89%), and married/partnered (69%). 
Participants were overweight or obese (75% with BMI ≥ 25) with 50% 
working ≥ 40 hours/week. Participants had inadequate sleep duration 
(mean = 6.6 hours ± 1.2); 18% had Insomnia Index scores ≥ 12; 35% 
had long sleep latency (> 15 min); 14% with an ESS ≥ 10. Women 
had higher insomnia scores (p < 0.001), but there was no difference in 
ESS or sleep duration. Men worked more hours per week (p < 0.001). 
Increased number of chronic health conditions and waking up unre-
freshed were significant predictors of lower self-rated health (p < 0.001). 
Age, race, gender, Insomnia Index, ESS, sleep duration, and total hours 
worked/week were not statistically significant.
Conclusion: The results suggest that non-refreshing sleep and chron-
ic health conditions are predictive of worse self-rated health in older 
workers.

1134
ACOUSTIC STIMULATION INCREASES SLOW WAVE 
ACTIVITY IN OLDER ADULTS
Papalambros PA, Santostasi G, Malkani RG, Weintraub S, Paller KA, 
Zee PC
Northwestern University, Chicago, IL

Introduction: Age-related decrease in the amount of slow-wave sleep 
has been postulated to play a role in impaired cognitive and metabolic 
function. Acoustic stimulation during sleep has been shown to increase 
slow-wave activity (SWA) in young adults but has not been examined 
in older adults. The aim of this study was to examine the ability of 
acoustic stimulation to increase SWA in adults ≥ 50 years old.
Methods: Seven healthy adults (age 66.85 ± 10 years, 1 male) complet-
ed one night of acoustic stimulation and one night of sham stimulation. 
During sleep, an adaptive phase-locked loop (PLL) algorithm was used 
to lock on to slow waves measured in midline frontopolar electroen-
cephalographic recordings in real time. Acoustic stimuli were deliv-
ered when the PLL system predicted the positive upstate of the slow 
wave. Stimuli consisted of pulses of pink noise lasting 50 ms with an 
inter-tone interval of approximately 1 s, depending on the individual’s 
slow oscillations. Tones occurred in blocks of 5 pulses (“ON blocks”) 
followed by a refractory period of equal length (“OFF blocks”). Power 
spectral analysis was used to identify power in the slow oscillation 
delta frequency band (slow delta: 0.8 Hz–2.1 Hz). Wilcoxon signed-
rank test was used to evaluate differences in power within and between 
stimulation and sham nights.
Results: During the stimulation night, there was a 22.2% (± 12.0%) 
increase in slow delta during the ON blocks compared to OFF blocks 
(p = 0.016). Slow delta during ON blocks during the stimulation night 
was 15.5% (± 44.8%) higher when compared to ON blocks in the sham 
night (p = 0.018). There was a small (6%) but non-significant increase 
in total delta power for the stimulation night compared to the sham 
night.
Conclusion: Acoustic stimulation during sleep can enhance SWA 
and has the potential to improve sleep quality in middle-age and older 
adults.
Support (If Any): Dixon Translational Research Grant, NIH T32 
NS047987, National Science Foundation GRFP DGE-1324585, NIA 
P01AG11412

1135
NAPPING IN OLDER AND YOUNGER ADULTS: 
FORBIDDEN TERRITORY?
Shoji KD1, Tighe CA1, Imel JL1, Condeelis K1, McCrae CS2, 
Dautovich ND1

1The University of Alabama-Tuscaloosa, Tuscaloosa, AL, 2University 
of Florida, Gainesville, FL

Introduction: Depending on individual and contextual circumstances, 
napping may be associated with positive or negative outcomes. Ac-
cordingly, the association between napping and sleep has proven com-
plex. This study explored the association between napping and sleep in 
older and younger adults and examined both daily and average associa-
tions between these variables.
Methods: 50 younger (M = 19.88, SD = 2.76) and 50 older (M = 67.81, 
SD = 6.73) adults completed 14 consecutive-day sleep diaries. Sleep 
variables included sleep onset latency (SOL), number of nighttime 
awakenings (NWAK), time in bed (TIB), wake time after sleep onset 
(WASO), total sleep time (TST), sleep efficiency index (SEI), and sleep 
quality rating (SQR). Napping variables included mean and daily nap 
duration, nap frequency, and nap timing. Multilevel modeling analy-
ses were used to predict sleep outcomes from daily and average nap 
variables.
Results: Health rating was a significant within-person predictor of 
SQR and TIB, β = 0.31, p = 0.01 and β = 30.00, p = 0.01, respectively, 
with a higher health rating associated with higher sleep quality and 
more time spent in bed. There was a significant within-person interac-
tion between age and daily nap timing for NWAK, β = −0.52, p = 0.01, 
and SQR, β = 0.35, p = 0.02. For older adults, naps later in the day were 
associated with fewer awakenings during the night and higher sleep 
quality, while the opposite was found for younger adults. There was 
a significant interaction between daily nap duration and age for TIB, 
β = 0.70, p = 0.05. For older adults, longer daily nap duration was as-
sociated with slightly more time spent in bed, while the opposite was 
found for younger adults
Conclusion: Daily napping was predictive of sleep outcomes while 
average, or overall napping was not, suggesting that associations may 
be masked when only mean napping values are considered. Several 
age differences were identified between napping and sleep outcomes. 
Implications and future research directions will be discussed.

1136
SLEEP EFFECTS ON COGNITION IN THE ELDERLY 
AND THE IMPORTANCE OF DAYTIME ACTIVITY
Twumasi A, Gumb T, Ducca EL, Wohlleber ME, Ayappa I, 
Rapoport DM, Osorio RS
NYU School of Medicine, New York, NY

Introduction: In cognitively normal elderly, short sleep duration is as-
sociated with deficits in cognitive performance while physical activity 
has shown to be protective and improve cognitive function. Actigraph 
monitoring systems are used to objectively assess sleep but also cap-
ture measures of physical activity during the daytime. The purpose of 
this study is to determine whether daytime activity and sleep duration 
have independent effects on cognition in normal elderly.
Methods: 44 community dwelling cognitively normal (Clinical De-
mentia Rating = 0) elderly (Age 66.2 ± 7.3, Gender (36.4% Male, 63.6% 
Female), non-depressed (Geriatric Depression Scale < 7) participants 
wore an actigraph (Octagonal Basic Motionlogger, Ambulatory Moni-
toring Inc, NY) for 7 consecutive days. Data were analyzed in the zero 
crossing mode for total sleep duration (TST), and mean daytime activ-
ity using the provided automated algorithm. All subjects underwent a 
standard neuropsychological test battery with subscales assessing im-
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mediate and delayed recall of orally presented paragraphs and verbal 
paired associates, digit span (backward and forward), and executive 
function (trail making test B [TMTB]).
Results: Daytime Activity and TST were not correlated with each oth-
er. Short sleep duration was associated with longer completion times in 
the TMTB (r = −0.3, p < 0.05) while Daytime Activity was associated 
with better performance in verbal paired associates (r = 0.4, p < 0.01) 
and digit span backward (r = 0.4, p < 0.01). Daytime Activity and TST 
showed additive effects on verbal paired associates (Daytime Activity 
F change = 5.95, p < 0.05 and TST F change = 3.18, p < 0.1).
Conclusion: Daytime Activity had a significant effect on cognition in-
dependent of sleep duration. While these preliminary findings should 
be interpreted with caution due to small sample size, our data suggest 
that in studies examining cognition in elderly subjects, actigraphic data 
should be analyzed for daytime activity in addition to sleep duration.
Support: R01HL118624, 3R01HL118624-02S1 and K24HL109156

1137
LIGHT TABLE TO TREAT SLEEP, DEPRESSION AND 
AGITATION IN PERSONS WITH DEMENTIA LIVING IN 
LONG-TERM CARE FACILITIES
Figueiro MG, Plitnick B, Rea MS
Rensselaer Polytechnic Institute, Troy, NY

Introduction: Persons with Alzheimer’s disease and related dementia 
(ADRD) are often difficult for caregivers to manage because of sleep 
problems, nocturnal wandering, and associated daytime irritability. 
Light can be used to consolidate sleep and improve behavior in this 
population, but light levels required are generally high and lighting fix-
tures currently available in the market are not designed to deliver the 
desired light level and spectrum that maximally affect the circadian 
system. The present study tested whether a light table built using a tele-
vision set could improve sleep and behavior in ADRD patients living 
in long-term care facilities.
Methods: A light emitting diode (LED) edge lit television, delivering 
2,000 lux at the cornea of a 25,000 K (bluish white) light was placed on 
top of a table frame in a dining area in a senior facility. Six ADRD pa-
tients sat around the light table during the day for 4 consecutive weeks. 
Light-dark and activity-rest patterns were collected using a calibrated 
instrument prior to and after the lighting intervention. Measures of 
sleep quality, depression and agitation were collected using standard-
ized questionnaires.
Results: Light exposure significantly (p < 0.05) increased sleep per-
cent from the actigraphy data and reduced global sleep scores from 
the Pittsburgh Sleep Quality Index. Light exposure also significantly 
reduced depression scores from the Cornell Scale for Depression in 
Dementia and agitation scores from the Cohen-Mansfield Agitation 
Inventory.
Conclusion: A light table built using edge-lit televisions is an effective 
and practical way to deliver light treatment to ADRD patients. A larger 
study is presently being conducted to extend these results. Given that 
practical and effective systems such as the ones used here can be de-
signed and installed, light treatments could be beneficial to those with 
ADRD and their caregivers.
Support (If Any): National Institute on Aging (R01AG034157). Prod-
uct donation: Sharp Corporation.

1138
REGIONAL DECLINES IN SLEEP SLOW WAVE 
ACTIVITY IN AMNESTIC MILD COGNITIVE 
IMPAIRMENT
Sprecher KE1,2, Phelan CH3,1, Jones SG1,2, Riedner BA1,2, Benca RM1,2

1University of Wisconsin, Madison, WI, 2Wisconsin Center for Sleep 
Medicine and Sleep Research, Madison, WI, 3William S Middleton 
Memorial Veterans Hospital, Madison, WI

Introduction: Amnestic Mild Cognitive Impairment (aMCI) is a 
condition of memory loss that frequently progresses to Alzheimer’s 
disease (AD). There is growing evidence of a relationship between dis-
turbed sleep and the pathogenesis of AD. Furthermore, reduced slow 
wave power correlates with impaired sleep-dependent memory con-
solidation in aMCI. Sleep slow waves are a regionally heterogeneous 
phenomenon, yet regional differences in sleeping brain activity have 
not been investigated in aMCI.
Methods: We studied 16 veterans with and without aMCI, matched for 
age, sex and Apnea-Hypopnea Index (n = 8 per group). aMCI diagnosis 
was determined by consensus of an expert panel according to current 
guidelines. Sleep was evaluated with standard polysomnography and 
with high density EEG (256 electrodes). After manual artifact removal 
(including EEG arousals), spectral analysis of NREM sleep was per-
formed for all 256 channels (fast Fourier transform routine, Hanning 
window, 6 s epochs ). Maps were then compared using both absolute 
and normalized power (z-scores computed for each subject across all 
electrodes) in standard frequency bands. Topographic differences be-
tween aMCI groups were determined by statistical non-parametric 
mapping.
Results: Sleep architecture, including quantity of slow wave sleep (% 
of total sleep time), did not vary between aMCI and control groups. 
However, subjects with aMCI showed reduced absolute and normal-
ized power in the slow wave range (1–4.5 Hz) in a central region, com-
pared to controls.
Conclusion: Preliminary analyses suggest a loss of slow wave activity 
in central brain regions in subjects with aMCI. Further analyses will 
confirm this finding in a larger sample and explore other aspects of 
sleep EEG that may distinguish aMCI from normal elderly subjects, in-
cluding brain connectivity and homeostatic regulation of sleep. These 
changes in brain function were evident in the absence of group differ-
ences in gross sleep architecture, demonstrating the utility of measur-
ing sleep with high temporal and spatial resolution.
Support (If Any): This research was supported by National Research 
Service Award (NRSA) T32 GM007507, CTSA award UL1TR000427, 
the University of Wisconsin Center for Sleep Medicine and Sleep Re-
search, award 1K2CX000535 from the Clinical Science Research and 
Development Service of the VA Office of Research and Development; 
Wisconsin Alzheimer’s Disease Research Center’s Clinical, Neuropa-
thology and Biomarkers Cores, NIH-NIA P50-AH033514; and CTSA 
1UL1RR02511. Disclaimer: The contents do not represent the views of 
the Department of Veterans Affairs or the United States Government.

1139
REDUCED SLOW-WAVE SLEEP IS ASSOCIATED WITH 
INCREASED CEREBROSPINAL FLUID AΒ42 LEVELS 
PRIOR TO AMYLOID DEPOSITION IN HUMANS
Osorio RS, Wohlleber M, Ducca E, Gumb T, Parekh A, Barclay K, 
Varga AW, Burschtin O, Ayappa I, Rapoport DM, de Leon MJ
NYU Langone Medical Center, New York, NY

Introduction: The ‘Amyloid Cascade Hypothesis’ posits that the ac-
cumulation and deposition of amyloid beta (Aβ) in the brain are the 
initiating pathological events in Alzheimer’s disease (AD). In mice, Aβ 
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levels in the interstitial space rise during wakefulness and fall during 
sleep, while sleep deprivation increases Aβ concentrations and acceler-
ates Aβ plaque deposition. In humans, CSF Aβ42 concentrations show 
a diurnal pattern and have been related to higher synaptic activity dur-
ing wakefulness and decreased activity during slow wave sleep (SWS). 
In this study we examined the relationship of CSF Aβ42 levels and 
SWS in cognitively normal elderly.
Methods: We examined CSF in 22 elderly subjects without cognitive 
defects (age 66.5 ± 6.7; range 56–83). Nocturnal polysomnography was 
performed within 12.9 ± 10.1 months, range 0–31 of the lumbar punc-
ture, and analyzed for %SWS and %power in SWS (SWA). 3 subjects 
had an AHI4% > 15. Preclinical AD was suspected in 3 subjects from 
a CSF P-tau/Aβ42 ratio and these were initially excluded.
Results: Total sleep time, percent time spent in N1, N2 or REM were 
not correlated with CSF AB42. In contrast, %SWS and absolute SWA 
were inversely correlated with CSF Aβ42 levels (r = −0.70, p < 0.01; 
r = −0.74, p < 0.01). Results remained significant after controlling 
for BMI, age, ApoE4, AHI4% or excluding those subjects with an 
AHI4% > 15. Results were also significant when including all 22 sub-
jects (r = −0.5, p < 0.05).
Conclusion: In cognitively normal elderly with age and/or OSA related 
changes in sleep, %SWS and SWA are associated with increases in 
CSF Aβ42. These findings are consistent with the role of sleep in the 
development of AD.
Support: R01HL118624 and 3R01HL118624-02S1

1140
PRELIMINARY FINDINGS OF REST-ACTIVITY 
PATTERNS IN OLDER ADULT WITH MILD COGNITIVE 
IMPAIRMENT AS COMPARED TO COGNITIVELY 
NORMAL CONTROLS
Phelan CH1, Rumble ME2, White KH2, Benca RM2

1William S Middleton Memorial VA Hospital-GRECC, Madison, WI, 
2Department of Psychiatry, University of Wisconsin-Madison-School 
of Medicine and Public Health, Madison, WI

Introduction: Sleep in Alzheimer’s disease (AD) is distinguished by 
increased nighttime activity. Little is known about the characteristics 
of rest-activity patterns of individuals with mild cognitive impairment, 
a precursor to AD. This investigation examines differences in sleep 
and rest-activity patterns in older adults with Mild Cognitive Impair-
ment (MCI) as compared to non-impaired controls.
Methods: Twenty-seven older adults (mean age 72.93, SD = 6.74) were 
categorized as MCI (n = 10) or normal cognition (n = 17) by an inde-
pendent ADRC Consensus Panel based upon health history, IADLs, 
neuropsychological testing, physical exam, and collateral (family) 
memory history. Actigraphy and sleep diary data were used to describe 
total sleep time-TST, sleep efficiency-SE, sleep onset latency-SOL, and 
wake after sleep onset-WASO. Traditional cosinor analysis was used to 
calculate mesor (mean activity level), amplitude (peak to nadir differ-
ence in activity), acrophase (time of daytime peak activity) and R2 (fit 
of the overall curve) from actigraphic activity counts.
Results: Independent sample t-tests indicate groups were similar in 
health; no group differences were found in self-reported illness or ill-
ness interference (OARS), depression (CESD) or anxiety (Spielberger 
Anxiety State/Trait Index), sleep quality (PSQI), daytime sleepiness 
(Epworth), or insomnia (Insomnia Severity Index). Sleep diaries and 
actigraphy revealed no group differences in TST, SOL, SE, or WASO. 
Differences were found in overall fit of the rest-activity curve, R2, with 
the MCI group demonstrating poorer fit than controls (p < 0.05). MCI 
group mesor and amplitude were lower and acrophase was slightly later 
but these differences with controls did not achieve significance. There 

were significant differences in variability (p < 0.05) for both mesor and 
amplitude between the MCI group and controls.
Conclusion: The preliminary results of this study of sleep in individu-
als with memory problems suggest that changes in rest-activity pat-
terns may be present prior to AD onset and diagnosis.
Support (If Any): This material is based upon work supported by 
Award Number 1K2CX000535 from the Clinical Science Research 
and Development Service of the VA Office of Research and Develop-
ment; University of Wisconsin Center for Sleep Medicine and Sleep 
Research; Wisconsin Alzheimer’s Disease Research Center’s Clini-
cal, Neuropathology and Biomarkers Cores NIH-NIA P50-AH033514; 
and Grant 1UL1RR02511 from the Clinical and Translational Science 
Award (CTSA) program of the National Center for Research Resources, 
National Institutes of Health. The contents do not represent the views 
of the Department of Veterans Affairs or the United States Govern-
ment.

1141
FEASIBILITY OF A CLINICAL TRIAL USING ACTIVE 
VERSUS SHAM CONTINUOUS AIRWAY PRESSURE 
(CPAP) IN OLDER ADULTS WITH MILD COGNITIVE 
IMPAIRMENT (MCI)
Richards KC1, Gooneratne N2, Moelter S3, Onen F4, Weaver T5, 
Sawyer A6, DiCicco B7, Brotherton C1, Johnson J2

1George Mason University, Fairfax, VA, 2University of Pennsylvania, 
Philadelphia, PA, 3University of the Sciences, Philadelphia, PA, 
4University of Paris, INSERM U669, & Bichat Hospital, APHP, Paris, 
France, 5University of Illinois, Chicago, Chicago, IL, 6Pennsylvania 
State University, University Park, PA, 7Pulmonary and Critical Care 
Specialists of Northern Virginia, Fairfax, VA

Introduction: Sham (placebo) CPAP has become the research stan-
dard for double-blind, placebo-controlled clinical trials on the efficacy 
of CPAP. The specific aim of this study was to determine the feasibility 
of recruitment for MEMORIES, a 6-month double-blind clinical trial 
of active versus sham CPAP followed by a 6-month open-label trial on 
cognitive and everyday function in older adults with obstructive sleep 
apnea (OSA) and mild cognitive impairment (MCI).
Methods: Primary inclusion criteria were age 55–90, apnea-hypopnea 
index (AHI) ≥ 10, amnestic MCI using established diagnostic criteria, 
and clinical response to CPAP as evidenced by AHI < 5 following op-
timal pressure during titration polysomnography.
Results: After 1-year of active recruitment including presentations to 
500 older adults at various senior centers, advertisements in monthly 
senior newsletters with a readership of 25,000, and collaborations with 
8 physician practices, 337 older adults expressed interest, but no one 
was randomized. The major reason was that the older adults with MCI 
did not want to risk being randomized to the placebo group, since they 
could readily obtain active CPAP treatment from their doctors. We 
queried several geriatricians and sleep physicians regarding the low 
numbers of physician referrals to our study. The physicians expressed 
concern about using placebo CPAP in this population, but would be 
willing to allow our study team to actively recruit from their practices 
if the sham CPAP arm were removed.
Conclusion: Sham CPAP is not feasible as a control condition in a 
6-month clinical trial on the effect of CPAP on cognitive and everyday 
function in older adults with OSA and MCI. Quasi-experimental de-
signs and alternative control groups, such as a no-apnea group, should 
be considered.
Support (If Any): R01AG034682 and Philips Respironics
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1142
EFFECT OF AGE ON IMPROVEMENT OF DAYTIME 
SLEEPINESS WITH CONTINUOUS POSITIVE AIRWAY 
PRESSURE THERAPY IN MODERATE TO SEVERE 
OBSTRUCTIVE SLEEP APNEA: A CLINIC BASED 
COHORT STUDY
Maurer RE, Im K
The University of Iowa, Iowa City, IA

Introduction: There is increasing evidence regarding treatment of ob-
structive sleep apnea (OSA) with continuous positive airway pressure 
(CPAP) therapy. This research primarily reflects a patient group young-
er than 65. There is, however, limited evidence of treatment outcomes 
in CPAP use for OSA specifically in adults older than 65. Understand-
ing treatment outcomes in patients older than 65 has implications on 
clinical care.
Methods: The data used in this study is from patients with newly diag-
nosed moderate to severe OSA (AHI ≥ 15). Patients were classified into 
younger and older group by age (< 65 and ≥ 65). Change in Epworth 
Sleepiness Scale (ESS) compared between the two groups was the pri-
mary outcome.
Results: Forty-five patients with moderate to severe OSA adherent to 
CPAP treatment were evaluated. In the 27 patients less than 65 (mean 
age of 49.5) there was a mean improvement in ESS of 4.0 points. In the 
18 patients older than 65 (mean age of 69.2) there was a mean improve-
ment in ESS of 2.4 points. These findings were present despite other 
variables; subjective sleep quality, baseline sleep efficiency and total 
sleep time, not being significantly different. The change in ESS was 
not statistically significant when categorizing individuals into groups 
as younger or older than 65 years of age; however, the change in ESS 
depending on age as a linear value was statistically significant (p val-
ue < 0.05).
Conclusion: Improvement in daytime sleepiness was less robust in 
older patients compared to younger patients when given CPAP ther-
apy for moderate to severe OSA. These findings suggest a difference 
in CPAP treatment outcomes of older patients compared to younger 
patients. This has important implications for patient wellbeing, CPAP 
adherence and provokes questions regarding other treatment outcomes 
in CPAP treated OSA for older adults. Further studies looking at more 
primary outcomes will help better understand the distinctions in CPAP 
treatment of older patients compared to younger patients.

1143
ADHERENCE TO CONTINUOUS POSITIVE AIRWAY 
PRESSURE (CPAP) IN OLDER ADULTS WITH MILD 
COGNITIVE IMPAIRMENT (MCI)
Richards KC1, Sawyer AM2, Weaver T3, Gooneratne N4, Onen F5, 
Moelter S 6, DiCicco B7, Hanlon A4, Jung L 8, Lu R4, Brotherton CS1, 
Johnson J4

1George Mason University, Fairfax, VA, 2Pennsylvania State 
University, University Park, PA, 3University of Illinois, Chicago, 
Chicago, IL, 4University of Pennsylvania, Philadelphia, PA, 
5University of Paris, INSERM U669, & Bichat Hospital, APHP, Paris, 
France, 6University of the Sciences, Philadelphia, PA, 7Pulmonary 
and Critical Care Specialists of Northern Virginia, Fairfax, VA, 
8Shenandoah University, Winchester, VA

Introduction: Mild cognitive impairment (MCI), characterized by 
memory impairment but little or no decline in everyday function, is 
a transitional stage between normal aging and Alzheimer’s Disease 
(AD). Few pharmacological or behavioral interventions delay cogni-
tive decline in older adults with MCI (oaMCI). Treatment of a preva-
lent comorbid condition in oaMCI, obstructive sleep apnea (OSA), has 

potential for delaying cognitive decline, but there is no information on 
whether oaMCI will adhere to CPAP or its effect on cognition over the 
long-term. The specific aim was to determine the 6-month and 1-year 
objectively-measured adherence to CPAP in MEMORIES, a pilot clin-
ical trial on the effect of CPAP on cognitive and everyday function in 
oaMCI.
Methods: Primary inclusion criteria for participants with OSA were 
age 55–90, apnea-hypopnea index (AHI) ≥ 10, amnestic MCI using 
established diagnostic criteria, and clinical response to CPAP as evi-
denced by AHI < 5 following optimal pressure during titration poly-
somnography. Fifty-nine participants [age 69.9 years, sd 8.10; 54% 
men; Mini-Mental State Examination (MMSE) 28.1, sd 1.70] were re-
cruited from sleep, primary care, and geriatric clinics.
Results: Nine (15%) chose not to try CPAP and they were significantly 
older (mean age 77.8 years, sd 8.20) than the group who chose to try 
CPAP (mean age 68.5 years, sd 7.30), but not different on sex, race, 
education, or MMSE. Mean hours of daily CPAP use at 6-months and 
1-year for those who chose to try CPAP, was 4.97 hrs/night (sd 0.100), 
and 4.92 hrs/night (sd 0.106), and at both 6-months and 1-year, 64% 
averaged ≥ 4 hrs/night of CPAP use.
Conclusion: Older adults with MCI adhere to CPAP. Their adherence 
is comparable to that of reported values in other adult populations.
Support (If Any): R01AG034682 and Philips Respironics

1144
WORSE RATINGS OF PAP DESIGN ARE ASSOCIATED 
WITH LOWER SELF-EFFICACY FOR PAP THERAPY
Fung CH1,2, martin JL1,2, Hays RD2, Col N3, 
Dzierzewski J1,2, Patterson ES 4, Truong C1,2, Rodriguez J1,5,2, 
Jouldjian S1, Josephson K1, Alessi C1,2

1VA Greater Los Angeles, Los Angeles, CA, 2David Geffen School of 
Medicine at UCLA, Los Angeles, CA, 3University of New England, 
Portland, ME, 4Ohio State University, Columbus, OH, 5Universidad 
Catolica de Chile, Santiago, Chile

Introduction: Belief in one’s ability to do what is needed to adhere 
to positive airway pressure (PAP) therapy (i.e., self-efficacy), predicts 
adherence. PAP designs that enable quick learning and efficient set-up/
cleaning−namely, good PAP usability−can engender mastery experi-
ences and improve self-efficacy. Optimal design may be different for 
patients with disability, which increases with age. We studied PAP 
usability, its associations with disability, and its contributions to self-
efficacy among older adults.
Methods: In 2014, we mailed questionnaires to 1,803 adults (aged ≥ 65) 
prescribed sleep apnea equipment during the prior 36 months. The 
questionnaire included the Usability of Sleep Apnea Equipment-Posi-
tive Airway Pressure (USE-PAP general usability 7-item scale; 0–100; 
100 = unfavorable), Disabilities of the Arm, Shoulder and Hand (Quick-
DASH 9-item; 0–100, 100 = poor), and family/provider PAP support (2 
items; 1–5; 5 = poor) plus single items assessing vision (1–5; 5 = blind), 
cognition (1–5; 5 = poor), belief in PAP effectiveness (1–5; 5 = weak), 
and self-efficacy (1–5; 5 = poor). We estimated correlations between 
USE-PAP score and disability measures. Using nested multivariable 
linear regression models, we examined whether USE-PAP score was 
associated with self-efficacy, over and above demographics, family/
provider PAP support, and belief in PAP effectiveness.
Results: Of the 585 survey respondents (response rate = 32%), 559 had 
PAP prescriptions (mean age 71.7[8.6], 15% female, 60% non-Hispanic 
white). The mean USE-PAP score was 20.8 (SD 21.5; range 0–100). 
Worse USE-PAP score was correlated with worse vision (r = 0.14) and 
cognition (r = 0.16), and more disability on the QuickDASH (r = 0.13) 
(p-values < 0.003). Worse USE-PAP score was associated with worse 
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self-efficacy (β = 0.01, p < 0.001), over and above other measures (USE-
PAP model’s adjusted R2 = 0.53; Δ adjusted R2 = 0.04).
Conclusion: Among older adults prescribed PAP, more disability is as-
sociated with worse PAP usability ratings. Favorable usability ratings 
of PAP equipment are associated with better PAP self-efficacy. These 
results support measuring PAP usability in older adults and improving 
equipment usability.
Support (If Any): Research reported in this publication was supported 
by the National Institute On Aging of the National Institutes of Health 
under Award Number K23AG045937 and The Beeson Career Devel-
opment in Aging Research Award Program (supported by NIA, AFAR, 
The John A. Hartford Foundation, and The Atlantic Philanthropies). 
The content is solely the responsibility of the authors and does not nec-
essarily represent the official views of the National Institutes of Health.
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1145
SHORT SLEEP DURATION IS ASSOCIATED WITH 
THE DEVELOPMENT OF GESTATIONAL DIABETES 
MELLITUS
Reid KJ1, Facco F2, Grobman W1, Parker C3, Zee PC1

1Northwestern University, Chicago, IL, 2University of Pittsburgh, 
Pittsburgh, PA, 3RTI International, Research Triangle Park, NC

Introduction: Studies have demonstrated that sleep restriction ad-
versely affects appetite regulating hormones, insulin sensitivity, in-
flammation and autonomic function. However, data regarding the 
clinical consequences of short sleep durations during pregnancy are 
limited. Our objective was to determine whether insufficient sleep is 
associated with increased risks of gestational hypertension (GHTN), 
preeclampsia (PE), and/or gestational diabetes mellitus (GDM).
Methods: Women enrolled in a mutli-center prospective cohort study 
of adverse pregnancy outcomes in nulliparous women with singleton 
gestation were recruited at the 2nd study visit (16 0/7 −21 6/7 weeks) 
to wear an actigraph (Spectrum, Philips Respironics) to record objec-
tive sleep activity for 7 consecutive days. Women with pregestational 
diabetes and chronic hypertension were excluded. Short sleep duration 
(SSD) was defined as average sleep of < 7 hours per night.
Results: Actigraphy and outcome data were obtained for 760 women. 
Median sleep duration was 7.4 (IQR 1.) hours, and 28% of women had 
SSD, averaged over the 7 days. 5.1% of women developed GHTN, 5.1% 
developed PE and 4.1% developed GDM. For those with SSD (n = 212) 
6.6% had GDM, 11.3% had GHTN/PE and for those with No SSD 
(n = 548), 3.1% had GDM, 9.9% had GHTN/PE. SSD was associated 
with an increased rate of GDM even after adjusting for age and BMI 
(aOR 2.12, 95% CI 1.02–4.41), but was not associated with GHTN and/
or PE.
Conclusion: SSD during pregnancy, a potentially modifiable factor, is 
associated with the development of GDM after controlling for maternal 
age and BMI. Further research can establish if screening for sleep dis-
turbances and education to modify sleep patterns in women with SSD 
can lessen the risk of GDM.
Support (If Any): R01HL105549-01, Eunice Kennedy Shriver Na-
tional Institute of Child Health and Human Development nuMoM2b 
Network.

1146
SLEEP DISTURBANCE AND NEUROPSYCHOLOGICAL 
PERFORMANCE FROM LATE PREGNANCY TO EARLY 
POSTPARTUM
Wilkerson A, Taylor DJ, Parsons T, Dietch JD, Francetich J, 
Estevez R, Saucedo C, Fontana I
University of North Texas, Denton, TX

Introduction: New mothers often complain of impaired neuropsycho-
logical functioning, though the mechanism behind such complaints is 
unclear. Sleep fragmentation, often experienced in the transition from 
pregnancy to postpartum, has a negative relationship with neuropsy-
chological functioning, though this relationship has rarely been studied 
in this population. This study had three hypotheses: 1) perinatal women 
would experience increased sleep fragmentation from late pregnancy 
to early postpartum 2) perinatal women would perform worse on mea-
sures of neuropsychological functioning compared to a control group; 
3) increased sleep fragmentation from pregnancy to postpartum would 
predict poorer neuropsychological performance.
Methods: Participants were 52 (20 pregnant, 32 non-pregnant) young 
adult women. Women wore an actiwatch for four to seven nights and 
completed neuropsychological testing at baseline (last month of preg-
nancy in perinatal group) and again approximately six weeks later 

(fourth postpartum week in perinatal group). Actigraphy measured 
wake after sleep onset (WASO) and fragmentation index (FI). Three 
tests from the Automated Neuropsychological Assessment Metric 
(ANAM) were selected to measure processing speed, working memory, 
and executive functioning.
Results: 1)MANOVA results revealed a significant group*time inter-
action for sleep, indicating pregnant women experienced a significant 
increase in fragmentation from the first time point to the second com-
pared to controls. 2) Perinatal women had significantly worse neuro-
psychological performance on all tasks during both time periods, but 
there was no group*time interaction. 3) Regression analyses showed 
increased fragmentation from the first time point to the second pre-
dicted worse performance on the executive functioning task but not the 
processing speed or working memory tasks.
Conclusion: Perinatal women experienced more sleep fragmentation 
and neuropsychological impairment from pregnancy to postpartum 
compared to a control group. An increase in sleep fragmentation from 
pregnancy to postpartum was predictive of executive functioning per-
formance but did not impact processing speed or working memory. 
However, results might be limited due to small sample size.

1147
DEFICIENT SLEEP IN EARLY GESTATION IS 
ASSOCIATED WITH INCREASES IN INFLAMMATORY 
CYTOKINES
Okun ML1, Chaitin HJ2

1University of Colorado Colorado Springs, Colorado Springs, CO, 
2Florida Atlantic University, Boca Raton, FL

Introduction: Pregnant women experience a range of sleep distur-
bances from sleep maintenance issues to excessive daytime sleepi-
ness. Emerging evidence suggests that there is also a lot of variability 
in sleep patterns and complaints, especially in early pregnancy. It is 
well accepted that sleep disturbance can dysregulate normal immune 
processes subsequently increasing risk for adverse health outcomes. 
While there is some evidence to support this in pregnancy, the data 
are limited. We examine whether substantial sleep disturbance (char-
acterized by long sleep onset latencies, longer periods of wakefulness, 
low sleep efficiency and high sleep fragmentation (variability in these 
parameters)), during the first 20 weeks of pregnancy contributes to in-
creased systemic inflammation.
Methods: Sleep data were collected from daily sleep diaries (D) and 
actigraphy (A) for three 2-week periods (10–12, 14–16, and 18–20 
weeks) in 176 women without any self-reported sleep disorder or psy-
chopathology. Morning plasma samples were collected at 12, 16 and 20 
weeks gestation and assayed for IL-6, TNF-α, and IFN-g. Univariate 
regression analysis was performed on all independent variables that 
showed moderate to strong correlation to the dependent cytokine value 
at a given time.
Results: Cross-sectional associations confirm previous studies which 
suggest that components of poor sleep are associated with higher lev-
els of cytokines. We observed: 1) the average (avg) dSOL (β = 0.014, 
p = 0.02) and avgaSOL (β = 0.018, p = 0.047), as well as the variability 
in aSOL (β = 0.016, p = 0.043) were associated with higher IL-6 at T1; 
2) avgdWASO at T2 was associated with IL-6 (β = 0.012, p = 0.04) and 
avgaWASO at T3 was associated with TNF-α (β = 0.014, p = 0.043); 3) 
the avgdSE and IL-6 at T1 (β = −0.035, p = 0.02).
Conclusion: This preliminary examination suggests (and corroborates) 
that specific aspects of disturbed sleep are associated with cytokine 
dysregulation in early pregnancy. This relationship is important given 
that cytokines are mediators of pathophysiology and that proper bal-
ance is necessary for fetal maintenance and success. Additional evalu-
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ation of these associations are necessary as persistent sleep disruption 
may increase risk of adverse maternal and infant outcomes.
Support (If Any): NRR00010813

1148
THE INTERACTION BETWEEN POSTPARTUM SLEEP 
AND BABY-RELATED DISCORD ON MATERNAL MOOD 
AND STRESS
Lillis TA1, Hamilton NA 2, Pressman SD3, Khou CS2

1Rush University Medical Center, Chicago, IL, 2University of Kansas, 
Lawrence, KS, 3University of California, Irvine, Irvine, CA

Introduction: The relationship of postpartum sleeping difficulties to 
maternal mood deterioration and stress is well documented. However, 
how maternal sleep interacts with the maternal-infant relationship to 
impact mood and stress is not well understood. The current study ex-
amined sleep-related moderators of mother-infant interactions, mood, 
and stress in first-time mothers in the Short-Term Postpartum (3–6 
months; ST-PP).
Methods: Seven days of actigraphy and online sleep and social/mood 
diaries were collected from 60 healthy, non-depressed, first-time moth-
ers (M Age = 29.37, 95% white). Total sleep time (TST), Sleep Onset 
Latency (SOL), and Wake After Sleep Onset (WASO) were estimated 
from actigraphy (10 minute SOL, Medium Wake Threshold). Morn-
ing sleep diaries asked participants to rate their previous night’s sleep 
quality (SQ; 1–7 scale, 1 = very poor, 7 = excellent). Evening social/
mood diaries recorded the number of positive and negative interper-
sonal events (PIEs & NIEs) experienced throughout the day with Baby, 
Spouse, Family, and Friends, and daily levels of Positive and Negative 
Affect (PA & NA) and Perceived Stress (PS).
Results: Mixed linear modeling methods showed between-person ef-
fects of longer SOL predicting higher PS (B = 0.009), longer WASO 
predicting higher NA (B = 0.050) and higher SQ predicting higher PA 
(B = 0.049) and lower NA (B = −0.052) [all p’s < 0.05]. Moderating 
effects of SQ were found: on nights when participants had above av-
erage SQ, the effect of greater than average Baby-NIEs on NA was 
diminished (B = −0.038, SE = 0.019) and on nights when participants 
had lower than average SQ, the effect of greater than average Baby-
NIEs on NA (B = 0.054, SE = 0.018) and PS (B = 0.315, SE = 0.153) 
was exacerbated (all p’s < 0.05). No between or within-person effects 
of TST were found.
Conclusion: These results suggest that high quality sleep is an impor-
tant predictor of next-day mood and stress and may buffer against the 
negative effects of baby-related discord. Although poor sleep further 
exacerbated downstream negative mood and stress effects, it is impor-
tant to note that the quality rather than the quantity of sleep was the 
main driver of the aforementioned relationships. These findings are 
consistent with normative ST-PP maternal sleep literature and belie 
the popular notion that sleep deprivation singularly drives postpartum 
malaise. These findings highlight the importance of examining mater-
nal sleep quality in postpartum mood and stress management and early 
maternal-infant attachment processes.
Support (If Any): KU Behavioral Sciences General Research Fund

1149
MAGNITUDE AND CHRONICITY OF CHANGES IN 
SLEEP QUANTITY AND QUALITY ARE ASSOCIATED 
WITH POSTNATAL DEPRESSION
Sweeney BM1, Signal TL1, Paine S1, Muller DP1, Priston M1, 
Huthwaite M2, Lee KA3, Gander PH1

1Sleep/Wake Research Centre, Massey University, Wellington, New 
Zealand, 2University of Otago, Wellington, New Zealand, 3University 
of California San Francisco, San Francisco, CA

Introduction: Depression is common in postpartum women, and the 
relationship between altered perinatal sleep and mood is increasing-
ly being elucidated. However, the magnitude and chronicity of sleep 
changes that affect postnatal mood has received scant attention.
Methods: Women (n = 316 Māori, mean age 28.9 years; n = 635 non-
Māori, mean age 32.2 years) completed comprehensive sleep, physical 
and mental health questionnaires during the third trimester of preg-
nancy (T2), and at 3–8 weeks (T3) and 11–13 weeks postnatal (T4). 
Pre-pregnancy sleep variables (T1) were reported retrospectively at 
T2. Symptoms of postnatal depression (PND) were assessed using the 
Edinburgh Postnatal Depression Scale (EPDS). Adjusting for demo-
graphics factors (maternal age, ethnicity and socioeconomic depriva-
tion) and key risk factors (prenatal depression, stressful life events and 
relationship dissatisfaction), hierarchical regression was used to assess 
the relationship between sleep variables and depression scores at T4.
Results: On average, sleep duration and quality were highest before 
pregnancy, lowest in late pregnancy and did not return to non-pregnant 
levels by 3 months postpartum. There were no differences in depres-
sion scores by demographic factors. The prevalence of PND was 7.8% 
of this sample (EPDS ≥ 13) and scores ranged from 0 to 25. Postna-
tal sleep duration was independently related to symptoms of PND 
(β = −0.390, p < 0.001). Postnatal sleep quality was also independently 
associated with symptoms of PND (β = −0.398, p < 0.001). Higher de-
pression scores were associated with shorter and poorer quality sleep, 
and were seen among women whose sleep continued to decline after 
birth, or whose sleep changes across time were large.
Conclusion: Large changes from habitual sleep, or continued declining 
sleep quantity and quality into the postpartum period, were associated 
with higher depression scores. It is recognised that aspects of this rela-
tionship may be bidirectional. Enquiring about sleep is straight forward 
and clinically important when screening for and attending to PND.
Support (If Any): Health Research Council of New Zealand Project 
Grant (HRC 09/233)

1150
SLEEP DISTURBANCE: THE CHALLENGE FOR 
WOMEN’S MENTAL HEALTH
Seibert P1,2, Grimsley F1, Zimmerman CG1

1Saint Alphonsus Regional Medical Center, Boise, ID, 2Boise State 
University, Boise, ID

Introduction: Sleep disorders (SDs) compromise health and well-
being, increasing the likelihood of psychological disorders (PDs). Re-
searchers speculate that sleep disturbances may be clinical indicators 
of PDs, contending that chronic, treatable SDs remain unrecognized 
when PDs are diagnosed without assessing sleep complaints. These is-
sues are further complicated when sex differences in both SDs and PDs 
are not recognized. This project was designed to elucidate the complex 
covariance of sleep with physical and mental health specific to women.
Methods: We constructed a 111-item questionnaire to use in conjunc-
tion with nocturnal polysomnography (NP), multiple sleep latency 
tests (MSLT), the Epworth Sleepiness Scale (ESS), and medical chart 
reviews of people referred to our institution for evaluation of SDs. We 
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analysed these data comparing women (N = 482, mean age 49.46) and 
men (N = 561, mean age 49.55). We then analysed findings from wom-
en specific to two age groups (adult n = 370, age 19–65; geriatric n = 89, 
age 66–90) to provide a woman-specific characterization.
Results: We found patterns of similarities and differences when com-
paring women with men, such as women having a different pattern of 
sleep architecture than men, higher incidence of psychiatric disorders 
and complaints, and using more medications. Women were more likely 
to present with multiple health problems, and to report greater SD im-
pact of interference with their social and work lives. Analysis of adult 
and geriatric women’s sleep issues across these age groups revealed dif-
ferences specific to age group (e.g., adult women reported more sleep 
complaints, including the deleterious effects of menopause on sleep 
despite geriatric women having more clinically documented SDs, etc.).
Conclusion: Given the critical role of sleep in maintaining physical 
and mental health, we believe it is particularly imperative that clini-
cians recognize sex differences in the ubiquitous role of sleep on well-
being to maximize quality of life for all.

1151
INEQUALITY IN THE HOME AS A MODERATOR OF 
SLEEP QUALITY
Imel JL, Penn T, Shoji KD, Tighe CA, Condeelis KL, Dautovich ND
University of Alabama, Tuscaloosa, AL

Introduction: Gender differences in sleep quality have previously 
been identified. As women increasingly strive to achieve balance in 
different life domains (i.e., motherhood, established career, and per-
sonal time), the inequalities and obstacles they face in society may be 
adversely affecting their sleep. This study examines whether anxiety 
mediates the gender-sleep association and, further, whether this asso-
ciation differs at varying levels of inequality in the home.
Methods: The current study is an archival analysis of data from the 
Midlife in the United States-II study, Projects 1 and 4. The selected 
sample was comprised of 995 community-dwelling adults (43.2% male, 
56.8% female) aged 34 to 84 years (M = 54.52, SD = 11.71). Global 
sleep quality was measured using the Pittsburgh Sleep Quality Index 
(PSQI). In-home inequality was measured using the MIDUS-II Per-
ceived Inequality in the Home Scale. Anxiety symptoms were mea-
sured using the Mood and Symptom Questionnaire (MASQ).
Results: A moderated mediation analysis was performed. Anxiety 
symptomatology partially mediated the association of gender with 
global sleep quality (95% CI 0.05, 0.74). Women reported worse global 
sleep quality compared to men and greater anxiety symptoms ap-
peared to underlie this association. Furthermore, the mediation of the 
gender and sleep association by anxiety symptoms was conditional on 
the experience of inequality in the home (t = 2.37, p = 0.02). Women 
who experienced more inequality in the home reported greater anxiety 
compared to women with less home inequality.
Conclusion: Inequalities in the home explained a portion of the gen-
der difference in sleep quality. In particular, women exposed to more 
in-home inequality were more likely to experience anxiety symptoms, 
which in turn predicted poorer sleep quality. The present findings 
highlight the need to consider social experiences, and the home envi-
ronment social structure, when studying sleep outcomes. Additional 
implications and future research directions will be discussed.

1152
EFFICACY OF TELEPHONE DELIVERED CBT-I VERSUS 
MENOPAUSE EDUCATION FOR TREATING INSOMNIA 
SYMPTOMS IN MIDLIFE WOMEN WITH VASOMOTOR 
SYMPTOMS
McCurry SM1, Guthrie KA 2, Morin CM3, Woods NF1, Landis CA1, 
Larson J2, Cohen L 4, Ensrud KE5, Hunt JR 2, Joffe H4, Otte JL6, 
Reed SD1, Tinker L2, LaCroix A7

1University of Washington, Seattle, WA, 2Fred Hutchinson Cancer 
Research Center, Seattle, WA, 3Universite Laval, Quebec, QC, 
Canada, 4Harvard Medical School, Boston, MA, 5University of 
Minnesota, Minneapolis, MN, 6Indiana University, Indianapolis, IN, 
7University of California, San Diego, La Jolla, CA

Introduction: All women experience menopause and the majority of 
these also experience insomnia symptoms. These symptoms are as-
sociated with lost work productivity, mood disturbances and reduced 
quality of life. However, effective evidence-based treatments for in-
somnia symptoms in postmenopausal women are lacking.
Methods: 106 women were randomized into telephone-delivered cog-
nitive-behavior therapy for insomnia (CBT-I) or menopause education 
(MEC). Treatments included six sessions over eight weeks. Telephone 

“coaches” were master’s-prepared women who received a 1-day train-
ing workshop and supervision throughout the study. The primary sleep 
outcome was the Insomnia Severity Index (ISI); the secondary outcome 
was the Pittsburgh Sleep Quality Index (PSQI). Exploratory outcomes 
included self-reported sleep and hot flashes from daily diaries, and rat-
ings of depression, anxiety, pain, hot flash bother/severity/interference, 
and quality of life. Assessments were completed at baseline and post-
treatment. Intent-to-treat analyses included all randomized participants 
who provided follow-up data, regardless of intervention adherence.
Results: Participants had an average age of 54.8 years (SD = 4.2), 
were predominantly white (91.5%), college educated (77.4%), married 
(78.3%), and averaged 7.5 hot flashes/day (SD = 4.3). Telephone ses-
sions averaged 22.3 minutes. Ninety-five percent of women (N = 101) 
completed the intervention; to date, 79% of CBT-I women and 60% of 
MEC women have returned mailed post-treatment assessment materi-
als. Women receiving CBT-I had significantly greater decreases in ISI 
and PSQI (p < 0.001) scores; from baseline to 8 weeks, ISI scores de-
creased 9.9 points in women receiving CBT-I and 4.6 points in women 
receiving MEC, a mean difference between groups of 5.3 points [7.3, 
3.2 95% CI]. Women in CBT-I also showed significantly greater im-
provements in diary ratings of sleep efficiency (p < 0.001), depression 
(p = 0.006) and perceived stress (p = 0.04). There were no group differ-
ences in other exploratory outcomes.
Conclusion: Results indicate that a brief, telephone-delivered CBT-
I intervention can improve sleep in midlife women with vasomotor 
symptoms compared to menopause education alone.
Support (If Any): The MsFLASH studies were supported by a coop-
erative agreement issued by the National Institute of Aging (NIA), in 
collaboration with the Eunice Kennedy Shriver National Institute of 
Child Health and Development (NICHD), the National Center for Com-
plementary and Alternative Medicine (NCCAM) and the Office of Re-
search and Women’s Health (ORWH), and NIA grants U01AG032659, 
U01AG032669, U01AG032682, U01AG032699, and U01AG032700.
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1153
TREATMENT OF OBSTRUCTIVE SLEEP APNEA 
IMPROVES MENOPAUSE RATING SCALES AND 
QUALITY OF LIFE
Kaya H1, Rider K1, Stone A 2, Jain V1

1Pulmonary,Critical Care and Sleep Medicine, George Washington 
University, MFA, Washington, DC, 2Internal Medicine, George 
Washington University, MFA, Washington, DC

Introduction: Menopause is characterized by physiologic and psycho-
social changes in a woman’s life. The associated vasomotor symptoms, 
sexual dysfunction, mood changes and sleep disturbances can have 
a significant impact on quality of life. The prevalence of Obstructive 
Sleep Apnea (OSA) increases markedly at menopause for reasons that 
include weight gain and unclear hormonal mechanisms. The effect of 
treatment of OSA on the overall emotional and physical quality of life 
and Menopause rating scale (MRS) score is unknown. We hypoth-
esized that treatment of OSA will improve quality of life and MRS 
scores in post-menopausal women.
Methods: We prospectively analyzed 23 post-menopausal women 
diagnosed with OSA presenting to the George Washington-Medical 
Faculty Associates Center for Sleep Disorders. They were treated with 
continuous positive bairway pressure (CPAP). Pre-treatment SF-36, 
Hamilton rating scale for depression, insomnia severity index, Ep-
worth sleepiness scale (ESS) and MRS scores were compared with 
three-month post-treatment scores using the Wilcoxon signed-rank test.
Results: Mean baseline apnea-hypopnea index was 40.1 events per 
hour [6.5–129.5]. All patients were treated with CPAP and reassessed 
3 months after CPAP initiation (78; [29–148 days]). Reassessment re-
vealed statistically significant improvement in insomnia (14.9 to 7.9; 
p < 0.001), ESS (9.2 to 7.0; p < 0.001) and MRS scores (14.3 to 8.3; 
p < 0.001), and improvements in the general mental health (73.7 to 82.6; 
p = 0.009), physical health (75 to 83.2; p = 0.02) and vitality (42.1 to 
63.1; p < 0.001) components of the SF-36.
Conclusion: CPAP appears to be beneficial in improving general 
health, vitality and menopause-related symptoms, as well as insomnia 
and sleepiness in post -menopausal patients with OSA. These findings 
suggest that postmenopausal women should be screened for the pres-
ence of OSA. Larger, prospective studies with longer follow-up time 
are needed to validate these findings and to identify how CPAP treat-
ment leads to improvements of these symptoms.

1154
COMPARISON OF PRE- AND POST-MENOPAUSAL 
WOMEN WITH OBSTRUCTIVE SLEEP APNEA
Kaya H, Rider K, Stone A, Jain V
George Washington University MFA, Washington, DC

Introduction: Obstructive Sleep Apnea (OSA), with recurrent arous-
als from sleep, oxygen desaturations, daytime sleepiness and fatigue, 
has an adverse impact on quality of life (QOL). Menopause with vaso-
motor symptoms, sexual dysfunction, mood changes and sleep distur-
bances also have a significant impact on QOL. We aimed to compare 
the QOL in pre and post-menopausal women with OSA.
Methods: We prospectively analyzed 24 pre- and 38 post-menopausal 
women diagnosed with OSA. Patients were enrolled prior to CPAP 
treatment. The 8 domains of SF-36 and Epworth Sleepiness scale (ESS) 
were compared between the two groups using student t-test
Results: Mean baseline apnea-hypopnea index was significantly low-
er in pre-menopausal than post-menopausal women (21.3 ± 11.8 vs. 
36.7 ± 30.7; vs. p = 0.01). The general health, general mental health 
and social functioning domains of SF-36 were statistically significantly 
lower in pre-menopausal women (33.2 ± 20.7 vs. 66.0 ± 22.8; p < 0.001, 

60.5 ± 20.5 vs. 74.9 ± 18.3; p = 0.01, 72.4 ± 19.5 vs 84.9 ± 15.7; p = 0.01, 
respectively). On the other hand the vitality domain of SF-36 was sta-
tistically significantly higher in pre-menopausal women (69.7 ± 17.5 vs. 
45.7 ± 26.5; p < 0.001). There were no difference in the ESS scores of 
two groups.
Conclusion: Pre-menopausal women had less severe OSA than post-
menopausal women, with similar degrees of sleepiness according to 
ESS. Quality of life was affected in different domains between pre- 
and post-menopausal women. The lower general- and mental-health 
and social functioning scores in pre-menopausal women may suggest 
the stronger perception of sleep-related symptoms in younger females. 
The lower vitality score in post-menopausal women may suggest the 
other comorbidities and age. Treatment of OSA in both pre- and post-
menopausal women may improve their quality of life but in different 
ways.

1155
THE EFFECT OF MENOPAUSE ON OBJECTIVE SLEEP 
PARAMETERS: DATA FROM AN EPIDEMIOLOGIC 
STUDY IN SÃO PAULO, BRAZIL
Hachul H, Frange C, Bezerra AG, Hirotsu C, Pires GN, Andersen ML, 
Bittencourt L, Tufik S
Universidade Federal de Sao Paulo, Sao Paulo, Brazil

Introduction: Hormonal changes may influence objective sleep pa-
rameters. Our objective was to investigate the association of meno-
pausal status and sleep patterns in a representative sample of women 
from São Paulo, Brazil.
Methods: A population-based survey with a probabilistic three-stage 
cluster sample of the city of São Paulo was used to represent the local 
population according to gender, age (20–80 years) and socioeconomic 
status. The female participants answered a sleep questionnaire, under-
went polysomnographic recording and allowed their hormone levels to 
be measured. They also completed a gynecological questionnaire for 
classification of the reproductive aging stages: premenopausal or re-
productive, perimenopausal or menopausal transition, and postmeno-
pausal, defined as being after 12 months of amenorrhea. Women were 
allocated into early (the first 5 years after menopause) and late (after 
the first 5 years) stages.
Results: A total of 535 women were included in this study: 339 were 
premenopausal, 53 were early postmenopausal, 118 were late post-
menopausal and 25 were using hormone therapy or isoflavone com-
pounds. Our main findings were that women in postmenopause spent 
more time in N3 sleep, had a higher apnea-hypopnea index (AHI) and 
lower SaO2 compared with premenopausal women after an analysis 
adjusted for confounding factors. We found no significant differences 
between early and late postmenopausal women in the adjusted analysis.
Conclusion: Our results indicate menopause itself exerts a modest, but 
important influence on objective sleep patterns, independent of age, in 
particular on AHI and SaO2.
Support (If Any): AFIP, CNPq and FAPESP

1156
PERCEIVED AND ACTIGRAPH DATA ON SLEEP IN 
OVERWEIGHT AND OBESE RURAL MIDDLE-AGED 
WOMEN
Berger AM, Shade MY, Dizona P, Pozehl BJ, Pullen CH
University of Nebraska Medical Center, Omaha, NE

Introduction: Short sleep duration has been related to higher body 
mass index in adults. Women have a higher prevalence of overweight 
or obesity than men; numerous adverse health effects have been es-
tablished. Blood pressure and other health factors are influenced by 
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sleep quality and duration in overweight and obese adults. However, 
studies have not measured sleep duration in association with health re-
lated factors in healthy, but overweight and obese, middle-aged women. 
The purpose of this study is to describe sleep and the associations of 
sleep with other health factors in overweight and obese middle-aged 
and older rural women.
Methods: This secondary analysis examined data from 221 women 
at baseline and 6 months from a randomized controlled trial (Women 
Weigh-In for Wellness). Data analyzed were from self-reported mea-
sures of sleep disturbance, pain interference (PROMIS 29 subscales), 
7 days of hip actigraphy, and demographic/anthropometric/biomarker 
variables (i.e. age, body mass index, blood pressure). Statistical analy-
ses included descriptive statistics, ANOVA, Pearson correlations, and 
regression modeling.
Results: Women self-reported lower, but not significantly different, 
sleep quality than the general population. Actigraph data for all sleep 
variables were within normal limits. Women who achieved 5% weight 
loss in 6 months had improved perceived sleep quality and pain in-
terference, fewer numbers of awakenings (actigraph), decreased waist 
circumference, and lower systolic and diastolic blood pressures than 
those who did not achieve 5% weight loss. No association was found 
between short sleep duration and higher body mass index or weight.
Conclusion: Overweight and obese women who adopt healthy eating 
and physical activity behaviors may see improvements in self-per-
ceived sleep quality, pain, and blood pressure; even if they achieve a 
small amount of weight loss. Implications are to promote weight loss 
and healthy lifestyle behaviors in middle-aged and older overweight or 
obese rural women.
Support (If Any): NINR/NIH 1R01NR010589-01A2

1157
SLEEP HYGIENE AND ACTIGRAPHIC SLEEP 
CHARACTERISTICS IN PREGNANT WOMEN
Tsai S1,  Lee C2 , Wu W³,  Landis C 4

1Department of Nursing, National Taiwan University, Taipei, 
Taiwan, 2Department of Obstetrics and Gynecology, National 
Taiwan University, Taipei, Taiwan, ³College of Nursing, National 
Taipei University of Nursing and Health Sciences, Taipei, Taiwan, 
4Department of Biobehavioral Nursing & Health Systems, University 
of Washington, Seattle, WA

Introduction: Sleep disturbance is among the most prevalent symp-
toms during pregnancy. Sleep alterations during pregnancy are in part 
attributable to significant physical and hormonal changes as well as 
possibly to new roles and demands in the family and society, but to our 
knowledge the extent to which sleep hygiene practices contribute to 
poor sleep in pregnant women has not been described. The purposes 
of the study were to compare sleep hygiene and actigraphic sleep in 
pregnant women with and without self-reported poor sleep quality and 
to identify predictive factors associated with self-reported sleep quality 
in pregnant women.
Methods: A total of 197 third-trimester pregnant women completed 
the Sleep Hygiene Practice Scale (SHPS) and the Pittsburgh Sleep 
Quality Index (PSQI) as well as the Center for Epidemiologic Studies-
Depression Scale (CES-D), and wore an actigraph for seven continuous 
days. Student t-test was used to compare the SHPS scores and mean as 
well as variability of actigraphy sleep variables between poor sleep-
ers (i.e., PSQI global score > 5) and good sleepers (i.e., PSQI global 
score ≤ 5).
Results: Poor sleepers reported significantly poorer sleep hygiene 
(p < 0.05), with higher SHPS score and higher subscale scores (sleep 
schedule, arousal-related behavior, sleep environment). Poor sleepers 
had significantly greater day-to-day variability of sleep onset latency 

(p < 0.05), total nighttime sleep (p < 0.05), wake after sleep onset 
(p < 0.05), and fragmentation index (p < 0.01) than good sleepers. 
Stepwise linear regression analyses showed that working hours per 
week (p = 0.02), CES-D total scores (p < 0.01), and SHPS arousal-
related behavior subscale scores (p < 0.01) emerged as significant pre-
dictors of PSQI global sleep quality scores.
Conclusion: Findings of this study support evaluating women’s sleep 
hygiene practices and mood status during routine prenatal care as one 
way to improve sleep health during pregnancy.
Support (If Any): This work was funded by National Science Coun-
cil, Taiwan, NSC 99-2314-B-002-002 and NSC 100-2314-B-002-029 

-MY3.
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DOES MATERNAL OBSTRUCTIVE SLEEP APNEA 
INCREASE THE RISK OF POOR FETAL OUTCOMES?
Carbone T,  Cahill K,  Violaris A
The Valley Hospital, Ridgewood, NJ, Columbia University, New York, 
NY

Introduction: Obstructive Sleep Apnea (OSA) is a condition associ-
ated with significant pathophysiologic sequelae, including intermittent 
hypoxemia and hypertension, and the presence of OSA during preg-
nancy has been associated with untoward consequences to both the 
mother and fetus. We studied the impact of maternal OSA during preg-
nancy in a group of infants admitted to the neonatal intensive care unit.
Objective: The objective of our study was to determine if excessive 
daytime sleepiness (EDS) and/or snoring were associated with unfa-
vorable pregnancy outcomes.
Methods: The study group consisted of postpartum mothers who 
had delivered an infant that was admitted to the NICU. Mothers were 
randomly selected and they were asked to complete two standardized 
questionnaires (Epworth Sleepiness Scale and Snoring Symptoms In-
ventory) to identify symptoms of OSA, specifically, EDS and snoring. 
Maternal data regarding age, race, health status, pregnancy, labor and 
delivery were collected. Infant data regarding gestational age, birth 
weight, and Apgar scores were obtained.
Results: We enrolled 115 mothers in this study. Their mean age at study 
entry was 34 ± 5 years. Seventy percent of the participants were Cau-
casian, 18% Hispanic, 6% African-American, and 5% Asian. Smoking 
and alcohol use were reported in 2%. Most deliveries were via elective 
c-section (42%), followed by NSVD (32%), and emergency c-section in 
24%. A high correlation between the ESS and the SSI was seen. The 
relationship of ESS and SSI totals to pregnancy outcomes was ana-
lyzed. Elevated scores on the SSI were associated with higher maternal 
Hb and Hct at delivery, and preeclampsia. Elevated SSI scores cor-
related with an increased incidence of gestational diabetes, and both 
preeclampsia and gestational diabetes correlated with the incidence of 
fetal intrauterine growth restriction (IUGR). We also found that high 
SSI totals were associated with lower 5 minute Apgar scores in the 
newborns at birth.
Conclusions: Maternal OSA was seen in a significant percentage of 
infants in a NICU. Although long term outcome studies are needed, 
maternal OSA is associated with conditions that suggest poor fetal and 
neonatal outcomes.
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HOW MUCH DID I SLEEP? RELATIONSHIPS AMONG 
PERCEPTION OF SLEEP, AFFECT, AND SLEEP QUALITY 
IN FIRST-TIME MOTHERS IN THE SHORT-TERM 
POSTPARTUM
Khou CS1, Lillis TA 2, Hamilton NA1, Pressman SD3

1University of Kansas, Lawrence, KS, 2Rush University Medical 
Center, Chicago, IL, 3University of California, Irvine, Irvine, CA

Introduction: Misperception of sleep (i.e., discrepancy between ob-
jective and subjective measures) has been associated with poor sleep 
quality (SQ) and related to indices of positive and negative affect (PA 
& NA). The purpose of this study was to examine the relationships 
among perceptions of sleep, SQ, PA, and NA in first-time mothers in 
the Short-Term Postpartum (ST-PP; 3–6 months). It was hypothesized 
that discrepancies between objective and subjective sleep would be re-
lated to lower perceived SQ, lower PA, and greater NA.
Methods: Longitudinal data were analyzed from a week-long study 
investigating sleep during the ST-PP. Data were gathered from 46 
first-time mothers (93% Caucasian; M Age = 30.11 years). Participants 
reported daily PA, NA, and SQ, completed daily sleep diaries (i.e., sub-
jective sleep), and wore actiwatches (i.e., objective sleep) for 7 days. 
Misperceptions of time in bed (TIB), total sleep time (TST), and sleep 
onset latency (SOL) were calculated by subtracting sleep diary self-
reports from actigraphy calculated sleep estimates.
Results: Linear mixed model analyses showed that, on nights when 
participants had larger discrepancies between subjective and objective 
TIB, SQ was higher (β = 0.0086, p < 0.01). SQ was lower on days with 
larger differences between subjective and objective TST (β = −0.0085, 
p < 0.01). The discrepancy between subjective and objective SOL was 
smaller on days when participants reported higher PA (β = −10.24, 
p < 0.01). Daily NA and PA were not significantly related to discrepan-
cies between objective and subjective TIB or TST.
Conclusion: These data indicate that the more accurate participants 
were in reporting TST and the less accurate they were in reporting TIB, 
the higher they rated their SQ. Participants with higher PA were also 
more accurate in reporting SOL. Results highlight the importance of 
considering sleep misperceptions when evaluating reports of postpar-
tum sleep quality as well as the possible role of affect in these percep-
tions.

1160
MATERNAL SLEEP: WHAT ARE MOTHERS-TO-BE 
REPORTING AND DOES TRIMESTER PLAY A ROLE?
Roane BM1,2,3, Combs S1, Raines-Milenkov A1, Al-Farra S1, Oke O1, 
Mott K1

1UNT Health Science Center, Fort Worth, TX, 2Alpert Medical School 
of Brown University, Providence, RI, 3Sleep for Science Research 
Laboratory of E.P. Bradley Hospital, E. Providence, RI

Introduction: Anecdotal evidence suggests that sleep symptoms 
change as pregnancy progresses such that fatigue is prevalent early 
on in pregnancy while insomnia symptoms are more prevalent during 
later pregnancy. Our aim was to examine self-reported sleep disorder 
symptoms across the pregnancy period. We hypothesized that women 
would report sleep disordered symptoms regardless of their trimester.
Methods: Participants were pregnant females attending a prenatal 
visit from October 2013 to October 2014 who completed a brief sur-
vey in-office asking about sleep disorder symptoms and sleep param-
eters. 148 (mean age = 26.8 ± 4.5 yrs) provided complete data on age, 
gestation week, and sleep. 39% were first time mothers-to-be. Women 
were compared on their sleep disorder breathing symptoms (STOP), 
daytime sleepiness (Epworth Sleepiness Scale [ESS]), insomnia symp-

toms (Women’s Health Initiative Insomnia Rating Scale [WHIIRS]), 
and mood symptoms (mood). Women’s sleep parameters the previous 
night, taken from the 24-Hr Sleep Pattern Inventory, were time in bed 
(TIB; duration from bedtime to waketime), night wakings (NWAK; 
number of wakings), and sleep quality (SQ; rating of 1 = very poor 
to 5 = slept like a baby). ANCOVAs examined differences between 
women in their 2nd and 3rd trimesters for sleep disordered symptoms 
and sleep parameters with age and 1st pregnancy status as covariates.
Results: Overall, 45% reported sleeping longer and 55% reported 
sleeping better prior to pregnancy. No significant difference was found 
between 2nd and 3rd trimesters for reported symptoms on the STOP 
(1.3 vs 1.1, p = 0.12, respectively), ESS (7.9 vs 8.3, p = 0.582), WHIIRS 
(11.7 vs 12.9, p = 0.252), and mood (3.9 vs 3.7, p = 0.656). Two trends 
were found: (a) 1st time mothers-to-be reported greater daytime sleepi-
ness (p = 0.089) and older women reported more insomnia symptoms 
(p = 0.080). In addition, no significant difference was found between 
groups for TIB (8.5 vs 9, p = 0.113), NWAK (2.6 vs 3.1, p = 0.210), and 
SQ (2.9 vs 2.9, p = 0.767).
Conclusion: These data indicate that sleep is problematic throughout 
the pregnancy period. The high WHIIRS scores for both groups sug-
gest that pregnancy may be a contributing factor to women being at 
greater risk of insomnia. While sleep disorders adversely affect health 
in the general population, very little is known about how these disor-
ders impact maternal and infant postnatal outcomes. We hope to ex-
plore this more fully.

1161
UNIQUE PRE-SLEEP MOVEMENT PATTERNS AT 6 
WEEKS POSTPARTUM
Schade M, Montgomery-Downs HE
West Virginia University, Morgantown, WV

Introduction: Maternal sleep disturbance gradually improves across 
postpartum weeks 2–12 but attentional deficits are persistent. Here, we 
evaluated whether movement during the 5 minutes preceding sleep on-
set might serve as a novel way to profile physiologic features of post-
partum sleep pressure.
Methods: Forty-eight postpartum, primiparous women and 23 group-
matched nulliparous controls wore continuous actigraphy. We identi-
fied the 5 minutes preceding nocturnal sleep onset during the 6th week 
postpartum or, for controls, each recording week night. Sleep onset 
was defined as the first two consecutive minutes (in 15-second epochs) 
of no recorded activity following reported bedtime. We evaluated the 
pre-sleep activity profiles of primiparas and controls using repeated-
measures ANOVA and post-hoc Helmert contrasts to identify how 
long before sleep onset their movement decrease occurred. Polynomial 
analysis was used to identify linear changes in movement amplitude. A 
p < 0.003 was used to adjust for multiple comparisons.
Results: ANOVA for movement change was significant for both nullip-
arous (p < 0.001, partial eta squared = 0.21) and postpartum (p = 0.002, 
partial eta squared = 0.07) women. Controls’ movement decreased sig-
nificantly and remained lower beginning 1.5 minutes before sleep on-
set (p = 0.001). Primiparas’ movement decreased significantly only 15 
seconds before sleep onset (p < 0.001). Linear fit was significant during 
the 5 min-to-1.5 min interval preceding controls’ movement decrease 
(p < 0.001, partial eta squared = 0.52). The 5 min-to-15 sec interval 
preceding primiparas’ decrease was not significant after correction for 
multiple comparisons (p = 0.011, partial eta squared = 0.13).
Conclusion: Postpartum women’s sleep onset occurred within 15 
seconds of their movement decrease, and their movement did not lin-
early decrease approaching sleep onset. In contrast, controls had a 
linear movement decrease that began 1.5 minutes before their sleep 
onset. Though these analyses do not determine whether postpartum 
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women have more rapid sleep onset, they do suggest that postpartum 
women experience unique, and perhaps more condensed, sleep transi-
tion. With further evaluation, this pre-sleep movement profiling may 
represent a novel way of analyzing and interpreting actigraphy data 
related to sleep disturbance.
Support (If Any): NIH R21 HD053836 (HMD)

1162
THE EFFECT OF MATERNAL SLEEP DISORDERED 
BREATHING ON THE INFANT’S NEURODEVELOPMENT
Tauman R1, Zuk L2, Uliel-Sibony S1, Ascher-Landsberg J1, katsav S1, 
Farber M1, Sivan Y1, Bassan H1

1Tel Aviv Medical Center, Tel Aviv, Israel, 2Physical Therapy 
Department, Sackler School of Medicine, Tel Aviv University, Tel 
Aviv, Israel

Introduction: Sleep disordered breathing (SDB) is common among 
pregnant women. No study has thus far investigated the effect of ma-
ternal SDB on the infant’s neurodevelopment. Our objective was to 
examine the effect of maternal SDB on sleep and neurodevelopment at 
the age of one year.
Methods: Healthy pregnant women with uncomplicated, full-term 
pregnancies underwent ambulatory sleep evaluation (Watch-PAT; Ita-
mar Medical) and categorized into SDB (i.e.:AHI > 5) and controls. At 
12 months of age the Infant Development Inventory (IDI) and the Brief 
Infant Sleep Questionnaire (BISQ) were administered.
Results: Fifty-one full-term infants were studied (58% males). The 
mean birthweight percentile was 63.0 ± 23.6. The mean Apgar scores at 
1 and 5 minutes were 8.7 ± 1.2 and 9.8 ± 0.5 respectively. Eleven wom-
en had SDB (i.e; AHI > 5). No significant differences were found in 
the gross and fine motor, language and self- help developmental scores 
between the two groups. The mean social developmental scores were 
lower in the study group when compared to the controls and almost 
reached statistical significance (97.8 ± 19.7 vs. 114.9 ± 28.3, p = 0.067). 
A social developmental score below 100 was detected in 7 (64%) in-
fants born to SDB mothers compared to 10 (26%) controls (adjusted 
p = 0.036, OR 16.7). No significant differences in nocturnal sleep du-
ration, daytime sleep, number of nocturnal awakenings, sleep latency, 
and frequency of problematic sleep were found between children born 
to mothers with SDB compared with controls. However, infant snoring 
was reported by 5/12 (41.7%) of mothers with SDB compared to 3/40 
(7.5%) of controls (p = 0.004).
Conclusion: Our preliminary results suggest that maternal SDB has no 
large adverse effect on neuromotor development but may affect social 
development at the age of one year. In addition, maternal SDB is as-
sociated with increased rate of infant’s snoring.
Support (If Any): This research was supported by the Israel Science 
Foundation (grant No. 707/12)

1163
DAYTIME NAPPING BEHAVIOR MINIMALLY IMPACTS 
NOCTURNAL SLEEP IN PREGNANT WOMEN
Okun ML1, Ebert RM2, Wood A 2

1University of Colorado Colorado Springs, Colorado Springs, CO, 
2University of Pittsburgh, Pittsburgh, PA

Introduction: Expectant women experience progressively poorer noc-
turnal sleep as a result of normal physiological adaptations. Emerging 
evidence indicates that insufficient quantity and poor sleep quality are 
associated with increased risk of adverse pregnancy outcomes. One 
promising approach to counteract the negative effects of disturbed 
nocturnal sleep is to include daytime naps as part of a healthy sleep 

hygiene program. The objective of this study was to assess whether 
daytime naps negatively impact nocturnal sleep in early gestation.
Methods: Daily sleep information was collected in three two-week pe-
riods, at T1 (10–12), T2 (14–16), and T3 (18–20 weeks gestation) with 
a daily sleep diary and an actigraph from 161 pregnant women in early 
gestation (10–20 weeks). The average number of naps, as well as the 
average length of each nap, were calculated from sleep diaries. Women 
were categorized first as Non-nappers (0 Naps/2-weeks); Moderate 
Nappers (1–3 Naps/2-weeks); or Frequent Nappers (≥ 4 Naps/2-weeks); 
then based on the average nap length as short (< 90 minutes) or long 
(≥ 90 minutes). Nocturnal sleep parameters included SOL, WASO, SE 
and TST. SAS procedure MIXED was used for all analyses.
Results: Women who took naps had a decrease in diary-assessed noc-
turnal TST, but not actigraphy-assessed TST. This observation was 
group and time specific. There were no other group differences. Wom-
en who napped ≥ 90 minutes had poorer diary-assessed SE and lower 
diary-assessed TST compared to those who took shorter naps. Length 
of nap was not associated with any other sleep measures.
Conclusion: Daytime naps slightly impact nocturnal sleep duration, 
but do not impair sleep continuity or sleep quality among pregnant 
women. We propose that daytime naps provide a beneficial counter-
measure to the sleep disruption commonly reported by pregnant wom-
en. This may be clinically beneficial given that sleep continuity and 
quality are important correlates of adverse pregnancy outcomes.
Support (If Any): NR R00 010813

1164
INSOMNIA TREATMENT PREFERENCES OF 
PREGNANT WOMEN
Sedov I1, Goodman S2, Buliga E1, Tomfohr L1,3,4

1University of Calgary, Calgary, AB, Canada, 2Emory University, 
Atlanta, GA, 3Alberta Children’s Hospital Research Institute for Child 
and Maternal Health (ACHRI), Calgary, AB, Canada, 4Department of 
Pediatrics, Alberta Children’s Hospital, Calgary, AB, Canada

Introduction: Sleep tends to worsen as pregnancy progresses, and 
research suggests by the third trimester between 20–30% of women 
experience clinically significant insomnia. Patient preferences are in-
creasingly being recognized as an important factor in the delivery of 
evidence-based interventions. Although several treatments are avail-
able for insomnia during pregnancy, little is known about how these 
interventions are perceived by those who could benefit from them. 
Our investigation examined perceptions of three insomnia treatments 
among pregnant women: pharmacotherapy, cognitive behavioral ther-
apy for insomnia (CBT-I), and acupuncture.
Methods: The sample (N = 54) was primarily white (63%) and em-
ployed (68.5%). As measured by the Insomnia Severity Index (ISI), 
40.7% of the women had significant complaints of insomnia. Partici-
pants were asked to read treatment descriptions of each intervention, 
and to complete questionnaires assessing their perceptions of the treat-
ment. The questionnaires included the Credibility Scale (CS), to assess 
how credible the participants perceived each treatment to be, and Per-
sonal Reactions to the Rationale Scale (PRR), to assess the perceived 
usefulness of the treatment to the participant.
Results: Ratings of treatment credibility differed significantly be-
tween all groups (F 2,106 = 22.71, p < 0.001) with CBT-I rated as more 
credible than acupuncture (t(53) = 2.66, p = 0.01) as well as pharma-
cotherapy (t(53) = 6.62, p < 0.001), and acupuncture as more credible 
than pharmacotherapy (t(53) = 3.99, p < 0.001). Similarly, participants’ 
personal reactions also differed (F 2,106 = 38.91, p < 0.001), with CBT-
I rated more favorably than acupuncture (t(53) = 3.72, p < 0.001) and 
pharmacotherapy (t(53) = 8.68, p < 0.001), and acupuncture rated more 
favorably than pharmacotherapy (t(53) = 5.10, p < 0.001). When forced 
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to choose a treatment, acupuncture was selected most frequently (52%), 
followed by CBT-I (38%), and pharmacotherapy (10%).
Conclusion: Findings suggest that pregnant women are likely to 
choose psychotherapy or acupuncture for treatment of insomnia, as 
they have more favorable perceptions of these treatments relative to 
pharmacotherapy.
Support (If Any): This work was supported by the generous donors of 
the Alberta Children’s Hospital Foundation (L.T.)

1165
CHARACTERISTICS OF INSOMNIA SEVERITY DURING 
THE PRENATAL PERIOD IN A PREGNANCY SLEEP 
STUDY
Foley-Saldena K1, Simpson N2, Ivan I1, Merino A 2, Manber R 2

1Palo Alto University, Palo Alto, CA, 2Stanford University School of 
Medicine, Palo Alto, CA

Introduction: Poor sleep is common during pregnancy but little is 
known about insomnia disorder (ID) during pregnancy. Even less is 
known about how insomnia that develops during pregnancy compares 
with preexisting insomnia among pregnant women.
Methods: Data were collected from pregnant women (gestational ages 
18–32 weeks) undergoing screening for an ongoing treatment study of 
cognitive behavioral therapy for perinatal insomnia. Women who met 
DSM-5 criteria for ID with no coexisting affective or sleep disorders 
were recruited from local obstetric clinics and the surrounding com-
munity. All participants completed the Insomnia Severity Index (ISI) 
and the Edinburgh Postnatal Depression Scale (EPDS). Trained inter-
viewers assessed ID onset relative to pregnancy.
Results: At present, 39 women (age 31.6 ± 4.2 years) with mean gesta-
tional age 26 weeks (SD = 5.2 weeks) have enrolled in this study. Thir-
ty-one percent of participants reported at least one episode of insomnia 
prior to their current pregnancy (preexisting ID). Seventy-two percent 
were experiencing their first episode of insomnia, with onset during 
the current pregnancy (pregnancy-onset ID). Women who endorsed ID 
onset during their current pregnancy had significantly lower scores on 
the ISI [t(36) = 2.84, p = 0.007] and EPDS [t(35) = 2.21, p = 0.043], 
but did not differ statistically in regards to pregnancy week, age, or 
working status. An ANCOVA assessing differences in insomnia be-
tween groups while controlling for depression found no significant 
difference in the adjusted insomnia severity between the groups [F(1, 
34) = 2.20, p = 0.15, partial eta squared = 0.06]; with depression being 
significant covariate in this model [F(1,34) = 9.40, p = 0.004, partial eta 
squared = 0.22].
Conclusion: Pregnant women with ID onset during the current preg-
nancy reported less severe insomnia than those with preexisting ID; 
however, this difference was no longer significant when controlling for 
depression symptoms. These results suggest insomnia that develops 
during pregnancy is a significant sleep disorder that merits clinical at-
tention.
Support (If Any): R01 NR013662

1166
POOR SLEEP QUALITY AND INFLAMMATION 
PREDICT PRETERM BIRTH: HEIGHTENED RISK 
AMONG AFRICAN AMERICANS
Christian L1, Blair L2, Porter K 2, Leblebicioglu B2

1The Ohio State University Wexner Medical Center, Columbus, OH, 
2The Ohio State University, Columbus, OH

Introduction: Poor sleep promotes inflammation. In turn, inflamma-
tion is a causal mechanism in term as well as preterm parturition. In 
the US, a persistent racial disparity in preterm birth exists, with Afri-

can Americans showing ~1.5X greater risk. This study examined as-
sociations among sleep quality, serum proinflammatory cytokines, and 
length of gestation in a racially diverse sample of 138 pregnant women.
Methods: Women completed the Pittsburg Sleep Quality Index (PSQI) 
and other psychosocial and behavioral measures during mid-pregnan-
cy. Serum levels of interleukin (IL)-6, IL-8, IL-1β, and tumor necrosis 
factor (TNF)-α were determined by high sensitivity assays. Birth out-
comes were determined via medical record review.
Results: Among African American women (n = 79), shorter gesta-
tion was predicted by poorer overall sleep (rs = −0.35, p = 0.002) as 
well the following PSQI subscales: subjective sleep quality (rs = −0.34, 
p = 0.002), sleep latency (rs = −0.27, p = 0.02), and sleep efficiency 
(rs = −0.27, p = 0.02). African American women with poor sleep quality 
(PSQI > 5) had 3.12 times the odds of preterm birth compared to those 
with good sleep quality. In contrast, among European American wom-
en (n = 53), gestational length was not significantly predicted by sleep 
quality (ps > 0.12). Bootstrapping analyses showed that IL-8 signifi-
cantly mediating the relationship between sleep quality and length of 
gestation among African Americans. (indirect effect estimate −0.029; 
95% CI −0.06, −0.002).
Conclusion: These data provide novel evidence that, as compared to 
European American women, African Americans exhibit greater in-
flammation in response to sleep disturbance and these effects corre-
spond with length of gestation. Racial differences in susceptibility to 
sleep-induced immune dysregulation may contribute to marked racial 
disparities in preterm birth.
Support (If Any): This study was supported by NICHD (HD061644, 
LMC and HD067670, LMC) and a seed grant from the Ohio State 
University College of Dentistry (BL & LMC). The project described 
was supported by the Ohio State University Clinical Research Center, 
funded by the National Center for Research Resources (UL1TR001070). 
The content is solely the responsibility of the authors and does not nec-
essarily represent the official views of the National Center for Research 
Resources or the National Institutes of Health. NIH had no further role 
in study design; in the collection, analysis and interpretation of data; 
in the writing of the report; and in the decision to submit the paper for 
publication.

1167
PREGNANCY AND THE RISK OF UNDIAGNOSED SLEEP 
APNEA USING THE STOP-BANG QUESTIONNAIRE IN 
MOTHERS OF NICU BABIES, A PILOT STUDY
Thakkar P, Hardin K, Brass S, Mohammed J, Steinhorn R, Harrison J, 
Chidambaram A
UC Davis, Sacramento, CA

Introduction: Specific Aims: To identify patients whose children have 
born and sent to the NICU at UC Davis Medical Center who are at 
risk for obstructive sleep apnea (OSA) by utilizing the STOP-BANG 
questionnaire. (STOP-BANG stands for Snoring, Tiredness, Observed 
apnea, high blood Pressure, BMI, Age, Neck circumference, Gender). 
We also evaluate the mothers in the newborn nursery with the STOP-
BANG questionnaire as our control group. This is a prospective study. 
Hypothesis: A large population of mothers who delivered neonates that 
were admitted to the NICU will have a higher risk of sleep apnea based 
on the STOP-BANG questionnaire.
Methods: A prospective study evaluating mothers in the NICU and 
newborn nursery with the STOP-BANG questionnaire to evaluate for 
the risk of OSA.
Results: The base study prior to this was at UCSF Fresno that showed 
70% of the patients that were admitted to the hospital pregnant and hy-
pertensive surveyed had either snoring and/or witnessed apneas. The 
Epworth Sleepiness Scale was between 1–22. More specifically, 10% 
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of the patients had a ESS of 1–5, 40% were between 6–10, 40% were 
between 11–15, and 10% had a score of more than 15. Furthermore, 
there did not seem to be a correlation with how the blood pressure was 
and symptoms of OSA.
Conclusion: Mothers who have complications in the pregnancy such 
as hypertension have a higher pretest probability of having OSA.

1168
OBSTRUCTIVE SLEEP APNEA IN WOMEN VETERANS
Fung K, Stepnowsky C, Zamora T, Sarmiento k
VA San Diego Healthcare System, San Diego, CA

Introduction: The Veterans Health Administration (VA) is one of the 
largest integrated healthcare systems in the United States, with over 
150 medical centers that serve nearly 9 million veterans. Given that the 
VA is comprised of nearly 90% men, studies of women veterans are 
often neglected. We had the opportunity to examine the diagnostic and 
treatment adherence rates for women veterans referred for suspicion 
of sleep apnea.
Methods: Retrospective chart review from 2012 to 2013. A total 32 
women veterans were identified as being suspected of having OSA at 
the VA San Diego Healthcare System (VASDHS) during this one-year 
time period.
Results: Of the 32 women veterans who were referred to the VASDHS 
Pulmonary Sleep Program, 28 performed home sleep testing. Of the 
28, 24 (85.7%) were diagnosed with OSA (4 negative for OSA; 1 diag-
nosed with insomnia). Mean age was 51.3 ± 9.1 and mean body mass 
index 31.6 ± 5.7 kg/m2. Mean baseline AHI was 15.7 ± 9.0 and Epworth 
was 13.2 ± 5.2. OSA patients were prescribed APAP treatment. The 
average APAP adherence was 5.1 ± 2.4 hrs/day and the average APAP 
residual AHI was 2.5 ± 2.0 events/hr. Over the course of therapy, there 
was no change in weight (1.0 lb change; p = 0.796) or blood pressure 
(SBP change = 3.85 mmHg; p = 0.219; DBP change = −0.85 mmHg; 
p = 722). However, there was a significant decrease in Epworth (mean 
change = −3.7; p = 0.05).
Conclusion: In those tested for OSA, 85% of women veterans were 
diagnosed with OSA. APAP adherence and efficacy were high in this 
group of women veterans. While APAP did not appear to be associated 
with weight loss or blood pressure reduction, it was associated with a 
decrease in sleepiness scores.
Support (If Any): Veterans Affairs

1169
WAIST CIRCUMFERENCE AND POSTMENOPAUSAL 
STAGES AS THE MAIN ASSOCIATED FACTORS FOR 
SLEEP APNEA IN WOMEN: A CROSS-SECTIONAL 
POPULATION-BASED STUDY
Polesel DN, Hirotsu C, Nozoe KT, Boin AC, Bittencourt L, Tufik S, 
Andersen ML, Hachul H
Universidade Federal de São Paulo, São Paulo, Brazil

Introduction: Obstructive sleep apnea syndrome (OSAS) is a com-
mon sleep disorder characterized by repetitive, partial, or complete 
collapse of the upper airway. Although OSAS has been thought of as 
a disease that mainly affects men, a recent study observed that OSAS 
affects 26.1% of women in the general population. The current study 
aimed to investigate the stages of reproductive aging and others an-
thropometric variables as associated factors of OSAS in women from a 
representative sample from Sao Paulo, Brazil.
Methods: 407 women underwent clinical evaluation, polysomnogra-
phy and biochemical analysis. The stages of reproductive aging were 
defined as premenopause (PRM), early postmenopause (EPM) and late 
postmenopause (LPM).

Results: OSAS was more frequent in the postmenopausal groups, with 
68.4% of women affected by severe OSAS being in the LPM group. Af-
ter adjustment for potential confounding factors, the associated factors 
of OSAS, regardless of its severity, were waist circumference, modi-
fied Mallampati score IV, and both postmenopausal stages. In relation 
to moderate-severe OSAS and severe OSAS, we have found waist 
circumference, and both postmenopausal stages to be the main fac-
tors. We carried out a ROC curve analysis which demonstrated that the 
cut-off value for waist circumference was 87.5 cm, with a maximum 
of 75.7% accuracy for classification of women as OSAS or non-OSAS.
Conclusion: OSAS is a prevalent condition in postmenopausal wom-
en, especially in the LPM stage. This study highlights the association 
between waist circumference, the EPM and LPM and the severity of 
OSAS. Our findings suggest that the postmenopausal stages may po-
tentially exacerbate the presence of sleep disturbance and that reducing 
waist circumference may be an important strategy for the management 
of OSAS in women.
Support (If Any): Associação Fundo de Incentivo à Pesquisa, Coor-
denação de Aperfeiçoamento de Pessoal de Nível Superior, Conselho 
Nacional de Desenvolvimento Científico e Tecnológico and São Paulo 
Research Foundation (grant #13/14945-7)

1170
SLEEP QUALITY OF MOTHER-CAREGIVERS OF 
DUCHENNE MUSCULAR DYSTROPHY PATIENTS 
LINKED TO LENGTH OF TIME OF USE OF 
NONINVASIVE VENTILATION
Nozoe KT, Polesel DN, Moreira GA, Pires GN, Akamine RT, Tufik S, 
Andersen ML
Universidade Federal de São Paulo, São Paulo, Brazil

Introduction: Sleep disturbances is a common problem for caregiv-
ers. Beyond 20 years of age, Duchenne muscular dystrophy (DMD) 
patients use noninvasive ventilation to maintain quality of life and im-
prove survival. The aim of this study was to evaluate the sleep qual-
ity of caregiver-mothers of sons with DMD, and the factors that affect 
their sleep quality.
Methods: We evaluated 32 caregiver-mothers of sons with DMD and 
32 mothers of sons without any neuromuscular or chronic disease 
(CTRL group). The evaluation of quality of sleep was made using the 
Pittsburgh questionnaire.
Results: Caregiver-mothers had significantly increased scores in the 
Pittsburgh questionnaire, suggesting a poor sleep quality. More spe-
cifically, longer sleep latency, reduced sleep efficiency and worse sleep 
quality were found. The sleep quality of the caregiver-mother was as-
sociated to the length of time of noninvasive ventilation use by their 
son.
Conclusion: Our results suggest that caregiver-mothers of sons with 
DMD have poor quality of sleep, mediated in part by the time of use of 
noninvasive ventilation of their son.
Support (If Any): This work was supported by grants from Associa-
ção Fundo de Incentivo a Pesquisa (AFIP), CAPES, CNPq (M.L.A. and 
S.T. are recipients of the CNPq fellowship) and São Paulo Research 
Foundation (FAPESP) (grant #2014/08067-0 to KTN).
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SLEEP DISTURBANCE, DIABETES AND 
CARDIOVASCULAR DISEASE IN POSTMENOPAUSAL 
VETERAN AND NON-VETERAN WOMEN
Rissling MB1, Gray K 2, Martin J3, Ulmer C 4, Calhoun PS1, Gray SL5, 
Hale L6, LaCroix A7, Naughton M 8, Stefanick M9, Woods NF10, 
Zaslavsky O11, Zeitzer JM12, Weitlauf JC13

1Durham VA Medical Center, VA Mid-Atlantic Region Mental 
Illness Research, Education and Clinical Center, Durham, NC, 2VA 
Puget Sound Health Care System, Health Services R&D, Seattle, 
WA, 3University of California Los Angeles, David Geffen School of 
Medicine, Los Angeles, CA, 4Durham VA Medical Center, Health 
Services R&D, Durham, NC, 5University of Washington School of 
Pharmacy, Geriatric Pharmacy Program, Seattle, WA, 6Stony Brook 
University School of Medicine, Program in Public Health, Stony 
Brook, NY, 7University of California San Diego School of Medicine, 
Department of Epidemiology, La Jolla, CA, 8Ohio State University, 
College of Medicine, Division of Population Sciences, Department of 
Internal Medicine, Columbus, OH, 9Stanford University, Department 
of Medicine and Obstetrics & Gynecology, Stanford, CA, 10Seattle 
WHI Clinical Center, Seattle, WA, 11University of Haifa, Israel, 
Faculty of Health Sciences and Social Welfare, Haifa, Israel, 12VA 
Palo Alto Health Care System, Sierra Nevada Mental Illness Research, 
Education and Clinical Center, Palo Alto, CA, 13VA Palo Alto Health 
Care System, Sierra Pacific MIRECC and Center for Innovation to 
Implementation, Palo Alto, CA

Introduction: While impaired sleep may be a risk factor for increased 
health problems, the association between sleep disturbance and clinical 
health outcomes has received relatively little attention in post-meno-
pausal women veterans. The current study examined the impact of Vet-
eran status, sleep disturbance, and cardio-metabolic outcomes among 
a large sample of women Veterans participating in the Women’s Health 
Initiative (WHI).
Methods: The prevalence of sleep disturbance (i.e., extreme sleep dura-
tion [SLD], medication/alcohol use for sleep, insomnia [WHI Insomnia 
Rating Scale ≥ 9], risk for sleep-disordered breathing [SDB; adapted 
Berlin Questionnaire, i.e., snoring history, sleepiness, and history of 
hypertension or obesity], and risk for co-morbid insomnia+SDB) was 
assessed at study baseline for 145,061 postmenopausal women (3,707 
Veterans, 141,354 non-Veterans) using logistic or multinomial logistic 
regression. Cox proportional hazards models were employed to evalu-
ate whether baseline sleep disturbance was differentially associated 
with cardio-metabolic morbidity (cardiovascular disease [CVD] and 
type 2 diabetes) among Veteran and non-Veteran participants. All 
models adjusted for demographics, current smoking, physical activity, 
BMI, vasomotor symptoms, baseline napping and study arm assign-
ment.
Results: In fully-adjusted models, Veteran women had increased risk 
for insomnia+SDB relative to non-Veteran women at study baseline, 
RR = 1.13 (95% CI 1.03–1.25). Rates for insomnia and SDB were simi-
lar across Veteran and non-Veteran groups. In the full sample, various 
measures of sleep disturbance predicted cardiovascular disease (CVD): 
very short SLD (≤ 5 hrs; HR = 1.15; 95% CI 1.09–1.22), medication/
alcohol use for sleep (HR = 1.18; 95% CI 1.14–1.22), insomnia risk 
(HR = 1.08; 95% CI 1.04–1.11), SDB risk (HR = 1.28; 95% CI 1.24–
1.33) and insomnia+SDB risk (HR = 1.26; 95% CI 1.20–1.33). Similarly, 
individual measures of sleep disturbance predicted type-2 diabetes: 
very short SLD (HR = 1.12; 95% CI 1.06–1.19), long SLD (≥ 9 hrs; 
HR = 1.12; 95% CI 1.04–1.22), SDB risk (HR = 1.37; 95% CI 1.32–1.42) 
and insomnia+SDB risk (HR = 1.30; 95% CI 1.24–1.37).

Conclusion: Sleep disturbance is a significant predictor of cardio-met-
abolic morbidity among post-menopausal women. Veteran status did 
not moderate this association.
Support (If Any): This research is supported, in part, by the Depart-
ment of Veterans Affairs Office of Academic Affiliations Advanced 
Fellowship Program in Mental Illness Research and Treatment and 
the Department of Veterans Affairs Sierra-Pacific Mental Illness Re-
search, Education, and Clinical Center (MIRECC). The WHI program 
is funded by the National Heart, Lung, and Blood Institute, National 
Institutes of Health, U.S. Department of Health and Human Services 
through contracts HHSN268201100046C, HHSN268201100001C, HH-
SN268201100002C, HHSN268201100003C, HHSN268201100004C, 
and HHSN271201100004C.

1172
THE EFFECT OF OBSTRUCTIVE SLEEP APNEA ON THE 
FEMALE SEXUAL FUNCTION INDEX SCORE
Rider K, Kaya H, Bawa A, Jain V
The George Washington University MFA, Washington, DC

Introduction: The relationship between obstructive sleep apnea (OSA), 
erectile dysfunction and loss of libido in men is well established and 
CPAP treatment is known to improve these symptoms. In contrast, the 
prevalence and effect of OSA on female sexual function is less well 
understood. The correlation between the apnea-hypopnea index (AHI) 
and sexual dysfunction (SDF) is also not clear, nor whether female SDF 
improves following OSA treatment.
Methods: Prospective observational single-centre study. Women 21 
years or older with a regular sexual partner, with OSA, were enrolled 
prior to starting CPAP treatment. Baseline sexual function was deter-
mined by a self administered gender-specific, validated sexual func-
tion questionnaire; Female Sexual Function Index (FSFI). The FSFI 
consists of 6 domains, and a total FSFI score of ≤ 26 is indicative of 
sexual dysfunction. Patients were classified as having either mild (AHI 
5–15), moderate (AHI 15–30) or severe sleep apnea (AHI > 30), and 
their sexual function scores were compared with ANOVA one-way 
variance for independent samples. Baseline FSFI scores were com-
pared with three-month post-treatment scores using the Wilcoxon 
signed-rank test.
Results: Twenty-four women were enrolled between July 2013 and 
November 2014. Mean age was 44 ± 10 years, BMI 33 ± 8 kg/m2 and 
AHI 21 ± 12 events per hour. Baseline total FSFI score was 16 [7-22], 
with 79% of women classified as having SDF. There was no difference 
in total baseline FSFI scores (mild OSA- 18.9; moderate OSA- 15.6; 
severe OSA-12.1; P = 0.57) according to AHI. Six women completed a 
follow-up survey (mean follow-up time 99 [70–121 days]). No signifi-
cant change in FSFI scores was noted following treatment with CPAP 
(signed Rank S = 1.5, p = 0.81).
Conclusion: Women with OSA have a high risk of suffering from SDF, 
and should be screened. In this small cohort, treatment with CPAP did 
not improve SDF.

1173
DETERMINANTS OF SLEEP QUALITY AMONG 
PREGNANT WOMEN FROM THE PEOPLE’S REPUBLIC 
OF CHINA
Li J, Mao J, Yan QY, Zeng TY
Huazhong University of Science and Technology, Wuhan, China

Introduction: Sleep problems are a common health issue in women 
with pregnancy. Various factors such as depression, perceived stress, 
body weight, gestational age, contribute to the impaired sleep quality. 
Few studies are currently available regarding the determinants of sleep 
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quality among pregnant women in China. The aim of the present study 
was to (a) calculate the prevalence of sleep disorder during pregnancy, 
(b) examine the difference in sleep quality among three trimesters, and 
(c) identify determinants of sleep quality of pregnant women.
Methods: This study was designed as a cross-sectional survey. 500 
pregnant women were recruited at the outpatient department of obstet-
rics and gynecology of two teaching hospitals in central China. The 
face-to-face interview used to collect data, included information of 
sample characteristics, sleep quality (Pittsburgh Sleep Quality Index, 
PSQI), prenatal depression (the Edinburgh Postnatal Depression Scale, 
EPDS), perceived stress (Perceived Stress Scale, PSS) and perceived 
social support (Multidimensional scale of perceived social support, 
MSPSS).
Results: A total of 454 pregnant women participated in the study be-
tween December 2013 and July 2014. 87% pregnant women experience 
sleep disorder (PSQI score > 5). Poorer global sleep quality, subjec-
tive sleep quality, lower sleep efficiency and sleep disturbances were 
most prevalent during third trimester. The significant contributors of 
sleep quality for pregnant women were prenatal depression, age and 
gestational age.
Conclusion: Sleep disorder is very common in pregnant women from 
China. Depressive symptoms, increased age and gestational age are 
determinants of sleep quality. Health care professionals should identify 
determinants to conduct preventive intervention.

1174
MATERNAL SLEEP DIFFERS BY TYPE OF INFANT 
FEEDING AND SLEEPING ARRANGEMENT
Richoux S
University of California, San Francisco, CA

Introduction: Bed-sharing is a common cultural practice for new 
mothers and infants. Done safely, bed-sharing allows ease in infant 
feeding, enhances the likelihood for mothers to return to sleep quickly, 
and thus increases sleep consolidation. We previously reported more 
total sleep time for breastfeeding mothers, but the influence of sleeping 
arrangement has not been evaluated. The purpose of this analysis was 
to compare maternal nocturnal sleep duration and daytime sleepiness 
by type of infant feeding and sleeping arrangement.
Methods: Data were collected in primiparous mothers at 1 month 
postpartum. A wrist actigraph was worn for 72 hours to estimate sleep 
time. Mothers logged infant sleep location, and infant feeding type and 
times. Mothers (n = 42) in the control arm of a larger randomized clini-
cal sleep intervention trial and who had complete data were included 
in this analysis.
Results: Mothers were ethnically diverse, 18–47 years old, with in-
fants 27 ± 5.3 days old. Most (64%, n = 27) were exclusively breastfeed-
ing during the three nights of monitoring and about half (48%, n = 20) 
were bed-sharing. Bed-sharing rates were slightly higher among in-
fants given formula at night (60%, n = 9 of 15) compared to infants 
breastfed fed at night (41%, n = 11), but the difference was not statisti-
cally significant (p = 0.23). A two-way analysis of variance of maternal 
sleep times indicated a main effect for breastfeeding (p = 0.04) and 
an interaction between breastfeeding and bed-sharing (p = 0.03), but 
no main effect for bed-sharing (p = 0.67). Feeding type made no dif-
ference in the sleep of mothers who did not bed-share (355 ± 57 vs 
357 ± 61 minutes), but among bed-sharing mothers, breastfeeding was 
associated with significantly longer maternal sleep times (408 ± 77) 
than formula-feeding (321 ± 38 minutes).
Conclusion: Exclusive breastfeeding at 1 month was associated with 
longer maternal sleep time among bed-sharing dyads, but not among 
mothers who slept separately from their infants.
Support (If Any): NIH grants #R01 NR05345 and T32 NR007088.

1175
DROSPIRENONE AND ETHINYL ESTRADIOL 
COMBINED ORAL CONTRACEPTIVE INCREASES 
CORTISOL AND AFFECTS SLEEP QUALITY IN ADULT 
FEMALE PATIENTS WITH ACNE
Albuquerque RG, Rocha MA, Hirotsu C, Hachul H, Bagatin E, Tufik S, 
Andersen ML
Universidade Federal de São Paulo, São Paulo, Brazil

Introduction: Several studies have reported an increase in adult fe-
male acne prevalence. This subtype of acne presents peculiar charac-
teristics, such as the types and location of lesions, and refractoriness to 
some treatments, compared to adolescent acne. It is very common to 
treat adult female acne with combined oral contraceptives and topical 
acid, as azelaic acid. However, combined oral contraceptives has dem-
onstrated to be capable to increase cortisol and adrenocorticotropic 
hormone concentrations which are hormones tightly related with sleep. 
About azelaic acid there are no studies conducted to evaluate its influ-
ence on sleep quality or cortisol concentrations. Herein we evaluated 
the sleep quality and stress hormones on adult female acne patients 
before and after treatment with 2 different approaches.
Methods: Sleep quality and stress hormones were assessed in a ran-
domized comparative single blind trial of combined oral contraceptive 
ethinyl estradiol plus drospirenone versus azelaic acid topical gel, at 
baseline and after 6 months of treatment. Before and after treatment 
the patients completed the Pittsburgh Sleep Quality Index, and had 
blood collected to measure cortisol and adrenocorticotropic hormone 
levels.
Results: The group treated with the combined oral contraceptive pre-
sented higher concentrations of cortisol and worse sleep quality after 6 
months of treatment compared with baseline and with the group treat-
ed with azelaic acid. No significant differences were observed in the 
group treated with azelaic acid.
Conclusion: These data suggest that, although combined oral con-
traceptive ethinylestradiol plus drospirenone are a very effective 
treatment for adult female acne, they can also increase cortisol con-
centrations and even impair sleep, which is an important factor related 
with welfare and quality of life.
Support (If Any): Associação Fundo de Incentivo à Pesquisa (AFIP), 
Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP, 
#2014/00923-4 to RGRA; #2014/15259-2 to CH) and Conselho Na-
cional de Desenvolvimento Cientifico e Tecnológico (CNPq). Bayer® 
(Germany) provided the combined oral contraceptive (20 µg of ethinyl 
estradiol and 3 mg of drospirenone) and 15% acid azelaic gel.



SLEEP, Volume 38, Abstract Supplement, 2015 A418

B. Clinical Sleep Science XIII. Instrumentation and Methodology

1176
A COMPARISON OF ACTIGRAPHY SLEEP ONSET AND 
SLEEP OFFSET SETTINGS ACROSS WAKE THRESHOLD 
SETTINGS
Francetich JM1, Taylor DJ1, Moore S1, Crew EC2, Dietch JR1, 
Estevez R1, Chu C1, Kelly K1

1University of North Texas, Denton, TX, 2University of Florida, 
Gainesville, FL

Introduction: Refinement of actigraphy analysis may improve mea-
surement accuracy of wake parameters, i.e., sleep onset latency (SOL), 
wake after sleep onset (WASO), and terminal wakefulness (TWAK). 
Previous data suggests the low wake threshold setting affects WASO, 
but not SOL or TWAK. Sleep onset and offset software settings can be 
adjusted to better detect sleep/wake transitions, which directly affect 
SOL and TWAK measurement. We hypothesized that as wake thresh-
old increased, SOL, WASO, and TWAK would decrease, and that as 
onset and offset epochs increased, SOL and TWAK would increase. 
Because these settings interact, we hypothesized wake values would 
overlap across wake thresholds.
Methods: Participants (N = 153) were 18–29 years old (20.24 ± 2.53) 
and 58.8% female. Actigraphy data was analyzed in 30-second epochs 
with low, medium, and high wake thresholds (20, 40, and 80 activity 
counts, respectively) and with sleep onset and offset settings of 10, 20, 
30, 40, 50, and 60 consecutive epochs using Actiware 6.0. Means were 
calculated across one week for each participant. We compared SOL, 
WASO, and TWAK for 18 settings using repeated measures analysis 
of variance (rANOVA).
Results: Modifying settings for wake threshold and sleep onset/
offset altered measurements of each wake parameter. Interactions 
between settings were also statistically significant. Increased wake 
threshold consistently decreased SOL, WASO, and TWAK [e.g., SOL 
F(2,304) = 180.64, p < 0.001]. As epochs increased, SOL and TWAK 
increased [e.g., SOL F(5,760) = 170.39, p < 0.001]. Wake values over-
lapped across wake thresholds.
Conclusion: This suggests that actigraphy settings (i.e., wake thresh-
old and sleep onset and offset criteria) significantly affect SOL, WASO, 
and TWAK values. Settings can be adjusted to increase actigraphy 
specificity. Further research will compare actigraphy to sleep diary and 
polysomnography data so that standard settings can be recommended.
Support (If Any): NIH grant AI085558 NIAID (DJT, KK)

1177
ASSESSMENT OF NOCTURNAL BLOOD PRESSURE 
DIPPING BY ELECTROCARDIOGRAM AND PULSE 
WAVE ANALYSIS
Noda A1, Kawachi T 2, Nakagawa T 2, Murohara T3

1Chubu University, Kasugai, Japan, 2Denso Corporation, Kariya, 
Japan, 3Nagoya University Graduate School Medicine, Nagoya, Japan

Introduction: Sleep fragmentation or short sleep duration is a risk 
factor for hypertension associated with cardiovascular disease. In 
patients with normal clinic blood pressure (BP), 24-hour ambulatory 
blood pressure monitoring (ABPM) is helpful to detect abnormal cir-
cadian BP patterns such as morning BP surge and non-dipper change. 
In particular, morning BP surge is associated with an increased risk of 
target-organ damage in hypertension and higher cardiovascular mor-
bidity and mortality. However, 24-hour ABPM often causes sleep dis-
turbance due to cuff inflations. We investigated the usefulness of a new 
cuffless BP estimation method.
Methods: Of the 18 adults (mean age, 23.2 ± 4.2 years) examined, none 
had a history or symptoms of cardiac, vascular, pulmonary, metabolic, 
and neurological disease, or a history of medication use before or dur-

ing the study. We measured 24-hour BP during sleep based on elec-
trocardiogram and pulse wave analysis, and 24-hour ABPM using a 
FB-270 monitor (Fukuda denshi, Tokyo, Japan). BP was continuously 
measured for over 30 minutes. A nocturnal BP fall was calculated 
by (daytime BP – nighttime BP) / daytime BP × 100. Subjects with 
a < 10% nocturnal systolic BP fall was defined as non-dippers. We 
evaluated sleep-wake rhythm measures, such as sleep efficiency and 
sleep fragmentation using actigraphy. Daytime sleepiness was quanti-
fied using the Epworth sleepiness scale.
Results: Bland and Altman plots of systolic and diastolic BP by cuff-
less monitoring and an autonomic sphygmomanometer revealed good 
concordance. Non-dipper BP patterns were observed in four subjects 
(22.2%). Mean 24-hour, daytime, and nighttime systolic and diastolic 
BP measured by the cuffless method were correlated with those of 24-
hour ABPM. Sleep fragmentation and daytime sleepiness were associ-
ated with nocturnal BP elevation.
Conclusion: Cuffless BP monitoring appears to demonstrate relatively 
good performance, and together with actigraphy, could provide impor-
tant information on nocturnal BP elevation leading to cardiovascular 
events.

1178
ACCURACY OF A SMARTPHONE APPLICATION IN 
ESTIMATING SLEEP
Patel P1, Bernstein E1, Brooks L2

1University of Pennsylvania, Philadelphia, PA, 2Children’s Hospital of 
Philadelphia, Philadelphia, PA

Introduction: Several commercial devices purport to measure sleep 
via wristband or smartphone application (app). These devices use an 
accelerometer to measure motion, similar to the methods of actigraphy, 
thereby estimating sleep. These may offer a simple, inexpensive means 
to measure sleep in the home. We compared one such app simultane-
ously with overnight polysomnography (PSG) to assess the accuracy 
of the technique.
Methods: Eighteen patients ranging in age from 2–17 years were re-
cruited from the sleep laboratory at the Children’s Hospital of Philadel-
phia. All had been referred for a clinical suspicion of sleep disorders, 
usually obstructive sleep apnea. An iPhone 4S running Sleep Cycle 
App (Maciek Drejak Labs, Sweden) was placed on the bed, near the 
patient’s head, before “lights out.” The PSGs were scored by an expe-
rienced technologist and reviewed by a Board-certified sleep physician. 
Data from the app were downloaded, reviewed, and calculated by the 
investigators who had no knowledge of the PSG results. The study was 
approved by the IRB. All parents gave informed consent. Statistical 
analysis included bivariate and stepwise regression.
Results: There was a significant relationship between the app and PSG 
measurements of Total Sleep Time (TST) (r2 = 0.50, p < 0.01) but none 
for sleep latency, sleep efficiency, or awakening index. The app overes-
timated TST and sleep efficiency while underestimating sleep latency 
and awakening index. This is likely due to difficulties differentiating 
quiet wakefulness from sleep. Twelve of the subjects had an Apnea-
Hypopnea Index (AHI) ≥ 2; 5 had an AHI ≥ 5. The AHI did not affect 
the accuracy of the app’s estimates of TST or sleep efficiency.
Conclusions: Smartphone apps and other commercial devices claim-
ing to estimate sleep must be validated before use in clinical or research 
settings. Difficulties differentiating quiet wakefulness from sleep may 
lead to overestimating sleep efficiency and TST, while underestimating 
sleep latency and awakenings.
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1179
FRACTAL ANALYSIS: A NEW TOOL FOR 
CHARACTERIZING THE SLEEP EEG IN CHRONIC 
INSOMNIA
Cugini A1, Cashmere J2, Miewald J2, He F2, Hall M2, Buysse DJ2

1University of Pittsburgh Bioengineering Department, Pittsburgh, PA, 
2University of Pittsburgh Department of Psychiatry, Pittsburgh, PA

Introduction: Previous studies have used traditional, visually-scored 
sleep parameters and power spectral analysis to identify insomnia-
specific characteristics in the sleep EEG, usually with low discrimi-
nating power. Non-stationary biologic signals such as the EEG are 
also characterized by long-range (fractal) correlations that require ad-
ditional analysis techniques. Fractal dimension represents the relative 
self-similarity or ‘complexity’ of a given signal. We compared fractal 
dimension, EEG power from spectral analysis, and traditional PSG 
measures in individuals with chronic insomnia (CI) and good sleepers 
(GS), with the long-term goal of identifying a better explanatory model 
for insomnia.
Methods: Participants included 20 individuals with CI (mean age 67, 
55% female) and 20 GS (mean age 65, 100% female). One non-adapta-
tion night of PSG, conducted at participants’ habitual sleep-wake times, 
was analyzed. PSG data were visually-scored and analyzed with EEG 
power spectral analysis using standard methods. We used Detrended 
Fluctuation Analysis (DFA) to estimate the fractal dimension of EEG 
sleep data for each NREM and REM period. Mixed models and t-tests 
were used to test group differences.
Results: Fractal dimension showed significant Group (p = 0.03) and 
Group*Period (p = 0.05) effects for NREM, and a significant Group 
effect for REM (p = 0.01). Post-hoc analyses showed higher fractal di-
mension, i.e., greater signal complexity, among CI than GS in NREM1, 
NREM2, and REM1 (p < 0.05 for each). Spectral analysis showed sig-
nificant group differences only for beta in NREM1 (p = 0.01), and for 
theta and alpha in NREM4 (p = 0.05, p = 0.04). PSG measures showed 
group differences in WASO (p < 0.04), but not in sleep latency, sleep 
time, or sleep efficiency.
Conclusion: Fractal analysis of the sleep EEG shows promise as a new 
method for detecting electrophysiologic differences between CI and 
GS. Group differences in fractal dimension were evident when few vi-
sually-scored or EEG power differences were identified. Our findings 
need to be replicated in larger samples and with more rigorous control 
over the selection of EEG samples.
Support (If Any): AG020677, MH024652

1180
RECEIVER OPERATING CHARACTERISTICS 
OF IMPULSE OSCILLOMETRY PARAMETERS IN 
PREDICTING OBSTRUCTIVE SLEEP APNEA IN OBESE 
SNORERS
Zhang Y1, Arikin A1,2, Youltzu K1, Minghua Z3, Wang Y 4, Nanfang L1

1The People’s Hospital of Xinjiang Uygur Autonomous Region, 
Urumqi, China, 2Postgraduate College of Xinjiang Medical University, 
Urumqi, China, 3Department of Pulmonary Function Test, The 
People’s Hospital of Xinjiang Uygur Autonomous Region, Urumqi, 
China, 4Laboratory of Sleep Study, The People’s Hospital of Xinjiang 
Uygur Autonomous Region, Urumqi, China

Introduction: To examine the receiver operating characteristics 
(ROC) of impulse oscillometry (IOS) parameters in the prediction of 
obstructive sleep apnoea syndrome (OSAS) in obese snoring patients.
Methods: 230 obese patients with normal spirometric values were 
included in the cross-sectional study. Full laboratory polysomnogra-
phy was performed and IOS measurements was applied in the sitting 

and supine positions to obtain the parameters of respiratory imped-
ance (Zrs), resistance (Rrs) and reactance (Xrs), and the parameter of 
respiratory resistance at zero-frequency (Rrs0) was also extrapolated 
by linear regression analysis of Rrs versus low-oscillatory-frequencies 
and then its inverse, respiratory conductance (Grs0) was calculated.
Results: The parameter of Rrs0, Zrs, Rrs at 5 oscillatory-frequency 
(Hz) and Grs0, reciprocal of Zrs5 (Gz), Xrs at 5 Hz in both positions 
was found a significantly positive and negative correlated with the se-
verity of OSAS as defined by apnoea-hypopnoea index (AHI). This 
association was globally stronger in the supine position, the correla-
tion coefficient between Rrs0, Zrs5, Rrs5, Grs0, Gz, Xrs5 and AHI 
were 0.424, 0.393, 0.377 and −0.424, −0.393, −0.514, respectively (all 
p < 0.001). The ROC curves for those parameters showed that the 
Xrs5 (reactance) in supine position was the best of which to predicting 
OSAS, with a sensitivity 73% and specificity 84% by the optimally 
cut-off points of −0.21 (kPa.s.L-1). The other parameters also showed 
an acceptable discriminating power, consequently logistic-regression 
model was used based on respiratory function abnormalities to further 
confirmed our findings, which also indicated the reactance combined 
with sex and lung volume yielding a good specificity of 83.3% with a 
sensitivity of 76.8% than the other parameters yielding for the diagno-
sis of OSAS.
Conclusion: respiratory resistance and reactance measured by IOS are 
abnormalities in obese OSAS patients, especially when they lie down 
those parameters are moderately-closely correlated with the severity of 
OSAS, and had moderate sensitivity and specificity. IOS might be use-
ful as a screening tool for detecting OSAS in a clinic based population.

1181
USE OF CHEST WALL EMG TO DETECT RESPIRATORY 
EFFORT DURING POLYSOMNOGRAPHY
Berry RB, Ryals S, Girdhar A, Wagner M
University of Florida, Gainesville, FL

Introduction: Detection of respiratory effort during polysomnography 
(PSG) is usually based on signals from respiratory inductance plethys-
mography (RIP) belts around the chest and abdomen. In some patients, 
deflections in the RIP signals during obstructive apneas are small and 
may result in misclassification of an apnea as central. Monitoring in-
spiratory EMG activity from chest wall muscles may provide a useful 
alternative method to detect respiratory effort.
Methods: Chest wall EMG (CW-EMG) was recorded using a bipolar 
AC amplifier with two electrodes placed 2 cm apart in the 8th intercos-
tal space at the right mid-axillary line. Respiratory effort was simulta-
neously monitored with uncalibrated RIP thorax and abdominal bands. 
Apneas (N = 76) were randomly chosen from 15 patients with both 
central and obstructive events in whom RIP signals and CW-EMG 
signals were recorded. A physician experienced in scoring respiratory 
events (blind to event selection) classified each apnea as obstructive, 
mixed or central based on tracings showing EITHER the RIP signals 
or CW-EMG signal (blind to the other signal). The order of events was 
adjusted so that the appearance of a given event using the two methods 
could not be compared. The method agreement was analyzed using the 
kappa statistic.
Results: The classification of apneas using RIP versus CW-EMG 
showed good agreement: obstructive apnea (26 vs 27), mixed apnea (18 
vs 20) and central apnea (32 vs 29). The kappa was 0.82 consistent with 
very good agreement. Analysis of events with disagreement revealed 
that the CW-EMG signal showed inspiratory bursts not associated with 
an identifiable deflection in the RIP signals.
Conclusion: Classification of apnea based on CW-EMG showed very 
good agreement with classification based on respiratory effort by RIP. 
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Monitoring CW-EMG may be more sensitive for detection of respira-
tory effort than RIP effort bands in some individuals.

1182
USING BUSINESS INTELLIGENCE TOOLS AND DATA 
VISUALIZATIONS TO FACILITATE MULTICENTER 
SLEEP RESEARCH
Miller RA1, Nichols DA1, Griffin KS 2, Benca RM3, Kuna ST4, 
Mignot E1, Pack AI5, Redline S 6, Yang P7, Hyde PR1, Walsh JK 2, 
Kushida CA1

1Stanford University, Redwood City, CA, 2St. Luke’s Hospital, 
Chesterfield, MO, 3University of Wisconsin-Madison School 
of Medicine, Madison, WI, 4Philadelphia VA Medical Center, 
Philadelphia, PA, 5University of Pennsylvania School of Medicine, 
Philadelphia, PA, 6Brigham and Women’s Hospital, Boston, MA, 
7Stanford University, Stanford, CA

Introduction: Significant informatics advancements have prompted 
a transition from paper-and-pencil to electronic data collection for 
healthcare/clinical research. The Comparative Outcomes Management 
with Electronic Data Technology (COMET) Study was designed to 
create a platform that facilitates electronic data management for mul-
ticenter clinical trials, enabling the generation of meaningful, well-de-
fined outcomes structured for use with business intelligence (BI) tools.
Methods: The COMET Sleep Research Platform was utilized to man-
age multicenter sleep research data (Stanford, University of Pennsyl-
vania, University of Wisconsin-Madison, Harvard) for a randomized 
trial comparing obstructive sleep apnea treatments: positive airway 
pressure (PAP) vs. oral appliance (OA) therapy in 196 randomized par-
ticipants (98 PAP/98 OA). Between December 2011–June 2014, three 
BI tools were tested: Microsoft SQL Server, SharePoint, and Excel 
Add-ins.
Results: SQL Server was selected as the data pipeline subsystem based 
on its performance, reliability, capacity for growth, and mature BI fea-
tures. During data collection, databases stored webform/device data, 
enabling interactive data visualization. The current size of the data-
bases≈20 GB and the main log table has 82,235 transactions (far below 
system capacity). Performance monitoring revealed high availability 
and reliability with no downtime. SharePoint was selected as the col-
laboration/presentation subsystem to promote team communications 
and to enable secure document management and access to live reports. 
A total of 16 dashboards were created with permissioned access to a set 
of 1,422 study management documents, 39 report documents, and 469 
project management documents (content accessed > 100,000 times). 
Use of Excel (Add-ins for 2010) is the tool-of-choice for an insight-
ful, user-driven BI experience incorporating Power Pivots/Power View 
demonstrations/explorations for presentations, study monitoring, and 
quality control procedures. A total of 9 visualizations were accessible 
from the study portal.
Conclusion: The use of BI tools in multicenter sleep research can help 
initiate discussions, enhance collaboration, support data discovery, 
promote hypothesis development, and facilitate a learning healthcare 
system.
Support (If Any): COMET is funded by grant 1-RO1-HS-019738 from 
the Agency for Healthcare Research and Quality (AHRQ).

1183
UNTRAINED USER ERROR RATES SETTING UP HOME 
SLEEP TESTING DEVICES
Hardy W, O’Malley D, Jasko J
Philips Respironics, Monroeville, PA

Introduction: Home sleep testing (HST) frequently determines the 
presence and severity of sleep disordered breathing. Patients under-
going HST must set-up and operate HST devices and receive varying 
levels of training to do so. Operator errors can result in lost data and 
negatively impact cost savings of HST. The aim of this study was to 
evaluate the ability of untrained, naïve participants to correctly set-up 
four HST devices.
Methods: Adults without prior exposure to sleep diagnostic proce-
dures were recruited. Each participant set up two of the four HST de-
vices. All participants set-up one HST device (Alice NightOne, Philips 
Respironics) which was randomly paired with one of three other HST 
devices. An observer explained the purpose of the evaluation. The par-
ticipant was instructed to set-up the HST device following instructions 
packaged with each device. No further instructions were provided. Set-
up time was recorded for each device. After the participant completed 
efforts to set up the device, the observer determined if they were suc-
cessful. Participants then completed visual analog scales (VAS) rating 
characteristics of each device and the set-up process.
Results: Eighty-five participants (42 male) were recruited (Mean age 
45.8 ± 12.4). The time to set-up Alice NightOne averaged 4.0 ± 2.7 
minutes, significantly less than all of the others (8.9 ± 4.2, p < 0.001). 
Alice NightOne had significantly fewer set-up errors (p < 0.001). The 
failure rates in powering on the devices was: Apnea Link Plus (50%), 
Apnea Link Air (42.9%), Medibyte Jr (90%), T3 (33.3%), Alice Nigh-
tOne (0%). Based on VAS scores, Alice NightOne was rated as easier 
to setup (p < 0.001), easier to use (p < 0.001), and had more helpful 
instructions (p = 0.02) than the other devices.
Conclusion: Naïve patients face challenges setting-up a HST device. 
Carefully designed product features, such as the Alice NightOne’s au-
tomatic powering on, can reduce the likelihood of set-up errors and 
increase chances of a successful recording.
Support (If Any): This study was funded by Philips Respironics

1184
COMPARISON OF SCORING OF RESPIRATORY EVENTS 
FOR HOME SLEEP STUDIES: MANUAL SCORING BY 
INTERNATIONAL SLEEP TECHNOLOGISTS VERSUS 
AUTOMATED SYSTEMS
Johns J1, Wood K1, Arnardottir E2, Chen N3, Cistulli PA4, 
Gíslason T 2, Penzel T5, Schwab RJ6, Tufik S 7, Bittencourt LR7, 
Pack AI6, Magalang UJ1

1Department of Internal Medicine, The Ohio State University 
Wexner Medical Center, Columbus, OH, 2Department of Respiratory 
Medicine and Sleep, Landspitali University Hospital, Reykjavik, 
Ivrlsnf, 3Division of Pulmonary, Critical Care, and Sleep Medicine, 
Chang Gung Memorial Hospital, Taoyuan, Taiwan, 4Department of 
Respiratory Medicine, Royal North Shore Hospital, Sydney, Australia, 
5Center of Sleep Medicine, Charité University Hospital, Berlin, 
Germany, 6Division of Sleep Medicine, University of Pennsylvania 
Perelman School of Medicine, Philadelphia, PA, 7Departmento de 
Psicobiologia, Universidade Federal de Sao Paulo, Sao Paolo, Brazil

Introduction: Home sleep tests (HSTs) are now commonly used 
worldwide to confirm the presence of obstructive sleep apnea. Auto-
mated scoring offers a way to standardize the scoring of HSTs. We 
sought to determine the agreement between manual scoring of HSTs 
by international sleep technologists and automated scoring systems.
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Methods: 15 HSTs that included recordings of nasal pressure, chest 
and abdominal movements, oxyhemoglobin saturation, and pulse rate 
were saved in European Data Format. The studies were scored by nine 
experienced technologists from the sleep centers of the Sleep Apnea 
Genetics International Consortium (SAGIC) using the locally available 
software. Each epoch was manually scored for respiratory events using 
a ≥ 4% oxyhemoglobin desaturation to define a hypopnea. Each study 
was scored separately by human scorers using either the nasal pressure 
(NP) or flow derived from the NP signal (Flow). The same procedure 
was followed using two automated scoring systems: Remlogic (RLG) 
and Noxturnal (NOX). The primary outcome for analysis was the in-
traclass correlation coefficient (ICC) of the apnea-hypopnea index de-
rived from the average of the manual human scoring (AHIMANUAL) and 
the automated systems (AHIRLG and AHINOX).
Results: The ICCs of the respiratory event scoring using the NP were: 
AHI = 0.99 [95% CI: 0.97–0.996]; apnea index = 0.78 [0.56–0.91]; 
and hypopnea index = 0.52 [0.20–0.78]. The ICCs using Flow were: 
AHI = 0.98 [0.96–0.99]; apnea index = 0.79 [0.57–0.91]; and hypopnea 
index = 0.72 [0.47–0.88]. The ICC of the oxygen desaturation index 
(ODI) was 0.997 [0.993–0.999]. Using the NP signal, the mean differ-
ences in AHI (Bland and Altman method) were: −0.9 ± 3.1/hr (AHIRLG 
vs AHIMANUAL); −1.3 ± 2.6/hr (AHINOX vs AHIMANUAL); and −0.3 ± 1.9/
hr (AHIRLG vs AHINOX). Using the Flow signal, the mean differences in 
AHI were: −1.9 ± 3.3/hr (AHIRLG vs AHIMANUAL); 1.6 ± 3.0/hr (AHINOX 
vs AHIMANUAL); and 3.5 ± 3.4/hr (AHIRLG vs AHINOX).
Conclusion: There is strong agreement in the scoring of the AHI for 
HSTs between the automated scoring systems and experienced tech-
nologists from international sleep centers. The scoring agreement for 
the apnea index and the hypopnea index is not as high as the AHI.

1185
INFLUENCE OF PHYSICAL CONDITION ON THE 
FINDINGS OF DRUG-INDUCED SLEEP ENDOSCOPY
Kim J1, Kim D2

1Department of Otorhinolaryngology, College of Medicine, 
Konyang University, Daejeon, Korea, Republic Of, 2Department 
of Otorhinolaryngology, College of Medicine, Hallym Univertsity, 
Chuncheon, Korea, Republic Of

Introduction: Obstructive sleep apnea (OSA) is a multi-level, dynam-
ic and complex disease caused by repetitive upper airway collapses 
during sleep. Drug-induced sleep endoscopy (DISE) was first intro-
duced by Croft and Pringle in 1991 as a tool to evaluate upper airway 
obstruction sites in patients with snoring and apnea events. However, 
although several previous studies showed that the DISE is a useful di-
agnostic modality for evaluating obstruction sites of the upper airway 
in OSA, questions are still being raised. One of the important question 
is the effect of physical condition in drug-induced breathing pattern or 
drug-induced muscle relaxation.
Methods: On the basis of apnea-hypopnea index in full-night attended 
polysomnography, 35 OSA patients participated in the study. All pa-
tients underwent to DISE twice. First exam were performed after tread-
mill stress test (We defined as stressful physical condition). Second 
exam were performed before surgery or PAP titration (We defined as 
normal physical condition).
Results: A total of 35 subjects (26 men and 9 women) were included 
in this study. Mean age was 48.4 ± 9 years, mean AHI 28.2 ± 21.4/h, 
and mean BMI 25.6 ± 2.9 kg/m2. The degree of airway narrowing was 
aggravated in 20 of 35 patients (57.1%) at the velum level, in 10 of 35 
patiens (28.6%) at the lateral wall of oropharynx level, in 2 of 35 pa-
tients (5.7%) at the tongue base level, in 1 of 35 patients (2.8%) at the 
epiglottis level, respectively.

Conclusion: The degree of upper airway narrowing can be aggravated 
according to the physical condition, but it mainly confined at the velum 
and lateral wall of oropharynx. However, there was no difference on 
presence of obstructive site and configuration of upper airway obstruc-
tion according to the physical condition of patients.

1186
SLEEP DISORDERS SCREENING QUESTIONNAIRES IN 
PRIMARY CARE OF ADULTS: A SYSTEMATIC REVIEW 
OF THE LITERATURE
Klingman KJ1, Jungquist CR1, Dickerson SS1, Perlis M2

1University at Buffalo, State University of New York, Buffalo, NY, 
2University of Pennsylvania, Philadelphia, PA

Introduction: Minimizing the devastating personal and societal im-
pacts of sleep disorders requires early detection and treatment thus 
falls under the umbrella of primary care. When primary care providers 
assess for sleep disorders, they typically under-detect. Using a reliable 
and valid sleep disorder screening questionnaire could remedy this 
situation. However, availability of questionnaires that can screen for 
multiple disorders without sacrificing productivity in busy adult pri-
mary care practices is unknown.
Methods: A systematic review of the literature for ten-minute-or-
shorter self-report questionnaires that screen for six sleep disorders 
was performed. Included questionnaires were assessed for correspon-
dence with diagnostic criteria, validity of scoring strategies, and gen-
eralizability to the adult primary care population.
Results: None of the seven identified questionnaires have both ten-
minute completion time and coverage of six sleep disorders. One brief 
questionnaire covered five disorders, and another covered six disorders 
but would require more than twenty minutes to complete. Criteria for 
an ideal questionnaire targeting primary care comprise n = 15 items 
that encompass thoroughness, efficiency, content validity, criterion 
validity, and generalizability to adult primary care population are pre-
sented. Though two of the questionnaires meet half of the ideal criteria, 
neither can be completed in ten minutes or less.
Conclusion: Unavailability of a single accurate reliable self-report 
questionnaire that can screen for six common sleep disorders likely 
contributes to the under-detection of sleep disorders in primary care 
settings. A questionnaire meeting to-be-established specifications for 
sleep disorder screening in primary care of adults should be developed 
and rolled-out with education to primary care providers.

1187
PERSONALIZED PROGNOSTICS OF 
CARDIORESPIRATORY DISORDERS: A CASE STUDY 
FOR OBSTRUCTIVE SLEEP DISORDER
Le TQ, Bukkapatnam S
Texas A&M, College Station, TX

Introduction: This paper reports investigations into complex cardio-
respiratory dynamic couplings, aimed at developing a personalized 
prognosis of obstructive sleep apnea (OSA) episodes in real time dur-
ing sleep based on signals from a wearable heart rate sensor. Recent 
advances in wearable sensors, flexible electronics, and “big data” pre-
dictive analytics are fueling growth in point-of-care (POC) therapies 
for OSA and other sleep disorders. The effectiveness of POC therapies 
can be substantially enhanced by providing personalized, real-time 
prognosis of OSA episodes based on information gleaned from the 
wearable sensor signals. Previous attempts at OSA episode prognosis 
are mostly limited by their inability to harness information from mea-
sured sensor signals and insufficient methods for capturing the non-
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linear nonstationary dynamics of the coupled physiological processes 
underlying the measured sensor signals.
Methods: A multivariate state space was reconstructed from two 
features, namely, power spectral density and longest vertical length 
extracted from the heart rate variability signals. A novel prognosis 
method based on a nonparametric statistical Dirichlet Process Mix-
ture Gaussian Process (DPMG) model was used to estimate the transi-
tion pathways from a normal state to an anomalous (apnea) state in the 
reconstructed state space and hence the distribution of the remaining 
time until onset of the next OSA episode.
Results: The approach was tested using 20 recordings from 14 differ-
ent subjects in a benchmark ECG apnea database (Physionet.org), as 
well as from a subject wearing wireless wearable multisensory suite 
during sleep. Validation tests suggest that the model can predict the es-
timated time until the onset of a disorder (OSA episode) to within 15% 
of the actual observed times 1–45 minutes ahead of inception.
Conclusion: Tracking the evolution pathways from normal state to an 
anomalous (apnea) state in the state space reconstructed from heart 
rate variability signal features can be used to forecast the distribution 
of the time until the onset of an OSA episode. The wearable device 
for personalized OSA prognosis resulting from the present approach 
can thus serve as an effective decision support tool to facilitate precise, 
timely, and personalized treatment and therapies.

1188
LOW CORRELATION BETWEEN BASELINE EPWORTH 
SLEEPINESS SCORE AND AHI
Rane M, Rider K, Kaya H, Lynn L, Jain V
George Washington University, MFA, Washington, DC

Introduction: The Epworth Sleepiness Scale (ESS) is a validated, 
self-administered, screening tool used to assess the level of daytime 
sleepiness in a patient’s life. A score of > 10 suggests the possibility of 
excessive daytime sleepiness (EDS) and the need for further investiga-
tion for obstructive sleep apnea (OSA), however patients with undiag-
nosed OSA may present with symptoms not-related to EDS, such as 
snoring and night-time apneas.
Methods: Prospective observational single-centre study. Men and 
women 21 years of age or older were given the ESS prior to undergoing 
polysomnography to diagnose OSA. Patients with a positive polysom-
nogram were divided into 3 groups according to AHI; mild (AHI < 5 
events/hr), moderate (15–30 events/hr) and severe OSA (> 30 events/
hr). Pre-diagnosis ESS scores were compared between the 3 groups 
using ANOVA one-way variance for independent continuous samples, 
and chi-square for categorical variables.
Results: Eighty-six patients were enrolled; 14 had mild (11 [9–13]) , 39 
moderate (20 [17–23) and 33 (53 [36–73] events/hr ) patients had se-
vere OSA. There was no significant difference in age (mild 48 [39–57]; 
moderate 50 [44–62]; severe 53 [45–60] years; p = 0.38) and number 
of women between the three groups (p = 0.14). There was a positive 
correlation between increasing BMI and severity of OSA (p = 0.01). 
There was no significant difference between the ESS scores in the 
three groups (9.6 [6.8–12.8] for mild; 9.5 [6.0–12.5] for moderate and 
9.5 [5.0–13.0] for severe OSA (p = 1.0)).
Conclusion: In this cohort of patients at a single-centre, a baseline 
screening ESS score had poor correlation to the degree of obstructive 
sleep apnea in patients diagnosed with OSA. As the mean ESS was 9.5, 
a lower cut of value may be required when using the ESS as a screening 
tool to ensure that patients with OSA without symptoms of EDS are 
referred for further investigation.

1189
ACTIVE REMOTE MONITORING OF CPAP TREATMENT 
IN OBSTRUCTIVE SLEEP APNEA MAY IMPROVE 
ADHERENCE IN MILITARY VETERANS
Naik S1, Kreinin I1, Qin L2, Kryger M1

1Yale University School of Medicine, New Haven, CT, 2Yale School of 
Public Health, New Haven, CT

Introduction: Adherence to continuous positive airway pressure 
(CPAP) for treatment of Obstructive Sleep Apnea (OSA) is extremely 
poor, especially among military veterans. Timely support and trouble-
shooting influence early experiences with CPAP, and early experiences 
predict long-term adherence. We hypothesize that wireless modems on 
CPAP devices may allow providers to monitor CPAP use to improve 
adherence.
Methods: We randomized veterans that newly started CPAP for OSA 
to receive either “wireless care” or “usual care.” “Usual care” consists 
of face-to-face visits with the physician at designated intervals to eval-
uate adherence, leak and efficacy. “Wireless care” involves more fre-
quent monitoring via wireless modems. If adherence, leak or therapy 
parameters are abnormal, patients receive phone calls to identify prob-
lems and are triaged to the appropriate clinician or equipment provider. 
In this on-going study, we reviewed data for 30 patients at week 1 and 
week 6.
Results: 14 patients (46.7%) were randomized to usual care, whereas 
16 patients (53.3%) were randomized to wireless care. At week 1, prior 
to any intervention, a higher percentage of patients in usual care met 
the CMS definition of “adherence” (CPAP use more than 4 hours more 
than 70% of days) than in wireless care (50% vs. 37.5%, p = 0.49). How-
ever, by six weeks, adherence was higher in wireless care than usual 
care (43.8% vs. 37.5%, p = 0.65). One patient in wireless did not toler-
ate CPAP was switched to nasal expiratory positive airway pressure. 
Taking this into account, there were more patients receiving therapy 
for their OSA in wireless care compared to usual care (50% vs. 37.5, 
p = 0.43) at week 6.
Conclusion: Our data shows that active continuous remote monitoring 
of CPAP therapy may improve adherence to CPAP and treatment of 
OSA. Although our results did not reach statistical significance thus far, 
upon completion of our full study, this trend may reach statistical sig-
nificance. Further studies are needed to determine whether this short-
term improvement in adherence over six weeks translates to improved 
long-term adherence.
Support (If Any): ResMed and Phillips Respironics

1190
THE DIAGNOSTIC ACCURACY OF A MODEL TO 
PREDICT APNEA-HYPOPNEA INDEX USING 
NIGHTTIME PULSE OXIMETRY
Ebben MR, Krieger AC
Weill Cornell Medical College, New York, NY

Introduction: The intent of this study was to develop a predictive 
model to convert oximetry data to an apnea and hypopnea index (AHI). 
This model was then compared to actual AHI to determine its preci-
sion.
Methods: 1467 subjects given polysomnograms with concurrent pulse 
oximetry between April 14, 2010 and February 7, 2012, were divided 
into model development (n = 733) and verification groups (n = 734) in 
order to develop a predictive model of AHI using oximetry data.
Results: The coefficient of determination (r2) between the actual AHI 
and the predicted AHI (PredAHI) was 0.81 (r = 0.90), which was sig-
nificant at a p = 0.000. The areas under the ROC curve ranged from 
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0.96 for AHI thresholds of ≥ 10 and ≥ 15/hr. to 0.97 for thresholds of ≥ 5 
and ≥ 30/hr.
Conclusion: Our algorithm provides a convenient and accurate way 
to convert oximetry data to a predicted AHI. This tool makes it easier 
for clinicians to understand oximetry data in the context of traditional 
measures of sleep apnea.

1191
SLEEP DISORDERED BREATHING AND QUALITY OF 
LIFE, COMPARISON OF THE SF-36, FOSQ, AND SAQLI 
QUESTIONNAIRES
Silva GE1, Goodwin JL1, Vana KD3, Quan SF4

1University of Arizona, Tucson, AZ, 2University of Arizona, Tucson, 
AZ, 3Arizona State University, Phoenix, AZ, 4Harvard Medical 
School, Boston, MA

Introduction: The impact of sleep on quality of life (QoL) has been 
well documented; however, there is a great need for reliable QoL mea-
sures for persons with sleep disordered breathing (SDB). We compared 
the QoL scores between the 36-Item Short Form of the Medical Out-
comes Survey (SF-36), Functional Outcomes Sleep Questionnaire 
(FOSQ), and Calgary Sleep Apnea Quality of Life Index (SAQLI) in 
participants with SDB.
Methods: A total of 1,187 participants from the Sleep Heart Health 
Study second examination, who completed the SF-36, FOSQ, and 
SAQLI and in-home polysomnograms, were included. The respira-
tory disturbance index (RDI) at 4% desaturation was categorized as no 
SDB (< 5), mild SDB (5–14.9), moderate SDB (15–30). QoL scores for 
each SDB category and QoL questionnaire were determined.
Results: Participants were approximately 53% female with a mean age, 
body mass index, and total sleep time of 61.6 years, 28.6 kg/m2, and 6.4 
hours. Nineteen percent had an Epworth Sleepiness Scale score ≥ 11. 
Participants were categorized as no SDB (34.3%), mild SDB (38.1%), 
moderate SDB (17.8%), and severe SDB (9.8%). The SF-36 Physical 
(PCS) and Mental Component Scores (MCS) were correlated with the 
FOSQ and SAQLI (r = 0.37 PCS vs FOSQ; r = 0.31 MCS vs FOSQ; 
r = 0.42 PCS vs SAQLI ; r = 52 MCS vs SAQLI ; and r = 0.67 FOSQ 
vs SAQLI, p < 0.001 for all). Kruskal-Wallis tests showed significant 
differences between the SDB categories for the SF-36 PCS scores 
(mean = 47.1, SD = 10.8; p = 0.002); however, no significant differences 
between SDB categories were found for the SF-36 MCS (mean = 54.0, 
SD = 8.1), the FOSQ (mean = 11.5, SD = 0.82), or the SAQLI scores 
(mean = 6.0, SD = 0.82).
Conclusion: Differences in QoL scores for SDB categories may be a 
function of individuals’ perceived physical limitations. More discrimi-
nant methods are needed to evaluate factors impacting QoL in persons 
with SDB.
Support (If Any): HL U01HL53940 (University of Washington), 
U01HL53941 (Boston University), U01HL53938 and U01HL53938-
07S (University of Arizona), U01HL53916 (University of California, 
Davis), U01HL53934 (University of Minnesota), U01HL53931 (New 
York University), U01HL53937 and U01HL64360 (Johns Hopkins 
University), U01HL63463 (Case Western Reserve University), and 
U01HL63429 (Missouri Breaks Research). Silva, GE. was supported 
by NHLBI grant HL 062373-05A2.
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RELIABLE IDENTIFICATION OF CHEYNE-STOKES 
RESPIRATION WITH CENTRAL SLEEP APNEA BY 
POLYSOMNOGRAPHY WITH ADDING ANALYSIS OF 
CARDIORESPIRATORY SIGNAL DETECTED BY A 
PIEZOELECTRIC SENSOR
Sato S1,2, Nishijima T 2, Endou F2, Kanbayashi T1, Shimizu T1, 
Sakurai S2

1Akita University Graduate School of Medicine, Akita, Japan, 
2Behavioral Sleep Medicine, Iwate Medical University School of 
Medicine, Morioka, Japan

Introduction: Cheyne-Stokes respiration with central sleep apnea 
(CSR-CSA) is currently confirmed manually by sleep experts who ana-
lyze the absence of both airflow and respiratory efforts in chest/abdo-
men belt-sensor signal obtained by overnight polysomnography (PSG) 
recording. The respiratory efforts are identified by paradoxical chest/
abdomen motions in the belt-sensor signal, which however, is some-
times inarticulate and lead to an overestimated number of CSR-CSA. 
To identify the respiratory efforts more accurately, we sought a solution 
that uses a piezoelectric-transducer (PZT) sensor which is made of a 
flexible, thin plastic plate and a PZT and put under a bed sheet under 
a patient.
Methods: After simultaneous overnight PSG and PZT-sensor record-
ing, 102 CSR-CSA events identified from 10 patients by sleep experts 
according to AASM standard were re-evaluated by observatory analy-
sis of the PZT-sensor signal and its power spectral density (PSD) value 
of < 0.6 Hz extracted from fast Fourier transform (FFT) analysis result.
Results: Of the 102 CSR-CSA events, 25 were re-identified as Ob-
structive sleep apnea (OSA) by the analysis of the PZT-sensor signal. 
In the observatory analysis, signal waveforms representing respiratory 
efforts were clearly appeared in the PZT-sensor signal in most cases in 
contrast to belt-sensor signals that were inarticulate in the 25 events. In 
the other 77 events, respiratory efforts were not observed in the PZT-
sensor signal. PSD value of < 0.6 Hz in re-evaluated CSR-CSA and 
OSA events were (0.4 ± 0.3 vs 57 ± 123 V2/Hz; p = 0.0000, Mann-
Whitney U test), respectively.
Conclusion: Observatory analysis and FFT analysis of PZT-sensor sig-
nal in addition to the conventional PSG analysis may reduce CSR-CSA 
overestimation and inappropriate treatment choice for patients who 
suffer from sleep disorder breathing.
Support (If Any): This study was supported in part by JSPS KAK-
ENHI Grant Number 24590268, and AINY Co., Ltd., Akita, Japan.

1193
AN AMBULATORY DEVICE FOR MEASURING 
ADHERENCE TO BRIGHT LIGHT THERAPY: A 
COMPARISON OF WRIST-WORN AND UPPER-CHEST 
PLACED LIGHT SENSORS
Gordon R, Loewy D, Dawson A, Kline L
Scripps Clinic Viterbi Family Sleep Center, La Jolla, CA

Introduction: Bright light has been shown to shift the human sleep-
wake circadian rhythm, in well-controlled conditions. This study com-
pares the usability of two ambulatory sensors, one worn on the wrist 
(WLS) and one affixed to the upper chest (UCLS), to measure adher-
ence to bright light in a clinical population.
Methods: Ten adults (8 women), with delayed sleep-phase syndrome, 
were recruited from our sleep clinic. They were outfitted with two am-
bulatory light sensors, WLS and UCLS, capable of measuring ambient 
light. Patients were provided a light box for home therapy, and instruct-
ed to view the box from a maximum distance of 3’ and gaze angle of 
45°, equivalent to 1100 lux as measured by UCLS. The target for bright 
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light exposure was the one-hour period beginning thirty minutes after 
a predetermined habitual awakening time. Fourteen consecutive days 
of light treatment data were recorded. Illumination intensity (lux) re-
corded during the one-hour target window plus-or-minus one hour was 
examined for both sensors. Three contiguous 30-minute intervals with 
the highest measured adherence lux-minutes (ALM) were identified as 
the adherent treatment window. Adherence was defined as light expo-
sure above 1100 lux for at least 45 minutes. Data from the two sensors 
were examined separately to calculate the number of “adherent” and 

“non-adherent” days for each patient.
Results: UCLS showed five of 10 patients met our adherence threshold. 
Adherent patients averaged 52.1 ALM per day, 71.4% days above the 
45-minute threshold, compared to 24.4 ALM, and 25.7% days above 
threshold, for the non-adherent group. WLS showed 0 adherent pa-
tients: averaged 12.3 ALM per day and 6.4% days above threshold with 
the five UCLS adherent patients averaging 17.3 ALM.
Conclusion: A light sensor affixed to the front of the chest is more 
precise than a wrist worn light sensor for measuring adherence to light 
box therapy in a clinical setting.
Support (If Any): Partial funding provided by the Scripps Health 
Foundation and Scripps Clinic Medical Group Light boxes furnished 
by Sunbox ® (SunRay II) Light sensors provided by Onset ® (HOBO 
Pendant UA-002-64 Data Logger) and ActigraphCorp ® (Actisleep+)

1194
THE UTILITY OF A NOVEL AMBULATORY DEVICE 
FOR MEASURING ADHERENCE TO BRIGHT LIGHT 
THERAPY
Loewy D, Gordon R, Dawson A, Kline L
Scripps Clinic Viterbi Family Sleep Center, La Jolla, CA

Introduction: Bright light has been demonstrated, in well-controlled 
conditions, to effectively shift the human sleep-wake circadian rhythm. 
This study seeks to determine if an ambulatory light sensor, affixed to 
the upper front chest on a patient, can serve as an effective means of 
measuring adherence to bright light in a clinical population.
Methods: Ten adult patients (8 females), diagnosed with delayed sleep 
phase syndrome, were recruited from a sleep clinic patient population. 
Participants were outfitted with an ambulatory light sensor, worn on 
a necklace, capable of recording the timing and intensity of ambient 
light. Participants were issued a light box for use at home, a wrist-worn 
actigraph with light measurement, and sleep log and instructed to view 
the light box from a maximum distance of 3’ and gaze angle of 45 
degrees, equivalent to 1100 Lux as measured by the sensor. Fourteen 
consecutive days of light treatment data were obtained. The target for 
bright light was the one hour period beginning thirty minutes after ha-
bitual awakening time. Illumination intensity (lux) recorded during the 
one-hour target window plus or minus one hour was examined. Three 
contiguous 30 minute intervals with the highest measured lux-minutes 
were identified as the adherent treatment window. Adherence was de-
fined as light exposure above 1100 lux for at least 45 minutes (adher-
ence lux-minutes). The number of “adherent” and “non-adherent” days 
was calculated for each patient.
Results: Five of 10 patients were determined to be adherent. The aver-
age lux-minutes per day were 52.1 for the adherent group and 24.4 for 
the non-adherent group. The adherent group met 45 min. criteria on 
10.0 days whereas the non-adherent group met criteria on only 3.6 days.
Conclusion: A light sensor affixed to the front chest may be an effec-
tive means of assessing adherence to bright light therapy in a clinical 
practice.
Support (If Any): Partial funding provided by grants from Scripps 
Health Foundation and Scripps Clinic Medical Group Light boxes 
(Sunray II ®) furnished by Sunbox ® Light sensors provided by On-

set ® (HOBO Pendant UA-002-64 Data Logger) and ActigraphCorp 
® (Actisleep+)

1195
ACCURACY OF A NEW WIRELESS PORTABLE 
MONITORING CHIP TO DETERMINE BODY POSITION 
AND TIME OF USE DURING SLEEP
Omobomi O, Krahnke JS, Ramos FL, Chatila W, Shariff T, 
D’Alonzo GE, Jaffe F, Vega M, Krachman SL
Temple University School of Medicine, Philadelphia, PA

Introduction: Most in-lab polysomnograms and home sleep tests in-
clude monitoring sleep position during the night by the use of a tilt 
accelerator. However, none of these devices are designed to be used 
nightly on a therapeutic positional device to measure effectiveness and 
to determine compliance. We evaluated the accuracy of a new wireless 
monitoring chip that can be worn on a positional device to determine 
sleep position and time of use.
Methods: Twenty-one patients (48 ± 13 yrs, 8 males, BMI 38 ± 10 kg/
m2) who were referred for an overnight polysomnogram for suspected 
obstructive sleep apnea were included in the study. Patients had their 
sleep position and time in bed manually scored based on review of the 
video. In addition, all patients wore a motion sensor monitor chip H(7) 
X W(40.5) X L(47) mm with a weight of 11 grams centered anteriorly 
2 inches off the surface of the rib cage inductive plethysmography belt. 
The senor transmitted data near real time to a server for review.
Results: There was a significant correlation between the manually 
scored and motion sensor monitor chip data as it pertains to the percent 
of the time spent in the supine position (41 ± 22% and 40 ± 20%,re-
spectively, r = 0.93, p < 0.001), the right side (31 ± 17% and 33 ± 16%, 
respectively, r = 0.95 , p < 0.001), and the left side (28 ± 14% and 
28 ± 13%, respectively, r = 0.95 , p < 0.001). There was basically no 
time spent prone when scored manually and with the chip (0 ± 0% and 
0.2 ± 0.2%, respectively). In addition, there was a significant correla-
tion for the total time of the study between the manually scored data 
and the motion sensor monitor chip (7.3 ± 0.4 hrs and 7.8 ± 0.6 hrs, 
respectively, r = 0.6, p < 0.01).
Conclusion: A portable motion sensor monitor chip can accurately 
monitor sleep position and time of use during night while it uploads 
the data near real time.

1196
AGREEMENT AMONG RATERS FOR CONFIDENCE 
IN DISCRIMINATION OF PHASIC AND TONIC EMG 
ACTIVITY
Bliwise DL1, Fairley JA1, Greer SA1, Hoff S1, Rosenberg RS2, Rye DB1, 
Schulman DA1, Trotti L1

1Emory University School of Medicine, Atlanta, GA, 2Department of 
Psychology, California State University, Long Beach, CA

Introduction: Machine learning approaches for detection of phasic 
EMG activity in human sleep require comparison with expert visual 
consensus, particularly for differentiation from tonic EMG activity. In 
this study, an expert panel determined the relative likelihood of phasic 
and tonic EMG activity in a series of preselected segments of digitally 
acquired, single-channel, low impedance, surface EMG recordings, 
each segment approximating 3–5 seconds in length.
Methods: Six board certified sleep specialists rendered independent 
judgments of the relative likelihood of both phasic and tonic activity 
in 60 separate extracted segments of NPSG recordings. Four-tier seg-
ment ratings ranged from high or moderate certainty for PRESENCE 
of activity to moderate or high certainty of ABSENCE of activity. Each 
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segment was rated for both phasic AND tonic activity by each rater, i.e., 
a segment could contain phasic, tonic or both types of activity.
Results: Raters were modestly reliable both for tonic (Kendall’s coef-
ficient of concordance = 0.59, p < 0.0001) and phasic (0.47, p < 0.0001) 
activity using 4-tier ratings. On segments where 4 or more raters agreed, 
a significantly higher proportion of phasic ratings were classified with 
moderate/high certainty for presence of activity compared to tonic rat-
ings. (27/28 [96.4%] vs 15/24 [62.5%], chi-square = 9.58, p = 0.002). 
Statistically significant individual differences existed among raters in 
certainty ratings across all 60 segments (chi-square = 69.8 (phasic) and 
167.7 (tonic), both df 15, p < 0.0001), arguing for importance of a panel 
approach to achieve criterion consensus.
Conclusion: These results indicate that although raters can achieve 
agreement on the presence of muscle activity, agreement is more likely 
when framed in terms of phasic, rather than tonic, activity, perhaps 
because of difficulty defining baseline. These data imply that valida-
tion of machine learning by visual scoring consensus is probably better 
achieved by focus on the former, rather than the latter.

1197
HOW DO CONSUMER SLEEP TRACKING DEVICES 
COMPARE TO POLYSOMNOGRAPHY (PSG)?
Khan Z, Gowkanapalli B, Collop NA
Emory Sleep Center, Emory University, Atlanta, GA

Introduction: An estimated 50–70,000,000 American adults suf-
fer from chronic sleep problems with an economic burden of ~ 
$16,000,000,000. Consumer devices are being designed to measure 
different sleep stages and wake activity, however, there are no vali-
dated studies that demonstrate the accuracy of these devices. The aim 
of this study is to compare four consumer sleep tracking devices to 
polysomnogram (PSG).
Methods: With IRB approval, a nonrandomized prospective study 
comparing four sleep tracking devices to PSG was performed (Gear 
4 Renew Sleep Clock [G4], the Lark [L], Axbo Sleep Phase Alarm 
Clock [Ax], SleepTracker Watch [ST]). Subjects > 18 years, undergoing 
a PSG and able to give informed consent were included. Each device 
was paired with a patient before initiation of the study. The device was 
used during the PSG and started prior to “Lights Out” and stopped 
after end of PSG. Subjects were surveyed on the comfort level of each 
device using a questionnaire. Parameters included were hypnogram, 
sleep latency (SL), total sleep time (TST), deep sleep, wake after sleep 
onset (WASO), and sleep score.
Results: SL was not significantly different between devices and PSG 
(G4 5.3”; L 12.4”; Ax 22.2”; ST 9.6”). TST was significantly different 
for all devices (p < 0.05; difference from PSG = G4 52.4”; L 48.2”; Ax 
93.3”; ST 52”). Other parameters varied by device (G4 deep sleep NS; 
L WASO 36.8”, p < 0.05). Patient comfort varied by device (Comfort-
able: G4 = 67%; L = 90%; Ax 75%; ST 67%). Only 42% patients were 
interested in buying a device.
Conclusion: Consumer sleep tracking devices significantly over esti-
mate TST when compared to PSG. In addition, data for specific param-
eters such as SL, sleep efficiency and WASO were variable by device. 
Little information is available about the internal scoring of these de-
vices and consumers should be aware of these limitations.

1198
A NEW METHOD OF MEASURING SLEEPINESS: 
MEMPHIS SLEEPINESS SCORE
Lennon JJ, Freire A, Tashtish N
University of Tennessee Health Science Center Division of 
Pulmonary, Critical Care, and Sleep Medicine, Memphis, TN

Introduction: The assessment of sleepiness is an integral part of the 
clinician’s comprehensive sleep evaluation. Objective measures, such 
as the psychomotor vigilance test (PVT), fail to account for the pa-
tient’s own sense of sleepiness. Subjective measures, such as the Ep-
worth Sleepiness Scale (ESS), are inherently prone to bias. Our goal 
is to evaluate the feasibility of a new sleepiness assessment tool that 
incorporates both subjective and objective measures, the Memphis 
Sleepiness Score.
Methods: A single subject was followed for two weeks with actigra-
phy and sleep diary. Three times daily (7:00, 11:00, 22:00), sleepiness 
was assessed using a combination of subjective measures (ESS and 
Stanford Sleepiness Scale [SSS]) as well as objective measures (two-
minute PVT and five-minute Driving Simulation [DS]). Software was 
developed to plot the value of each measure (ESS from 0–24; SSS from 
1–7; PVT response time in milliseconds; total number of DS collisions) 
in each of four quadrants on a graph. The area of the polygon formed 
by the four data points is calculated as the Memphis Sleepiness Score.
Results: The subject achieved a mean of 450 minutes (SD 97) of sleep 
and mean 88% sleep efficiency (SD 5.7). PVT times ranged from 249–
302 ms; mean 278.8 ms. DS collisions ranged from 0–3; mean 0.44. 
ESS scores ranged from 2–5; mean 3.25. SSS scores ranged from 1–7; 
mean 4.4. A Memphis Sleepiness Score reference value of 10 results 
from PVT of 250 ms, DS with 1 crash, SSS of 2, and ESS of 8. The util-
ity of the Memphis Sleepiness Score (MSS) in balancing the subjective 
and objective data is exemplified by four random testing times: Time 
A (PVT: 278 ms; DS: 3 crashes; SSS: 6; ESS: 2) yields MSS of 26.36; 
Time B (PVT: 298 ms; DS: 0 crashes; SSS: 7; ESS: 3) yields MSS of 
4.29; Time C (PVT: 259 ms; DS: 2 crashes; SSS: 1; ESS: 3) yields MSS 
of 8.79; Time D (PVT: 266 ms; DS: 0 crashes; SSS: 6; ESS: 5) yields 
MSS of 6.49.
Conclusion: The Memphis Sleepiness Score is a new sleepiness as-
sessment tool combining both objective and subjective measures. The 
administration of the tool can be completed in less than 10 minutes. It 
may offer clinicians a more balanced assessment of patient sleepiness 
than a single assessment tool alone.

1199
RELIABILITY AND VALIDITY OF THE TURKISH 
VERSION OF THE PITTSBURGH INSOMNIA RATING 
SCALE IN HIGHER EDUCATION STUDENTS IN 
ESKISEHIR, TURKEY
Erdinc OO, Aydin R, Unal E, Uzuner GT, Metintas S
Eskisehir Osmangazi University Medical Faculty, Eskisehir, Turkey

Introduction: The purpose of this study was to standardize and vali-
date a Turkish version of the PIRS-20.
Methods: We translated the PIRS-20 into Turkish and then translated 
it back into English to check its accuracy. The 447 students of the 1,2 
and the 3rd classes of Eskişehir Osmangazi University Medical Faculty 
were enrolled in this study. Language validity of the scale was done by 
the linguists, while the content validity was done by the experts. The 
validity of the construct structure factor was tested by analyzing the 
Kaiser-Meyer Olkin (KMO) which was calculated with the coefficient 
of Barlett test results. Mann-Whitney test was performed to test the in-
ternal validity criteria and to compare the mean scores of the upper and 
lower groups. According to the hypothesis that the students with less 
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sleep and with diagnosis of a sleep disorder would have higher scores, 
the medians from the scale were compared with each other by Mann-
Whitney U test. To test the internal consistency, the Pearson Product 
Moment Correlation coefficient and Cronbach alpha reliability coef-
ficient were calculated. In the analysis of the data Mann-Whitney and 
Kruskal-Wallis tests were performed.
Results: The median value and the end points of the PIRS-20 were 22 
and 1–56 respectively. Sign-concept validity of the PIRS-20 was evalu-
ated by factor analysis. PIRS-20 was found to contain a single dimen-
sion. According to the results of item-total correlation review which 
was done to test the reliabilityof the scale, no item received less than 
0.20. KMO coefficient of the PIRS was found as 0.91 and the Bartlett 
test was found to be significant (p < 0.001). When the distribution of 
scores were eveluated, a significant difference was found (p < 0.001) 
between the median of the 25% bottom and the median of the 25% 
top. The median of the PIRS-20 of the students with a sleep disorder 
was found higher than the others (p < 0.001). The total item correla-
tions were between 0.281 and 0.674 in the connection of the PIRS-20 
questions and the correlation coefficients were found to be significant 
(p < 0.05). Cronbach’s alpha coefficient was used to determine the in-
ternal consistency of the PIRS-20 and was calculated as 0.906.
Conclusion: The Turkish version of PIRS-20 was found to be a valid 
and reliable scale for insomnia. We conclude that the scale should be 
used in wider and different groups.

1200
A UTILITY OF REMOTE NETWORK 
POLYSOMNOGRAPHY
Yagi T, Chiba S, Arisaka T, Ota F
Ota Memorial Sleep Center, Kanagawa, Japan

Introduction: The purpose of this study is to examine about a utility of 
remote network polysomnography (PSG) to compare the incidence of 
poor recording data among three different procedure of PSG, attended, 
unattended or remote network PSG.
Methods: Subjects were collected the following different periods. Pa-
tients suspected sleep related breathing disorders studied using remote 
network PSG were 40 adults from April of 2004 to December of 2005, 
45 patients were studied by unattended PSG from November of 1999 
to July of 2001 and 50 patients by standard attended PSG in October 
of 2005. Subjects were categorized three groups due to the quality of 
recording data, not having any problems of scoring in Group A, having 
poor data induced some trouble of scoring it more than 30 minutes in 
Group B and having poor data of 25% in total study time in Group C. It 
was compared an incidence of three groups.
Results: 15.0% of patients using remote network PSG classified group 
B lower than 33.3% using unattended PSG and higher than 4.0% using 
attended PSG. 2.5% of patients using remote network PSG classified 
group C lower than 8.9% using unattended PSG and higher than 0% 
using attended PSG.
Conclusion: It was shown that the incidence of poor data in remote net-
work PSG was lower than in unattended PSG and higher than standard 
PSG. Remote network PSG would be useful to acquire high quality 
data patient safety compared to unattended PSG.

1201
SMARTPHONE SLEEP DIARY APP: PILOT TESTING
Landis CA1, Choe E2, Kientz JA1, Thomas KA1, Kieckhefer GM1, 
Heitkemper MM1, Vitiello MV1

1University of Washington, Seattle, WA, 2Pennsylvania State 
University, University Park, PA

Introduction: The purpose of this pilot study was to test the feasibility 
and acceptability of a smartphone sleep diary application. Diaries that 
capture daily activities and sleep are essential instruments frequent-
ly used in paper-and-pencil format. We developed and pilot tested a 
smartphone phone application, designed for use with a Android plat-
form that records information routinely incorporated in standard sleep 
diaries.
Methods: A convenient sample of 21 adults (mean age 49.9 years [11.9], 
3 males) participated and completed the smartphone diary twice daily 
for one week. Specific time intervals were set (wake-up 3 am–12 pm; 
bed-time 8 pm–3 am) and data were saved immediately upon entry 
to a UW server. Set times prohibited ‘back filling’ of diary entries. 
Participants completed a 9 item acceptability survey with items rated 
‘strongly agree’ to ‘strongly disagree’ and provided open ended written 
comments.
Results: Participants rated the smart phone application easy to use; in-
structions were adequate; they would use the application downloaded 
to a personal phone; and would use feedback from a diary recording to 
improve sleep. The prompt to record data was not disruptive; entering 
data was not a hassle; they would not prefer using a paper and pencil 
diary; using a loaned phone did not cause concern about loss; and they 
did not have concerns about others seeing their recorded information. 
Seventy-one percent (15/21) had at least 6 days of recorded data (match-
ing bedtime/waketime diary time stamps); 3 subjects had complete 
data for 5 days and 3 for four days.
Conclusion: Participants in this pilot study found using a smartphone 
application for recording daily entries in a sleep diary highly accept-
able. Using set entry intervals provides potential for complete and ac-
curate recordings.
Support (If Any): UW Center for Research on the Management of 
Sleep Disturbances; School of Nursing RIFP fund.

1202
VALIDATION OF SLEEP IN A MULTI-SENSOR 
CONSUMER GRADE WEARABLE DEVICE
Ruoff L1, Varbel J1, Metzler T1, Hlavin J1, Neylan T1,2

1San Francisco VA Medical Center, San Francisco, CA, 2Department 
of Psychiatry, University of California, San Francisco, CA

Introduction: The consumer biometric wearable device (WD) market 
is rapidly expanding. The ability to track daily patterns, such as activ-
ity and sleep, can potentially benefit the research community by allow-
ing the collection of larger sample sizes at a substantially lower cost 
than traditional actigraphy (ACT) or Polysomnography (PSG). The 
aim of this study was to examine the capability of a consumer grade 
WD, which uses additional sensors beyond accelerometry, to detect 
sleep stages. We hypothesized that WD would have a strong correla-
tion to Total Sleep Time (TST), wake after Sleep Onset (WASO) and 
REM vs. NREM when compared to PSG in healthy adults.
Methods: Clinically healthy adults (n = 18; 5 males; mean age 26.8 ± 3.4 
years) underwent three consecutive nights of monitoring with PSG, 
ACT, and WD (Basis B1) in a controlled hospital setting. 41 nights had 
usable data for PSG and WD measures and were used in this analysis.
Results: Percent agreement between PSG and WD for sleep vs. wake 
was 98% with an associated Kappa score of 0.95. The Pearson correla-
tion for TST and WASO were 0.66 and 0.40 respectively. There was 
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79.2% agreement between NREM vs. REM with a Kappa score of 0.43. 
The agreement of light sleep (N1 and N2), deep sleep (N3), and REM 
was 54.1% with a Kappa score of 0.28.
Conclusion: The results from this study indicate that the WD may be 
an acceptable device for estimating TST and WASO, however, REM vs 
NREM data should be used with caution. We plan to further investigate 
whether additional physiologic measures, such as heart rate, increase 
the accuracy of detecting sleep. We will compare the WD against ACT 
collected during this study. We also note that these studies were con-
ducted within a young, healthy sample and therefore additional valida-
tion work is necessary prior to assessing sleep in clinical populations.

1203
EVALUATIONS OF EFFECTS OF HIGH REBOUND AND 
LOW REBOUND MATTRESS TOPPERS ON ATHELETIC 
PEFORMANCE IN YOUTH
Maruyama T1, Sato S1, Matsumura M1, Duguid J2, Hester J2, 
Nishino S1

1Stanford University, Palo Alto, CA, 2IMG Academy, Bradenton, FL

Introduction: Use of airweave (a high rebound [HR] mattress with a 
structure that facilitates breathability) induces effective heat loss (i.e., a 
larger decline in core body temperature) and enhances deep sleep com-
pared to low rebound [LR], pressure-absorbing mattresses during the 
initial phase of nocturnal sleep in healthy males (Sleep, 2013 & 2014). 
Sufficient, restorative sleep is essential to maximize athletic perfor-
mance of advanced athletes, and this was experimentally demonstrated 
by a recent study (Mah et al., 2005); sleeping longer improved physical 
performance of University-level male basketball team members. We 
therefore examined if sleeping on airweave mattresses will improve 
sleep and athletic performance of young athletes.
Methods: The study was conducted in 51 healthy male athletes (who 
provided signed informed consent) from various sport programs in 
IMG Academy, with a randomized eight week crossover design with 
HR or LR mattress toppers. The athletic performance and subjective 
sleep quality were evaluated twice a week throughout the study. The 
quantitative measures of athletic performance include a 40-meter sprint 
[SP], long jump [LJ], and star drill [SD]). Subjective self-rating (1 to 10) 
at practice (SSRP) and games (SSRG) were evaluated. Subjective sleep 
evaluations using the Epworth sleepiness scale (ESS), visual analogue 
scales (sleep [VAS-S], performance [-P], muscle pain [-MP], back pain 
[-BP]) was also used as well as profile of mood states (POMS). Objec-
tive measures of sleep habits and psychomotor vigilance was evaluated 
with actiwatch and a standardized psychomotor vigilance test (PVT).
Results: Among the 51 participants, 47 subjects participated in the 
both sessions and paired data were obtained from 31 to 47 subjects, 
depending on the measures. There was no significant difference in ob-
jective (actigraph and PVT) and subjective (ESS and VASs) sleep and 
mood (POMS) measures between HR and LR sessions. There were 
also no significant differences in subjective ratings (SSRP and SSRG) 
between HR and LR sessions. We however, observed tendencies of im-
proved performance in all 3 objective athletic measures ([HR vs. LR] 
SP (n = 32): 6.96 ± 0.14 vs. 7.28 ± 0.13 sec, LJ (n = 39): 182 ± 5 vs. 
180 ± 5 cm, SD (n = 31): 20.28 ± 0.37 vs. 20.38 vs.0.48 sec) with HR 
use. In particular, a 0.3 sec improvement was seen in 40-meter sprint 
with HR.
Conclusion: There is a possibility that sleeping with HR improved 
athletic performance in youth at a sport academy. We are currently in-
creasing the number of subjects to raise the power to detect statistical 
differences.
Support (If Any): The study was supported by airweave.

1204
PERFORMANCE EVALUATION OF AN AUTOMATED 
SINGLE-CHANNEL SLEEP STAGING ALGORITHM
Wang Y, Loparo K, Kaplan R
General Sleep Corporation, Euclid, OH

Introduction: An automated sleep staging algorithm (Z-ALG2), which 
can detect Wake, Light Sleep, Deep Sleep and REM using data from 
the mastoid EEG channel A1-A2, is used in a commercial, in-home, 
single-channel EEG sleep monitor called the Zmachine. Compared 
with other scalp locations, A1-A2 electrodes are easy to self-apply, 
comfortable and unobtrusive during sleep. To the best of our knowl-
edge, Z-ALG2 is the first algorithm that only uses A1-A2 for sleep 
staging. The performance evaluation of the Z-ALG2 against laboratory 
PSG is presented.
Methods: Overnight laboratory PSG studies from 99 subjects 
(52F/47M, 18–60 years, median age 32.7 years), including both nor-
mal sleepers and those with a variety of sleep disorders, were assessed. 
PSG data obtained from the differential-mastoids (A1-A2) was used by 
Z-ALG2 to determine wake and sleep stages, every 30 seconds, using 
a combination of frequency and time domain EEG features. PSG data 
was independently scored by two to four certified polysomnographic 
technologists, using the 1968 Rechtschaffen and Kales (R&K) guide-
lines, and these score files were combined, on an epoch-by-epoch basis, 
using a majority voting rule, to generate a single score file per subject 
to compare against Z-ALG2. Both epoch-by-epoch and standard sleep 
statistics were compared between Z-ALG2 and the technologist con-
sensus score files.
Results: Overall, the sensitivities of Z-ALG2 as compared to the tech-
nologist consensus for Wake, Light Sleep (stages 1 & 2), Deep Sleep 
(stages 3 & 4) and REM are 0.908, 0.835, 0.738 and 0.721; PPVs are 
0.843, 0.848, 0.782 and 0.732 respectively. Kappa agreement is 0.716 
which indicates “good” agreement. These results persist when the sleep 
disorder sub-groups are analyzed separately.
Conclusion: This study describes the sleep staging performance of Z-
ALG2, using the A1-A2 EEG channel, which may enable accurate and 
easy-to-use systems for in-home sleep monitoring.
Support (If Any): This study was supported by General Sleep Cor-
poration.

1205
SECURE END-TO-END TRACKING OF SUBJECTIVE 
BEHAVIORAL SLEEP DIARY DATA: PRELIMINARY 
DEVELOPMENT OF A USER-CENTRIC MOBILE DIARY 
SYSTEM
Rogers AE1, Crooks C2

1Emory University, Atlanta, GA, 2Georgia Tech Research Institute, 
Atlanta, GA

Introduction: Sleep diaries are widely used in clinical practice and 
research to assess sleep patterns in the natural environment. While 
sleep diaries can provide useful data, their current paper format often 
lends itself to missing data, and errors in recording or calculating data. 
Objectives of this study were to: 1) Develop a prototype mobile sleep 
diary app that will collect and calculate subjective sleep and related 
data useful for research and clinical practice, including information 
from the Consensus Sleep Diary; 2) Develop a prototype clinician-fac-
ing, web-based portal with the capacity for receiving data securely; 3) 
Evaluate the prototype system framework via functional analysis and 
demonstration.
Methods: Preliminary functional specifications and clinical use cases 
were determined. Design consisted of basic sleep schedule and distur-
bance, plus daily medication and substance consumption data, for a 
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standard medical/behavioral sleep evaluation session. The prototype 
was developed in Appcelerator Titanium, an open-source software 
development kit for cross-platform mobile development. As patients 
enter their sleep information, the data on their smartphone synchro-
nizes with the server, where it is stored in a database. Clinicians then 
securely log into the web portal to view data. HTML and JavaScript 
were used to automatically perform sleep efficiency calculations and 
produce graphs for data monitoring.
Results: This project developed system design requirements, wire-
frames, concept, software package, and functioning user endpoints. 
A functional framework and future development path, were enabled 
toward a fully functioning system.
Conclusion: Preliminary design for a mobile sleep diary system that 
is useful for both research and clinical practice, includes all the data 
fields included in the Consensus Sleep Diary, and has the capacity for 
transmitting data securely for data visualization, was developed and 
functionally tested. This tool may be applied to a variety of sleep/be-
havioral conditions.
Support (If Any): Our prototype was completed with GTRI Internal 
Research and Development (IRAD) funding.

1206
MEMPHIS SLEEPINESS SCORE: A COMPOSITE 
EVALUATION TOOL FOR DAYTIME SLEEPINESS 
ESTIMATION
Freire AX, Tashtish N
University of Tennessee Health Science Center

Memphis, TN.
Introduction: Estimation of daytime sleepiness-burden by question-
naires (Epworth, Stanford) is challenged by the subjective nature of 
the instruments. They are susceptible for bias and can be manipulated 
upon, by the interest, of the individuals tested (i.e. drivers).
Methods: We developed a composite tool using four parameters (soft-
ware Visual Basic.exe program) that integrates both questionnaires and 
2 test of vigilance (PVT, Driving) available to anybody/anywhere with 
internet access. The composite “optimal” value of the 4 parameters 
was assigned a “normal” burden value of 10% (load of 1 x). The com-
posite worst possible score in the four parameters was assigned a 100 % 
sleepiness burden (load of 10 x the optimal value). Our tool calculates 
the area under the 4 anchor points obtained by an individual perform-
ing the test and calculates its percentage equivalence in comparison 
to the anchors (worst/best). It also calculates the magnitude of burden 
in comparison to the optimal (1 x) up to a possible maximum of (10 x). 
Our tool can be used sequentially (follow-ups), for screening (i.e. with 
STOP-BANG) or as a point assessment to complement other tools (i.e. 
Sleep Diary, Actigraphy).
Results: The figure provides a snap-shot of the application including 
the individual’s: a) percentage estimation of sleepiness burden, and b) 
Magnitude variation (Max = 10 x) in comparison to the optimum (1 
x = Normal).
Conclusion: We created a composite score (using 4 parameters) to es-
timate objectively the sleepiness burden in an individual. It can be used 
either for patient care (as a screening or for sequential evaluations) or 
for epidemiological assessments of sleepiness.

1207
HOW WELL DOES A COMMERCIAL FITNESS-
TRACKING WRISTBAND MEASURE SLEEP?
de Zambotti M1, Claudatos S1, Inkelis S1, Dresser D1, Kardos L1, 
Sugarbaker D1, Colrain I1,2, Baker F1,3

1SRI International, Menlo Park, CA, 2Melbourne School of 
Psychological Sciences, Melbourne, Australia, 3Brain Function 
Research Group, School of Physiology, University of the 
Witwatersrand, Johannesburg, South Africa

Introduction: In recent years, fitness-tracking wearable technology 
has exploded and it has become normal to track one’s daily activity 
and sleep. Similarly to standard actigraphy, fitness trackers mainly use 
an accelerometer to detect motion. The low-cost, easy interface and 
availability of these products make them an attractive option for moni-
toring sleep in large populations. We aimed to evaluate the accuracy of 
Jawbone UP® compared to polysomnography (PSG) in assessing sleep 
in an adult sample.
Methods: Twenty-six midlife women (mean age ± SD: 50.0 ± 4.1 y), 
11 of whom had an insomnia diagnosis, had one or two laboratory 
overnight recordings. Jawbone UP and PSG data were simultaneously 
collected. Agreement between Jawbone UP and PSG measures was 
analyzed using Wilcoxon signed-rank tests and Bland-Altman plots.
Results: Jawbone UP overestimated PSG total sleep time (21.3 ± 26.4 
min), sleep efficiency (4.8 ± 6.1%), and sleep onset latency (5.8 ± 8.4 
min), and underestimated wake after sleep onset (26.4 ± 23.9 min) (all 
p’s < 0.01). However, the Bland-Altman analysis shows the differences 
to be consistent and predictable. In a subsample of fourteen women 
with a second overnight recording, night-to-night Jawbone UP and 
PSG mean discrepancies were significantly different for wake after 
sleep onset (p = 0.030), with a larger discrepancy on the first night 
when women had a greater amount of wake-time.
Conclusion: Jawbone UP has good agreement with PSG in estimating 
sleep and, similarly to standard actigraphy, limited accuracy in detect-
ing wake. These initial results show promise, however further valida-
tion in different clinical populations is needed before recommending 
widespread use of inexpensive wearable devices for clinical or research 
applications.
Support (If Any): Grant HL103688 to Fiona C. Baker.

1208
ADHERENCE TO A NOVEL SELF-CARE SLEEP 
INTERVENTION: A RCT WITH COLLEGE STUDENTS
Lillehei AS, Gross CR
University of Minnesota, Minneapolis, MN

Introduction: Trials of novel interventions that can translate into ev-
eryday health practices are needed to reduce the prevalence of sleep 
issues amongst young adults.
Methods: A double-blinded randomized controlled trial of college stu-
dents (N = 79) with self-reported sleep issues compared the impact of 
use of Lavender inhalation patch vs. a placebo patch. The inhalation 
patch was worn for five consecutive nights and good sleep hygiene was 
practiced in their usual sleep setting. Lavender (Lavandula angusti-
folia), confirmed my mass spectrometry, was selected for its sedative 
properties. Measurements were taken at baseline, during intervention, 
post intervention, and at two week follow-up using Fitbit® tracker, 
daily sleep diary, sleep hygiene survey, PSQI, and the PROMIS® sleep 
disturbance short form. Participants received daily reminder texts.
Results: A high adherence rate was reported for wearing the inhala-
tion patch (93%). Mean sleep hygiene scores improved at post inter-
vention and remained improved at follow up but less so (42.7, 23.2, 
and 31.5 respectively). There were statistically significant findings for 
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sleep quality between groups at post intervention and follow-up (PSQI 
p = 0.01, < 0.001 and the PROMIS p = 0.04, 0.007 respectively). The 
sleep hygiene only group also had significant findings for sleep quality 
but to a lesser degree (PSQI p = 0.02, 0.06 and PROMIS p = 0.03, 0.03 
respectively). The study remained well-powered throughout.
Conclusion: The success of this study included a high adherence rate 
to the self-care protocol. Factors which contributed to this include; 
self-selected participants who were potentially motivated for change, 
an easy to apply patch that was acceptable to the participants, a specific 
list of sleep hygiene practices, and reminder texts. At follow-up, sleep 
hygiene practices continued to be improved over baseline without the 
reminders and technology, however less improved than at post inter-
vention.
Support (If Any): Boynton Health Service, University of Minnesota, 
Wyndmere Naturals, Inc, Bioesse™ Technologies, LLC., Sigma Theta 
Tau, Zeta Chapter, Funding through the Center for Spirituality and 
Healing, A. Marilyn Sime Scholarship, Funding through School of 
Nursing, Wladimir and Paulina Zenkovich Nursing Fellowship, and 
Sophia Fund

1209
OBSERVABLE MOVEMENT PATTERNS AND 
SENSORIMOTOR SENSATIONS OF PATIENTS/
PARENTS WITH FAMILIAL WILLIS-EKBOM 
DISEASE (WED) DURING THE SUGGESTED CLINICAL 
IMMOBILIZATION TEST (SCIT)
Beyzaei N1, Wagner A1, Berger M1, Milner R 2, Stockler S3,4, 
Ipsiroglu OS1,3

1Sleep/Wake-Behaviour Clinic & Research Lab, Division of 
Pediatrics, Department of Pediatrics, Faculty of Medicine, UBC, 
Vancouver, BC, Canada, 2Child & Family Research Institute, 
Vancouver, BC, Canada, 3Division of Biochemical Diseases, BC 
Children’s Hospital, UBC, Vancouver, BC, Canada, 4Treatable 
Intellectual Disability Endeavour - British Columbia, Vancouver, BC, 
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Introduction: Diagnosis of WED is challenging in young children and 
children with neurodevelopmental-conditions (NDCs). To overcome 
current diagnostic challenges, we investigated an office-based clinical 
test, the SCIT, to compare described sensorimotor sensations (SSs) and 
observable movement patterns (OMPs) of patients and attending fam-
ily members with a history of WED.
Methods: Patients: 31 paediatric patients with chronic early-onset in-
somnia and NDCs were seen together with their mothers, who present-
ed with a history of WED and iron deficiency and/or anaemia. WED 
was diagnosed clinically by sleep and family history, and OMPs during 
the SCIT. SCIT: Clients get up, shake out, sit bare-foot on an appropri-
ately sized chair, try to relax and remain motionless. OMPs accompany 
descriptions of SSs.
Results: SCIT of mothers: 26/31 (84%) could participate actively: 100% 
described SSs (38% in legs; 15% in toes/feet; the remaining could not 
specify) and 69% had OMPs (13% twitched their toes/feet; 13% raised 
their heels; 6% rubbed or clenched; 6% showed repetitive stereotype 
movements of their toes/feet and/or legs). However, only 18/26 (69%) 
described SSs and had OMPs. The remaining 31% suppressed OMPs 
with increasing tension and were able to articulate that.
SCIT of the children: 17/31 (55%) could participate actively: 82% 
described SSs (41% in legs, 6% in toes/feet; the remaining could not 
specify) and 76% had OMPs (41% twitched their toes/feet, 29% raised 
their heels; 18% rubbed or clenched; 18% showed repetitive stereotype 
movements of their toes/feet and/or legs). However, only 10/17 (59%) 
described SSs and had OMPs; 4/17 described only SSs, and 3/17 had 
OMPs, but could not explain any SSs.

Conclusion: The SCIT captures, aside from descriptions of SSs, OMPs 
as a new structured diagnostic criterion; this initiates collaborative dis-
cussions about SSs resulting in an urge to move, OMPs, and also non-
OMPs for being able to sit still.
Support (If Any): Treatable Intellectual Disability Endeavour, B.C., 
Vancouver, Canada; B.C. Children’s Foundation, Vancouver, Canada; 
Children’s Sleep Network, Vancouver, Canada.
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CLINICAL VALIDATION OF BODY AREA NETWORK 
SURROGATE FOR POLYSOMNOGRAPHY
LaFleur S1, Mahgoub I2, Mercado E3, Ramos AR4

1Department of Computer & Electrical Engineering and Computer 
Science, Florida Atlantic University, Boca Raton, FL, 2Department 
of Computer & Electrical Engineering and Computer Science, Boca 
Raton, FL, 3Sleep Medicine Program, University of Miami-Miller 
School of Medicine, Miami, FL, 4University of Miami, Miller School 
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Introduction: The aim of this study is to validate a body area network 
(BAN)-based system as a surrogate to polysomnography for the diag-
nosis of sleep apnea.
Methods: The system consists of a cost-effective, mobile, non-inva-
sive, and flexible real time heart and activity monitor and a pulse oxim-
eter. The system employs an algorithm for the detection of sleep apnea, 
which uses the Daubechies 4 and Daubechies 6 wavelet transforms for 
the extraction of the LQT intervals. In previous work this algorithm 
has been validated for cardiac arrhythmias with an online database 
(MIT-BIH arrhythmia database). In this study a clinical validation of 
the algorithm has been performed alongside in-lab attended polysom-
nography. The corrected QT interval (QTc) is computed based on the 
RR interval for one hour of actual sleep time. We consider the combi-
nation of the LQT and the SpO2 intervals in the calculation of the AHI.
Results: Eight participants constituted this study. Age ranged from 
32–64 years, 4 were women and the BMI ranged from 26–40. The 
mean AHI during PSG was 11.3 [1–42], while the mean AHI obtained 
by the BAN was 8.71 [5–19]. The major discrepancy observed was in 
the participants with severe sleep apnea. The validation overall Kappa 
was 0.6634 and a sensitivity of 88.11% and a specificity of 80.55% to 
detect sleep apnea.
Conclusion: The validation showed that the scheme performed well in 
the detection of mild to moderate sleep apnea.

1211
OBJECTIVE AND SUBJECTIVE SLEEP DURATION 
AMONG WHITES, BLACKS, HISPANICS, AND CHINESE 
ADULTS IN THE UNITED STATES
Jackson CL1, Williams MA 2, Chen X 2, Patel S3, Alcántara C 4, 
Lutsey P5, Redline S 6

1Clinical and Translational Science Center, Harvard Medical School, 
Boston, MA, 2Harvard School of Public Health, Boston, MA, 
3Division of Sleep and Circadian Disorders, Brigham and Women’s 
Hospital, Boston, MA, 4Columbia University Medical Center, 
New York, NY, 5University of Minnesota School of Public Health, 
Minneapolis, MN, 6Harvard Medical School, Boston, MA

Introduction: Few studies have investigated the extent to which self-
reported sleep duration reflects objectively measured sleep duration 
among racially/ethnically diverse populations. Identifying any sys-
tematic biases across groups and subgroups (e.g. sex, insomnia, sleep 
apnea, depression) in sleep measured objectively compared to by ques-
tionnaire could inform research aimed at understanding sleep health 
disparities.
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Methods: We investigated the concordance of self-reported habitual 
sleep duration compared to actigraphy-measured sleep duration across 
Whites, Blacks, Hispanics and Chinese in the US. We analyzed data 
from a racially/ethnically diverse sample of participants in the Multi-
Ethnic Study of Atherosclerosis Sleep Study. Self-administered ques-
tionnaires were used to measure habitual sleep duration (based on 
self-reported bed and wake times) and 7-day wrist actigraphy objec-
tively measured sleep duration and sleep continuity. Spearman cor-
relation coefficients, Kappa statistics, Bland-Altman plots, and linear 
regression models were used to determine concordance of actigraphy-
determined and self-reported sleep duration.
Results: Among 1,912 adults (ages 54–93), 37% were non-Hispanic 
Whites, 28% Blacks, 24% Hispanics, and 11% Chinese. Forty-six 
percent were males, 8% had doctor diagnosed sleep apnea, and 6% 
insomnia. Actigraphy-determined time interval in bed vs. sleep time 
more closely correlated with self-reported sleep duration across race. 
Moderate correlations of self-reported and objective measures of sleep 
duration were observed (ρ = 0.40 overall; 0.49 for Whites; 0.28 Blacks; 
0.41 Hispanics; and 0.38 Chinese). When sleep duration was classified 
categorically as short (≤ 6 hours), recommended (7–9 hours), and long 
(≥ 10 hours), fair agreement was observed among Whites (ĸ = 0.27) and 
Blacks (ĸ = 0.21) with slight agreement among Hispanics (ĸ = 0.16) and 
Chinese (ĸ = 0.13). Each race/ethnicity overestimated their sleep dura-
tion, and non-Hispanic Whites (27 minutes [95% confidence interval 
(CI): 23–31]) overestimated more than Blacks (13 [8–19]) and Chinese 
(16 [8–23]) but not Hispanics (23 [18–29]). Sex, insomnia, sleep apnea, 
and depression did not significantly modify the relationships.
Conclusion: Correlations between self-reported and actigraphy-based 
sleep duration as well as biases in measurements varied by race/ethnic-
ity. The highest correlations but greatest over-estimation of sleep dura-
tion occurred among non-Hispanic Whites. Further research is needed 
to understand the implications of differences in sleep measurement 
properties on assessments of sleep in multi-racial populations.
Support (If Any): Dr. Jackson was supported by Harvard Catalyst 
(grant 1UL1 TR001102-07). Dr. Redline was supported by the Multi-
Ethnic Study of Atherosclerosis Sleep Study (R01HL098433).
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SLEEP DYNAMICS PREDICTION BY 
MULTIDIMENSIONAL PHYSIOLOGICAL 
VARIABILITIES
Wu H1, Lo Y2

1University of Toronto, Toronto, ON, Canada, 2Department of 
Thoracic Medicine, Chang-Gung Memorial Hospital, Taipei, Taiwan

Introduction: Sleep is a systematic behavior. We propose a novel 
signal-processing algorithm to integrate the multi-channel polysom-
nography signals and achieve a more accurate sleep stage prediction.
Methods: Different features are extracted from the respiratory signal, 
ECG, EMG, EOG and EEG. The breathing pattern variability and non-
rhythmic-to-rhythmic ratio (NRR) are extracted from the respiratory 
signal by Synchrosqueezing transform; suitable heart rate variability 
indices are evaluated from ECG; the dynamical features underlying 
EMG and EOG are evaluated by the graph connection Laplacian. 
These features are called the auxiliary feature (AF). The features from 
EEG are called the cortical features (CF). The concatenated features 
are called the global feature (GF). The sleep stages determined by ex-
perienced scorers are viewed as ground truth. To avoid the curse of 
dimensionality, we nonlinearly reduce the dimension of AF and CF by 
diffusion maps. The kernel SVM classification is applied to predict the 
sleep stage based on AF, CF and GF. To prevent over-fitting, we repeat-
edly (25 times) randomly partition the data into the training dataset 
(80%) and the validation dataset (20%) and report the averaged result.

Results: We have 20 subjects (AHI < 5). There are 78 features in AF 
and 14 features in CF for each 3-second window and 7318 ± 617 AF, 
CF and GF. The dimension of AF (resp. CF) is reduced to 8 (resp. 4). 
The result is comparable to human expert classification -- the proposed 
classification of awake, REM, N1, N2 and N3 sleeping stages based 
on AF (resp. CF and GF) has the overall accuracy 85.7% (resp. 76% 
and 90.3%). The Mann-Whitney test confirms that the APF contains 
information complementary to EEG.
Conclusion: The integrated feature, AF, from the respiratory signal, 
ECG, EMG and EOG contains information complimentary to EEG, 
which allows an accurate automatic annotation and indicates the po-
tential to combine AF with EEG signal to stage the sleep dynamics.

1213
SUGGESTED CLINICAL IMMOBILIZATION TEST 
WITH A SMARTPHONE-BASED ELECTROMYOGRAPHY 
SYSTEM FOR SCREENING WILLIS-EKBOM DISEASE
Saad T1, Geisler B1, Ng C1, Macdonald T1, Grecu C1, McAllister G2,3, 
Ipsiroglu O2,3

1Capstone Design Project, Department of Electrical and Computer 
Engineering, University of British Columbia, Vancouver, BC, 
Canada, 2Sleep/Wake Behaviours Clinic & Research Lab, Division of 
Pediatrics, Department of Pediatrics, Faculty of Medicine, University 
of British Columbia, Vancouver, BC, Canada, 3Treatable Intellectual 
Disability Endeavour - British Columbia, Vancouver, BC, Canada

Introduction: Willis Ekbom Disease (WED) might often be missed/
misdiagnosed due to diagnostic criteria, which are based on the pa-
tients’ ability to vocalize the experienced sensorimotor discomfort. 
Our goal has been to develop a smartphone-based electromyography 
(sb-EMG) system that can provide objective information during the 
Suggested Clinical Immobilization Test (SCIT).
Methods: A student-team of the Capstone Design Project, an inter-
disciplinary program offered by the UBC Department of Electrical 
and Computer Engineering [http://www.ece.ubc.ca/courses/capstones], 
was assigned to develop the sb-EMG. The goal was that the completed 
sb-EMG system should be small, non-invasive, user-friendly, fast, ac-
curate, low-cost (under $500), and applicable in clinical practice.
Results: The combination of an Android-based software and a Bital-
ino-based hardware was chosen as the most suitable solution: (a) An-
droid [https://source.android.com/] was chosen to be the software 
platform of choice due to the wide range of open-source resources. (b) 
Bitalino [http://www.bitalino.com/] is a hardware platform designed 
for acquiring physiological signals and was selected based on an 
evaluation of overall system design, application development support, 
feasibility, sustainability, and value for its cost with respect to other 
hardware options. A functional prototype was implemented, which 
can acquire EMG data, transfer it via wireless Bluetooth interface to a 
smartphone, and graph the EMG signal on the mobile phone’s screen. 
The prototype consists of a 25 g (without battery), 4x2x1.5 cm, single-
channel hardware component and a software application usable on any 
mobile phone running Android 4.0 or higher. With the addition of more 
sensors, the system is scalable to acquire data from up to five different 
channels. The system also features a 3.7 V, 700 mAh rechargeable bat-
tery that can be interchanged with higher capacity alternatives.
Conclusion: The sb-EMG prototype showed excellent potential to 
enable the acquisition and analysis of objective EMG signals during 
SCIT. Currently, we are validating the prototype with a standard EMG-
system.
Support (If Any): Treatable Intellectual Disability Endeavour, British 
Columbia, Children’s Sleep Network, and BC Children’s Foundation.
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1214
THE FEASIBILITY OF MOBILE HEALTH 
(MHEALTH) APPLICATIONS IN BEHAVIORAL SLEEP 
INTERVENTIONS FOR MILITARY POPULATIONS
Pulantara W, Parmanto B, Germain A
University of Pittsburgh, Pittsburgh, PA

Introduction: Sleep disturbances are prevalent among Active Duty 
Service Members (ADSM) and Veterans, and threaten psychological 
health, resilience, and the military mission. Hypnotics remain the most 
common sleep treatments among ADSM and Veterans, despite sub-
stantial concerns regarding their safety (particularly in operational set-
tings), side effects, and potential for abuse. Behavioral sleep treatments 
have been shown to be safe, effective, and are associated with durable 
improvements. However, the use of evidence-based, resilience-fo-
cused, behavioral treatments to promote healthy sleep pre-deployment 
and to treat sleep disturbances post-deployment remains scarce among 
ADSM, Veterans, and the clinicians who serve them. Mobile health 
(mHealth) has the potential to increase access to these behavioral treat-
ments and to improve their effectiveness by tailoring and adapting the 
sleep interventions based on each individual’s needs.
Methods: We developed a cross-platform mHealth solution called 
iREST (interactive Resilience Enhancing Sleep Tactics) which consists 
of (1) a smartphone application (app) that records sleep data, shows 
feedbacks and related education materials, and provides cues and 
notifications (2) a Web-based portal that allows therapists to monitor 
sleep information, to prescribe treatment, and to engage participants 
in real-time via secure messages, and (3) a communication protocol 
that allows real-time bidirectional data exchange between the app and 
the portal. A pilot study with 12 ADSM and Veterans examined the 
feasibility, usability, and acceptability of iREST.
Results: iREST was found to be capable of supporting behavioral 
sleep treatments in ADSM and Veterans. Participants rated the app as 
highly usable (SUS mean = 81.3, score above a 68 would be considered 
above average) and on average completed 96.6% (SD = 7.45) of 4 weeks 
sleep diary entries.
Conclusion: A smartphone app is feasible within sleep intervention for 
ADSM and Veterans. Integrating an mHealth platform may facilitate 
involvement in treatment and dissemination of effective tools in mili-
tary and civilian samples.

1215
COMPARING DIFFERENT METHODS OF ASSESSING 
HABITUAL SLEEP DURATION FOR EPIDEMIOLOGIC 
RESEARCH
Grandner MA1, Gallagher R1, Chakravorty S1, Hale L2, Barrett M1, 
Schuschu J1, Khader W1, Perlis M1

1University of Pennsylvania, Philadelphia, PA, 2University of 
Pennsylvania, Stony Brook, NY

Introduction: Large-scale survey studies tend to use single, non-vali-
dated items to assess sleep duration. It is unclear to what extent the dif-
ferent items produce different estimates of sleep duration and whether 
they predict outcomes in the same way.
Methods: Data from the Sleep and Healthy Activity, Diet, Environ-
ment, and Socialization (SHADES) study was used. SHADES is 
a community-based study of adults in southeastern Pennsylvania 
(N = 1007). Habitual sleep duration was assessed in four ways. The 
question from the National Health and Nutrition Examination Survey 
(NHANES) assessed hours of sleep on a typical weeknight, the ques-
tion from the Behavioral Risk Factor Surveillance System (BRFSS) 
assessed typical hours of sleep in 24 h, the question from the Pitts-
burgh Sleep Quality Index (PSQI) assessed sleep duration on a typical 

night, and the Sleep Timing Questionnaire (STQ) computed typical 
weeknight sleep from self-reported bed and wake times. These were 
evaluated continuously and categorized as short (≤ 6 h), normal (7–8 h, 
reference), and long (≥ 9 h). Correlations among continuous (Pearson 
r) and categorical (Spearman R) variables were computed. Further, all 
variables were used to predict obesity (BMI ≥ 30; N = 236), sleepiness 
(ESS ≥ 10; N = 325), and depression (PHQ9; N = 332) using logistic 
regression.
Results: All sleep duration items were significantly correlated (all 
p < 0.0001): NHANES-PSQI (r = 0.78; R = 0.59); BRFSS-PSQI 
(r = 0.51; R = 0.36); PSQI-STQ (r = 0.49; R = 0.31); NHANES-BRFSS 
(r = 0.47; R = 0.48); NHANES-STQ (r = 0.42; R = 0.32); and BRFSS-
STQ (r = 0.30; R = 0.21). Of those who identified as normal sleepers 
on NHANES, most also identified as normal sleepers on PSQI (89%), 
BRFSS (78%), and STQ (71%). Short sleep was associated with obe-
sity using questions from NHANES (OR = 2.35; p < 0.0001), BRFSS 
(OR = 2.32; p < 0.0001), PSQI (OR = 2.45; p < 0.0001), and STQ (1.66; 
p < 0.0001). Short sleep was associated with sleepiness using ques-
tions from NHANES (OR = 2.30; p < 0.0001), BRFSS (OR = 2.14; 
p < 0.0001), PSQI (OR = 2.33; p < 0.0001), and STQ (2.29; p < 0.0001). 
Short sleep was associated with depression using questions from 
NHANES (OR = 2.09; p < 0.0001), BRFSS (OR = 1.98; p < 0.0001), 
PSQI (OR = 2.08; p < 0.0001), and STQ (1.59; p = 0.001).
Conclusion: Sleep duration items were correlated only moderately, but 
they similarly associate with outcomes when categorized. Thus, even 
though they do not overlap perfectly, they may be interchangeable in 
some cases.
Support (If Any): The SHADES study was funded by R21ES022931. 
Dr. Grandner is also supported by K23HL110216.
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PEDIATRIC SLEEP ESTIMATES IN HIGH- AND 
LOW-RISK SAMPLES: COMPARISONS BETWEEN 
VIDESOMNOGRAPHY AND PARENT-REPORT DIARIES
Schwichtenberg A1, Hensle T1, Abel EA1, Miller M2, Ozonoff S2
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Sacramento, CA

Introduction: Practitioners and researchers often depend on parent-
report diaries of children’s sleep behaviors. Within the home setting, 
it can be difficult to assess the accuracy of these reports, especially 
in families raising children with developmental disabilities (e.g., Au-
tism Spectrum Disorder; ASD). Given the potential for elevated stress/
chaos in these homes, parent-report estimates may not be as accurate. 
The present study compared child sleep estimates across parent-report 
sleep diaries and home-based videosomnography (i.e., video-record-
ings of sleep).
Methods: As a part of a larger longitudinal study, families from two 
groups were assessed when their child was 24 or 36 months of age. 
These groups included families raising at least one child with ASD 
(high-risk, n = 22) and families raising children with no known di-
agnosis (low-risk, n = 37). Families completed at least three nights 
of videosomnography and parent-report diaries. Analyses included 
paired-sample t tests, Wilcoxon rank-sum tests, and independent-
group t tests.
Results: Using all available nights in both groups, mean estimates of 
sleep duration, sleep onset/offset, and number and duration of night 
awakenings were slightly different across videosomnography and 
parent-report diaries (p range 0.03 to 0.09). Although many of these 
differences were statistically significant, they were not meaningful in 
practical terms (e.g., parents on average reported night awakenings that 
were 4 minutes longer). Group comparisons revealed comparable vari-
ance estimates and levels of parent-report inaccuracy were not signifi-
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cantly different across groups. Given our group sizes, these analyses 
could only detect large effect sizes (Cohen’s d = 0.77) and therefore 
should be replicated in a larger sample.
Conclusion: In sum, parent-report sleep estimates were comparable 
to videosomnography estimates and families (regardless of risk-status) 
were adequate reporters of their child’s sleep. These findings support 
the use of parent-report diaries in high-risk samples and have direct 
clinical and research implications.

1217
ACCURACY OF THE ODDS-RATIO-
PRODUCT OBTAINED FROM FRONTAL 
ELECTROENCEPHALOGRAPHY
Younes M1, Younes M2, Giannouli E1

1Sleep Disorders Centre, Misericordia Health Centre, University 
of Manitoba, Winnipeg, MB, Canada, 2YRT Ltd, Winnipeg, MB, 
Canada

Introduction: Odds-Ratio-Product (ORP) is a recently introduced 
continuous index of sleep state. It ranges from 0 to 2.5. In validation 
studies an ORP2.0 was found in wakefulness. The ORP scale was 
developed from central electroencephalography electrode signals. Be-
cause of its potential utility in home studies and the greater ease of 
applying frontal electrodes in such studies we wondered if the ORP 
derived from frontal electrodes agreed with values obtained from cen-
tral electrodes.
Methods: Forty-two clinical polysomnography records were digitally 
analyzed to obtain ORP in consecutive 30-second epochs. Analysis 
was performed once using C3/M2 and C4/M1 electrodes and again us-
ing F3/M2 and F4/M1 electrodes. Twenty-five studies showed a range 
from mild to severe OSA, eleven had no pathology and four showed in-
somnia. Intra-class correlation was used to compare 30-second frontal 
and central ORP values on the same side (700–900 data pairs per side 
per record). Average ORP values across the whole record (ORPAVE) 
were also compared.
Results: C4 and F3 electrodes were not used in one and 3 studies, re-
spectively, because of excessive beta noise. For the remaining 80 com-
parisons, ICCs averaged 0.93 ± 0.07 for C3 vs. F3 and 0.95 ± 0.05 for 
C4 vs. F4. ORPAVE was 1.02 ± 0.36 in all four electrodes with a range 
of 0.44 to 2.05, reflecting the range of overall sleep quality among pa-
tients. The difference between average ORP in the two electrodes be-
ing compared was 0.00 ± 0.11 for both C3 vs. F3 (n = 39) and C4 vs. F4 
(n = 41) comparisons.
Conclusion: Odds-Ratio-Product measured from frontal electrodes is 
nearly identical to that measured from central electrodes. This should 
facilitate obtaining sleep information in home studies.
Support (If Any): YRT Ltd
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VALIDATION OF THE HYPERSOMNIA SEVERITY 
INDEX (HSI)
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3Department of Psychiatry, University of Pittsburgh School of 
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Introduction: Hypersomnia is common in psychiatric disorders, yet 
there are few self-report measures that characterize this sleep distur-
bance. The objective of this study was to validate the Hypersomnia 

Severity Index (HSI), a tool designed to measure severity, distress and 
impairment of hypersomnia in psychiatric populations.
Methods: Psychometric properties were evaluated in an undergradu-
ate scale development sample (N = 380) and two psychiatric validation 
samples: euthymic bipolar participants with a range of sleep complaints 
(N = 103), and unmedicated unipolar depressed participants (N = 19) 
meeting operational criteria for hypersomnia disorder derived from 
epidemiologic survey data of the US the general population. Construct 
validity was established against the Epworth Sleepiness Scale (ESS), 
Pittsburgh Sleep Quality Index (PSQI), and measures of functional im-
pairment, along with two weeks of sleep diaries and actigraphy from 
which total sleep time (TST) and time in bed (TIB) were extracted.
Results: The HSI demonstrated good internal reliability (development 
sample Cronbach α = 0.82, combined psychiatric sample α = 0.85). 
Convergent validity was supported by significant correlations with 
ESS total scores (development r = 0.41, p < 0.001; psychiatric r = 0.41, 
p < 0.001) and the PSQI daytime dysfunction subscale (development 
r = 0.39, p < 0.001; psychiatric r = 0.31, p < 0.01). Construct validity 
was further supported by correlations between the psychiatric sample 
and actigraphy-determined TST and TIB (r ≥ 0.40, p < 0.05 for both) 
and diary-reported TIB (r = 0.26, p < 0.01). HSI scores correlated with 
functional impairment measures in both the development (r = 0.59, 
p < 0.001) and bipolar (r = 0.59, p < 0.01) samples. One-month test-
retest reliability (ICC) in the bipolar sample was 0.69.
Conclusion: The HSI shows promise as a measure of hypersomnia that 
is commonly seen in psychiatric disorders, and may be of use to both 
researchers and clinicians.
Support (If Any): This work is supported by grants from the Ameri-
can Sleep Medicine Foundation, the Brain and Behavior Research 
Foundation, and NIMH K23MH099234 (DTP) and R34MH080958 
(AGH).
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VALIDATION OF THE ALLIANCE SLEEP 
QUESTIONNAIRE (ASQ) RESTLESS LEGS SYNDROME 
MODULE IN SLEEP DISORDERED PATIENTS
Leary EB1, Malunjkar S1, Ruoff C1, Walsh JK 2, Mignot E1
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Introduction: In 2012, the Stanford Sleep Disorders Clinic (SSDC) 
adopted the Alliance Sleep Questionnaire (ASQ) as standard of care 
for new patients. The ASQ is an on-line questionnaire designed by a 
multi-disciplinary team to evaluate sleep disorders and complaints. It 
uses branching logic to deliver validated measures and novel questions 
for research or clinical purposes. It outputs a customizable Summary 
Report to streamline clinical appointments. In this study, we validated 
the ASQ’s ability to predict individuals with Restless Legs Syndrome 
(RLS) in SSDC patients.
Methods: The population was patients (treated and untreated) seen at 
the SSDC. Individuals had to consent to participate in research, com-
plete the ASQ RLS section and have clinical information in the elec-
tronic medical record (EMR) to be included in analysis. Using the ASQ, 
we selected two patterns of responses apriori to indicate RLS using the 
first four 2012 Revised International Restless Legs Syndrome Study 
Group (IRLSSG) Diagnostic Essential Criteria (urge to move, worse 
during rest and evening and improved with movement) as a starting 
point. Since our population includes treated patients, the ASQ primary 
definition for RLS was either positive endorsement of the 4 IRLSSG 
essential criteria or self-reported previous RLS diagnosis. To avoid 
missing severe cases, a frequency criteria of symptoms occurring at 
least 3 times/week was added to the primary ASQ definition. The ASQ 
score cannot be calculated with a “don’t know” response on whether 
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symptoms improve with movement, so 129 people were removed from 
the dataset. The gold standard was defined as individuals with an RLS 
diagnostic code in the EMR. Everyone else was considered negative 
for RLS.
Results: 1646 patients met our inclusion criteria (949 males, 697 fe-
males; mean age 47 ± 15.7, range 18–90). Using the primary defini-
tion, the ASQ correctly identified 111 of 161 true positive individuals, 
resulting in Sensitivity of 70%. The ASQ correctly predicted 1354 of 
the 1485 true RLS negative patients resulting in a Specificity of 91%. 
Using stricter ASQ criteria, we identified 48 of 153 RLS patients for 
a Sensitivity of 31%. The ASQ identified 1432 of 1469 RLS negative 
patients, for a Specificity of 97%.
Conclusion: The primary ASQ algorithm had moderate sensitivity and 
strong specificity. We are exploring the reason for the lower sensitivity 
(RLS patients diagnosed with RLS by clinicians but did not meet the 
IRRLSG/ASQ criteria). Possibilities include: over-diagnosis by clini-
cians, treatment effects and/or inaccurate self report.
Support (If Any): Phillips Respironics Foundation
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POLYSOMNOGRAPHY IN CIGARETTE SMOKERS 
AFTER SMOKING AND DURING A QUIT ATTEMPT
Bender AM1, Layton ME1,2,3, Roll J3, Van Dongen H1,2

1Sleep and Performance Research Center, Washington State 
University, Spokane, WA, 2College of Medical Sciences, Washington 
State University, Spokane, WA, 3Program of Excellence in Addiction 
Research, Washington State University, Spokane, WA

Introduction: Relapse rates in smokers attempting to quit are high, 
but the factors that drive relapse risk are not well understood. Nicotine 
is a psychostimulant known to reduce sleepiness but also cause sleep 
disruption. Self-report data have suggested that disturbed sleep during 
abstinence may prompt individuals to resume smoking to mitigate day-
time sleepiness. Here we used polysomnography (PSG) to investigate 
sleep in smokers before and during a quit attempt without treatment 
(“cold turkey”).
Methods: N = 14 moderate cigarette smokers (16.2 ± 6.2 cigarettes 
per day; ages 27.6 ± 5.6 y; 1 woman), healthy and free from drugs 
besides nicotine, were in the laboratory for three consecutive nights 
(18:00–09:00) with PSG recordings (10 h time in bed, 22:00–08:00). 
On the morning after night 1, subjects initiated a quit attempt without 
treatment. During nights 2 and 3, carbon monoxide (CO) and urine 
cotinine were measured to verify abstinence. PSG records were scored 
visually (AASM 2007) and differences in sleep architecture between 
night 1 (smoking), and nights 2 and 3 (abstinence) were investigated. 
Sleep variables were also compared between smokers and an age- and 
sex-matched control group of non-smokers from another study with 
three consecutive PSG recordings (10 h time in bed, 22:00–08:00). Sta-
tistical analyses employed mixed-effects ANOVA controlling for age.
Results: Following the quit attempt, subjects showed significant 
decreases in CO (F = 58.4, P < 0.001) and urine cotinine (F = 24.0, 
P < 0.001). A significant change across nights was observed for sleep 
latency (SL; F = 3.62, P = 0.041), which dropped from 44.9 ± 9.0 min 
(mean ± SEM) after smoking to 27.7 ± 8.0 min during abstinence. 
When compared to controls, smokers had more disrupted sleep on all 3 
nights—more N1 (F = 8.6, P = 0.005), less N3 (F = 6.3, P = 0.016), more 
arousals (F = 7.6, P = 0.008), longer latency to N3 (F = 7.7, P = 0.008)—
despite no differences in total sleep time (F = 0.54, P = 0.47).
Conclusion: SL decreased from night 1 (after smoking) to nights 2–3 
(abstinence). This likely reflects the psychostimulant effect of nicotine 
rather than a first-night effect, because the change in SL was not ob-
served in controls and there was no group difference when both groups 
were not smoking. Regardless of smoking or during abstinence, smok-

ers had more disturbed sleep (more N1, less N3, more arousals, greater 
N3 latency). Whether this persistent sleep disturbance during absti-
nence contributes to the high relapse rate in smokers quitting without 
treatment remains to be determined.
Support (If Any): Supported in part by funds provided for medical 
and biological research by the State of Washington Initiative Measure 
No. 171, NIH grant R21CA167691.
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MEASURING TREATMENT OUTCOMES IN COMORBID 
INSOMNIA AND FIBROMYALGIA: CONCORDANCE OF 
SUBJECTIVE AND OBJECTIVE ASSESSMENTS
Mundt JM1, Crew EC1, Krietsch K1, Roth A1, Vatthauer K1, 
Robinson ME1, Staud R 2, Berry RB3, McCrae CS 4

1Clinical and Health Psychology, University of Florida, Gainesville, 
FL, 2Rheumatology and Clinical Immunology, University of Florida, 
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Medicine, University of Florida, Gainesville, FL, 4Health Psychology, 
University of Missouri, Columbia, MO

Introduction: In insomnia, actigraphy tends to underestimate wake 
time compared to diaries and PSG. When chronic pain co-occurs with 
insomnia, sleep may be more fragmented, including more arousals ac-
companied by movement. However, individuals may not be consciously 
aware of these arousals. We therefore hypothesized that in comorbid in-
somnia/fibromyalgia, actigraphy and PSG would be relatively concor-
dant, while actigraphy would overestimate WASO and underestimate 
TST and SE compared to diaries. Accordingly, we expected actigraphy 
to be less sensitive than diaries to detecting treatment-related changes 
following cognitive behavioral treatment for insomnia (CBT-I).
Methods: Adults with insomnia and fibromyalgia (N = 113) were ran-
domized to waitlist control, CBT-I, or CBT for pain. At baseline and 
post-treatment, participants completed 1 night of PSG and 2 weeks of 
diaries/actigraphy.
Results: We examined baseline concordance and treatment-related 
changes in TIB, TST, SOL, WASO, and SE. At baseline, ANOVAs 
showed that the discrepancy between actigraphy/PSG was significantly 
less (p < 0.05) than the difference between actigraphy/diary. As ex-
pected, the difference in concordance was significant for TST, WASO, 
SE. Repeated measures ANOVAs were performed for the CBT-I group, 
and significant method by time interactions indicated that the assess-
ment methods differed in their sensitivity to detect treatment-related 
changes. Post-hoc analyses showed that PSG values did not change sig-
nificantly for any sleep parameters. However, diaries showed improve-
ments in SOL, WASO, and SE, and actigraphy also detected the WASO 
and SE improvements (ps < 0.05).
Conclusion: In the context of comorbid insomnia/fibromyalgia, ac-
tigraphy is generally more concordant with PSG than it is with dia-
ries, which are the recommended assessment for diagnosing insomnia. 
However, actigraphy showed greater sensitivity to treatment-related 
changes than PSG; PSG failed to detect any improvements, but actig-
raphy demonstrated changes in WASO and SE, which were also found 
with diaries. In comorbid insomnia/fibromyalgia, actigraphy may 
therefore have utility in measuring treatment outcomes.
Support (If Any): R01AR055160
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SLEEP RESEARCH CONTENT AND USE ANALYSIS 
FROM AN ONLINE DOCUMENT MANAGEMENT 
SYSTEM
Nichols DA1, Miller RA1, Griffin KS 2, Leary EB1, DeSalvo S1, 
Hyde PR1, Walsh JK 2, Kushida CA1

1Stanford University, Redwood City, CA, 2St. Luke’s Hospital, 
Chesterfield, MO

Introduction: With continually enhanced technology, research study 
management has similarly evolved. Our team developed and tested an 
electronic data management system during the course of a multicenter 
clinical trial: Apnea Positive Pressure Long-term Efficacy Study (AP-
PLES).
Methods: During the initial design phase, a requirement was identi-
fied to provide a secure, on-line portal for accessing important study 
documents. For APPLES, a total of 1,105 obstructive sleep apnea pa-
tients were randomized to Active CPAP or Sham CPAP (558 Active, 
547 Sham) between December 2003 and July 2007 from five clinical 
centers (Stanford, CA; University of Arizona, Tucson, AZ; St. Mary 
Medical Center, Walla Walla, WA; St. Luke’s Hospital, Chesterfield, 
MO; Brigham and Women’s Hospital, Boston, MA).
Results: The APPLES document management system (DMS) was 
launched in September 2004. By the time the last document was up-
loaded in October 2010, a total of 1,375 documents were available for 
review. Content were categorized into three main groups based on the 
purpose of the document (meeting agenda, report, review, etc.) and the 
group receiving access to the documents (Steering Committee, Quality 
Assurance/Quality Control Committee, Data and Safety Monitoring 
Board [DSMB], etc.). In April 2006, an automated email reminding 
feature improved efficiency and began logging whether content was 
downloaded. A total of 3,719 email messages were delivered: Over-
sight (63%), Strategic (20%) and Administrative (17%). The logs re-
vealed that content was downloaded most often by DSMB members 
(82%, 6 members). Strategic documents were downloaded by 42% of 
personnel (63 members) and Administrative documents were down-
loaded by 34% of personnel (31 members).
Conclusion: Following a design phase for the Comparative Outcomes 
Management with Electronic Data Technology (COMET) Study, the 
desired features of this DMS evolved to include a password-protected 
access website, search capability, version control, tracking logs, and 
the ability to archive diverse content types (e.g., documents, spread-
sheets, images).
Support (If Any): APPLES was funded by contract 5-UO1-HL-068060 
from the National Heart, Lung and Blood Institute (NHLBI). COMET 
is funded by grant 1-RO1-HS-019738 from the Agency for Healthcare 
Research and Quality (AHRQ).
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BIG DATA COLLECTION: A PRACTICAL METHOD 
OF COMBINING PATIENT CARE WITH OUTCOMES 
RESEARCH
Lovitz LE, Barber A, Freedom T, Munson R, Patel S, Paul J, 
Viola-Saltzman M, Maraganore DM
NorthShore University HealthSystem, Evanston, IL

Introduction: We optimized our EMR (Epic) by creating structured 
clinical documentation support (SCDS) tools that standardize initial 
and annual follow up visits of Sleep patients according to Best Prac-
tices. The SCDS tools write notes and electronically capture data and 
prompt enrollment of eligible subjects into research studies. We are se-
quentially enrolling 1,000 patients with Willis-Ekbom disease (WED) 
into a research study that includes consenting and DNA sampling. We 
will associate genotypes with the repeated measures captured by the 
SCDS tools over 10 years, and identify DNA variations that predict 
outcomes and treatment responses.
Methods: All patients referred for a sleep evaluation in the Department 
of Neurology at NorthShore University HealthSystem were evaluated 
at initial and annual follow up visits using our SCDS tools. Up to 1,000 
cascading fields of discreet data were captured per office visit. Assess-
ments included the GAD-7, CES-D, ESS, PSQI, and ISI questionnaires. 
For patients diagnosed with WED, we were electronically prompted 
to also perform the International RLS Scale (IRLS) and to approve 
enrollment into our study. We tracked progress and cleaned data using 
monthly enrollment and data quality reports.
Results: We performed 184 initial visit assessments of WED patients 
over two years. All of the subjects had DNA stored. We captured and 
cleaned hundreds of thousands of discreet data for these patients. We 
are in the process of conducting our first annual follow up visits, creat-
ing descriptive reports of the cohort, and performing pairwise correla-
tions and principle component analyses of the score test measures.
Conclusion: The use of SCDS tools is time neutral, improves note 
writing, and captures data for quality improvement and research proj-
ects, with little disruption to our community health system-based Sleep 
Neurology practice.
Support (If Any): Auxiliary of NorthShore University HealthSystem 
and by additional philanthropic gifts.
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ASSOCIATION OF SLEEP DURATION WITH TYPE 2 
DIABETES IN TAIWANESE ADULTS: A POPULATION-
BASED STUDY
Lin C
National Taiwan University, Taipei, Taiwan

Introduction: Experimental sleep study indicated sleep loss was a 
novel risk factor for insulin resistance and metabolic; however, little 
was known about the metabolic effects of sleep time curtailment in 
population of community in Taiwanese. We assessed the cross-section-
al relation of sleep duration to type 2 diabetes in Taiwanese adults.
Methods: The analysis of data was obtained from Nutrition and Health 
Survey in Taiwan (NAHSIT) during 2005–2008. This survey was con-
ducted by stratified three-staged probability sampling design. Partici-
pants were 739 men and 809 women, aged 19 to 64 years. The relation 
of sleep duration to DM was examined using logistic regression model.
Results: The average sleep duration was 7.0 ± 1.3 hours per night, 
with 35.1% of subjects sleeping less 7 hours per night. After adjusted 
confounders (age, sex, body mass index, waist circumstances, total 
cholesterol, sleep disturbances, hypertension). Compared with those 
sleeping 7 to 8 h per night, subjects sleeping 5 h had adjusted odds 
ratio for DM of 2.04 (95% CI 1.05–3.95). Among subjects aged 19 to 44 
years with sleeping 5 h had adjusted odds ratio for DM of 5.24 (95% CI 
1.17–23.475), compared with those sleeping 7 to 8 h per night.
Conclusion: Our results showed that short sleep duration is associated 
with high prevalence of diabetes, especially among in young adults 
with sleeping 5 h had high risk for DM.

1225
EARLY DIAGNOSIS AND TREATMENT OF SLEEP 
DISORDERED BREATHING IN PATIENTS ADMITTED 
WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE 
EXACERBATION REDUCES READMISSIONS
Konikkara J1, Tavella R1, Willes L2, Sharma S1

1Thomas Jefferson University, Philadelphia, PA, 2Willes Consulting 
group, Inc, Encinitas, CA

Introduction: COPD exacerbation is an important cause for health-
care utilization. Concomitant sleep disordered breathing (SDB) may 
worsen prognosis. We hypothesize that early diagnosis and treatment 
of SDB in hospitalized patients with COPD exacerbation will reduce 
readmissions.
Methods: The data collected by a formal inpatient sleep consultation 
program over a period of one year at the Jefferson University Hospital 
was reviewed. Of the 410 patients consulted during this period, 24 pa-
tients admitted with COPD exacerbation were analyzed. Compliance 
was defined as positive airway pressure (PAP) usage more than 4 hours 
per night, 70% or more of the time. Composite end point of hospital 
admissions and Emergency Room (ER) visits during 6 months and 12 
months following therapy was compared to encounters prior to therapy.
Results: Of the 24 patients admitted with COPD exacerbation, 12 were 
compliant (50%). Baseline characteristics were similar between com-
pliant and non-compliant groups. Mean age, BMI and AHI between 
compliant and non-compliant were 60.1 versus 60.7, 40.3 versus 38.5 
and 21 versus 29, respectively. There were no differences in the co-
morbidities. Mean decrease in the composite ER+hospital admissions 
at 6 months was −0.8 (SD = 1.5, 95 CI: −1.7, 0.2) for the non-compliant 
group, compared to −2.1 (SD = 1.2, 95 CI: −3.8, −1.5) for the compli-
ant group, p = 0.03. Mean decrease in ER+hospital admissions at 12 
months was −0.8 (SD = 1.9, 95 CI: −2.0, 0.4) for the non-compliant 
group, compared to −2.7 (SD = 1.8, 95 CI: −3.8, −1.5) for the compliant 
group, p = 0.03.

Conclusion: Among the patients admitted with COPD exacerbation, 
a significant reduction in the composite end point of ER visits and 
hospital admissions was observed in those who were compliant with 
PAP therapy, compared to those who were not compliant. The study 
suggests that early diagnosis of SDB and intervention in patients hos-
pitalized with COPD exacerbation may result in reduced healthcare 
utilization.
Support (If Any): Unrestricted research grant from Resmed to mentor 
(Dr. Sharma)
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THE SOCIAL PATTERNING OF SLEEP IN AFRICAN 
AMERICANS: ASSOCIATIONS OF SOCIOECONOMIC 
POSITION AND NEIGHBORHOOD CHARACTERISTICS 
WITH SLEEP IN THE JACKSON HEART STUDY
Johnson DA1, Lisabeth L1, Hickson D2, Johnson-Lawrence V3, 
Samdarshi T4, Taylor H5, Diez Roux AV6

1University of Michigan Department of Epidemiology, Ann Arbor, MI, 
2University of Mississippi Medical Center Department of Medicine, 
Jackson, MS, 3University of Michigan Department of Public Health 
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Center Department of Cardiology, Jackson, MS, 5Morehouse School 
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Introduction: African Americans have poorer sleep quality and lower 
mean sleep duration compared to other racial groups. Individual-level 
social and environmental factors may contribute to poor sleep out-
comes in this population but have not been studied. Using baseline data 
from the Jackson Heart Study (JHS), we studied associations of indi-
vidual-level socioeconomic position (SEP) and neighborhood charac-
teristics (social cohesion, violence (frequency of violent acts), problems, 
disadvantage (lower socioeconomic position)) with sleep duration and 
sleep quality in 5,301 African Americans.
Methods: All measures were self-reported. Sleep duration was as-
sessed as hours of sleep; sleep quality was reported as poor (1) to ex-
cellent (5). SEP was measured by categorized years of education and 
income. Multinomial logistic and linear regression models were fit to 
examine the associations of SEP and neighborhood characteristics 
(modeled dichotomously) with sleep duration (short vs. normal, long 
vs. normal) and continuous sleep duration and quality after adjustment 
for demographics and risk factors.
Results: The sample was 63% female, with a mean age of 54.7 years. 
The mean sleep duration was 6.4 ± 1.5 hours, 54% had a short (≤ 6 
hours) sleep duration, 5% reported long (≥ 9 hours) sleep duration, and 
24% reported poor sleep quality. Lower education was associated with 
greater odds of long sleep (odds ratio (OR) = 2.35, 95% confidence 
interval (CI) = 1.53, 3.60) and poorer sleep quality (β = −0.19, 95% 
CI = −0.29, −0.09) compared to higher education after adjustment 
for demographics and risk factors. Findings were similar for income. 
High neighborhood violence was associated with shorter sleep dura-
tion (−10.4 minutes, 95% CI = −3.61, −17.25) and poorer sleep quality 
(β = −0.11, 95% CI = −0.02, −0.20) after adjustment for demographics 
and risk factors. Results were similar for neighborhood problems.
Conclusions: Social and environmental characteristics are associated 
with sleep duration and quality may contribute to adverse sleep out-
comes in African Americans.
Support (If Any): This research was supported in part by the 
Michigan Center for Integrative Approaches to Health Dispari-
ties (P60MD002249) funded by the National Institute on Minority 
Health and Health Disparities; The National Heart, Lung, And Blood 
Institute of the National Institutes of Health under Award Number 
R01HL071759; and the Robert Wood Johnson Foundation Health & 
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1University of Michigan Department of Epidemiology, Ann Arbor, 
MI, 2Emory University Department of Epidemiology, Atlanta, GA, 
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Introduction: Studies have shown that psychosocial stressors are re-
lated to poor sleep. However, studies of African Americans, who may 
be more vulnerable to the impact of psychosocial stressors, are lacking. 
Using the Jackson Heart Study (JHS), we examined cross- sectional 
associations of psychosocial stress with sleep duration and quality in 
4,863 African Americans.
Methods: Sleep duration was assessed as self-reported hours of sleep, 
and sleep quality was assessed as self-reported rating of sleep quality 
(1 = poor-5 = excellent). Three measures of psychosocial stress were 
investigated: the Global Perceived Stress Scale (GPSS); Major Life 
Events (MLE); and the Weekly Stress Inventory (WSI). Multinomial 
logistic and linear regression models were used to examine the asso-
ciation of each stress measure (in quartiles) with sleep duration (≤ 6 
hours, or “short” vs. 7 or 8 hours, or “normal”, ≥ 9 hours, or “long” vs. 

“normal”) and continuous sleep duration and sleep quality after adjust-
ment for demographics and risk factors (BMI, hypertension, diabetes, 
physical activity).
Results: Mean age of the sample was 54.6 years and 64% were fe-
males. Mean sleep duration was 6.4 ± 1.5 hours, 54% had a short sleep 
duration, 5% had a long sleep duration, and 34% reported a “poor” or 

“fair” sleep quality. Persons who reported high scores on the GPSS had 
higher odds of short sleep (odds ratio: 1.89, 95% confidence interval: 
1.55, 2.30), shorter average sleep duration (∆ = −33.6 minutes (95% CI: 
−41.8, −25.4), and reported poorer sleep quality (∆ = −0.73 (95% CI: 
−0.83, −0.63) compared to those in the lowest quartile of GPSS after 
adjustment for demographics and risk factors. Results were consistent 
for WSI and MLE. Psychosocial stressors were not associated with 
long sleep.
Conclusions: Psychosocial stressors are associated with higher odds 
of short sleep, lower average sleep duration, and lower sleep quality 
in African Americans. Psychosocial stress may contribute to adverse 
sleep outcomes in African Americans.
Support (If Any): This research was supported in part by the 
Michigan Center for Integrative Approaches to Health Dispari-
ties (P60MD002249) funded by the National Institute on Minority 
Health and Health Disparities; The National Heart, Lung, And Blood 
Institute of the National Institutes of Health under Award Number 
R01HL071759; and the Robert Wood Johnson Foundation Health & 
Society Scholars program. The content is solely the responsibility of 
the authors and does not necessarily represent the official views of the 
National Institutes of Health.
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UNDERSERVED POPULATION IN A GEOGRAPHICALLY 
REMOTE AREA OF LOS ANGELES COUNTY (LAC)
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1Olive View-UCLA Sleep Medicine Center, Sylmar, CA, 2David 
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Introduction: Telemedicine can improve sleep healthcare access in 
communities distant from sleep centers, and may be useful for under-
served populations with limited transportation. LAC healthcare system 
patients residing in Antelope Valley (AV) travel at least 50 miles for 
sleep services at Olive View-UCLA Medical Center (OVMC). To de-
termine a potential role for sleep telemedicine, we compared current 
access and outcomes between patients residing in AV vs the OVMC-
San Fernando 91342 zip code area (SF).
Methods: We developed a database from referral, medical, sleep labo-
ratory and clinic records of 274 AV and 103 SF patients referred for 
sleep testing during January 2013-June 2014. The groups were com-
pared regarding completion and timeliness, CPAP acceptance, and 
hospitalization rates before and after testing using Bonferroni correct-
ed student-t tests, normally approximated Z-tests and counts assuming 
Poisson distribution.
Results: AV vs SF patients were similar in age, BMI, daytime symp-
tom scores and co-morbidities, but AV had a higher proportion of men 
(52% vs 35%). The proportion of referrals that completed the initial 
pre-test intake assessment at OVMC was significantly less for AV (146 
(53.1%)) than SF (77 (74.8%)) (p = 0.0007). Average days from refer-
ral to intake were greater for AV than SF (59.9 ± 107.2 vs 35.0 ± 54.7, 
p = 0.02), but similar from intake to sleep study and CPAP set-up. Pro-
portions of patients prescribed CPAP (59% vs 58%), patients that ac-
cepted CPAP (82% vs 72%) and sleep clinic follow-up visits (42% vs 
44%) were similar. In both groups, hospitalizations/yr decreased dur-
ing the 18 months after testing compared to the year before testing, 
from 26 (CI: 17–38) to 10 (CI: 4–10) for AV and from 23 (CI: 15–35) to 
4 (CI: 1–10) for SF (p < 0.001).
Conclusion: These findings suggest an access barrier for AV patients 
at initiation of the testing process. A sleep telemedicine program tar-
geting intake and testing may improve access.
Support (If Any): ASMF Humanitarian Award
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AMBULATORY AT HOME PAP THERAPY IN 
AN UNDERSERVED POPULATION: FACTORS 
INFLUENCING COMPLIANCE
Burke T
Carolinas Sleep Services, Charlotte, NC

Introduction: Carolinas Sleep Services has an Ambulatory Sleep 
program in which uninsured patients in Mecklenberg County, NC are 
provided both diagnostic and treatment options at either no or minimal 
charge. We retrospectively reviewed the chart data for 236 patients at 
the Carolina Sleep Services Ambulatory Clinic to assess patient adher-
ence to PAP therapy in this low-income/uninsured population.
Methods: The CSS program followed the following protocol: Patients 
with a prior diagnosis of sleep apnea were sent directly to Healthy at 
Home for initiation of PAP therapy. Patients with suspected sleep apnea 
were referred to CMC-Mercy for a daytime sleep study with a limited 
channel hook up. Patients diagnosed with significant obstructive sleep 
apnea were then placed on an auto-titration PAP device to determine 
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proper home settings. A refurbished or low cost PAP machine was then 
provided to the patients.
Results: Relatively few compliance reports were found for the patients 
who were referred to PAP therapy. The presence or absence of compli-
ance reports was not entirely due to patient characteristics. Although 
there were some problems that were due to patient lack of adherence – 
e.g., 55% of patients failed to show for follow up appointments. Anoth-
er major limitation of the study was the number of compliance reports 
available from the electronic databases. However out of 236 patients 
30 compliance reports were found and only 14 patients (47%) of the 30 
with compliance reports complied with their PAP therapy.
Conclusion: Enhancing compliance with PAP therapy will increase 
the treatment rate of OSAS, in turn improving an underserved commu-
nity’s health. In the future, programs addressing issues of affordability, 
tracking compliance, providing education on the hazards of sleep ap-
nea, and training patients to use PAP devices and masks in this popula-
tion will be key in cultivating PAP adherence.

1230
EFFICACY OF SLEEP EDUCATION IN A DOMINICAN 
REPUBLIC NEIGHBORHOOD THROUGH TRAINING OF 
COMMUNITY HEALTH PROMOTERS
DelRosso LM, Cielo CM, D’Ulisse E, Elliot J, Galea L, Slavich L, 
Murphy M
The Children’s Hospital of Philadelphia, Philadelphia, PA

Introduction: The Children’s Hospital of Philadelphia (CHOP) Global 
Health Allies program in the Dominican Republic provides opportu-
nities for CHOP employees to deliver health training to community 
members who lack access to health education. The program trains ten 
health promoters (HPs) with the goal of becoming the bridge between 
a health provider and the community. We evaluated the effectiveness 
of the HPs in teaching sleep concepts to the community and identified 
areas of improvement.
Methods: Ten HPs received a 4-hour training session in sleep medi-
cine including sleep disorders, consequences of sleep deprivation and 
the importance of sleep. 100 questionnaires were randomly adminis-
tered to adult community members during a health fair. The questions 
assessed basic knowledge of sleep disorders, sleep deprivation and the 
importance of sleep. HPs were then instructed to educate the commu-
nity on these topics, using the knowledge gained from an educational 
session with CHOP employees. 100 questionnaires will be adminis-
tered to random adult community members 3 months later to assess for 
changes after the HPs educated the community members.
Results: 93 adults responded to the questionnaire. 92 (99%) stated that 
sleep is important. The most known sleep disorder was insomnia 59 
(63%) followed by restless legs syndrome 26 (28%), obstructive sleep 
apnea 17 (18%) and narcolepsy 11 (12%). 40% of the respondents be-
lieved that excessive daytime sleepiness can be caused by a medical 
or sleep condition. In terms of sleep deprivation, 78% believed it can 
produce car accidents and 70% answered that it can cause behavioral 
problems.
Conclusion: Community education and prevention is the goal of many 
outreach programs. In ours, many respondents were unfamiliar with 
sleep conditions such as OSA and narcolepsy. Our results show the 
feasibility of community education about sleep medicine through the 
training of a small group of HPs.
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IMPROVING OBSTRUCTIVE SLEEP APNEA HEALTH 
LITERACY AND TREATMENT ADHERENCE: A 
STRATIFIED MULTILEVEL PROCESS IMPROVEMENT 
INITIATIVE
CruzCrespo C, Brock M, Frey WC, Hansen S
San Antonio Uniformed Services Health Education Consortium, 
Lackland Air Force Base, TX

Introduction: Poor adherence to positive airway pressure is a chal-
lenge. Many strategies to monitor patient compliance through the 
development of CPAP adherence programs have been employed. Inad-
equate health literacy has been associated with poor clinical outcomes 
and reduced compliance. Patients in military health face unique chal-
lenges with adherence after initiation of PAP treatment. We developed 
a stratified PAP adherence program consisting of 4 interventions in the 
initial 8 weeks of PAP therapy. Verbal and written education regarding 
OSA health literacy, therapy options, short-term goals, and potential 
impact of compliance was provided.
Methods: This is a single military center observational process im-
provement project, with 24 participants in a stratified multilevel PAP 
adherence program. The patients completed pre-intervention 5 item 
questionnaire assessing OSA and PAP health literacy. This was fol-
lowed by an educational group session and an individual evaluation 
by a sleep physician. Patients then completed a post-intervention ques-
tionnaire. Written instructions, care plan, and follow up appointment 
were provided. A telephone consult was performed after one week of 
utilizing PAP. At 6 weeks a follow up evaluation to assess compliance 
and retained health literacy will be attempted.
Results: Initially 4.5% (1/22) answered all five items correctly, improv-
ing to 63.2% (12/19) on the post-intervention questionnaire. The mean 
number of questions correct was 45.5% (2.27/5) and 89.5% (4.47/5) 
(median 60% (3/5) and 100% (5/5)) for the respective groups. Initial 
phone follow-up thus far has been 85.7% (6/7). Overall compliance, 
health literacy, follow-up, residual AHI, and change in ESS scores are 
being compared.
Conclusion: Room for improvement exists in patient understanding 
of OSA and its treatment along with timely follow-up and treatment 
compliance. Participation in a multi-stratified treatment program has 
led to improved patient health literacy and follow-up in our center. Pro-
gram completion is also predicted to improve overall compliance and 
treatment outcomes.

1232
SLEEP DATA MINING ALLOWS IN DEPTH 
UNDERSTANDING OF SLEEP PATTERNS AND 
PROBLEMS
Baharav A1,2, Spiegel E1, Eyal S1

1HypnoCore, Petach Tiqva, Israel, 2WinSleep, Wingate Institute, 
Netanya, Israel

Introduction: Sleep problems are prevalent and affect quality of life, 
health, and performance. Evaluation and treatment are restricted due 
to high costs and limited availability of clinical sleep facilities. The 
need to close the gap between the needs and the solutions stimulates 
new technological developments to allow simple sleep self-evaluation, 
and possibly adequate help, in the personal sleep environment. Large 
scale solutions using mobile communication and off the shelf sensors 
provide initial sleep assistance. At the same time, sleep data acquisition 
facilitates better understanding of the sleep process itself and continu-
ous improvement of the initial technologies. SleepRate application of-
fers users sleep evaluation and personalized sleep improvement using 
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a smartphone, Heart Rate fitness monitors, and computerized CBTI 
techniques. Following is what the good and poor sleepers teach us.
Methods: Over 9000 users and 20,000 tracked nights between January 
23rd and December 12th 2014. Most used the system freely for nightly 
evaluation (FG), 330 engaged in sleep assessment and improvement 
(EG). All provided nightly information and or measurements. The en-
gaged group provided also their sleep concerns and answered question-
naires.
Results: EG only: age 37.9 (SD 16.6), 61% males, concerned about: 
trouble falling asleep (41%), nighttime awakenings (58%), snoring 
(45%), early awakenings (50%), difficulties to get up (60%), not being 
rested upon wake up (86%), sleepiness during the day (74%), learning 
about their sleep (97%). Detailed data regarding 792 assessment nights 
and 1108 free measurement nights after November 2nd indicate sig-
nificant difference between FG and EG (t-test, p < 0.001). (1) Measured 
variables: TST (FG 403 min)/(EG 386 min); WASO (FG 47 min)/(EG 
53 min); Mean Sympatho-Vagal Balance (FG 17.44)/(EG 22.45 min); 
Slow Wave Sleep (SWS) duration (FG 114 min/EG 102 min); Sleep 
latency 20 min in both groups. (2) Reported nightly diary: Total time 
in bed (FG 467 min)/(EG 457 min); Sleep latency (FG 18 min/EG 27 
min); WASO (FG 18 min)/(EG 36 min); Sleep Efficiency (FG 92%/
EG 85%); Daytime Sleepiness (FG 25/EG 31). Similar go to bed time 
(23:00 pm) and wake up time (6:30 am). Users with sleep complaints 
overestimate their fall asleep time.
Conclusion: People sleep less than 7 hours, those engaged in assess-
ment report more sleep difficulties and sleep about a quarter of an hour 
less than the free measurement group. They also have as a group less 
SWS and a higher nightly sympatho-vagal balance, indicating hyper-
arousal. Their sleep problems represent a good enough reason to en-
gage in a sleep improvement program.

1233
PREVALENCE OF SUBJECTS WITH CHRONIC SLEEP 
INSUFFICIENCY IN SOUTH KOREA
Joo E1, Chu M2

1Samsung Medical Center, Sungkyunkwan University School of 
Medicine, Seoul, Korea, Republic Of, 2Sacred Heart Hospital, Hallym 
University College of Medicine, Anyang, Korea, Republic Of

Introduction: To investigate the prevalence of subjects with chronic 
sleep insufficiency in Korean adults and to explore their characteristics.
Methods: A total of N = 2,762 participants from 2011 to 2012 answered 
questions about the sleep-wake habit and sleep quality. According to 
sleep time over weekdays, subjects were divided into group of short 
sleep (SS, < 5 h), normal sleep (NS 5–9 h) and long sleep (LS, > 9 h).
Results: 219 subjects (7.9%) were pertinent to SS. Their total sleep 
time was significantly shorter over weekdays (mean 4.5 h, 01:06–
05:54) than weekends (5.7 h, 00:54–06:48, p < 0.001). NS and LS did 
not sleep longer over weekends. Only 31.5% of SS (n = 69) were satis-
fied with their sleep (71.3% of NS, 92.1% of LS). 9.1% of SS (n = 20) 
had a history of sleeping pills (1.7% of NS, 3% of LS). SS were the 
sleepiest during daytime (Epworth sleepiness scale 6.4 in SS vs. 5.5 in 
NS, 5.4 in LS), slept the worst (Pittsburgh Sleep questionnaire index 
7.7 in SS vs. 4.3 in NS, 3.9 in LS), and had the most trouble with sleep 
(Insomnia severity scale 7.2 in SS vs. 4.3 in NS and 4.8 in LS). 17.8% 
of SS scored ≥ 2 of Berlin questionnaire (risk of obstructive sleep ap-
nea), significantly higher than others (9.2%). Demographics (age, gen-
der, shift worker, monthly income, and education) were not different 
among groups. Hypertension tends to be higher in SS (16.4%) than NS 
(11.7%) or LS (8.9%).
Conclusion: 7.9% of Korean adults sleep less than 5 h over weekdays 
and their sleep time is the least even over weekends (5.7 h). The poor 
sleep quality and higher insomnia scales of SS suggest that chronic 

sleep insufficiency may result from sleep disorders rather than lack of 
time for sleep.

1234
COMMUNICATION ERROR ANALYZES OF SLEEP/
WAKE-BEHAVIOUR ASSESSMENTS: THE NEED 
FOR OPTIMIZING COMMUNICATION AND DATA 
GATHERING WITH NEW TECHNOLOGIES
McAllister G1, Mayer S1,2, Roth F1, Berger M1, Timler K1, Elbe D3,4, 
d’Agincourt-Canning L5, Stockler S2,6, Ipsiroglu O1,2

1Sleep/Wake Behaviours Clinic & Research Lab, Division of 
Pediatrics, Department of Pediatrics, Faculty of Medicine, University 
of British Columbia, Vancouver, BC, Canada, 2Treatable Intellectual 
Disability Endeavour - British Columbia, Vancouver, BC, Canada, 
3Child and Adolescent Mental Health, BC Children’s Hospital, 
Department of Pediatrics, Vancouver, BC, Canada, 4Department 
of Psychiatry, Faculty of Medicine, University of British Columbia, 
Vancouver, BC, Canada, 5Clinical Ethics Service, Children’s and 
Women’s Health Centre of BC, Vancouver, BC, Canada, 6Division of 
Biochemical Diseases, Department of Pediatrics, Faculty of Medicine, 
University of British Columbia, Vancouver, BC, Canada

Introduction: In complex chronic-care, patients’ functional co-
morbidities (such as sleep problems) often remain unreported or un-
recognized, and can lead to a cascade of diagnoses and inappropriate 
medications; one contributing factor is that documentation lacks an 
overview accessible to patients/stakeholders. We are investigating and 
developing concepts for facilitating overview of complex patient data.
Methods: (1) We investigated required information for providing an 
overview of patient history, through semi-structured interviews and 
chart analysis, then visualized communication pathways of five pae-
diatric complex chronic care patients (PCCCP, referred to a sleep/
wake-behaviour clinic and needing at least five interventions by multi-
professional teams). (2) Additionally, four PCCCPs’ medical/narrative-
based diagnoses and interventions were visualized in life-trajectory 
graphs. (3) Results were presented and discussed with representatives 
of service-providing non-governmental organizations (NGOs).
Results: (1) The visualization of communication pathways revealed 
that patient families were often not included in report distribution. (2) 
Life-trajectory graphs revealed, in addition to results presented in #1, 
that physicians targeted sleep problems with a significant average delay, 
up to 7 years. (3) NGO representatives suggested collective data gath-
ering for reducing communication errors and quality control purposes. 
In consequence, utilizing the Vancouver-Polar-BEARS concept (which 
adds information on family ecology and prescription/non-prescription 
medications to the standard BEARS questions), we developed a pro-
totype for a web-based sleep/wake-behaviour app (SWAPP). Printed 
results facilitate immediate quality control by patient/families and pro-
fessionals and allow patients/families to share data easily with other 
care providers. The life-trajectory graph, gathering medical informa-
tion and patient/parent comments into a timeline, was also developed 
into a prototype app that enables interactive visualized presentation.
Conclusion: Modern technology can enable bi-directional communi-
cation between professionals and patient families. Data ownership-re-
lated challenges, optimal visualization of collected data and the design 
of apps that are accessible and useful for both clinicians and patients 
are the subject of ongoing research.
Support (If Any): The SWAPP prototype was developed by Shift 
Health Paradigms Inc. (Toronto, Canada); The Life-Trajectory-App 
prototype was developed at the Hackathon of the eHealth Confer-
ence with support of Engage Data (Vancouver, Canada). Supported by 
Treatable Intellectual Disability Endeavour-British Columbia, Neuro-
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DevNet Canada; Children’s Sleep Network, Hackathon at the eHealth 
Conference 2014 Vancouver, and Telus Canada.
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DESIGN AND ITERATIVE TESTING OF A SLEEP/
PHYSICAL ACTIVITY SMARTPHONE “APP” FOR US 
VETERANS
Buman MP1, Epstein DR 2, Baldwin CM1, Herb C 4, Hollingshead K 5, 
Gutierrez M5, Hekler EB5, Hekler AC 6, Ohri-Vachaspati P5, Vega-
Lopez S5, Babcock-Parziale J 7

1Arizona State University, Phoenix, AZ, 2Phoenix VA Health Care 
System, Nursing Services, Phoenix, AZ, 3Arizona State University, 
Phoenix, AZ, 4Phoenix VA Health Care System, Research Service, 
Phoenix VA Health Care System, AZ, 5Arizona State University, 
School of Nutrition and Health Promotion, Phoenix, AZ, 6Phoenix VA 
Health Care System, Mental Health Service, Phoenix, AZ, 7Southern 
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Introduction: Sleep, sedentary behavior (i.e., sitting), and physical ac-
tivity are distinct lifestyle behaviors associated with increasing rates 
of chronic diseases, including obesity, diabetes, and cardiovascular 
disease. These behaviors are linked within the circadian cycle; thus, 
increasing time in one behavior inevitably requires decreasing time in 
another behavior. Personal technologies, such as the smartphone, may 
be an ideal route to deliver health interventions to the over 5.5 million 
Veterans given their access to the existing mHealth portal. The goal 
of this study was to develop and test BeWell24, a multi-component 
smartphone “app” targeting sleep, sedentary behavior, and physical 
activity for use as a lifestyle intervention for the growing US Veteran 
population.
Methods: Content, developed from evidence-based behavioral strate-
gies for sleep (stimulus control therapy), sedentary behavior (self-reg-
ulatory strategies), and physical activity (goal setting), used a Veteran 
client-centered design process for app development.
Results: Preliminary paper and functional prototypes were tested by 
five interdisciplinary VHA clinical teams (N = 22) and Veterans (n = 7) 
for which the BeWell24 app is intended. Veterans were re-engaged up 
to 3 additional times throughout app development for further iterative 
testing. Currently, Veterans (N = 50; 35–64 years of age) are being 
recruited into a trial to test BeWell24 and its components using a multi-
phase optimization strategy (MOST) design. These lifestyle behaviors 
will be measured throughout an 8-week intervention monitored via 
continuous, blinded, 24 hour wrist accelerometry.
Conclusion: This work informed the completion of BeWell24, an in-
teractive android-based smartphone application with individually-tar-
geted components for sleep, sedentary behavior, and physical activity. 
Preliminary results from the process-level trial suggest that Veterans 
regularly engaged in self-monitoring and informational app compo-
nents (85% completion rate for beta testers). Interviews with Veterans 
who completed the intervention (n = 6) indicated that the smartphone 
app was suitable and useful for the intended sleep/activity behavior 
changes.
Support (If Any): Virginia G. Piper Charitable Trust; VA Polytrauma 
and Blast-Related Injuries QUERI (QLP 56-010). The authors’ views 
or opinions do not necessarily represent those of the Department of 
Veterans Affairs or the United States Government.
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GENDER DIFFERENCES OF THE INFLUENCES OF 
WORK STRESS ON SLEEP QUALITY IN TAIWANESE 
WORKERS
Hung Y1, Hsu Y2,3, Bai C3, Kao C 4, Huang C 4, Yang C1,5

1Department of Psychology, National Cheng-Chi University, Taipei 
City, Taiwan, 2Institute of Labor, Occupational Safety and Health, 
Ministry of Labor, New Taipei City, Taiwan, 3Department of Public 
Health, Taipei Medical University, Taipei City, TAIWAN, 4Service 
Systems Technology Center, Industrial Technology Research Institute 
(ITRI), Hsinchu County, Taiwan, 5The Research Center for Mind, 
Brain and Learning, National Cheng-Chi University, Taipei City, 
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Introduction: Previous studies have shown that work stress is associ-
ated with sleep quality and insomnia. Those studies however did not 
pay attention to the effects of gender although it has been recognized 
that different domains of work stress can have different effects in male 
and female workers. The present study aims to explore the associations 
between different aspects of work stress and sleep quality, as well as 
the gender differences of the associations.
Methods: Participants (230 males & 156 females) were recruited from 
a telecommunication company and an electronics company in Taiwan. 
A package of questionnaires, including Pittsburgh Sleep Quality Index 
(PSQI), a work stress scale (WSS) from the Occupational Stress Indi-
cator-2 (OSI-2), and Perceived Stress Scale (PSS) were administrated 
to 410 workers. A total of 386 valid questionnaires were obtained.
Results: Pearson’s correlations show that total scores of both WSS and 
PSS correlate significantly with sleep quality in all participants (WSS: 
r = 0.254, p < 0.001; PSS: r = 0.432, p < 0.001) and when data from 
male (WSS: r = 0.294, p < 0.001; PSS: r = 0.482, p < 0.001) and female 
(WSS: r = 0.186, p = 0.021; PSS: r = 0.368, p < 0.001) participants were 
analyzed separately. Overall, work stress correlates higher with sleep 
quality in male workers than in female workers. Among the eight do-
mains of work stress, linear regressions recognize that organizational 
climate (β = 0.298, p < 0.001) can significantly predict sleep quality in 
male workers, and hassles (β = 0.197, p = 0.013) can significantly pre-
dict sleep quality in female workers.
Conclusion: The study showed that work stress has greater impact on 
sleep quality in male workers. Moreover, the work stressors best pre-
dicting the variances of sleep quality are different between male and 
female workers.
Support (If Any): This study was supported by the Institute of Labor, 
Occupational Safety and Health of Taiwan (IOSH103-R326), Taiwan.

1237
PILOT STUDY TO EVALUATE SLEEP PATTERNS IN 
12 HOUR SHIFT WORKERS: DAY AND NIGHT SHIFT 
NURSES ON A MEDICAL/SURGICAL UNIT
McCarthy MS1, Markley E2

1University of Colorado Denver, Denver, CO, 2University of Colorado 
Hospital, University of Colorado Hospital, CO

Introduction: Sleep deprivation and fatigue in night shift nurses (RNs) 
has been studied as a contributing risk factor in occupational and pa-
tient care errors. In addition, drowsy driving after a 12 hour nursing 
shift can potentially impact individuals outside the health care system. 
This pilot study was designed to examine the self-assessment and sleep 
patterns of a small group of medical/surgical nurses at an academic 
medical center.
Methods: Medical/surgical nurses on one unit of an acute care hospital 
were surveyed about their sleep habits (n = 16). They subsequently kept 
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a sleep diary for one week (n = 13). Both day shift and night shift work-
ers were included in the study.
Results: When surveyed about sleep habits both day and night shift 
RNs reported a decrease in sleep time prior to a 12 hour hospital shift 
(avg. 6 hours) compared to an average night (avg. 6.9 hours). Sleep di-
ary results showed day shift RNs sleeping an average of 2 hours less 
prior to a shift than on a non-work night, while night shift RNs slept on 
average 46 minutes more prior to a shift.
Conclusion: The existence of sleep deprivation and fatigue in night 
shift hospital workers is increasingly supported by the literature, but 
the results of this pilot study suggest that the prevalence of fatigue re-
lated to short sleeping in day shift workers requires additional study.

1238
THE EFFECTS OF MIND-BODY INTERVENTIONS ON 
SLEEP QUALITY: A SYSTEMATIC REVIEW
Neuendorf R1, Wahbeh H1,2, Chamine I2, Yu J2, Hutchison K 2, 
Oken BS2

1Helfgott Research Institute, National College of Natural Medicine, 
Portland, OR, 2Oregon Health and Science University, Portland, OR

Introduction: To evaluate the effect of mind-body interventions 
(MBI) on sleep.
Methods: We reviewed randomized controlled MBI trials on adults 
(prior to 12/31/13) with at least one sleep outcome measure. We searched 
eleven electronic databases and excluded studies with interventions 
not considered mind-body medicine and trials without a proper control 
group. Studies were categorized by type of MBI, whether sleep was a 
primary or secondary outcome measure, and type of outcome measure.
Results: 1323 non-duplicate abstracts were screened, and 112 out of 
the 149 reviewed papers were included for analysis. Overall, 67 (60%) 
of studies with a variety of MBI reported a beneficial effect on at least 
one sleep outcome measure. Of the most common interventions, 13/23 
studies using meditation, 21/30 using movement mind-body therapies 
and 14/25 using relaxation reported at least one measure of improved 
sleep. There were clear risks of bias for many studies reviewed, espe-
cially when sleep was not a primary outcome for the study.
Conclusion: From a clinical perspective, MBI should be considered as 
a treatment option for patients with sleep disturbance. From a research 
perspective, the benefit of MBI needs to be better documented with ob-
jective outcomes as well as the proposed mechanism of action. There 
is some evidence that MBI has a positive benefit on quality of sleep. 
Since sleep has a direct impact on many other health outcomes, includ-
ing sleep outcome measures in future MBI trials is recommended.

1239
THE EXPERIENCE OF A POWER NAP CENTER IN THE 
LARGEST CITY OF BRAZIL - PRELIMINARY STUDY
Jankavski C1, Lorenzi-Filho G2,3, Santos -Silva R 2,3

1Cochilo, São Paulo/SP, Brazil, São Paulo, Brazil, 2Núcleo 
Interdisciplinar da Ciência do Sono - NICS, São Paulo, Brazil, 
3Faculdade de Medicina da Universidade de São Paulo, Heart Institute 
(InCor), Pulmonary Division, Sleep Laboratory, São Paulo/SP, Brazil, 
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Introduction: Opened in January 2014 and located in downtown area 
of the São Paulo, the largest (~12 million inhabitants) city of Brazil, 

“Cochilo” (the Portuguese word for “nap”) is a company prepared to re-
ceive subjects interested in taking a nap during the day. The Power Nap 
Center has 20 soundproofed cabins, blue lighting and headphones play-
ing relaxing soundtracks. The cabins are automated and, when the nap 
scheduled time ends, the exclusively designed bed vibrates and flashes 
of white lighting for the “nappers” to wake up. Opened from 7 am to 

7 pm, Monday to Friday, the customers can choose their nap time dura-
tion: 15, 30, 45, 60, and 90 minutes. The price charged depends on the 
nap duration, ranging from US$5 to US$10. The aim of this prelimi-
nary study was to evaluate the features of “nappers” population and of 
the naps in the period from January to October 2014.
Methods: The company database was retrospectively analyzed, which 
included basic information of subjects who looked for the Power Nap 
Center and the duration of all naps.
Results: One thousand and one subjects were registered (73% males) 
and 33% of these napped more than once a week. A total of 3.633 naps 
were evaluated. Most naps (55%) had the duration of 30 minutes. There 
was a progressive increase in the number of naps (110 in January to 595 
in October).
Conclusion: Data showed that the population who came to the Power 
Nap Center, in downtown area of a big metropolis in Brazil, was pre-
dominantly (73%) male. Moreover, the number of naps during the day 
increased by almost 500% from January to October 2014, which might 
suggest an important strategy for improving the quality of life and in-
creased productivity.
Support (If Any): Núcleo Interdisciplinar da Ciência do Sono - NICS

1240
ONCOLOGY PROVIDER KNOWLEDGE AND PRACTICE 
FOR SLEEP PROBLEMS IN CANCER PATIENTS AND 
SURVIVORS
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Introduction: There are an estimated 9.8 million cancer survivors in 
the United States and this number is projected to increase each year 
with advanced treatments. Evidence suggests that up to 90% of cancer 
survivors suffer from sleep complaints during post-treatment survivor-
ship. Treating poor sleep requires a symptom assessment to guide ap-
propriate treatment, including referrals to a sleep medicine. There is 
little information on how oncology providers address poor sleep during 
clinic visits. Therefore, our study purpose was to assess current knowl-
edge and practices for addressing poor sleep in persons with cancer in 
order to identify provider needs.
Methods: Oncology providers are participating in an ongoing, online 
national survey. This is an interim analysis using frequencies of item 
responses to survey questions obtained thus far.
Results: The sample reflects 56 oncology providers, including physi-
cians (medical oncologists 39.3%, radiologists 5.4%), nurse practitio-
ners (21.4%), staff nurse (14.3%), and others (19.6%) who see fewer 
than 20 patients per day. Sleep problems were addressed sometimes to 
usually during clinic visits and at all points of treatment. Most provid-
ers believed they had adequate time to address sleep but that it was 
not within their scope of practice to fully treat the problem. Most pro-
viders (92.9%) were unaware of two practice guidelines for sleep in 
cancer. Common practices for sleep complaints include determining 
need for referral (26.8%), basic behavioral counselling (83.9%), pre-
scription medication (58.9%), and over-the-counter medication (33.9%). 
The majority of providers were aware of possible treatments such as 
sleep hygiene counseling, relaxation, exercise, and acupuncture, but 
less aware of cognitive behavioral therapy. Finally, providers preferred 
learning about practice guidelines for sleep in a summary or formal 
presentation.
Conclusion: Oncology healthcare providers often address patient sleep 
complaints during clinic visits, but need better guidance to fully ad-
dress this complex issue to improve outcomes and quality of life.
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Support (If Any): Supported by Center for Enhancing Quality of Life 
in Chronic Illness at the Indiana University School of Nursing, Indiana 
University School of Nursing Foundation, Indiana University Simon 
Cancer Center
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EDUCATION IN A DOCTOR OF NURSING PRACTICE 
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Introduction: There is growing concern regarding sleep disorders and 
associated comorbidities that threaten public health and health care 
costs. Despite this growing body of knowledge, health providers, par-
ticularly nurse practitioners, receive little to no training regarding sleep 
disorders and sleep health promotion. This work describes a newly de-
veloped brief training session that can be easily incorporated into a 
doctor of nursing practice (DNP) program for nurse practitioners.
Methods: The training session for advanced practice nurses enrolled 
in a university DNP program was re-engineered for advanced prac-
tice nurses and other health providers from a manual developed for 
lay health workers. The sleep training session explicates leading sleep 
disorders (OSA, snoring, insomnia symptoms, short sleep duration, 
RLS) and sleep hygiene/stimulus control methods developed by sleep 
experts in PowerPoint format. Data were derived from pre/post 10-
item questionnaires regarding sleep disorders, causative factors, sleep 
health and misconceptions about sleep. Higher scores indicated im-
proved learning. Data were analyzed with paired t-tests using SPSS 
(V20) with significance set at p < 0.05.
Results: The DNP students (N = 51; ~80% women) were from fam-
ily, adult, women’s health, psychiatric and pediatric specialties. Across 
participants, mean scores with standard deviations showed significant 
differences in learning concepts from pre- (8.9 ± 1.04) to post-testing 
(9.7 ± 0.65, p < 0.0001). Pre-to-post item analysis indicated areas for 
greatest learning needs.
Conclusion: Testing of advanced practice DNP students showed sig-
nificant pre-to-post learning regarding sleep disorders and sleep health 
promotion strategies. Pre-to-post item analysis suggested significant 
learning in the areas of sleep needs for adults, prevalence of insomnia 
by sex, and the misconception that daytime sleep can make up for lack 
of sleep at night. Findings suggest that this brief training session is a 
salient approach to introducing sleep disorders and sleep health pro-
motion into a graduate nursing curriculum. Advanced assessment and 
measurement tools should be included in future training.

1242
CONCURRENT SLEEP DISORDERS AND 
COMORBIDITIES IN PATIENTS REFERRED TO SLEEP 
SERVICES
Qian MY1, Southcott A 2, Swieca J1, Frenkel S2, Cunnington D1

1Melbourne Sleep Disorders Centre, East Melbourne, Australia, 
2Western Health, Footscray, Australia

Introduction: Current medical literature and professional society 
guidelines frequently view sleep disorders as existing in separate dis-
ciplines, whereas in clinical practice, multiple sleep disorders are often 
represented in the same patient. This has implications for team-based 
treatment approaches and adds to the general complexity of managing 
patients in both public (government) clinics and private practice. We 
aim to describe the prevalence of sleep disorders in new patients pre-
senting to specialist sleep services, to describe medical and psychiatric 

comorbidities in these patients and to evaluate differences between pa-
tient populations presenting to a tertiary government teaching hospital 
sleep disorders clinic and a large private sleep medicine practice.
Methods: New patients seen at the Sleep Disorders Clinic at Western 
Health (WH), Melbourne, Australia between January 1, 2013 and April 
30, 2013 were screened for inclusion. Patients were excluded if they 
were referred for a non-sleep issue, or if they were prematurely lost to 
follow-up. The same number of patients fulfilling the above criteria 
referred to the Melbourne Sleep Disorders Centre (MSDC) during the 
same time period was included. Electronic medical records were ac-
cessed at both sites.
Results: 164 patients were included, with 82 at each site. Average age 
was 48.5 years (SD 16.7) and 58% were male. The most common sleep 
diagnoses were obstructive sleep apnoea (70%), chronic insomnia 
(25%), restless legs syndrome (18.9%) and bruxism (16.5%). Circa-
dian rhythm disorders (10%), periodic limb movement disorder (8%), 
hypersomnias (7%) and parasomnias (5%) were also encountered. 
Sixty percent of all patients had a non-sleep apnoea diagnosis (41% at 
WH, 80% at MSDC), with or without concomitant sleep apnoea. The 
most common comorbidities were obesity (42.7%), anxiety/depression 
(28.7%), hypertension (28.1%) and diabetes (15.2%). Comparing the 
WH and MSDC patient populations, sex distribution was similar al-
though mean age higher at WH (53 vs 44). Patients at WH were more 
likely to have obesity (58.5% vs 26.8%), hypertension (37.8% vs 18.3%), 
diabetes (24.4% vs 6.1%) and other medical comorbidities.
Conclusion: Non-sleep apnoea diagnoses are common, with or with-
out concomitant sleep apnoea, along with psychiatric comorbidi-
ties—in both government clinic and private practice settings. Greater 
understanding of our patient population can foster a more informed, 
holistic approach by clinicians when assessing patients presenting with 
sleep issues. These findings reinforce the need for a multidisciplinary 
approach to sleep medicine training and service delivery, including 
frameworks to foster their longitudinal care.

1243
VALIDATING THE SLEEP APNEA CLINICAL SCORE 
(SACS) FOR USE IN A PRIMARY CARE POPULATION
Mookadam M1, Grover ML1, Parish JM1, Chang Y1
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Introduction: Screening for Obstructive Sleep Apnea (OSA) challeng-
es busy primary care practices. A clinical prediction rule, the Sleep 
Apnea Clinical Score (SACS), was derived in a population referred to 
a sleep center. We proposed rule validation in a primary care patient 
population.
Methods: Adult patients of Family Medicine physicians were eligible. 
Those with SAC S ≥ 1 were included. Patients with known OSA, nega-
tive work up within 2 years, or life limiting clinical conditions were 
excluded. After an enrollment visit, subjects completed an overnight 
oximetry, Sleep Medicine consultation and formal polysomnography. 
Prevalence (pre-test probability) of OSA was determined. Sensitivity, 
specificity, positive and negative predictive values for various SACS 
cut-offs were calculated. We determined positive and negative likeli-
hood ratios (LR) using the outcome of OSA from multiple Apnea/Hy-
popnea Index cutoffs and corresponding posttest probabilities (PTP).
Results: 191/312 subjects (61%) completed all steps. Prevalence of 
OSA was similar to the derivation cohort’s (40% vs 45%, p = 0.31). 
Compared to validation subjects, our patients had more hypertension 
(45% vs 23%, p ≤ 0.001), were female (55% vs 26%, p = 0.001), older (55 
vs. 46 years old, p = 0.02) and less likely to report apnea (17% vs. 46%, 
p < 0.001). With OSA defined as AHI > 10, SACS > 5 had SN 74% and 
73% PPV. SACS > 15 was 90% SP with 76% NPV. A SACS > 15 in our 
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cohort created LR 4.03 (95% CI 3.12–5.22) and 73% PTP compared to 
LR 5.17 (CI 2.54–10.51) with 78% PTP in the derivation cohort.
Conclusions: This study provides external validity of the SACS as a 
prediction rule that can be extended broadly to primary care popula-
tions. Despite significant differences in the two patient populations, the 
rule provided similar ability to predict OSA. Further study will exam-
ine uptake and impact of the SACS in real world primary care practice.

1244
REMOTE VETERANS APNEA MANAGEMENT PORTAL 
PROJECT
Stepnowsky C1, Sarmiento K1, Henderson B2, Fields B3, Love A4, 
Smales C1, Kuna S 4

1VA San Diego Healthcare System, San Diego, CA, 2VA Central 
Office, Center for Innovation, Washington, DC, 3Atlanta VA Medical 
Center, Atlanta, GA, 4Philadelphia VA Medical Center, Philadelphia, 
PA

Introduction: Comprised of 150 medical centers that serve nearly 9 
million veterans, the Veterans Health Administration (VA) is one of 
the largest integrated healthcare systems in the United States. The 
Remote Veteran Apnea Management Portal (REVAMP) is a person-
alized, interactive website that is designed to improve access to care, 
reduce patient wait times, and allow Veterans to receive care without 
needing to travel to a sleep center. Veterans complete questionnaires 
on the REVAMP website and perform an unattended home sleep test 
by viewing videos on the website. Sleep specialists review the findings 
with the patient during an initial phone clinic. Veterans diagnosed with 
OSA are treated with automatically adjusting positive airway pressure 
(APAP) units that transmit daily data about treatment use and its ef-
fectiveness to the website where it can be monitored by both Veterans 
and practitioners.
Methods: A total 109 patients with suspected OSA (mean age 
43.7 ± 11.3 years and mean body mass index 32.4 ± 6.8 kg/m2) were 
enrolled in REVAMP at two VA sites: Philadelphia VA Medical Center 
and VA San Diego Healthcare System.
Results: Of the 109 enrollees, 94 completed initial questionnaires, 82 
completed home sleep testing and 63 tested positive for OSA. Of those 
diagnosed with OSA, mean baseline AHI was 14.6 ± 13.3, ESS was 
11.3 ± 5.8, and FOSQ-10 was 13.1 ± 4.3. 46 of the 63 (73%) OSA pa-
tients were prescribed APAP treatment. Over the first month of treat-
ment, the average APAP adherence was 5.3 ± 2.6 (0–9.1) hrs/day and 
the average APAP residual AHI was 2.5 ± 3.5 (0–17.1) events/hr. None 
of the patients needed to have in-lab testing to assist in management.
Conclusion: REVAMP pilot testing provided strong evidence support-
ing the ability to use REVAMP to manage patients with OSA. We are 
embarking on an ambitious two-year plan to roll out REVAMP at se-
lected sites across the country.
Support (If Any): Veterans Affairs

1245
COST EFFECTIVENESS OF INCORPORATING 
POSITIONAL THERAPY INTO A TREATMENT 
ALGORITHM FOR OBSTRUCTIVE SLEEP APNEA
Ramos FL, Chatila W, Shariff T, Jaffe F, D’Alonzo GE, Vega ME, 
Krachman SL
Temple University School of Medicine, Philadelphia, PA

Introduction: Positional obstructive sleep apnea (OSA) is prevalent 
among patients with OSA. Positional therapy has been shown to be 
as effective as continuous positive airway pressure (CPAP) at normal-
izing the apnea-hypopnea index in positional OSA. However, a cost 

analysis of incorporating positional therapy into the treatment of OSA 
has not been performed.
Methods: Study population was composed of law enforcement person-
nel undergoing screening for OSA. Patients at high risk for OSA based 
on a questionnaire underwent a home sleep test (HST). Those with 
positional OSA (non-supine apnea-hypopnea index [AHI] < 5 events/
hr) were prescribed a positional device. The remainder with OSA re-
ceived either an auto-titrating CPAP, an oral appliance, or conservative 
management. Information on total costs for auto titrating CPAP, and 
the positional device were obtained from a private insurer.
Results: Forty-nine patients (35 males, 51 ± 9 yrs, BMI 36 ± 6 kg/m2) 
were identified as having a high risk for OSA based on a questionnaire. 
Forty-six of the 49 patients who did not have a prior history of OSA 
underwent a HST. Forty-two of the 46 patients (91%) were diagnosed 
with OSA (AHI 26 ± 21 events/hr) after the HST. Twelve patients (29%) 
had positional OSA and received a positional device and 23 patients 
(55%) received CPAP therapy. One subject (2%) was treated with an 
oral appliance and 6 patients (14%) were treated with weight manage-
ment. Total initial costs for the 23 patients who received CPAP therapy 
was $22,137.27 ($962.49/patient) as compared to $3479.40 ($289.95/
patient) for the 12 patients treated with the positional device, resulting 
in a total cost of $25,616.67. In contrast, if all 35 patients had received 
CPAP therapy, the total cost would have been $33,687.15, resulting in 
a 24% cost savings by incorporating positional device therapy into the 
treatment algorithm.
Conclusion: Incorporating positional therapy into an algorithm for the 
treatment of OSA is cost effective.

1246
ROLE OF IN-HOSPITAL EVALUATION FOR SLEEP 
APNEA AND ASSOCIATED OUTCOMES AFTER 
DISCHARGE
Nannapaneni S, Gay PC
Mayo Clinic, Rochester, MN

Introduction: There are limited immediate and post-hospital outcome 
data for patients evaluated for sleep apnea during a hospitalization. Pa-
tients may undergo monitored polysomnography (PSG) or unattended 
portable sleep testing (aka home sleep testing or HST) or are referred 
as outpatients. We hypothesized that post-hospital follow-up may be 
suboptimal but diagnostic yield of in-hospital PSG or HST and subse-
quent home PAP therapy compliance (CMS criteria) may be favorable.
Methods: Retrospective chart review of adult patients who underwent 
PSG or Type III HST between 2009 and 2013 was conducted. Data col-
lection included demographic variables, PSG and HST data, discharge 
disposition, whether prescription for bi-level or continuous positive 
airway pressure (BPAP or CPAP), and clinic follow up after discharge 
was provided, interventions performed at follow up and compliance 
with positive airway pressure (PAP) therapy.
Results: Of the 119 patients included in the study, 50% were women, 
94% were Caucasian, and mean patient age was 64.9 (± 15.8) years. A 
majority (59.6%) were discharged to skilled nursing facilities. Seventy 
three percent of the patients had obstructive sleep apnea and in most of 
them apnea was found to be severe (46%). Thirty six of the 70 patients 
(51%) who had a return visit scheduled, followed up as an outpatient. 
Most patients (72.5%) needed clinical interventions performed at the 
follow up visit such as; change of mask interface, pressure, humidity, 
or a repeat study. Apnea type, severity or PAP compliance were not 
predictive of the need for intervention at follow up. Compliance with 
PAP therapy was noted to be high (87%).
Conclusion: Inpatient PSG and HST studies have high diagnostic yield 
but post-hospital follow up is low. Also, a majority of the patients re-



SLEEP, Volume 38, Abstract Supplement, 2015A443

B. Clinical Sleep Science XIV. Health Care Services, Research and Education

quired interventions at follow up but a surprisingly high number were 
judged to be compliant with PAP therapy.

1247
MY CPAP FOR YOUR GUITAR: THE PREVALENCE AND 
LEGALITY OF ONLINE TRADE OF CPAP DEVICES 
THROUGH CRAIGSLIST
Peine MI, Prichard J
University of St. Thomas, St. Paul, MN

Introduction: Obstructive sleep apnea (OSA) is a chronic condi-
tion that is debilitating if left untreated. Approximately 22 million 
Americans suffer from sleep apnea, though 80% of those cases remain 
undiagnosed. Uninsured and under-insured individuals have dispro-
portionately higher rates of OSA. Continuous positive airway pressure 
(CPAP) therapy has been the most successful treatment option for OSA. 
However, this treatment requires a medical prescription, often neces-
sitating thousands of out-of-pocket dollars for diagnosis and treatment. 
Though CPAP devices cannot legally be sold without FDA approval 
and the sale of medical devices is prohibited on Craigslist, a market for 
CPAP machines has emerged through this online trading site.
Methods: Craigslist ads for CPAP machines in eighteen U.S. cities, 
representing a cross-section of geographic locations, median income, 
population size, and accessibility to sleep clinics, were investigated. 
Ads mentioning “CPAP” were collected over a month interval and ad 
content was analyzed for device condition, hours of previous use, ask-
ing price, mention of original cost, and length of time the device re-
mained on the market.
Results: In 15 of 18 cities, CPAPs were available for sale, with an aver-
age of 15 machines available. The average price per CPAP machine 
was $291 and most offers included masks, hoses, and humidifiers, but 
not instruction manuals. The vast majority of CPAP sellers did not 
meet FDA labeling requirements, mention that prescriptions were re-
quired, disclose the hours of use, or offer the reason for sale.
Conclusion: This study is the first explorative study to systematically 
examine the prevalence of online exchange of CPAP devices and the 
demographic factors that influence this trade. Healthcare professionals 
should be made aware of this practice, and be able to discuss the health-
care risks associated with the possibility of do-it-yourself medicine, the 
use of secondhand CPAP devices, and the legal risks of selling used 
medical devices.
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1248
LACRIMAL DUCTAL AIR REGURGITATION IN A PATIENT 
ON CONTINUOUS POSITIVE AIRWAY PRESSURE 
THERAPY
Volansky P, Lambert K, Endara-Bravo A
Internal Medicine Program – Magnolia Regional Health Center, 
Corinth, MS

Introduction: Continuous Positive Airway Pressure (CPAP) is a safe 
therapy for the management of Obstructive Sleep Apnea (OSA). Com-
plications of CPAP therapy include: sinus infection, bronchitis, ear 
pain, nasal congestion, dryness of mucous membranes and alterno-
baric vertigo1,2. Cases of Lacrimal Ductal Air Regurgitation (LDAR) 
in patients with Lester-Jones Tube have been reported3,4. We describe 
an unusual case of LDAR secondary to CPAP therapy.
Report of Case: A 52-year-old woman diagnosed with mild OSA two 
years ago, was referred to the pulmonary clinic for non-adherence to 
CPAP therapy. Diagnostic polysomnogram revealed an Apnea-Hypop-
nea-Index (AHI) of 8.8 events/hour. Titration polysomnogram recom-
mended a pressure of 10 cmH2O. LDAR causing redness and dryness 
of the right eye while on CPAP therapy limited patient’s compliance. 
Modifications of CPAP pressures and masks (nasal to full-face) didn’t 
resolve LDAR. Patient discontinued CPAP therapy which relieved her 
eye symptoms. Review of systems was significant for right eye LDAR 
while blowing the nose and sneezing. LDAR was not associated with 
eye problems prior to CPAP therapy. Past surgical history was nega-
tive for eye surgeries. Physical examination revealed normal vital signs 
with a body mass index of 34.4 kg/m2. Ophthalmologic examination 
was unremarkable. Ophthalmology and Otorhinolaryngology referrals 
didn’t reveal additional abnormalities except LDAR. Right lacrimal 
puncta blockage using a marble or a cotton-filled chin strap didn’t im-
prove CPAP compliance. Patient was referred for customization of an 
oral appliance. Repeated polysomnogram with oral appliance showed 
an AHI < 5 events/hour.
Conclusion: Positive pressure in the upper airways causes LDAR 
due to an abnormal valve of Hasner4. Patients with newly diagnosed 
OSA should be questioned about previous eye surgeries and evaluated 
for presence of LDAR with valsalva maneuvers. Early recognition of 
LDAR in patients with mild/moderate OSA should be considered for 
alternative therapies other than CPAP.

1249
STATUS CATAPLECTICUS PRECIPITATED BY INFLUENZA 
VACCINATION
Ingram DG, Hines SL, Halbower AC
Children’s Hospital Colorado and the University of Colorado School 
of Medicine, Aurora, CO

Introduction: Cataplexy is a manifestation of type 1 narcolepsy that 
represents an intrusion of REM sleep into wakefulness resulting in 
sudden loss of muscle tone. Status cataplecticus, or persistent cata-
plexy, is a rare manifestation of narcolepsy that has previously been 
associated with cessation of venlafaxine or clomipramine, childbirth, 
and initiation of prazosin. We report the first case, to our knowledge, of 
status cataplecticus precipitated by influenza vaccination.
Report of Case: A 17-year-old female with a past medical history of 
anxiety and fibromyalgia was referred to our sleep center after being 
diagnosed with narcolepsy with cataplexy by an outside sleep physi-
cian. Her narcolepsy symptoms began approximately four years prior 
to presentation to our clinic with excessive daytime sleepiness, sleep-
related hallucinations, and cataplexy but no sleep paralysis. Subsequent 
overnight polysomnogram revealed an AHI < 1, PLMi 14/hr, sleep 

latency of four minutes, and sleep efficiency of 92%; next morning 
MSLT demonstrated a mean sleep latency of 2.6 minutes and 2 out of 
5 sleep onset REM periods. She scored 20/24 on her Epworth Sleepi-
ness Scale. The patient was positive for DQB1*06:02 allele and CSF 
hypocretin levels were not obtained. Baseline EEG did not demon-
strate epileptiform activity and brain MRI was normal. In the fall of 
2013, approximately four years after her first cataplexy symptoms, the 
patient received the seasonal influenza vaccination, and within twenty 
minutes she began experiencing cataplexy symptoms that lasted for 
approximately twenty-four hours. Her status cataplecticus manifested 
as episodic and instantaneous loss of tone in her lower extremities 
without loss of consciousness; episodes were captured on home video. 
Currently, her daytime sleepiness and cataplexy are much improved on 
sodium oxybate, armodafinil, and sertraline.
Conclusion: Influenza vaccination may have served as a trigger of sta-
tus cataplecticus in this patient with known narcolepsy.

1250
VAGUS NERVE STIMULATION-INDUCED OBSTRUCTIVE 
SLEEP APNEA
Stahl S1, Lenet A , Ashraf S1, Bodkin CL3, Sigua NL1, Manchanda S1

1Division of Pulmonary, Allergy, Critical Care, Occupational and 
Sleep Medicine, Indiana University School of Medicine, Indianapolis, 
IN; 2Richard L. Roudebush VA Medical Center, Indianapolis, IN; 
3Department of Neurology, Indiana University School of Medicine, 
Indianapolis, IN

Introduction: Vagus nerve stimulation (VNS) is often used in patients 
with medically refractory epilepsy and is generally well tolerated with 
few side effects. However, VNS has been reported to alter respirations 
during sleep. We report a patient with daytime sleepiness and VNS-
induced apneas and hypopneas.
Report of Case: A 51 year-old woman with a history of medically re-
fractory idiopathic generalized epilepsy with VNS placement in 2009 
and a family history of obstructive sleep apnea (OSA) was referred 
for daytime sleepiness and disrupted sleep. She underwent a polysom-
nogram, which demonstrated moderate OSA with an apnea-hypopnea 
index (AHI) of 21.0/hour (87% obstructive apneas) using the 2014 
American Academy of Sleep Medicine guidelines. Sixty-seven percent 
of the obstructive apneas were associated with a ≥ 4% oxygen desatu-
ration with an oxygen nadir of 88%. All respiratory events occurred 
during VNS activation. Mild tachypnea with a respiratory rate of ap-
proximately 20 breaths/minute was also seen during VNS activation, 
including during wakefulness.
Conclusion: VNS has been reported to have effects in sleep on the 
upper and lower respiratory tracts during activation, including a de-
crease in airflow, tidal volume, respiratory effort, oxygen saturation, 
and respiratory amplitude as well as an increase in respiratory rate and 
AHI. One-third of adult patients with VNS develop OSA post-treat-
ment. The mechanism for these effects is thought to be secondary ei-
ther to peripheral actions on neuromuscular transmission of the upper 
airway muscles or to central connections with the reticular activating 
system affecting respiration. Treatment options include changing VNS 
settings, VNS deactivation, positive airway pressure, or positional 
therapy. However, these options may not eliminate all sleep-disordered 
breathing, and data are limited to case reports and small studies. Rou-
tine screening of potential VNS candidates for sleep disorders, espe-
cially OSA, is recommended before and after VNS placement.
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1251
PSEUDOCATAPLEXY AND INSOMNIA SUCCESSFULLY 
TREATED WITH COGNITIVE BEHAVIORAL THERAPY 
FOR INSOMNIA (CBTI)
Roth AJ1, Al Hourani L2, McCrae CS1

1Department of Clinical and Health Psychology, University of Florida, 
Gainesville, FL2Department of Medicine, University of Florida, 
Gainesville, FL

Introduction: Pseudocataplectic episodes present like cataplexy, 
though without a diagnosis of narcolepsy. Symptoms include pre-
cipitating negative emotions, variable duration of episodes, global 
weakness, absent neurological signs, and a normal sleep study. The 
psychological factors underlying the etiology of these attacks must be 
addressed through psychotherapy.
Report of Case: The patient, a 63-year-old Caucasian female, was re-
ferred for daytime “sleep attacks” occurring 1–2 times per week for 
2–4 hours. During these episodes, she was immobile and had difficulty 
comprehending and speaking. Although a neurologist diagnosed her 
with cataplexy, a diagnosis of narcolepsy was not indicated via over-
night PSG and MSLT. Other sleep disorders were also ruled out by 
PSG. The patient was also diagnosed with insomnia; sleep diaries re-
vealed variable sleep efficiency (average = 85.02%, range = 73–96%). 
Because sleep deprivation was likely contributing to her reported 

“sleep attacks,” CBTi was implemented, including sleep psychoeduca-
tion, sleep hygiene, stimulus control, consistent bed and wake times, 
relaxation, and cognitive restructuring. Sleep restriction was contra-
indicated, given that sleep deprivation triggered “sleep attacks.” After 
eight therapy sessions, self-reported sleep efficiency increased, while 
variability in her night-to-night sleep decreased. She reported less 
daytime drowsiness, fewer “attacks,” and gradually becoming able to 
control their onset when she felt the prodromal symptoms. Through 
cognitive therapy, she identified that attacks occurred when she expe-
rienced stressful events she perceived as out of her control; she worked 
on managing strong emotional responses to stress, anger, and sadness. 
At the final session, her sleep efficiency was 95% (range = 86–97%;) 
and she had not experienced a full attack in over a month.
Conclusion: The success of CBTi tailored by a team of sleep special-
ists suggests a diagnosis of pseudocataplexy—a rare and poorly un-
derstood condition that warrants future inquiry. Preliminary research 
suggests that CBT could be effective in treating pseudocataplexy 
through its use of behavioral reinforcement and stress management 
techniques.

1252
THE EMERGENCE OF CENTRAL SLEEP APNEA AFTER 
SURGICAL TREATMENT OF OBSTRUCTIVE SLEEP 
APNEA
Qamer SA, Samara D, Goldstein C, Stanley JJ
Sleep Disorders Center, Department of Neurology, University of 
Michigan Health System

Introduction: New-onset central sleep apnea (CSA) has been de-
scribed with use of CPAP but also with use of other treatments for OSA, 
including tracheostomy, maxillofacial surgery, nasal surgery, and man-
dibular advancement device 1.2.3.4. We present a patient with emergence 
of CSA after soft palatal and nasal surgery in the setting of moderate 
OSA.
Report of Case: A 50 year old male presented with a history of snor-
ing, frequent night-time awakenings, daytime somnolence and persis-
tent nasal obstruction. Patient did not have any history of cardiac or 
neurologic diseases nor was he taking opioids. Physical examination: 
BMI 29.2, Friedman II, 2+ tonsils, no septal deviation and turbinate hy-

pertrophy bilaterally Polysomnography revealed an AHI of 18 (central 
apnea 2.0; obstructive apnea 0.7; mixed apnea 9.1; hypopnea 6.0) with 
oxygen nadir of 69%. He was diagnosed with OSA. He refused a trial 
of CPAP or oral appliance. He subsequently underwent uvulopalato-
pharyngoplasty with tonsillectomy and partial resection of the inferior 
turbinates bilaterally. Four months after surgery his nasal congestion 
improved, but excessive daytime sleepiness worsened. There was no 
interval weight gain and no new cardiopulmonary symptoms. The only 
medication change over this time was addition of Norco 5–325 mg for 
2-weeks after the surgery. Physical examination near the time of follow-
up PSG showed well healed uvulopalatopharyngoplasty site with no 
strictures, inflammation. A follow-up polysomnogram demonstrated 
severe sleep apnea with AHI of 35 and oxygen nadir of 78%. Although 
obstructive hypopneas were found to persist, the majority of respira-
tory events were now central in nature (central apnea 18, obstructive 
apnea 0.4, mixed apnea 0.2, hypopnea 15.3). It should be noted that the 
baseline PSG and the follow-up PSG were done at different institutions.
Conclusion: The development of central sleep apnea postoperatively 
may be due to persistence of an augmented response to pCO2 and per-
sistence of OSA.

1253
REM SLEEP BEHAVIOR DISORDER (RBD) IN A MULTIPLE 
SCLEROSIS PATIENT
Samara D, Karnib H, Kaplish N, Braley T
University of Michigan Sleep Disorders Center, Ann Arbor, MI

Introduction: REM sleep behavior disorder is characterized by dream-
enactment behavior. Patients exhibit motor activity or vocalization 
during REM sleep in the setting of loss of REM atonia. Polysomnogra-
phy is needed to diagnose RBD. As a presenting symptom, idiopathic 
RBD predicts future risk for neurodegenerative disorder in otherwise 
asymptomatic patient. RBD is also associated with pre-existing neu-
rological disorders that affect brainstem REM generators. We present 
a case of RBD in a multiple sclerosis (MS) patient with radiographic 
evidence of brainstem lesions.
Report of Case: A 27-year-old Caucasian female with a 7 year his-
tory of relapsing-remitting MS presented with history of recurrent 
verbalizing and punching during sleep which occurred after 2:00 am. 
She denied recollection of dreams in the morning. She also endorsed 
hypnopompic tactile, auditory and visual hallucinations, and sleep pa-
ralysis. Her bed partner reported loud snoring worse in supine sleep. 
Her examinations was notable for Mallampati Class II with elongated 
uvula. Polysomnography demonstrated mild obstructive sleep apnea 
(AHI 8.8) and loss of REM atonia, verbalization noted during sleep. 
MSLT demonstrated mean sleep latency of 16.1 minutes and two epi-
sodes of sleep onset REM period (SOREMP). She was started on CPAP 
treatment for her obstructive sleep apnea.
Conclusion: Demyelinating brainstem lesions in MS can increase risk 
of RBD. Clinicians should be reminded to screen MS patients for RBD. 
Although our patient carried a preceding diagnosis of MS, the presence 
of RBD in an otherwise asymptomatic young patient should also alert 
the clinician to investigate for secondary neurological causes such as 
MS.

1254
AN UNUSUAL CASE OF MUSCLE PARALYSIS
Tiwari A, Doghramji K
Thomas Jefferson University Hospitals; Department of Sleep 
Medicine, Philadelphia, PA

Introduction: Familial periodic paralysis (FPP) is a rare disease with 
an estimated prevalence of 1:100,000, characterized by episodic flaccid 
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weakness with intervals of normality. We present a patient whose pre-
sentation suggested narcolepsy and was ultimately diagnosed with FPP.
Report of Case: A 39 -year-old-male complained of excessive daytime 
sleepiness (EDS) and fatigue for ten years. Polysomnography revealed 
an AHI of 5.45. Despite CPAP therapy, EDS continued (ESS = 17) 
with episodes of total body paralysis twice per month, induced by 
stress, and anger. A full medical and neurological workup was WNL. 
He denied a history of sleep paralysis or hypnagogic hallucinations. 
Polysomnography on CPAP revealed a normal AHI of 0.4, and MSLT 
revealed a sleep latency of 5.3 minutes with one SOREMP. Levels of 
the following antibodies were WNL: Acetylcholine receptor, voltage 
gated calcium channel, anticardiolipin and MuSK; levels of creatinine 
kinase, TFTs, and nerve stimulation studies were also WNL. Upon 
further careful questioning, he revealed an association between these 
episodes with rest or sleep and ingestion of carbohydrate-rich foods. 
He also noted that episodes would last up to 2 hours and were accom-
panied by muscle pain. Notably, all of these symptoms are not charac-
teristic of cataplexy. He was diagnosed with FPP. Symptoms improved 
after he was placed on acetazolamide.
Conclusion: FPP is a disorder of Na, Ca and K channels, subtypes 
including Andersen syndrome, hyperkalemic, and hypokalemic; the 
last is the most common, occurring mainly in young, Caucasian males. 
Attacks are precipitated by rest, sleep, and carbohydrate rich diet. Dys-
kalemia during a paralytic attack can lead to cardiac arrythmias and 
respiratory muscle weakness which can be fatal. Treatment includes 
avoiding precipitating triggers, acetazolamide, among others. Sleep 
specialists should have a high index of suspicion in the right clinical 
setting for this rare disease as lack of recognition of this entity can lead 
to potentially fatal outcomes.

1255
TAKE MY BREATH AWAY: CENTRAL SLEEP APNEA IN A 
CHILD WITH MURCS ASSOCIATION PRESTENTING AS 
BREATH HOLDING SPELLS
Rodgers M, Hostler J
Walter Reed National Military Medical Center, Bethesda, MD

Introduction: The brainstem is the primary source for generating ven-
tilatory patterns and processing respiratory afferent information from 
chemoreceptors and intrapulmonary receptors. Disruption of neural 
pathways from the medulla to the ventilatory motor neurons affect 
breathing. Any disease process in this area will effect ventilation both 
during sleep and during wake periods and ventilation during sleep is 
often affected before waking ventilation.
Report of Case: A three year old female with MURCS association 
(Mullerian duct hypoplasia, one kidney, and spinal fusion) presented 
with breath holding spells. Her symptoms started sporadically once per 
week but progressed to multiple times per day. Initially the episodes 
were related to anger, frustration or pain, and parents were able to dis-
tract her to resolve these episodes. The episodes progressed to loss of 
consciousness, convulsions and urinary incontinence. Complete neu-
rologic evaluation including EEG was normal. PSG revealed central 
sleep apnea (CSI 36 per hour) with desaturations. Desaturations re-
solved with 1L of O2, although central events remained. MRI showed 
crowding and compression of craniocervical junction with associated 
syrinx likely secondary to multilevel cervicothoracic vertebral anoma-
lies. A posterior surgical decompression was performed with improve-
ment of central apneic episodes.
Conclusion: The pathophysiological basis for central sleep apnea in 
craniovertebral junction abnormalities is compression of the structures 
in the medulla that control respiration. Treatments primarily involve 
surgical decompression. Surgical treatments showed a symptomatic 
improvement in 78% of cases. Other treatments reported in the litera-

ture include caffeine, theophylline, oxygen, noninvasive ventilation, 
and tracheostomy. Although MURCS association is a relatively rare 
condition, it is a manifestation of a larger group of disorders consisting 
of congenital and acquired craniovertebral junction abnormalities. Pa-
tients with craniovertebral junction abnormalities (shortened necks or 
brain stem pathology) who present with breathing issues in the daytime 
or sleep issues at night should undergo a formal sleep evaluation with 
polysomnography.

1256
REM SLEEP BEHAVIOR DISORDER (RBD) IN A PATIENT 
WITH ACUTE INFLAMMATORY DEMYELINATING 
POLYNEUROPATHY (AIDP)
Karnib H, Samara D, Kaplish N, Stanley JJ
University of Michigan Sleep Disorders Center, Ann Arbor, MI

Introduction: Acute inflammatory demyelinating polyneuropathy 
(AIDP) is the most common form of Guillain-Barré syndrome (GBS). 
The effects of AIDP on the peripheral nervous system (PNS)are well 
described. However, the effects on the central nervous system (CNS) 
are not well understood. GBS has been associated with abnormalities 
of sleep including REM dysfunction. We are presenting a case of REM 
Sleep Behavior Disorder (RBD) in a patient with AIDP who has an 
intact CNS as evidenced by normal MRI of the brain.
Report of Case: A 38-year-old Caucasian female with past medical 
history of anxiety, cervical cancer and depression. She was diagnosed 
with Guillain-Barre syndrome (GBS) 2010 when she presented with 
sub-acute quadriparesis. Treatment included intravenous immuno-
globulin (IVIG) and plasma exchange (PLEX). She underwent physical 
therapy and slowly regained the ability to perform basic daily func-
tions but had an incomplete recovery. She presented with a second epi-
sode in 2014 and was treated with IVIG, PLEX, and rituximab. This 
episode was complicated by respiratory failure requiring mechani-
cal ventilation, and prolonged weaning from the ventilator requiring 
tracheostomy. After liberation from the ventilator she underwent a 
polysomnogram to evaluate for sleep disordered breathing and hy-
poventilation. The polysomnogram demonstrated obstructive sleep ap-
nea (OSA). In addition to the OSA the polysomnogram demonstrated 
prominent loss of REM atonia associated with complex motor behavior 
characterized by vocalization and thumping of the right arm on the bed.
Conclusion: This case illustrates the relationship between AIDP and 
REM dysfunction. To our knowledge this is the first reported case of 
RBD in AIDP. This relationship suggests either AIDP does affect more 
than PNS with autonomic dysfunction being the common denominator 
or is a product of AIDP treatment (i.e. IVIG or plasma exchange).

1257
AN ATYPICAL CASE OF CATAPLEXY AFTER STROKE
Wong T, Keenan L
UCSF Fresno, CA

Introduction: Cataplexy is the sudden loss of voluntary muscle con-
trol typically elicited by strong emotions and associated with narco-
lepsy. Isolated cataplexy without narcolepsy is uncommon. Cases of 
narcolepsy following brain injury have been reported, with proposed 
damage to hypocretin secreting neurons as the hypothesized mecha-
nism. We present an atypical case of cataplectic-type episodes without 
narcolepsy following stroke.
Report of Case: A 58 y/o female presented to the sleep clinic to evalu-
ate for “body shutdowns”. She describes these episodes as a feeling 
of whole body weakness accompanied by aphasia, nausea, and an in-
ability to process information. These episodes varied in length from 
minutes to hours, depending on the trigger. Her strongest trigger was 
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excessive noise stimulation. These symptoms began after an ischemic 
stroke seen on MRI. She has no other neurologic deficits. A significant 
episode occurred while performing a PFT. She felt weak and could 
not open her eyes or move from the exam table while the therapist 
was shouting at her to do so. She retained consciousness throughout 
the episode. Similar episodes have occurred numerous times for the 
past 7 years. She has limited her social interactions to avoid triggers. 
She was evaluated by multiple neurologists and her EEGs were nor-
mal. Polysomnography was not consistent with narcolepsy: Total Sleep 
144 minutes, AHI 0.4, Sleep Latency 101 minutes, REM Latency 98 
minutes. Epworth score was 1. She was started on imipramine for the 
cataplexy without success. Imipramine was switched to venlafaxine. 
She had marked improvement of her symptoms and was able to resume 
her social activities.
Conclusion: We present an unusual case of symptoms that are consis-
tent with cataplexy that followed an ischemic stroke that responded to 
venlafaxine. She had no other symptoms to suggest narcolepsy. Further 
research on hypocretin may help clarify the association between iso-
lated cataplexy, narcolepsy, and cerebral vascular injury.

1258
NOCTURNAL EVENTS: RESPIRATORY RELATED, 
MOVEMENT DISORDER, SEIZURE OR ALL THREE?
Rooney MB 1,2, Plante DT 1, Klink M 1,2

1University of Wisconsin Hospitals and Clinics, Madison, WI , 
2William S. Middleton Memorial Veterans Hospital, Madison, WI

Introduction: Nocturnal seizures comorbid with sleep disordered 
breathing and sleep-related movement disorders are difficult to di-
agnose due to symptom overlap and limitations of electroencephalo-
graphic monitoring during polysomnography. Thus, thorough clinical 
history obtained from the patient and bed partner is essential for diag-
nosis and treatment.
Report of Case: A 72-year-old man with severe obstructive sleep ap-
nea (AHI; apnea hypopnea index 114/hr) diagnosed two months prior 
to presentation was referred for evaluation of nocturnal events that 
persisted despite positive airway pressure (PAP) therapy. The refer-
ring provider was specifically concerned for periodic limb movement 
disorder given frequent periodic limb movements of sleep (index of 
61 movements per hour) observed during his initial study. The patient 
had no recall of nocturnal events, however his wife reported onset 
of symptoms that began 10 months prior to presentation, occurring 
shortly after a possible transient ischemic attack. About once monthly, 
beginning four hours after sleep onset, the patient would whimper fol-
lowed by whole body stiffening for several minutes with tongue biting. 
He typically remained asleep during these episodes, but if awoken was 
confused and took 24 hours to return to baseline. His memory had con-
currently worsened and he exhibited attentional deficits on exam. Per 
his wife, snoring, witnessed apneas and limb movements had greatly 
improved with regular use of AutoPAP 15–20 cm of water, however 
his download revealed an elevated residual AHI (> 20 events/hr) de-
spite excellent objective adherence. His routine EEG did not reveal any 
epileptiform abnormalities, but he was subsequently started on leve-
tiracetam for presumed nocturnal seizures along with increased PAP 
pressures. He was seen in follow up two months later with no further 
nocturnal events, reduced AHI and improved attention.
Conclusion: Clinical history and a high degree of suspicion are criti-
cal in diagnosing nocturnal seizures in the setting of comorbid sleep 
disorders.

1259
DIFFICULTY UTILIZING CPAP THERAPY FOR 
OBSTRUCTIVE SLEEP APNEA IN HIGH ALTITUDE
Usatii N, Alapat P
Baylor College of Medicine, Pulmonary Critical Care and Sleep 
Medicine Department, Houston, TX

Introduction: Altitude has a marked effect on respiration during sleep. 
Several studies done at different altitude indicate that an increase in 
central apneas occurs even among healthy individuals when in high 
altitude. Central Sleep Apnea related to high altitude may contribute 
to difficulty utilizing CPAP in patients with Obstructive Sleep Apnea.
Report of Case: A 58-year-old female with history of well-controlled 
asthma, allergic rhinitis, obstructive sleep apnea (OSA) on CPAP 11 
cm and restless leg syndrome (RLS) returned from Jackson Hole, WY 
(8000 feet above sea level) and presented with complaints of excessive 
daytime sleepiness and fatigue while in Jackson Hole despite continu-
ing CPAP therapy nightly. OSA was originally diagnosed with poly-
somnography with AHI 9.1, RDI 31.6; REM AHI 35.7; Supine AHI 
25.3; SaO2 nadir of 88%. The patient did report more difficulty keeping 
her CPAP mask on while in Jackson Hole. The patient had no trouble 
with CPAP use upon returning to Houston. Flow tracings obtained 
from the CPAP device showed central sleep apnea while at high alti-
tude that resolved when the patient came back to Houston (sea level). 
PAP download showed excellent adherence and excellent response 
during the week after returning to Houston with AHI < 2; central ap-
nea index < 1, obstructive apnea index < 1, hypopnea index < 1.
Conclusion: In our patient the reported difficulty with CPAP use while 
in Jackson Hole, WY was likely related to high altitude central sleep 
apnea which resolved with return to sea level. This was easily recog-
nized when reviewing the recorded flow tracings on the patient’s CPAP 
device.

1260
ZOLPIDEM WITHDRAWL INDUCED SEIZIRES
Jean-Noel F
University of Minnesota, Hennepin County Medical Center, 
Minneapolis, MN

Introduction: Zolpidem is in the group of non-benzodiazepine seda-
tive hypnotics medications mainly used for sleep initiation called the 

“Z” drugs which include zolpidem, eszopiclone and zaleplon. It is con-
sidered that the primary site of action of these groups of medications 
is the alpha-1 specific site of the GABA-A receptor which is similar 
to the effect of benzodiazepines. Although these medications are not 
structurally similar to benzodiazepines a similar long term effect of 
tolerance and escalation of dose for effect is often seen. Withdrawal 
seizures are common occurrences after benzodiazepines are abruptly 
discontinued after tolerance has been built up. In this case we discuss 
a patient who developed high tolerance to zolpidem with subsequent 
withdrawal symptoms and eventually seizures.
Report of Case: Patient is 48 year old male who was working as a 
family medicine physician who presented to a substance abuse treat-
ment center due to being reported by his local medical board for abuse 
of zolpidem including getting dismissed from his practice for writing 
multiple illegal prescriptions for his own use. Prior to his dismissal 
from the practice there were two incidents where he developed sponta-
neous seizures which he described were in the context of abruptly stop-
ping daily zolpidem use after developing a tolerance to the point that 
he was using up to 50 to 100 mg per day. The reasoning for abruptly 
discontinuing zolpidem was an attempt at a self-taper. His use of zolpi-
dem was daily for the past 5 years and escalated to about 100 mg in the 
6 months prior to the seizures. He had no previous history of seizure 



SLEEP, Volume 38, Abstract Supplement, 2015 A448

C. Case Reports Case Reports from Clinical Trainees

prior to his use of zolpidem and had no subsequent seizures after going 
through the withdrawal process from zolpidem.
Conclusion: One study cited that zolpidem at high doses potentially 
loses selectivity to α1 subunits and binds to lower-affinity α2 units, lead-
ing to a benzodiazepine effect therefore abrupt discontinuation would 
produce withdrawal such as a seizure similar to those seen with ben-
zodiazepine withdrawal.

1262
OBSTRUCTIVE SLEEP APNEA IN PATIENTS WITH AN 
LVAD DEVICE – A CASE SERIES
Zia S, Collop N

Introduction: Advanced heart failure is a common cause of mortal-
ity. For mechanical circulatory support in CHF, Left Ventricular Assist 
Devices (LVADs) were developed as a bridge to heart transplantation. 
LVADs have shown better survival and QOL outcomes than maximum 
pharmacological support. Little is known about the quality of sleep, the 
prevalence of SDB or the effect of PAP in patients with LVADs. We 
report a case series of three LVAD patients with OSA.
Report of Case: A 38 y/o male with previously diagnosed OSA (2006), 
obesity, pacemaker, DM, HTN, s/p LVAD placement 2013. A split 
night study showed severe OSA (AHI 69), with poor sleep efficiency 
and sleep fragmentation. CPAP was titrated to 10 cm H2O with im-
proved sleep efficiency (SE), decreased sleep fragmentation and REM 
rebound. 67 y/o male s/p ICD, atrial fibrillation, DM, HTN, hypothy-
roidism s/p LVAD placement 2012 underwent PSG for snoring, EDS, 
nocturia. PSG showed severe OSA (AHI 35.1), poor sleep efficiency 
and sleep fragmentation. CPAP at 13 cm H2O demonstrated improved 
SE and reduced sleep fragmentation. 61 y/o male with previously di-
agnosed OSA (> 15 yrs) not currently treated; HTN, DM, obesity, s/p 
LVAD placement 2013. PSG showed OSA (AHI 6.2, RDI 23.4). CPAP 
at 8 cm H2O led to control of OSA with improved SE and decreased 
sleep fragmentation. Of note, most of the PSG’s showed intermittent 
dropout of oximetry signal complicating the scoring of SDB events.
Conclusion: This is the first case series documenting OSA in patients 
with LVADs. All had OSA (not CSA), poor SE and sleep fragmentation. 
Oximetry signal was problematic. CPAP treatment led to improved 
sleep with decreased sleep fragmentation. Despite concerns of preload 
reduction with CPAP, it was well tolerated.

1263
AQUIRED CENTRAL HYPOVENTILATION SYNDROME IN 
A CHILD WITH MEDULLOBLASTOMA
Sakbani MW, Hassan F
Michael S. Aldrich Sleep Disorders Center, Division of Sleep 
Medicine, Department of Neurology, University of Michigan, Ann 
Arbor MI

Introduction: Central hypoventilation can be congenital or acquired 
and represents disorders that affect central ventilatory control. We 
present a unique case of acquired central hypoventilation post medulo-
blastoma resection and brain stem radiation.
Report of Case: This is a 17 year female (BMI17.5) with past medical 
history of hypothyroidism, cerebellar dysphonia and posterior fossa 
medulloblastoma status post surgical resection and radiation therapy 
at the age of 6. Repeat MRIs did not show any tumor recurrence. She 
presented to the pulmonary clinic with history of worsening baseline 
ataxic breathing pattern, apnea and cyanosis over the last year. She was 
found to have low baseline oxygen saturation (75–80% in room air). 
End-tidal CO2 (ETCO2) values were 75–85 mm Hg. Physical exam 
was notable for ataxic breathing, in addition to clubbing and cyanosis. 

Laboratory values showed chronic respiratory acidosis with compen-
sated metabolic alkalosis and serum bicarbonate level of 43 mMOL/L. 
Inpatient portable polysomongram showed severe, sleep-disordered 
breathing characterized by profound hypercapnia, frequent hypop-
neas, and persistent hypoxemia (70–75%) with oxygen desaturation 
nadir of 66%. ETCO2 values were between 85–90 mm Hg. Apnea hy-
popnea index was 92 events per hour. The patient failed noninvasive 
ventilation of both Bi-level positive airway pressure with spontaneous 
timed breathing mode and average volume assured pressure support 
(AVAPS) and presented with acute on chronic respiratory failure re-
quiring tracheostomy and mechanical ventilation. The most recent ven-
tilatory support settings were in PC/AVAPS mode with transcutaneous 
CO2 levels maintained below 40 mm Hg.
Conclusion: Acquired central hypoventilation can result from pos-
terior fossa tumors or brain stem radiation and should be monitored 
closely. PC/AVAPS mode can be effectively utilized with good patient 
tolerance to treat severe hypoventilation with normalization of carbon 
dioxide values.

1265
A TODDLER WITH SEVERE SLEEP APNEA REQUIRING 
SPLIT-NIGHT POLYSOMNOGRAPHY – POSITIVE 
AIRWAY PRESSURE THERAPS AS A BRIDGE TO 
ADENOTONSILLECTOMY
Lin D, Anton DG, Mercado E, Ramos AR, Salim I, Abreu AR, 
Shafazand S, Ali-Dinar T
UHealth Sleep Medicine Program, Miller School of Medicine, 
University of Miami, FL, Miami, FL

Introduction: Obstructive sleep apnea (OSA) continues to rise in 
the pediatric population, increasing risk for neurobehavioral and car-
diometabolic consequences (e.g. cognitive delay, growth retardation, 
biventricular cardiac hypertrophy, systemic and pulmonary hyper-
tension). Attended polysomnography (PSG) followed by adenotonsil-
lectomy is considered the standard of care in children. Occasionally, 
positive airway pressure (PAP) may be applied, but the role of split-
night PSG has not been elucidated in children. We report a case of 
a 2-year-old toddler with severe OSA whose baseline PSG had to be 
converted to a split-night study.
Report of Case: A 2 year-old girl presented with an obstructive breath-
ing pattern during sleep, including snoring, witnessed apnea, gasping, 
choking awakenings, restlessness, sweating, and mouth breathing. 
Associated daytime symptoms included daytime hyperactivity, neu-
robehavioral deficits, and speech delay. Physical examination revealed 
adenotonsillar hypertrophy, middle ear effusion, mouth breathing and 
stertor. The parent filled out the pediatric OSA-18 quality of life ques-
tionnaire with a score of 102, consistent with significant impairment in 
quality of life.PSG revealed an apnea hypopnea Index (AHI) of 52.9 
events per hour with significant obstructive events-associated desatu-
rations. Split-night PSG was then performed by applying supplemental 
oxygen and titrating CPAP to 6 cm H20 with a residual AHI of 6.3 
per hour. Recommendations were made for PAP therapy as bridge to 
emergent adenotonsillectomy. A subsequent PSG following adenoton-
sillectomy revealed an AHI of 1.7 per hour, and an OSA-18 quality of 
life questionnaire score of 37.
Conclusion: Attended Polysomnography (PSG) is considered the gold 
standard for the diagnosis of OSA. However, in certain circumstances, 
split-night PSG, in addition to its diagnostic value, may offer a thera-
peutic alternative in selected cases of severe pediatric OSA across all 
ages including toddlers, and as a bridge to adenotonsillectomy when 
infrastructure, socioeconomic factors or patient’s preference preclude 
immediate surgery.
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1266
A CASE OF MULTILEVEL SURGERY IN A PATIENT WITH 
SEVERE OBSTRUCTIVE SLEEP APNEA
Mercado E, Garcia-Anton D, Lin D, Ramos A, Dib S, Shafazand S, 
Ali-Dinar T, Ross SM, Abreu AR
UHealth Sleep Medicine Program, University of Miami, Miller 
School of Medicine, Miami, FL

Introduction: Obstructive sleep apnea (OSA) is characterized by up-
per airway collapse during sleep. Positive airway pressure (PAP) is the 
gold standard therapy of this condition but surgical management may 
be required if intolerability to PAP occurs.
Report of Case: 38-year-male presented with symptoms of fatigue, 
daytime hypersomnia and an Epworth-Sleepiness-Scale (ESS) of 18. 
Physical exam revealed a neck circumference of 18 inches, BMI of 30 
kg/m2 and Friedman scale of IV/IV. The diagnostic polysomnography 
(DPSG) showed an AHI of 92.5/hr sleep, supine and none-supine AHI 
90.2 and 94.3/hr sleep respectively. Patient could not tolerate auto-
CPAP after trials of different interfaces and close office follow up. 
Hypersomnia persisted despite Modafinil therapy. He had difficulty at 
work and fell asleep twice while driving. Since PAP, nasal EPAP de-
vice and mandibular advancement with oral appliance did not improve 
his daytime hypersomnia he underwent multilevel surgeries (MLS) 
including palate expansion with subsequent Maxillomandibular Ad-
vancement (MMA) with an 11 mm advancement as well as Genioglos-
sus advancement in a period of 12 months with complete resolution of 
daytime symptoms and reduction of his ESS to 5. The DPSG after the 
multilevel surgeries revealed an AHI of 16.5/hr sleep, supine and none-
supine AHI 90 and 5/hr sleep respectively.
Conclusion: The selection of surgical treatments in OSA remains an 
area of intense debate. This case demonstrates overall surgical suc-
cess with curative achievement of the positional component of a patient 
with severe OSA who failed standard treatment.

1267
DIAGNOSING NARCOLEPSY: IT’S NEVER TOO LATE
Mucha SM, Rye D
Emory University School of Medicine, Atlanta, Georgia

Introduction: We report delayed presentation of Type 2 narcolepsy in 
a septuagenarian.
Report of Case: A 71-year-old male CPA presented with “passing out” 
while driving. One episode involved pulling his car into the garage, 
falling asleep with the motor running, awakening to turn off the engine, 
and falling back to sleep for four more hours. Similar, albeit milder, 
episodes have occurred since his 30s, but never prompted medical at-
tention. His wife complains of his falling asleep at the dinner table and 
while entertaining, whereas he acknowledges sleep ‘attacks’ while at 
the computer and while watching television. “Borderline obstructive 
sleep apnea” was diagnosed twenty years earlier by polysomnography 
(PSG) prompted by emergence of snoring that resolved after UPPP 
and turbinate reduction. He had a BMI of 28.2 and a grade IV modi-
fied Mallampati. There was mild cognitive impairment, tangential 
speech, poor insight, and poor recall most compatible with bilateral 
frontal lobe dysfunction. An extensive work-up for syncope included 
unremarkable CTs of head and chest, EKG, echocardiogram, 24-hour 
Holter monitoring, tilt table test, EEG, brain MRI with contrast, and 
carotid Doppler ultrasound. PSG followed by multiple sleep latency 
test revealed an AHI of 13.8, PLM index of 13.8, a 0.6 minute mean 
sleep latency and SOREMPs were present during 4 of 5 naps. Remark-
ably, psychomotor vigilance metrics were normal for age. Symptoms 
were unaffected by empiric venlafaxine dosing alone, whereas, addi-
tion of armodafinil brought benefit.

Conclusion: Narcolepsy peaks in onset in the second decade, but de-
layed diagnoses can occur due to mild severity, misdiagnoses, and ab-
sence of cataplexy. Awareness of healthcare professionals and the lay to 
narcolepsy is critical given its potential negative impacts upon patient’s 
quality of life and safety, as well as utilization of healthcare resources

1268
OBSTRUCTIVE SLEEP APNEA: IS TRACHEOSTOMY A 
LIMITING FACTOR FOR DIAGNOSIS AND TREATMENT?
Upadhyay H, Polos P, Gupta D,Bhat S, Rubinstein M
JFK Hospital Medical Center, Seton Hall University, Edison, NJ

Introduction: Before Positive airway pressure therapy, tracheostomy 
was the only treatment option available for severe OSA. However, re-
currence of apnea (mainly central) was often noted. We present a 68 
year-old male with known OSA who presented with daytime sleepi-
ness post-tracheostomy. His symptoms were attributed to ongoing 
sleep apnea post-tracheostomy. This was corrected with Average Vol-
ume Assured Pressure Support (AVAPS), a novel mode of bi-level pres-
sure ventilation.
Report of Case: 68 year-old male (BMI 32 kg/m2) presented with day-
time sleepiness in 2014. He was diagnosed with OSA in 2004 and was 
on CPAP. In 2013 he had respiratory failure from an allergic reaction 
requiring emergent tracheostomy. Despite stable weight he had relapse 
of daytime sleepiness with mildly elevated Epworth sleepiness scale 
(ESS) score of 12/24 after discontinuation of CPAP. During his PSG in 
2014, a transducer (p-flow) was connected to tracheostomy. It showed 
residual moderate-severe OSA, AHI 19.3/hr in general and 44.8/hr in 
REM sleep, SpO2 < 90% for 14% of the total sleep time. He underwent 
AVAPS titration study with the following settings: IPAP max 22 cm 
H2O, IPAP min 15 cm H2O, EPAP 5 cm of H2O and target tidal vol-
ume (Vt) 450 ml. AHI improved to 2.7/hr in general. After 2 months of 
treatment, daytime sleepiness has improved significantly (normal ESS 
of 4/24). A subgroup of patients, treated with tracheostomy, continue to 
have residual OSA perhaps due to mechanical obstruction or concomi-
tant respiratory control dysfunction. Hypoxemia may be present. Per-
sistence/recurrence of OSA in these patients should be addressed with 
PAP treatment. AVAPS is a novel self-titrating, bi-level ventilator de-
vice that can be used in an outpatient setting and hence is appropriate 
for patients with tracheostomy. Min and max IPAP are set along with 
target Vt. Inspiratory pressure changes occur smoothly from breath-
to-breath to achieve the target Vt, compensate for air leak and prevent 
patient-ventilator desynchrony. Thus, AVAPS offers greater control of 
minute ventilation compared to noninvasive ventilation with pressure 
support therapy.
Conclusion: This case report highlights the clinical importance of re-
evaluation of OSA patients after undergoing tracheostomy. AVAPS 
may be a suitable mode of treatment in these patients.

1269
A CASE OF EPIC DREAMING TREATED WITH ORAL 
APPLIANCE THERAPY
Yandle G1, Kamatham M1, Liendo C1,2 , Chernyshev O1, McCarty DE1

1Division of Sleep Medicine, LSU Health Shreveport, LA, 2Overton 
Brooks VA Sleep Disorders Center, Shreveport, LA

Introduction: Epic Dreaming Disorder refers to a pervasive complaint 
of excessive dreaming combined with daytime fatigue. Though this 
disorder has been described in the literature, there is little guidance 
provided regarding treatment. We report a case in which a patient pre-
senting with EDD is managed with oral appliance therapy.
Report of Case: A 42 year old woman presented for complaints of 
debilitating daytime sleepiness, accompanied by the experience of “ex-
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hausting dreaming, all night long.” Dream content was typically banal, 
but recently has become more frightening and intense. A year previous 
to presentation, in the setting of worsening daytime fatigue, she began 
taking Adderall 20 mg once daily, but her fatigue did not resolve, and 
she required multiple cups of coffee throughout the day to stay awake. 
Physical exam was remarkable for body mass index of 24, retropo-
sitioned mandible, and Mallampati III posterior oropharyngeal inlet. 
Overnight polysomnogram (PSG) revealed a sleep latency of 8 min-
utes, and a total sleep time apnea hypopnea (AHI) of 1.6/hr, with re-
spiratory disturbance index (RDI) of 3.5/hr. Heavy sleep discontinuity 
was seen. REM latency was 386 minutes. No Periodic leg movements 
were seen. A second PSG showed improved sleep continuity, with an 
AHI of 3.9/hr and RDI of 7.8/hr. A next-day multiple sleep latency test 
(MSLT) revealed a mean sleep onset latency of 6.5 minutes, with no 
sleep onset REM periods. Oral appliance therapy was initiated to ad-
dress the upper airway resistance features. At 3-month follow up, the 
patient reported complete resolution of her daytime sleepiness, along 
with resolution of disturbed dreaming content. She had self-discontin-
ued her Adderall, and was only drinking 1–2 cups of coffee per day.
Conclusion: Epic dreaming may be a manifestation of upper airway 
resistance sleep disturbances, and may be amenable to treatment with 
an airway management strategy.

1270
CPAP INTOLERANCE FOLLOWING 
DACRYOCYSTORHINOSTOMY
Samara D, Qamer S, Shelgikar AV, Stanley JJ, Aldrich MS
Sleep Disorders Laboratory, Department of Neurology, University of 
Michigan Health System, Ann Arbor, MI

Introduction: Continuous positive airway pressure (CPAP) is cur-
rently the gold standard for treatment of obstructive sleep apnea (OSA). 
Intolerance to CPAP may result from mask discomfort, claustrophobia, 
mask leak, conjunctivitis, skin irritation, pressure intolerance and oro-
nasal dryness. We present an unusual case of CPAP intolerance related 
to ocular air regurgitation following dacryocystorhinostomy.
Report of Case: A 57 year-old male with snoring and non-restorative 
sleep underwent polysomnography which revealed an apnea-hypopnea 
index of 19.2/hour and minimum oxygen saturation of 86%. A CPAP 
titration study recommended 12 cm of water which the patient initially 
tolerated.The patient subsequently underwent treatment of epiphora 
(overflow of tears onto the face rather than through the nasolacrimal 
system) and associated nasolacrimal duct obstruction. This condition 
predated the use of CPAP. Following surgery he reported eye irritation 
with CPAP use, including frank air regurgitation beneath his closed 
eyelids with CPAP use. Despite ocular lubricants and an eye patch pre-
scribed by his Ophthalmologist, his ocular symptoms persisted with 
CPAP use. He ultimately discontinued CPAP therapy and sought al-
ternative treatment of his OSA via a mandibular advancement device.
Conclusion: Use of CPAP for treatment of obstructive sleep apnea cre-
ates positive intraluminal pressure within the upper airway to maintain 
patency. Dacryocystorhinostomy, the treatment of choice for epiphora 
due to complete canalicular obstruction, involves joining the lacrimal 
sac to the nasal mucosa to restore lacrimal drainage. This allows re-
routing of tears into the nose via a valveless tube, but also allows for 
regurgitation of air through the tube onto the ocular surface. This al-
teration of anatomy does not cause clinically significant problems for 
most patients; however, patients subject to increased intraluminal pres-
sures via CPAP may be prone to complication following dacryocysto-
rhinostomy.

1271
ACTIGRAPHY MASKED BY RLS AND OSA: A DIFFICULT 
TO INTERPRET CASE
Garcia-Anton DF, Lin D, Mercado E, Shafazand S, Dib S, Ramos AR, 
Ali-Dinar T, Abreu AR
UHealth Sleep Medicine Program, Miller School of Medicine, 
University of Miami, Miami, FL

Introduction: Actigraphy is a useful adjunctive tool in the evaluation 
of sleep disorders. However, care must be taken to interpret the results 
in light of the totality of the clinical presentation. We report a case of 
a 64 year-old man whose actigraphy shows no evidence of sleep for a 
continuous seven day-period despite patient reporting 3 to 4 hours of 
sleep/night.
Report of Case: A 64 y.o. male with end-stage renal disease and no 
previous history of sleep complaints reports new-onset insomnia, pa-
rasomnia and RLS, one month after hemodyalisis (HD) initiation. Self-
reported total sleep time (TST) was 1–4 hours/night; sleepwalking, 
sleep-talking and RLS were also described. The ESS was 4, STOP-
BANG score was indicative of high risk for sleep apnea, BMI was 23 
kg/m2. Ropinirole was started due to RLS symptoms and initial 7-day 
actigraphy was performed revealing persistent movement 24 hrs/day 
with no periods suggestive of sleep. Ropinirole was up-titrated for 
symptom improvement and subsequent overnight polysomnography 
showed a TST of 131.5 minutes, 0% REM, WASO 298.5 minutes, AHI 
73.9 events/hr, PLM index 2.7/hr, PLM arousal index 0.0/hr, LMI 0.8/
hr, LMI arousal index 0.0/hr.
Conclusion: We present a unique case where actigraphy shows inces-
sant activity and no sleep for 7 days despite patient’s self-report of 
sleep during the observation period. Even though actigraphy has been 
validated as a method for evaluation of sleep efficiency and patterns 
its interpretation may be hindered by disorders triggering nocturnal 
arousals or leg movements. It is important to carefully interpret these 
findings in light of each patient’s clinical presentation. There is no for-
mal recommendation for—nor advice against—the use of actigraphy 
in the evaluation of patients with RLS and/or PLMs or other move-
ment disorders such as Parkinson’s disease. Further studies are recom-
mended in order to determine the validity of actigraphy in patients with 
RLS and/or PLMs.

1272
A CASE OF CENTRAL APNEA REFRACTORY TO 
ADAPTIVE SERVO VENTILATION (ASV) DUR TO GLOTTIC 
CLOSURE
Kamatham M 1, Yandle G1 , Chernyshev O1 , McCarty D1, Liendo C1,2

1Division of Sleep Medicine, Department of Neurology, LSU health, 
Shreveport, LA, 2Sleep Disorders Center, Overton Brooks VA 
Hospital, Shreveport, LA

Introduction: Nonvolitional glottic closure (adduction of the vocal 
cords) has been described in response to ventilator-induced hyperven-
tilation. Central respiratory events have been described as a manifesta-
tion of pressure toxicity when titrating patients with obstructive sleep 
apnea. We describe a patient who developed pseudo-central apnea as 
a result of glottic closure due to pressure toxicity from positive airway 
pressure therapy.
Report of a Case: A 66 year-old male was referred for suspected sleep 
apnea. History revealed cardiomyopathy, atrial fibrillation and hyper-
tension. Medications were tramadol (150 mg), carvedilol and warfarin. 
A cardiopulmonary sleep study revealed central apnea Index of 67 cen-
tral apneic events hour with lowest saturation in 79% and circulation 
time of 28 seconds. The events were most prominent in supine sleep 
and non-rapid eye movement sleep. Titration with assisted servo ven-
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tilation (ASV) began at 5–3-10 cm H2O, with persistence of pauses 
in breathing effort at the final pressures of 7-4-13 cm H2O. On close 
evaluation of these events, respiratory flow signal at a rate of 15 per 
minute (which is the ASV backup ventilation rate) was noted in the 
nasal cannula pressure transducer and snoring channels, but without 
evidence of thoracic and abdominal inflation, satisfying published cri-
teria for glottic closure.
Conclusion: The purpose of this case report is to alert physicians that 
pseudo-central apneas may occur in the setting of pressure toxicity, 
which can promote glottic closure and failed breath delivery. Airflow 
signals seen at the set noninvasive ventilation backup rate along with 
snoring but without evidence of thoracoabdominal inflation may indi-
cate glottic closure, and should prompt clinicians to consider pressure 
toxicity as a potential etiology.

1273
MISSED CHRONIC RESPIRATORY FAILURE IN A POST-
POLIO SYNDROME PATIENT
Uppalapati S, Bazan L Agarwal K, AlJasmi M, Gokaraju S
Henry Ford Hospital, Detroit, MI

Introduction: Prior to the introduction of the polio vaccine, paralyt-
ic poliomyelitis was a major cause of morbidity and death. Twenty-
five to fifty percent of the survivors are known to develop post-polio 
syndrome. Symptoms include fatigue, insidious respiratory failure, 
obstructive sleep apnea, bulbar neuropathy, central ventilatory abnor-
malities, hemi-diaphragmatic paralysis and progressive functional de-
cline with new onset weakness, among others. We present a case of 
post-polio syndrome presenting with hypercapnic respiratory failure.
Report of Case: A 76-year-old male with polio diagnosed at age seven, 
requiring ventilation with “iron-lung”, presented with dyspnea, or-
thopnea and fragmented sleep. He had insidious respiratory decline 
that he attributed to his advancing age the year prior. Physical examina-
tion was significant for atrophy of the upper extremities, decreased left 
sided chest wall movement, scoliosis and oxygen desaturation to 83%. 
Chest radiograph and computed tomography were negative except for 
elevated left hemi-diaphragm. The arterial blood gases demonstrated 
acute on chronic respiratory acidosis with compensatory metabolic 
alkalosis. Due to hypoxemia, oxygen supplementation of 3 liters per 
minute was initiated. The patient later became obtunded, with wors-
ening hypercapnia (PCO2 93.2, increased from PCO2 79.5) and was 
transferred to the intensive care unit where bilevel titration was ini-
tiated. His hypercapnia improved to a pressure of 24/10 cm of H2O 
with a back-up rate of 12. During the outpatient attended titration study, 
there was evidence of obstructive sleep apnea that resolved on bilevel 
25/10 cm of H2O and back-up rate of 12. Pulmonary function tests 
demonstrated severe restrictive ventilatory defect and reduced respira-
tory muscle forces. During follow-up, the patient reported symptom-
atic improvement of his dyspnea and fragmented sleep with bilevel.
Conclusion: This case illustrates post poliomyelitis syndrome present-
ing with insidious progressive respiratory failure and the significance 
of early treatment with noninvasive respiratory support. Therefore, in-
vasive ventilation (tracheostomy and permanent positive pressure ven-
tilation) may be avoided.

1274
SLEEP APNEA IN HURLER’S SYNDROME: LOOKING 
BEYOND UPPER AIRWAY
Solaiman S, Rifkin D, Rao H
Sleep Disorders Center, Penn State University, Children’s Hospital, 
Hershey, PA

Introduction: Hurler’s syndrome (mucopolysaccharidosis type 1) is an 
inherited progressive multisystem lysosomal storage disease caused by 
deficiency of the enzyme alpha-L-iduronidase. Glycosaminoglycans 
accumulate due to inability to degrade them in the lysosomes. Over 
time, this accumulation of storage material in the leptomeninges can 
lead to impaired cerebrospinal fluid absorption, resulting in hydro-
cephalus. Patients with Hurler’s syndrome are at risk for obstructive 
sleep apnea, as they can have narrowed trachea with thickened epi-
glottis and vocal cords, causing upper airway obstruction. Although 
sleep apnea in these patients is frequently attributed to upper airway 
obstruction, hydrocephalus can also be the cause of sleep apnea in this 
population.
Report of Case: This case involves a 13 month old male with Hurl-
er’s syndrome. He exhibited snoring and oxygen desaturations dur-
ing sleep; therefore he was referred for polysomnography. His study 
revealed severe mixed sleep apnea (Apnea Hypopnea Index 72/hour). 
He was referred to otolaryngology for evaluation of possible airway 
obstruction. Prior to this evaluation, he underwent ventriculostomy 
and ventriculoperitoneal shunt placement for increasing head circum-
ference, enlarged ventricles, and increased intracranial pressure. Re-
peat polysomnography one week after the surgery revealed only mild 
obstructive sleep apnea (Apnea Hypopnea Index 1.9/hour) which was 
a marked improvement from his initial sleep study. The etiology of his 
sleep apnea was likely his hydrocephalus.
Conclusion: This is the first report of a patient with Hurler’s syndrome 
with sleep apnea, which markedly improved with ventriculostomy and 
ventriculoperitoneal shunt placement. This case highlights the impor-
tance of considering neurological etiologies for sleep apnea in Hurler’s 
patients, despite their predisposition for airway obstruction. Hydro-
cephalus should be considered in the differential for sleep apnea in pa-
tients with Hurler’s syndrome, as surgical shunting can lead to marked 
clinical improvement.

1275
NEW-ONSET NARCOLEPSY WITH COMORBID 
AUTOIMMUNE DISEASE
Ryals S, Berry R, Wagner M
Division of Pulmonary, Critical Care, and Sleep Medicine, 
Department of Pediatrics, University of Florida, Gainesville, FL

Introduction: Narcolepsy with comorbid autoimmune disease is an 
uncommon diagnosis presenting a diagnostic challenge for Sleep Phy-
sicians.
Report of Case: A 25 year old female with seronegative spondylar-
thropathy presented for evaluation of hypersomnolence beginning one 
year ago as she recovered from a URI. Despite 8–9 hours of sleep at 
night she feels sleepy throughout the day (ESS 12) requiring naps – up 
to 2–3 hours in total each afternoon. Her PCP started treatment for 
atypical depression yielding no improvement in symptoms. A search 
for alternate causes was not fruitful. The patients’ hypersomnolence 
improved on Adderall and referral was made to sleep clinic. She de-
nies hypnagogic/hypnopompic hallucinations, sleep paralysis, or cata-
plexy. Her spondylarthropathy with back/joint pain and stiffness has 
improved with the addition of etanercept 3 weeks prior to sleep clinic 
presentation. Despite significant improvement in pain and stiffness on 
etanercept, her hypersomnolence is unchanged. Physical Exam reveals 
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a BMI of 24, neck circumference of 12.5”, and is otherwise normal. 
PSG and MSLT were ordered to evaluate for Narcolepsy. PSG yielded 
a TST of 467.0 minutes, a Sleep Efficiency of 95.4%, and AHI of 0.2. 
MSLT with the patient off her alerting medication for 7 days yielded a 
Mean Sleep Latency of 5 minutes with 2 SOREMs in the first 2 naps. 
She was diagnosed with narcolepsy comorbid with her seronegative 
spondylarthropathy.
Conclusion: Narcolepsy can occur comorbid with autoimmune dis-
ease. A careful history with consideration of alternate causes of hyper-
somnolence, as well as objective testing, is vital for making the correct 
diagnosis.

1276
PERSISTING PEDIATRIC CENTRAL SLEEP APNEA 
TREATED BY LOW CONCENTRATION SUPPLEMENTAL 
OXYGEN
Gettys GC, Bandla H
University of Chicago Medicine, Chicago, IL

Introduction: Breathing instability is common in new born infants 
often characterized by periods of central apnea. Periodic breathing is 
a cyclic pattern of short durations of central apneas alternating with 
normal breaths. Periodic breathing is considered a benign breathing 
pattern in premature infants. Excessive amount of periodic breathing 
associated with intermittent hypoxemia due to frequent oxygen de-
saturations may lead to neurocognitive and other morbidity. Often, no 
treatment is necessary and periodic breathing resolves spontaneously 
with maturity and rarely persists beyond 6 months of age.
Report of Case: A 13 day old male baby was observed to have long 
periods of observed apneas occurring during sleep. Workup for the 
patient’s apneic spells included a chest ultrasound, which did not show 
diaphragmatic paralysis, an EEG and neurology consult for concern 
of apnea as a result of seizures. A PHOX2B test for congenital central 
hypoventilation syndrome was normal at 20/20. Apneic episodes were 
noted to be unresponsive to caffeine citrate. A polysomnogram (PSG) 
on post-natal day 13 revealed severe central sleep apnea with periodic 
breathing and moderate hypoxemia. Central apnea index (CAI) was 48 
and 3% oxygen desaturation index (ODI) was 44.6. There was signifi-
cant decrease in the frequency of central apneas with supplemental ox-
ygen. Oxygen saturations improved and normalized with supplemental 
O2 even at a low flow of 0.5 liters per minute (lpm). Patient was placed 
on continuous oxygen at 0.7 lpm via nasal cannula. PSG’s repeated at 
21 days, 7 weeks and 3 months of age showed persisting central sleep 
apnea with periodic breathing responding to low concentration oxy-
gen. Central sleep apnea was essentially noted to have resolved by 13 
months after which oxygen was discontinued.
Conclusion: Low concentration oxygen may be utilized in pediatric 
patients with persistent central sleep apnea and periodic breathing to 
stabilize breathing patterns and resolve hypoxemia.

1277
VAGUS NERVE STIMULATOR: A HIDDEN CULPRIT FOR 
SLEEP-DISORDER BREATHING
Upadhyay H, Bhat S, Gupta D, Ming S, Chokroverty S
JFK Hospital Medical Center, Seton Hall University, Edison, NJ, USA

Introduction: Vagus nerve stimulator (VNS) is an effective adjuvant 
therapy for intractable seizures, but has been known to precipitate 
sleep-disordered breathing (SDB). Often, Obstructive Sleep Apnea 
(OSA) and VNS-induced SDB may occur in the same patient. We 
report a patient in whom OSA improved after tonsillectomy, but co-
existent VNS-induced SDB persisted and improved with VNS setting 
adjustments.

Report of Case: A 14 year-old female presented in 8/2013 with a 
6-month history of snoring/choking and witnessed sleep apneas. She 
had history of perinatal stroke, intractable seizures since infancy, 
and VNS implantation at the age of 8 years. On exam, she had BMI 
of 37 kg/m2, right hemiparesis and bilateral grade 3+ tonsils. Her ini-
tial diagnostic polysomnogram (PSG) in 7/2013 showed moderate OS 
(apnea+hypopnea index/AHI 19/hr, O2 saturation nadir 90%) with 
predominantly clustered, obstructive-type events with few airflow-
limitation correlating with VNS stimulations. She subsequently un-
derwent tonsillectomy/adenoidectomy and also lost 20 lbs wt. Repeat 
PSG showed improvement of OSA to mild range (AHI 12/hr). However, 
the obstructive respiratory events occurred in a periodic pattern syn-
chronized with VNS stimulations, suggestive of VNS-induced SDB. 
VNS settings were: amplitude 2.25 mAmps, frequency 30 Hz, pulse 
width 250 microsec, on-time 30 seconds, off-time 3 minutes. Patient 
underwent another PSG in 10/2014 with only reduction in VNS am-
plitudes from baseline to 1.75 mAmp and then to 1.25 mAmp. The 
frequency of flow limitation events improved with each reduction in 
amplitude. Eventually VNS was switched off and all respiratory events 
resolved. The patient’s VNS was then restarted at reduced amplitude 
of 1.75 mAmp at discharge. The mechanism of VNS-induced SDB is 
uncertain. It may be due to central mechanisms, since the vagus nerve 
supplies muscles of the pharynx/larynx, or may be due to peripheral 
mechanisms via stimulation of afferent fibers from the aortic body to 
the nucleus tractus solitarus. The management of VNS-induced SDB is 
uncertain. There have been reports of improvement with adjustments 
of various VNS settings and CPAP trials have been unsuccessful.
Conclusion: This case report illustrates that VNS-induced SDB can 
coexist with OSA. It is important to screen symptomatic VNS patients 
for possible VNS-induced SDB by PSG that include a “VNS lead” at 
left mid-sternocleidomastoid for VNS stimulations. Adjustment of 
VNS settings may considered after CPAP titration/tonsillectomy in 
OSA patients with residual VNS-induced SDB.

1278
RESOLUTION OF SLEEP DISORDERED BREATHING 
FOLLOWING DEACTIVATION OF VAGAL NERVE 
STIMULATOR
Al Ghamdi A, Daouk S, Rhane M, Potolicchio S
George Washington University, Washington, DC

Introduction: Management of patients with refractory seizures disor-
ders can be very challenging. Around 1/3 of seizure patients continue 
to have epilepsy on medications. Untreated Obstructive Sleep Apnea 
(OSA) might be seizure provoking and compliance with CPAP treat-
ment has been proposed to improve seizure control. It is very essen-
tial to rule out OSA since many epileptic patients complain of fatigue 
and excessive daytime sleepiness (EDS). The Vagal Nerve Stimulator 
Therapy System (VNS) was approved for individuals over 12 years 
with refractory partial-onset seizures. It has been reported that VNS 
may worsen OSA, which may worsen seizure control. We report three 
patients with refractory seizures who developed sleep apnea that re-
solved years after deactivation of NVS.
Report of Case: 40-year-old woman (BMI 23.3 kg/m2) with refractory 
complex partial seizures (CPS). She had a VNS placed in 2009. Latest 
VNS settings were current of 1 milliampere (mA), on for 30 seconds 
and off for 1.8 minutes. Initial Polysomonography (PSG) showed a 
moderate OSA with Apnea-Hyponea Index (AHI) of 23/hour. A Fol-
low up PSG three weeks later with the VNS off showed an AHI of 3.9/
hour. 48-year-old man (BMI 28.12 kg/m2) with CPS who had a VNS 
placed in 2002. A few months later, patients started complaining of 
chronic EDS. Initial PSG showed an AHI of 70/hour. He was placed 
on BiPAP for 11 years as a treatment for VNS induced OSA. His VNS 
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was deactivated lately and was removed. A repeat PSG showed an AHI 
of 6/hour. 43-year-old man (BMI 31.3 kg/m2) with CPS. He had VNS 
placed in 2010. Post VNS insertion PSG in an outside facility showed 
moderate sleep apnea. VNS settings were current of 0.8 mA, on for 30 
seconds and off for 1 minute. Due to lack of seizure control his VNS 
was removed. Although he continued to complain of EDS, PSG ruled 
out sleep apnea.
Conclusion: Vagal Nerve stimulator induced Sleep disordered breath-
ing is a recognized complication. Deactivation of VNS at bedtime may 
eliminate the need of CPAP treatment.

1279
DELAYED SYMPATHETIC CARDIAC RESPONSE IN A 
PATIENT WITH NIGHT TERROR
Daouk S, Al Ghamdi A, Kimbro S, Jain V
George Washington University, Washington, DC

Introduction: Contrary to rapid eye movement (REM) sleep behav-
ior disorder, which is a more common parasomnia, a non-rapid eye 
movement (NREM) parasomnias like sleep terrors are relatively rare. 
Sympathetic nervous system activity is usually reduced during NREM 
sleep parsimonias except Night Terror, which is associated with in-
tense and rapid sympathetic activity. Our patient is a unique case of 
sleep terror that was accompanied by a markedly delayed sympathetic 
cardiac response for several seconds.
Report of Case: A 48-year-old African-American woman presents 
with intermittent episodes of awakening at night with screaming for 12 
months with no associated dream content. Shortly after falling asleep, 
she experiences a sensation of breathing pauses then she wakes up with 
palpitations. Sometimes, after awakening, she is aware of the fact that 
she may have been screaming. Occasionally, she has jumped out of the 
bed and started rushing towards the door, but then becomes conscious 
of her action and stops. During an overnight polysomnography with 
video recording, and approximately 40 minutes after sleep-onset, she 
sat up in bed screaming. Her heart rate remained 73 bpm for several 
seconds despite intense screaming. Once the screaming ceased, her 
heart rate increased to 132 bpm. Throughout the event, She was disori-
ented and did not respond to the technician’s questions. She returned 
to sleep after 3–4 minutes, and had no recall of the event in the morn-
ing. The episode occurred during N3 sleep (slow-wave sleep). The epi-
sode met the classical description of a sleep terror although the delayed 
tachycardia was puzzling. The patient was treated with clonazepam 
and her sleep terrors resolved.
Conclusion: The delay in heart rate increase while screaming indicates 
a suppressed sympathetic nervous system response during this sleep 
terror episode, which is consistent with the sympathetic nervous sys-
tem activity decline during slow-wave sleep.

1280
WHEN DOWNLOADS LIE!
Olaoye O, Franco RA
Medical College of Wisconsin, Milwaukee, WI

Introduction: Data downloads are a mainstay of the management of 
patients with sleep apnea on positive airway pressure therapy and are 
often used to adjust therapy. We present a case where the download 
data was misleading and led to unnecessary adjustment of therapy.
Report of Case: A 92 year old gentleman was referred to our sleep dis-
orders center for complaint of dyspnea, poor sleep and snoring. He had 
a history of well controlled asthma, gastro esophageal reflux disease as 
well compensated congestive heart failure WHO functional class 1. He 
was active including 60 minutes of moderately strenuous exercise daily. 
A Type 3 Home sleep study was done confirming severe sleep apnea 

with an AHI of 41 primarily obstructive in nature. He was set up with 
auto-titrating CPAP. On follow up, he was symptomatically improved 
with some residual sleepiness. The PAP download confirmed 100% 
adherence but with residual AHI of 30. The majority of events reported 
on the download were obstructive apneas. The lower limit pressure for 
the machine were increased but on follow up the data download still 
showed high index. He had additional adjustments made to the CPAP 
pressure limits but repeat download showed no improvement in the 
residual AHI. An in-laboratory titration confirmed that the vast major-
ity of the untreated events were Cheyne-Stoke type events successfully 
treated with adaptive servo ventilation.
Conclusion: Protocols for cost effective management of Sleep Apnea 
include use of auto-titrating CPAP in place of laboratory titrations. The 
validity of the data beyond the adherence information collected from 
PAP devices has not been well substantiated. Reliance on the PAP de-
vice for adjustments in therapy must be approached with caution.

1282
REM-SLEEP BEHAVIOR DISORDER PRESENTING AS 
HYPNOPOMPIC HALLUCINATIONS
Riaz M, Nigam G, Kaplish N

Introduction: Visual hallucinations have been reported as a precursor 
symptom in neurodegenerative diseases but can they also arise from 
sleep fragmentation of untreated sleep apnea or occult REM sleep be-
havior disorder. The following case highlights the obscurity between 
the two conditions of which the etiology of this patient’s hypnopompic 
hallucinations.
Report of Case: A 65 y/o male with history of head injury presented 
with visual hallucinations occurring frequently around 3 am for past 6 
months. According to his wife, he visualizes images immediately upon 
awakening and was usually alert without executing any complex motor 
behaviors. His dream content usually constituted images of humans, 
dogs and spiders crawling down the ceiling. He had undergone a bat-
tery of neurocognitive testing and neuroimaging with MRI of brain. 
Polysomnogram with seizure montage was recommended which re-
vealed AHI of 13 and SPO2 nadir of 91%. Loss of REM atonia was ob-
served with a typical nocturnal episode observed following an arousal 
from REM. No concomitant epileptiform activity on EEG was noted. 
This episode lasted for approximately 15 minutes and ended in sponta-
neous sleep. Follow up telephone call confirmed that he was observing 
the spider crawling down the ceiling.
Conclusion: This case is an example of hypnopompic visual hallucina-
tion associated with REM sleep, which could be harbinger for occult 
RBD or untreated obstructive sleep apnea. Given the loss of REM ato-
nia, behavior following an arousal form REM and mild OSA, it is likely 
that RBD is the likely the etiology for nocturnal hallucinations.

1283
CONGENITAL CENTRAL HYPOVENTILATION WITH 
NORMAL PHOX 2B
Donovan LM1, Khatwa U2

1Beth Israel Deaconess Medical Center, Boston, MA, 2Boston 
Children’s Hospital, Boston, MA

Introduction: Congenital Central Hypoventilation Syndrome (CCHS) 
is a disorder of ventilatory control marked by a depressed or absent 
chemoreflex and hypoventilation which markedly worsens during 
sleep. The vast majority of CCHS cases are due to polyalanine repeat 
mutations (PARM) between 24–33. However, in 10% of cases, non-
PARM mutations including missense, non-sense, frameshift, and stop 
codon mutations are causative.
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Report of Case: A 6 week old female infant without significant perina-
tal history presented with recurrent desaturations and stridor. She was 
noted to have tachypnea and feeding difficulties. A venous blood gas 
revealed acute respiratory acidosis. Airway evaluation was significant 
for laryngomalacia and upper airway edema thought to be due to re-
flux. Due to recurrent desaturation, a sleep study was obtained which 
revealed mild REM-related central apneas along with persistent hy-
poventilation (ETCO2 > 50 mm Hg for 79% of total sleep time). Awake 
PaCO2 remained persistently elevated (55–71 mm Hg). Due to concern 
of CCHS, PHOX2B analysis was obtained which demonstrated normal 
20–20 polyalanine repeats. Full gene sequencing, however, demon-
strated a missense mutation at location 120 from Arginine to Serine. 
Evaluation of her parent’s genotypes demonstrates that this is a de-
novo mutation. The patient was started on positive pressure ventilation 
during sleep.
Conclusion: This patient’s case illustrates the functional importance 
of arginine at location 120 on the PHOX2B protein. At location 120 
the amino acid arginine is quite conserved among vertebrate species. 
Arginine and serine being quite dissimilar, it is quite feasible that this 
substitution creates a less than functional protein. De-novo non-PARM 
mutations are a potential cause of CCHS and must be considered when 
the clinical context for CCHS exists in the absence of PARM mutations.

1285
ORAL PRESSURE THERAPY: AN EFFECTIVE 
ALTERNATIVE FOR TREATMENT OF OBSTRUCTIVE 
SLEEP APNEA AFTER FAILING BOTH CPAP AND 
SURGICAL APPROACH
Patel J, Ruoff C
Stanford Sleep Medicine Center, Redwood City, CA

Introduction: Obstructive sleep apnea (OSA) is a common medical 
condition which is primarily treated with Continuous positive airway 
pressure (CPAP). However, many patients are unable tolerate CPAP. 
Oral pressure therapy (OPT) is an emerging alternative device that 
uses negative pressure suction to help stabilize the tongue and increase 
the pharyngeal airway.
Report of Case: We report a case of a 54-year-old man with a history 
of OSA. He was diagnosed 17 years ago after complaining of snoring, 
non-restorative sleep and excessive daytime sleepiness. He was provid-
ed CPAP, but was unable to tolerate due to claustrophobia and inability 
to tolerate positive airway pressure. He underwent surgical correction 
to help with his OSA, including a genioglossus advancement, radio-
frequency ablation of the soft palate and uvulopalatopharyngoplasty 
(UPPP), none of which improved his clinical symptoms. In 2014 he 
returned to try oral pressure therapy (WINX device). He completed 
a NOX3 home study pre- and post- treatment. Pre-treatment results 
showed AHI: 18.6 (supine AHI: 40.3); ODI: 16.5 and snore%: 33.5. 
Post-treatment showed AHI: 2.9 (supine AHI: 4.1); ODI: 5.9; snore%: 
0.5. He reported improvement in sleep quality and felt more refreshed 
in the morning during post-treatment survey.
Conclusion: Oral pressure therapy may be a novel approach for pa-
tients who have failed CPAP and surgical approaches for treatment of 
OSA. This treatment option has been shown to improve patient compli-
ance and does not require the traditional mask interface. Further stud-
ies are needed to show head-to-head efficacy comparable to CPAP.

1286
NEW-ONSET NARCOLEPSY WITH CATAPLEXY AND 
MYASTHENIA GRAVIS IN AN ELDERLY MAN
Garcia-Anton DF, Mercado E, Lin D, Lee H, Dib S, Abreu AR, Ali-
Dinar T, Ramos A
UHealth Sleep Medicine Program, Miller School of Medicine, 
University of Miami, FL, USA, St. Elisabeth Hospital, Tilburg, The 
Netherlands

Introduction: Narcolepsy with Cataplexy is considered an immune-
mediated disorder. We present a case of an elderly with new onset My-
asthenia Gravis (MG) and Narcolepsy with Cataplexy.
Report of Case: 80 yo male diagnosed MG treated with prednisone 
(20 mg daily) and pyridostigmine (60 mg daily) and IVIG, who concur-
rently presented with persistent excessive daytime sleepiness (EDS) 
and prolonged periods of sleep for the previous 6 months. He addition-
ally reported sleep paralysis, visual hallucinations and daily cataplexy 
with anger and laughter. Overnight Polysomnography (PSG) was done 
showing severe obstructive sleep apnea (OSA) with an AHI of 33/hour. 
Bi-level PAP adequately treated the respiratory events with residual 
AHI of 4.1/hour. Despite optimal therapy with PAP, the patient con-
tinued endorsing hypersomnia and cataplexy. Repeat PSG with MSLT 
were performed 7 months after starting PAP therapy. Two MSLTs 
showed reduced sleep latency (mean of 2.1 minutes) but no SOREMPs. 
A repeat MSLT was performed, but similar results were obtained. Pa-
tient was negative for HLA DQB1*0602 and cerebrospinal fluid hypo-
cretin-1 was not done. Based on the clinical symptoms, sodium oxybate 
(daily dose of 7.5 mg) and Venlafaxine (75 mg daily) were started with 
significant improvement of EDS (ESS from 20 to 8) and resolution of 
sleep-wake hallucinations, sleep paralysis and cataplexy. Additionally, 
PAP compliance was optimal with normal residual AHI at months 3 
and 6 after initiation of narcolepsy pharmacotherapy.
Conclusion: In this case of MG with Narcolepsy and Cataplexy, symp-
tomatic improvement was obtained with sodium oxybate, but not from 
the immune-modulating agents.

1287
BARIATRIC SURGERY FOR EXTREME OBESE 
ADOLESCENTS WITH SLEEP DISORDERED BREATHING
Lin D, Garcia-Anton DF, Mercado E, Dib S, Abreu AR, Ramos AR, 
Ali-Dinar T
UHealth Sleep Medicine Program, Miller School of Medicine, 
University of Miami, FL

Introduction: Obesity is a multifactorial epidemic disease with global 
impact that causes a significant health risk. It is no longer considered 
an adult disease: in 2012 the CDC reported that more than one third 
of children and adolescents in the United States are considered over-
weight or obese. In the last decade there have been an increased num-
ber of obese adolescents undergoing bariatric surgery with reports of 
significant weight loss. We present two adolescents who underwent 
bariatric surgery in 2011–2013 at our tertiary referral center.
Report of Case: Two female adolescents age 17 and 18 years under-
went bariatric surgery. Mean preoperative body mass index (BMI) was 
57 kg/m2. Both patients underwent preoperative polysomonography 
with a mean apnea hypopnea index (AHI) of 6 ± 2. Comorbidities in-
cluded obstructive sleep apnea, pseudo tumor cerebri, urinary inconti-
nence, dyslipidemia, insulin resistance, metabolic syndrome, irregular 
menses, vitamin D deficiency, depression and lower back pain. Both 
patients had prior unsuccessful involvement with comprehensive pedi-
atric weight management programs. Laparoscopic sleeve gastrectomy 
was performed without reported complications. Means of postopera-
tive percentage for weight loss and BMI within 12 month were 30% 
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and 34.8 kg/m2 respectively; reflecting a drop in BMI of 22.2 kg/m2. 
Additionally dissipation of snoring, depression, and improved school 
performance were noted.
Conclusion: Adenotonsillecomy and PAP therapy are the main treat-
ment options for sleep apnea in adolescents. However, Bariatric sur-
gery should be considered as a viable treatment option in when other 
conservative measures fail to correct morbid obesity and co-morbid 
sleep apnea.

1288
CEREBROSPINAL FLUID LEAK AFTER CONTINUOUS 
POSITIVE AIRWAY PRESSURE INITIATION
Ashraf SA 1, Das RR1, Bodkin CL2, Sigua NL2 , Stahl SM1, 
Manchanda S1

1Division of Pulmonary, Allery, Critical Care, Occupational and Sleep 
Medicine, Indiana University School of Medicine, Indianapolis, IN, 
2Department of Neurology, Indiana Univeristy School of Medicine, 
Indianapolis, IN

Introduction: Continuous positive airway pressure (CPAP) has been 
established as an effective and relatively safe treatment for obstructive 
sleep apnea (OSA). Cases have been reported of cerebrospinal fluid 
(CSF) leak in the context of CPAP therapy suggesting a causal relation-
ship. We present a case of woman with a history of spontaneous CSF 
leak who developed recurrent CSF leak after starting CPAP.
Report of Case: A 64-year-old woman was evaluated with an over-
night polysomnogram for symptoms of daytime sleepiness and snoring. 
Pertinent medical history included CSF leak repaired endoscopically 
one year prior to presentation. She was found to have severe OSA with 
an apnea hypopnea index 69.4/hour and was started on CPAP. Five 
months late while consistently using her CPAP, she developed rhinor-
rhea followed by fever and headache, CFS analysis was consistent with 
bacterial meningitis, and she was admitted to the hospital for intra-
venous antibiotics. CT cisternogram demonstrated CSF leak into her 
right sphenoid sinus. Her hospital course was further complicated by 
pneumocephalus after continued CPAP use during the first 3 days of 
her hospitalization. She underwent repeat endoscopic repair of her 
right sphenoid sinus leak without complications. She was advised 
against resuming CPAP therapy.
Conclusion: Spontaneous CSF leaks are most common among middle-
aged, obese women and are associated with a high rate of recurrence 
after surgical repair. Recent literature suggests there may be a link 
between idiopathic intracranial hypertension (IIH) and spontaneous 
CSF leaks. CPAP is associated with transient increases in CSF pres-
sure. Five cases have been published discussing atraumatic CSK leak 
in patients on CPAP. All cases involved women ages 54–77 years with-
out a history of prior CSF leak. Demographic similarities between the 
cases of CPAP- associated CSF leak and spontaneous CSF leak suggest 
a similar pathophysiology may be involved. Further investigation is 
warranted.

1289
SOMNOLENCE SYNDROME AFTER PROTON 
BEAM RADIATION IN PATIENT WITH CEREBRAL 
XANTHOASTROCYTOMA
Wexler Y1, Hadziahmetovic M 2, Khawaja I1

1Minnesota regional Sleep Disorder Center, 2University Hospitals 
Seidman Cancer Center at Firelands Regional Medical Center

Introduction: Somnolence syndrome secondary to radiation has been 
well known and described as far back as 1929 by Druckmann. It is con-
sidered a subacute effect of cranial radiation entity that is characterized 
by headaches, nausea, emesis, anorexia, weight loss, and a spectrum of 
fatigue to excessive sleep. It is well known and associated with stan-
dard ionization radiation to the whole brain.
Report of Case: We describe a case of a 13 year old male diagnosed 
with hypersomnolance after surgical treatment of a cerebral xanthoas-
trocytoma that was well controlled with modafinil. Regrowth of tumor 
5 years later that was treated with proton beam radiation to the right 
thalamus was third ventricle. He developed somnolence syndrome two 
months after completion of the radiotherapy.
Conclusion: While somnolence is well described for whole brain ra-
diation, it has not been reported with use of proton beam radiation. The 
theorized advantage of proton beam radiation over standard ioniza-
tion radiation is the potential dose distribution benefit related to the 
so-called Bragg peak, wherein the protons precipitously deposit the 
majority of their energy at the end of their range, i.e., at the edge of the 
tumor, thus allowing for a steep does drop-off and very little to none 
of the stray does to the tissue beyond the target. It is likely that the pa-
tients’ somnolence syndrome is from radiation to the thalamus which 
is an area of the brain involved in the sleep/wake cycle. 
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