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Introduction: Traumatic brain injury (TBI) plagues service members 
in times of war and training. Diagnosis and management of TBI remain 
challenging, with many suffering from sleep disorders. We hypothe-
sized that TBI-related damage to the hypothalamus, a master regu-
lator of breathing and sleep, could be related to post-TBI obstructive 
sleep apnea (OSA) and serve as a pathophysiological biomarker for a 
subpopulation of OSA patients.
Methods: This was a retrospective study of warfighters with TBI 
from the National Intrepid Center of Excellence (NICoE). Subjects 
were identified by severe TBI on neuroimaging and compared against 
a control group without TBI. All subjects underwent screening 
polysomnography (PSG). MRI was acquired via 3T scanner. The 
hypothalamus was automatically segmented using a diffeomorphic al-
gorithm. DTI scalar values were analyzed with scalar t-tests between 
subjects and controls. Generalized linear modeling with DTI scalar 
values was used to predict AHI in subjects.
Results: 6 subjects and 61 controls were identified. There was signifi-
cant sleep dysfunction amongst TBI subjects (mean apnea-hypopnea 
index (AHI) 5.1+/-6.6 events/hour; mild OSA incidence 33.3%; 
Pittsburgh Sleep Quality Index (PSQI) mean 13.3+/-2.6). Radial dif-
fusivity (RD), axial diffusivity (AD) and mean diffusivity (MD) were 
significantly higher among subjects (control RD 9.64x10^-10+/-
7.54x10^-11 m^2/s, subject RD 1.13x10^-9+/-1.20x10^-10m^2/s, 
p = 0.023; control AD 1.32x10^-9+/-7.64x10^-11m^2/s, subject AD 
1.50x10^-9+/-1.43x10^-10m^2/s, p  =  0.029; control MD 1.08x10^-
9+/-7.43x10^-11m^2/s, subject MD 1.25x10^-9+/-1.34x10^-10m^2/s, 
p  =  0.025). There were no differences in age or body-mass index. 
Generalized linear modeling with diffusivity measures as predictors of 
AHI in subjects was not significant.
Conclusion: Using a diffeomorphic algorithm to define the hypothal-
amus reveals significantly elevated scalar DTI measures in chronic, 
severe TBI compared to controls. DTI differences in the hypothalamus 
are a novel finding and possibly underlie part of the pathophysiology 
of TBI. Although this may have potential to serve as a biomarker in se-
vere TBI patients with sleep disorders, these initial data do not support 
a relationship between DTI and AHI, despite high incidence of OSA 
and subjective sleep dysfunction. Future studies with more subjects 
may better elucidate the changes in hypothalamic DTI after TBI for 
clinical outcomes analysis.
Support (if any): This work was supported by grant 130132 from 
USAMRMC.
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Introduction: A bidirectional relationship exists between sleep dis-
ruption and neuropathology in Alzheimer’s disease (AD). The sleep 
electroencephalogram (EEG) is a highly stereotyped, direct neuro-
physiological window into brain function; prior studies have identified 
abnormalities in EEG slow waves in early AD. EEG coherence across 
channels during sleep, a normally highly coherent brain state, could be 
an indicator of network coordination across brain regions. Accordingly, 
altered slow wave coherence during sleep may be an early indicator of 
cognitive decline.
Methods: EEG was collected during an attended overnight 
polysomnogram (PSG) from a community-based cohort of older 

subjects (n=44, average age = 71), approximately 25% of whom met 
criteria for mild cognitive impairment or early AD. Files were ex-
ported to EDF and a slow wave peak detector was implemented in 
MATLAB to count the number of slow wave oscillations, with auto-
mated artifact rejection, across 6 EEG leads standard for PSG (C3, 
C4, F3, F4, O1, and O2). Slow wave coherence was inferred when 
slow waves occurred in temporal synchrony across channels within 
100 ms.
Results: Subjects with cognitive impairment showed significantly re-
duced total sleep time and time spent in rapid eye movement (REM) 
sleep compared to age-matched controls. EEG slow wave coherence 
was reliably quantified during wake, non-REM stages N1, N2, N3, 
and REM vigilance states as well as during transition periods between 
sleep stages. Using this algorithm, specific signatures of slow wave 
propagation during sleep were identified, including increased vari-
ability in slow wave activity and coherence, that appeared more prom-
inent in subjects with impaired cognition.
Conclusion: EEG slow wave coherence during sleep and wake states 
can be calculated by applying automated algorithms to PSG data, and 
may be associated with cognitive impairment.
Support (if any): NIH R01 AG059507
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Introduction: The stability of sleep architecture and breathing 
across nights can depend on factors relating to the integrity of the 
nervous system. Traumatic brain injury (TBI) represents a sudden-
onset dysfunction of the nervous system while normal aging is as-
sociated with more gradual changes to the nervous system. While 
normal aging and history of TBI are both associated with sleep com-
plaints, less is known about the stability of sleep physiology vari-
ables in these populations. Therefore, the aims of our study are to 
determine which sleep variables have greater night-to-night stability 
in separate populations of individuals with TBI and in cognitively 
normal older individuals.
Methods: All volunteers completed 2 consecutive in-laboratory noc-
turnal polysomnograms (NPSG). The TBI sample (N=35) comprised 
71% women and 26% men (average age of 47.3  years). The cogni-
tively normal older sample (N=78) included 74% women and 25% 
men (average age of 66.4 years). Descriptive statistics and intra-class 
correlations (ICCs) were calculated for sleep macrostructure variables 
(total sleep time (TST), sleep efficiency (SE), arousal index (ArI), 
rapid eye movement (REM), non-REM 1 & 2 (N1, N2), slow-wave 
sleep (SWS)), and sleep apnea including stage-specific apneas (i.e., 
AHI4%, AHI3A).
Results: Among volunteers with TBI, ICCs for sleep architecture 
variables were: TST (0.68), SE (0.65), ArI (0.92), %SWS (0.77), 
%REM (0.50), %N1 (0.83), %N2 (0.62). ICC’s for sleep apnea vari-
ables were: AHI4% (0.86), AHI3A (0.86), REM AHI4% (0.63), 
REM AHI3A (0.65). Among cognitively normal older volunteers, 
ICCs for sleep architecture variables were: TST (0.26), SE (0.29), 
ArI (0.80), %SWS (0.68), %REM (0.39), %N1 (0.66), %N2 (0.49). 
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