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Sleep Quality and Blood Pressure
Dipping in Obstructive Sleep Apnea

José S. Loredo, Sonia Ancoli-Israel, and Joel E. Dimsdale

Background: Obstructive sleep apnea (OSA) is asso-Results: There were no differences between dippers
ciated with poor sleep quality and a high incidence ofand nondippers with regard to body mass index, age, or
nondipping. The aim of this study was to determine therespiratory disturbance index. A total of 84% were non-
association of sleep quality and nocturnal blood pressurdippers. No difference was found between dippers and
(BP) dipping in an OSA population. nondippers in sleep quality. None of the sleep quality§

Methods: A total of 44 untreated subjects with mild to measures correl_ated with the measurements of dipping. I§
multiple regression analyses, the percentage of slow wave

severe OSA underwent overnight-attended polysomnogra-

phy and 24-h ambulatory BP monitoring. Subjects Weresleep and arousal index each independently predicted or;%/

. ; 0
off antihypertensive medication. The percentage of slow? small percentage (.)f the variance (approximately 10%)

. ntocturnal DBP dipping.
wave sleep, percentage of time awake after sleep onse

during the sleep period, sleep efficiency, and arf)usa'_ind_etonclusions: The prevalence of nondipping was very 8
were chosen as measurements of sleep quality. Dippingigh in a population of untreated patients with mild to S
was evaluated using the change in systolic BP, diastoligeyere OSA. Nonetheless, sleep quality did not appear
BP, and mean arterial pressure. Patients were classified §& related to BP dipping. Am J Hypertens 2001:14:5

dippers and nondippers based on a nocturnal drop in meagg7_892 © 2001 American Journal of Hypertension, Ltd.3
arterial pressure- 10%. Differences between groups were

evaluated by independent sampliests. Pearson correla- Key Words: Sleep quality, nocturnal blood pressure 2
tion and linear regression were used to evaluate the assdipping, obstructive sleep apnea, hypertension, ambulaz
ciation of sleep quality and dipping. tory blood pressure monitoring.
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diurnal value during sleep. This circadian drop in ulation has been reported in nondipper men and wotfien, =
blood pressure (BP) has been called dipping.and nondipper hypertensives have been reported to have
However, there are individuals who do not exhibit a noc-impaired cardiovascular reflexes that might contribute t¢
turnal drop in BP, and are thus called nondippers. A highetheir lack of circadian BP drdp; however, this finding has 5
prevalence of nondippers has been reported among suBeen questionetf Also, nondipping has been described in o
jects with essential hypertensidnsodium sensitivity,  patients with Cushing's syndrome and autonomic nervous:
chronic renal failur€,and obstructive sleep apn&it.has system dysfunctioh® Some investigators have suggested?
been postulated that the nocturnal drop in BP is a restofhat the nocturnal drop in BP may be affected by the=
ative physiologic processand that the lack of circadian quantity and quality of sleeff. 26 §
BP variability may be an important risk factor for hyper- = e might speculate that poor sleep quality decreases
tensive end-organ damage’ the nocturnal dip in BP (ie, BP does not fall as much
The factors that determine whether an individual is agyring disturbed sleep). However, surprisingly few studies
dipper versus a nondipper are not well known, and thehave reported the effects of sleep quality on circadian BP
mechanisms for dipping and nondipping have not beerlipping. Table 1 describes the available literature in which
fully described. Behavioral factors such as smoking andlipping has been directly correlated with quality or quan-
alcohol intake have been reported to affect the awakedtity of sleep. Kario et df and Leary et &’ indirectly

B lood pressure normally drops 10% to 15% from its sleep BP differenc.Impaired sympathetic arterial mod
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Table 1.

Sleep quality and nocturnal blood pressure

Reference

Subjects

BP Measurements

Findings

Leary et al'”

Kario et al*®

Pedulla et al*®

Frisina et al'®

Schillaci et al*®

Noda et al?°

434 subjects,
heterogeneous as to
age, gender, and BP.
Antihypertensive
medications were not
stopped.

160 healthy volunteers.
Subjects using
antihypertensive
medications were
excluded.

19 hypertensive patients
(9 nondippers and 10
dippers).

11 normotensive
offspring of
hypertensive
nondipper parents.

2042 untreated
hypertensive subjects.

26 OSA patients.
Patients were not
divided by dipping
status.

24 h ABPM (Quiet-
Track recorder).
physical activity
(actigraphy).

24 h ABPM
(SpacelLabs 90207).
Physical activity
measurement by
actigraphy
(ambulatory
monitoring).

Beat-to-beat BP
measurement with
Finapres during
sleep. PSG to record
sleep stages.

Beat-to-beat BP with
Finapres during
sleep. PSG to record
sleep stages.

24 h outpatient
ABPM.

24 h ABPM and PSG.

Increased nighttime activity
was associated with a
smaller nocturnal dip in BP.
Increase in daytime activity
was associated with a
higher nighttime dip in BP.

Nondippers had greater sleep
activity than extreme
dippers and an increased
sleep/awake activity ratio
than extreme dippers and
dippers (more nocturnal
activity = worse sleep
quality).

Nondippers had more
frequent microarousals and
less stage 4 sleep than
dippers. Nondippers had
lighter sleep.

Offspring of nondipper
hypertensives had more
microarousals and more
stage 2 sleep than controls
(lighter sleep than controls).

Difference in blood pressure
change from day to night
increased with reported
duration of sleep.

Movement arousals contribute
to elevation of diurnal and
nocturnal blood pressure.

BP = blood pressure; PSG = polysomnography; ABPM = ambulatory blood pressure monitoring; OSA = obstructive sleep apnea.

measured sleep quality by measuring physical activitydipping in patients with mild to severe obstructive slee

during sleep in healthy volunteers. They reported tha@pnea, while controlling for hypertension.
nighttime activity was associated with a smaller dip in

nocturnal BP. Pedulla et'§land Frisina et aP evaluated
sleep quality directly by polysomnography in hypertensive
subjects and their normotensive offspring, respectively.

Subjects

Materials and Methods
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They reported that nondipper hypertensive parents as welll subjects gave informed consent to the protocol, Whlch.\;
as their offspring had more frequent microarousals and leswas approved by the institutional review board. A total of'\J
deep sleep than did dippers or controls. In a large epide44 patients with untreated obstructive sleep apnea (respi-

miological study, Schillaci at & reported that individuals

ratory disturbance index [RDI} 15) were studied at the

who reported longer duration of sleep also had greater BRIniversity of California San Diego Clinical Research Cen-
dipping from day to night. We found only one report in ter. Subjects with symptoms suggestive of obstructive
which both sleep quality and 24-h BP was evaluated in aleep apnea or a previous diagnosis of sleep apnea either
population with obstructive sleep apnea (OSA). Noda etresponded to public service advertisements or were re-

aIZO

reported that movement arousals contributed to thderred by community physicians or by previous subjects.

elevation of diurnal and nocturnal BP in sleep apneicsShift workers or subjects who normally slept during the
Unfortunately, no attempt was made to correlate sleemlay were excluded. Subjects ranged in age from 35 to 65

quality with dipping status.

Although some investigators have looked at the assoideal body weight, as determined from Metropolitan Life

years, and their weight was between 1.0 and 1.7 times the

ciation of sleep quality and dipping in the normal or tables?® Patients receiving antihypertensive medication

hypertensive patient, none have reported the relation ofiad their treatment tapered 3 weeks before the study. A
sleep quality and dipping in an OSA sample. In this studyseated screening resting BP was obtained three times on
we tested the hypothesis that sleep quality correlates wittwo separate occasions. Subjects with a systolic blood
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pressure (SBP) consistently 140 mm Hg or a diastolic Tgpje 2.
blood pressure (DBP)» 90 mm Hg were considered

Patient characteristics*

hypertensive. Subjects were excluded if they were receiv- Dipperst Nondipperst
ing medications known to affect sleep or if they had any of, 7 37
the following: congestive heart failure; symptomatic ob- Age (y) 48.3 =+ 5.9 47.8 + 9.3
structive pulmonary, coronary, or cerebral vascular disGender (M/F) 7/0 28/9
ease; history of life-threatening arrhythmias; cardiomyop-EBIII gig f 275-8 ggg f %52'0
athy; history of psychosis; narcolepsy; or current aICOhOIMean screening SBP
or drug abuse. (mm Hg) 132 + 19 127 + 14
Mean screening DBP

Experimental Design (mm Hg) 81 +9 81 +8

. . ) No. of hypertensive
Subjects with untreated obstructive sleep apnea (RDI gypjects 4 11

>15) based on a recent overnight, unattended home sleep

recorcing (model 203, NightWatch System; HealthdynelD} = feprawy Sursence oext o1 vooy T i
Technologies, Marietta, GA) were admitteq to the .CIin?caI * No significant differencés were found between dippers and
Research Center atf and placed on an isocaloric diet nondippers.

providing 170 mEq Na and 100 mEq K/day. Sleep was T Dipping status based on a nocturnal drop in mean arterial
recorded on the night of admission, with a fully attended” > ~10%.

overnight polysomnographic instrument (model 4412P;

Nihon Koden, Irvine, CA) that recorded central and oc-2 ; i ke after s| t during the
cipital electroencephalography, bilateral electro—oculogra—) percen ageoo Ime aYva € afler sieep onset during g
phy, submental and tibialis anterior electromyographys_leep_pem_)OI (YWASQ); 3) sleep efficiency ([totgl sleepg.
(EMG), electrocardiogram (ECG), nasal/oral airflow usingt'me/tml]e n bzd]f_x éOO),_and_4)E'tE(gafl arousal gdeex.
a thermistor, and respiratory effort using chest and abdomi- r<t)_u_s;a ;5 V\f[_ere>i |Er>1e ai rlts<e155|n requency

inal inductance belts. Pulse oxyhemoglobin saturatiorf V1Y 1asting=21.5 sec bu Sec.

(SpQ,) was monitored using a pulse OX|met_er (Biox 374_0; Statistical Analysis

Ohmeda, Boulder, CO) and analyzed using appropriate _ _ _

software (Profox Version PFD 6/97; Profox Associates,The various sleep quality variables were compared bez.

Escondido, CA¥? Sleep records were scored according totween dippers and nondippers by independent samplea
the criteria of Rechtshaffen and Kaf&s. tests. Pearson correlations with Bonferoni’s corrections

Apneas were defined as decrements in airfle@0%  were performed to examine the association between sle%

from baseline for 10 sec. Hypopneas were defined as guality, RDI, and BP dipping using all three dipping 3
decrement in airflow=50% but<90% from baseline for measurements. A multiple linear regression procedure weg
10 sec. The number of apneas and hypopneas per hoRerformed to determine the predictive power of the slee;
were calculated to obtain the RDI. quality variables on dipping after controlling for RDI and &

On the evening of admission, a 24-h ambulatory Bpscreening BP status. Statistical analyses were performélé:l
measurement was begun using the SpacelLabs ambulato#ging SPSS for Windows, version 9.0 (SPSS, Chicago;
BP monitoring system (model 90207, SpaceLabs MedicallL)-
Redmond, WA). This apparatus was programmed to mea-
sure BP every 30 min from 18 to 6 am and every 15 min - Results
during the awake period. Daytime and nighttime average _ o =
systolic, diastolic, and mean arterial pressures (MAP)TabIe 2 descr_|be_s the characteristics qf the study subject®.
were recorded. The great majority (84.1%) were nondippers. On average,

the subjects were moderately obese and had moderate to
Dipping Definition severe OSA. There was no difference in age, RDI, screen-

L , ing BP, or body mass index (BMI) between dippers and
Three measurements of dipping were obtained by subtracliongippers. A total of 32% of the subjects were classified

ing nighttime BP measurements from daytime BP meayg phypertensive. In all, 57% of the dippers were hyperten-

surements. These included SBP, DBP, and MAP changes; e as compared to 29.7% of the nondippers; however,

Patients were also divided into dippers and nondippergnere was no statistically significant association between
baspd ona nocturnal drop in MAP 10%. N|ghtt|me Was  hypertension and BP dipping.

arbitrarily denoted as 16v to 6 am, and daytime as @w Dippers and nondippers were compared with respect to
to 10pm. sleep quality measures. There was no difference in sleep
efficiency, %WASO, percent time in rapid eye movement
(REM) sleep, %SWS, or total arousal frequency between
We chose four measurements of sleep quality: 1) percentippers and nondippers.

age of total sleep time spent in slow wave sleep (%SWS); We also examined the data using a continuous measure
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based on our hypothesis that deeper and more efficient

Table 3. Pearson correlation coefficients (r)* . -
sleep constituted better quality sleep. The %WASO and

SBP DBP MAP total arousal index were entered last in the model as
Variable Dipping Dipping Dipping  gariables that would denote lower quality sleep. None of
RDI —-0.018 0.213 0.014 the sleep quality variables or RDI independently predicted
%SWS 0.061 0.195 0.162 a change in SBP or MAP during sleep. However, %SWS
os/liasgsegldency% :88;(1) :8853 :88;8 and total arousal index each predicted approximately 10%
Arousal index 0.053 0.280 0.100 of the variance of the nocturnal change in DBP (Table 4).
%SWS = percentage of slow wave sleep; %WASO = percentage of . .
time awake after sleep onset during sleep period; MAP = mean arterial DISCUSSIOI‘]
pressure; other abbreviations as in Table 2.
* None were statistically significant at the 0.01 level. The quality and the duration of a night’s sleep is consid-

ered essential for proper diurnal cognitive function and
overall well-being?* Given that approximately one third g
of dipping (daytime BP minus nocturnal BP) as opposed tmf our life is spent sleeping, it is likely that sleep and its=
the dichotomized “dippers” versus “nondippers.” Table 3quality influence physiologic functions such as the actmtya
presents the univariate correlations between sleep qualityf the sympathetic nervous system and BRSome re &
measures and dipping variables. Significance was adjusteskarchers have suggested that the phenomenon known %ls
using Bonferroni's correction. Significance was deter-BP dipping may be affected by the quality and quantity of=
mined atP < .01. None of the measurements of dipping sleep, but data are scart&® Patients with OSA are ]
correlated significantly with the measurements of sleefknown to have poor sleep quality, characterized by slee
quality or RDI. fragmentation and grossly abnormal sleep architecturex
A multiple linear regression model was used to assesPatients with sleep apnea are also known to have a h|g§1
the predictive effects of sleep quality on dipping as as-prevalence of systemic hypertensirgnd a high proper
sessed by SBP, DBP, and MAP changes. Because of th®n of these are nondippetdn this study we set out to
reported association between RDI and nondipping in patest the hypothesis that sleep quality affects the variation ig |\
tients with sleep apnea, RDI was entered as the initiaBP normally seen during the night. We recruited a groups
covariate in the regression model. In the initial step weof untreated OSA patients with various degrees of sleeﬁ.
also controlled for hypertension status using the screeningpnea severity, as these patients have a high prevalenceaof

a

7]
=
=

@oo dno’

MAP. The %SWS and sleep efficiency were entered nextnondipping and have a wide spectrum of sleep quality. g
g
(2]
Table 4. Multiple regression analysis to determine predictors of diastolic blood pressure dipping §
o
Independent % g
Variable Variance Significance «Q
Entered R2 Gained df F of F B t PValue §
RDI 0.218 1.418 164 S
Screening MAP  0.047 4.7 2,41 1.010 0.373 -0.040 -0.262 .795 o
RDI 0.355 2.203 .033 Z
Screening MAP 0.015 0.100 .920 %
%SWS 0.143 9.6 3,40 2.216 0.101 0.345 2.111 .041 S
RDI 0.359 2.186 .035 &
Screening MAP 0.014 0.091 .928
%SWS 0.144 0.1 4,39 1.634 0.185 0.342 2.056 .047
SLPEFF -0.032 -0.210 .835
RDI 0.353 2.134 .039
Screening MAP 0.046 0.290 773
%SWS 0.271 1.428 .161
SLPEFF 0.157 1.3 5,38 1.418 0.240 -0.267 -0.797 430
%WASO -0.267 -0.788 .435
RDI -0.621 —1.490 .145
Screening MAP 0.140 0.916 .366
%SWS 0.403 2.175 .036*
SLPEFF 0.280 12.3 6,37 2.403 0.046* -0.269 -0.860 .395
%WASO -0.287 -0.907 .370
Arousal index 1.085 2.516 .016*

df = degrees of freedom; SLPEFF = sleep efficiency; Screening MAP = mean arterial pressure (MAP) obtained at screening to determine
hypertension status; other abbreviations as in Tables 2 and 3.
* Statistically significant.
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In this study, 84.1% of the subjects were nondippersevidence for this comes from our multiple regression anal-
This is a substantially greater percentage than the 30% tgses. Once apnea (RDI) was controlled for, %SWS and
50% prevalence of nondippers described in the literdture.total arousal index were significant predictors of DBP
The reason for the discrepancy in our observations and theipping (Table 4). Each of these variables predicted about
reported percentages of nondippers in the literature i20% of the variance of DBP dipping. Both %SWS and
unclear. Our sample included a large proportion of patientsotal arousal index were positive predictors (ie, the greater
with severe apnea (mean RD#50), which could have the %SWS and the total arousal index, the greater the DBP
accounted for the higher prevalence of nondippers, adipping). Although it fits our hypothesis that a greater
severity of OSA is associated with nondippihg*®Also,  percentage of SWS (implying better sleep quality) would
the first night effect could have contributed to the highpredict more dipping, we do not have a good explanation
nondipping prevalence, although the patients had beefor the association of a larger total arousal index (more
somewhat acclimatized by a screening overnight homejeep fragmentation, poorer sleep quality) predicting more
sleep study. Most studies evaluating the association oflipping. This latter finding is contrary to the report of
OSA and dipping have included subjects taking antihyperpedulla et al, in which nondippers had more frequeng
tensive medications or have discontinued antihypertensivgicroarousals and less SWS than did dippers in a smaf
medications for a brief period. Antihypertensives havepypertensive sample populatiéfNoda et al also reported &
been shown to reduce the nocturnal hypertension in pahat movement arousals contributed to elevation of nocg:

tients with OSA® and could potentially correct for the tyrnal BP in 26 OSA patienf® S

nondipping status, thereby reducing the proportion of non- | js possible that, in patients without apnea, there is &
dippers in an OSA population. In this study, hyperte”Siverelationship between sleep quality and BP dipping thaTti
patients were off of their ant_ihypertensive medications formay not be found in patients with OSA. However, even
3 weeks before enrollment in the study protocol. ~  the current evidence for a significant role of sleep qualitys

In this study we chose to define dipping by clock time, i, gp dipping in healthy volunteers is indirect at best. In2:
using mean daytime (g to 10pv) and nighttime (10w g,ch studies, sleep quality was measured by actigrap@
to 6 av) BP. Some may argue that this definition of y,ring sleep. Nondippers exhibited greater sleep moves

dipping may be less sensitive in detecting dipping than if, o activity, which was interpreted as worse sleep qualz.
the actual sleep and awake BP were used. We recentg}( 15,17 2

reported the reliability of nocturnal BP dipping as mea-
sured by clock time, bedtime, and sleep time. We foundmiI

that no one definition of dipping was demonstrably betternondipping was very high and much higher than previ-=

than the otherg? . . ©
I .Inth I I I
We analyzed the data to determine whether dippingﬁ ﬁ?e)llatczzotger?oc?u:nglSdail;)npeinzopu ation, sleep quality w

nondipping and hypertension/normotension were associ-
ated. A higher percentage of dippers than nondippers were
hypertensive, which was opposite to the anticipated posi-
tive association between hypertension and nondipping stReferences
tus. However, this association was not statistically signif-1
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/4l
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