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Study Objectives: Limited experimental data suggest that sleep restric-
tion acutely elevates blood pressure; however, little is known about the
relationship between usual sleep duration and hypertension. This study
assesses the relationship between usual sleep duration and hypertension
in a community-based cohort.

Design: Cross-sectional observational study.

Setting: The Sleep Heart Health Study, a community-based prospective
study of the cardiovascular consequences of sleep-disordered breathing.
Participants: Two thousand eight hundred thirteen men and 3097 wom-
en, aged 40 to 100 years.

Interventions: None.

Measurements and Results: Usual weekday and weekend sleep dura-
tions were obtained by questionnaire, and their weighted average were
categorized as less than 6, 6 to less than 7, 7 to less than 8, 8 to less than
9, and 9 or more hours per night. Hypertension was defined as a systolic
blood pressure of 140 mm Hg or greater, a diastolic blood pressure of 90
mm Hg or greater, or use of medication to treat hypertension. The rela-
tionship between sleep duration and hypertension was examined using
categorical logistic regression with adjustment for age, sex, race, apnea-

hypopnea index, and body mass index. Compared to subjects sieeping 7
to less than 8 hours per night, those sleeping less than 6 and between 6
and 7 hours per night had adjusted odds ratios for hypertension of 1.66
(95% confidence interval 1.35-2.04) and 1.19 (1.02-1.39), respectively,
whereas those sleeping between 8 and 9 and 9 or more hours per night
had adjusted odds ratios for hypertension of 1.19 (1.04-1.37) and 1.30
(1.04-1.62), respectively (p < .0001 for association of sleep duration with
hypertension). These associations persisted when analyses were further
adjusted for caffeine and alcohol consumption, current smaeking, insomnia
symptoms, depression symptoms, sleep efficiency, and prevalent diabe-
tes mellitus or cardiovascular disease.

Conclusions: Usual sleep duration above or below the median of 7 to
less than 8 hours per night is associated with an increased prevalence of
hypertension, particularly at the extreme of less than 6 hours per night.
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INTRODUCTION

TYPICAL DAILY SLEEP DURATION HAS BEEN DECLIN-
ING AMONG ADULTS IN THE UNITED STATES FOR MORE
THAN A GENERATION, WITH MEDIAN SLEEP duration fall-
ing from 8 hours per night in the 1950s to 7 hours per night in
recent years, with more than one-third now sleeping fewer than
7 hours per night."? Much of this reduction in sleep duration re-
flects voluntary sleep restriction, with nearly half of individuals
reporting that they restrict sleep in order to watch television, use
the Internet, or work.’ Several studies have found higher rates
of mortality or coronary heart disease with both long (>8 hours/
night) and short (<7 hours/night) usual sleep durations.*” Short-
term experimental sleep restriction for as little as 1 night has been
reported to increase blood pressure in both healthy'®'? and hyper-
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tensive'? subjects. Because hypertension carries a high risk for
cardiovascular disease, an effect of short sieep duration on hyper-
tension might increase the risk of cardiovascular disease and mor-
tality. In the present study, we examined the relationship between
self-reported usual sleep duration and prevalent hypertension in a
large, community-based sample of middle-aged and older adults.

METHODS
Study Sample

Subjects were participants in the Sleep Heart Health Study
(SHHS), a community-based, prospective cohort study of the car-
diovascular consequences of obstructive sleep apnea/hypopnea
(OSAH)." Although not the primary aim of the SHHS, the present
analysis takes advantage of data on sleep duration, hypertension,
and relevant covariates collected as part of the baseline SHHS
examination. All SHHS participants completed a Sleep Habits
Questionnaire (SHQ) and underwent overnight polysomnogra-
phy between 1995 and 1998. Medication use was ascertained at
the time of polysomnography, and blood pressure was measured
at the time of polysomnography or, in fewer than 5% of subjects,
at a recently preceding clinic visit. Subjects in the present analy-
sis are SHHS participants for whom hypertension status was de-
termined within 1 year of ascertainment of usual sleep duration,
who also had complete data for age, sex. race. body mass index
(BMI), and apnea-hypopnea index (AHI). Of the 6441 SHHS par-
ticipants, 531 (8.2%) were excluded for missing data (listed hier-
archically: 124 missing sleep duration, 21 missing hypertension
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status, 284 with the timing of hypertension assessment unknown
or more than | year before or after the assessment of sleep dura-
tion, and 102 missing BMI). Excluded subjects were somewhat
older (66.5 = SD 13.4 vs 63.1 + 10.7 years), had lower mean BMI
(27.8 £ 5.1 vs 28.6 = 5.4 kg/m*), were more likely to be women
(57% vs 52%), and were more likely to identify themselves as a
member of a minority race or ethnicity (34% vs 22%). Inclusion
of the 284 subjects excluded on the basis of the interval between
assessments of sleep duration and hypertension had no meaning-
ful impact on the main analysis. The protocol was approved by
the Institutional Review Board of each participating center, and
signed informed consent was provided by each subject.

Sleep Habits Questionnaire

Usual sleep duration on weekdays was defined as the response
to the question, “How many hours of sleep do you usually get at
night (or your main sleep period) on weekdays or workdays?”
Responses were integer values. A similar question was used
to define usual weekend sleep duration. The stability of these
measures over time in SHHS participants has been reported."”
Usual daily sleep duration was calculated as a weighted average
of weekday and weekend sleep durations, using the formula:
([ {usual weekday sleep duration}x5]+[{usual weekend sleep du-
ration} x2])/7. In the 4117 subjects whose entire sleep period was
recorded during home polysomnography, mean polysomnograph-
ic total sleep time was shorter than self-reported usual sleep dura-
tion (5.9 vs 7.1 hours). The 2 measures were weakly, although
significantly, correlated (r = 0.17, p <.0001).

Symptoms of insomnia were obtained from responses on a 5-
point Likert scale to the items “Have trouble falling asleep,” “Wake
up during the night and have difficulty getting back to sleep,”
“Wake up too early in the morning and be unable to get back to
sleep,” and “Take sleeping pills or other medication to help you
sleep.”” Response options were Never, Rarely (1/month or less),
Sometimes (2-4/month), Often (5-15/month), and Almost Always
(16-30/month). For analysis, these variables were collapsed into
2 categories: Infrequent, comprising the responses Never, Rarely,
and Sometimes; and Frequent, comprising the responses Often
and Almost Always. Insomnia was operationally defined as a
“frequent” response to any of these 4 questions.

Hypertension

Blood pressure was measured at an evening visit to the
participant’s home. After at least 5 minutes of rest, 3 seated blood-
pressure measurements were made at S-minute intervals with the
subject seated, using a mercury gauge sphygmomanometer and
recording systolic (SBP) and diastolic (DBP) blood pressure to
the nearest 2 mm Hg, according to a standardized protocol that
has been previously reported.'® For this analysis, SBP and DBP
were obtained by taking the mean of the second and third blood-
pressure measurements. Use of antihypertensive medications was
obtained via a standardized health interview administered on the
evening of the home visit. Hypertension was defined as SBP >
140 or DBP > 90 mm Hg or current use of antihypertensive medi-
cation.’

Other Measures

Waist girth (measured at the level of the umbilicus) and height
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were ascertained by each parent cohort at a regularly scheduled
clinic examination. BMI was calculated using height measured
in the clinic and weight measured at the time of the home visit
or, in some cases, at a clinic visit if scheduled within 1 month
of the home visit (n=334). Usual daily alcohol consumption was
also ascertained by each parent cohort. Unattended, in-home
polysomnography was performed on the night of the home visit,
and records were centrally scored. The AHI was defined as the
number of apneas plus hypopneas, each associated with at least a
4% decrease in oxyhemoglobin saturation, per hour of sleep.”™ A
standardized health interview administered prior to polysomnog-
raphy was used to obtain data on smoking habits; daily caffeine
consumption; physician-diagnosed angina, myocardial infarc-
tion, stroke, or heart failure; and history of coronary revascular-
ization procedures. Resting heart rate was recorded at the time of
polysomnography set-up. Symptoms of depression were obtained
from 2 questions on the Medical Outcomes Study 36-item short-
form health survey": “During the past 4 weeks, how much of the
time...” (1) “Have you felt so down in the dumps that nothing
could cheer you up?” and (2) “Have you felt downhearted and
blue?” Responses from the 6-point Likert scale were collapsed
into 2 categories: “none,” “a little,” or “some™ of the time versus
“all,” “most,” or “a good bit” of the time. Current medication use
and blood pressure were ascertained by reviewing actual medi-
cation containers and coding each medication into standardized
classes, as previously described.”

Statistical Analysis

Unadjusted differences in continuous and categorical variables
across sleep-duration categories were assessed for significance
using single-factor analysis of variance or contingency table
analysis, as appropriate. General categorical logistic regression
analysis was implemented using PROC CATMOD in SAS (SAS
version 8.1, SAS Institute, Cary, NC) to assess the relation of
usual sleep duration to hypertension, adjusting for relevant co-
variates. Covariates included in the main model were age, BMI,
and AHI as continuous measures and sex and race as categorical
variables. Waist girth was also considered but was not included
in the main model because it was not a significant predictor when
BMI was included and had no meaningful impact on the outcome
of interest. Additional analyses assessed the impact of caffeine
and alcohol consumption, smoking status, depressive symptoms,
insomnia symptoms, and prevalent cardiovascular disease on the
association of sleep duration with hypertension. Secondary analy-
ses stratified on sex, age, AHI, and presence of insomnia symp-
toms were performed to assess the consistency of results across
the study sample and to assess the contribution of insomnia to the
observed effects.

RESULTS

Among the 5910 subjects (2813 men, 3097 women), the mean
age was 63.1 years (SD 10.7, range 40-100), BMI was 28.6 kg/m*
(SD 5.4), and AHI was 8.8 (SD 12.4; median 4.4). Blood pressure
was measured a median of 43 days after the assessment of usual
sleep duration (interquartile range 1 to 88 days). Hypertension
was identified on the basis of measured blood pressure or use of
antihypertensive medication in 52.2% of subjects, 75.2% of whom
were on antihypertensive medication. Median reported sleep du-
ration was 7.0 hours per night. A usual sleep duration of less than
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of 8 or more hours was reported by 36.2% of subjects, including
7.6% sleeping 9 or more hours per night. Subjects at the extremes
of sleep duration were slightly older and heavier, more likely to be
minorities, and had a higher mean AHI than subjects sleeping 7 to
< 8 hours per night (Table 1). They were also more likely to have
depressive symptoms or prevalent cardiovascular disease. Daily
consumption of 2 or more alcoholic beverages per day was report-
ed more commonly among individuals who also reported longer
sleep durations, whereas the prevalence of insomnia symptoms
was higher in subjects with shorter usual sieep duration. There
was no significant difference in sex, caffeine consumption, or
current smoking status across sleep-duration categories. Among
subjects with hypertension, the percentage using antihypertensive
medications was similar in all sleep-duration categories (range
74% to 78%, p = .66 for difference across categories).

Compared with sleep durations of 7 to < 8 hours per night,
self-reported usual sleep durations of less than 7 hours per night
or 8 or more hours per night were associated with higher adjusted
odds ratio (OR) for hypertension (Table 2). As expected, older
age. higher AHI, and minority race/ethnicity were associated with
higher adjusted OR for hypertension. After considering these
covariates, sex was not significantly associated with hypertension.
Adjustment for these variables modestly attenuated the observed
association of sleep duration with hypertension ( Table 2). Although
higher BMI was a strong predictor of the presence of hypertension,
adjustment for BMI had no impact on the observed association of
sleep duration with hypertension (Table 2). There was also little
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waist girth; prevalent diabetes mellitus, coronary artery disease,
heart failure, stroke, or any cardiovascular disease; current
cigarette smoking: usual daily alcohol consumption; presence of
insomnia symptoms; or presence of depressive symptoms. When
caffeine consumption was included in the models, there was a
significant inverse correlation of usual daily caffeine consumption
with hypertension (adjusted OR 0.95 [95% CI 0.93 — 0.97] for
each additional cup of coffee), although adjustment for caffeine
consumption did not diminish the magnitude of the association of
sleep duration with hypertension. Sleep efficiency was available
from polysomnography for 3368 subjects in whom the entire
period from lights out to final awakening was recorded. Mean
sleep efficiency was highest in subjects with a reported usual
sleep duration of 7 to less than 8 hours (83.1%). falling to 80.2%
in those reporting a usual sleep duration less than 6 hours and
to 78.1% in those reporting a usual sleep duration of 9 or more
hours. When this variable was included in the models, sleep effi-
ciency was inversely associated with the risk of hypertension (ad-
justed OR 0.80 [95% CT0.74-0.87] for a 10% increase in sleep ef-
ficiency) but had little impact on the association of reported sleep
duration with hypertension. Additional analyses demonstrated
that the association of sleep duration with hypertension was not
significantly different between men and women, younger (age
<63) and older subjects, those with an AHI less than 5 and those
with an AHI of 5 or higher, and those with or without insomnia
symptoms.
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