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Background: Long-term sleep deprivation is common
in today’s society. Recent experiments have demon-
strated that short-term sleep deprivation in healthy sub-
jects results in adverse physiologic changes, including a
decreased glucose tolerance and an increased blood pres-
sure. However, the long-term health consequences of long-
term sleep deprivation are unclear. The objective of this
study was to determine whether decreased sleep dura-
tion (from self-reports) is associated with an increased
risk of coronary events.

Methods: We studied a cohort of 71617 US female health
professionals (aged 45-65 years), without reported coro-
nary heart disease (CHD) at baseline, who were en-
rolled in the Nurses’ Health Study. Subjects were mailed
a questionnaire in 1986 asking about daily sleep dura-
tion. Subjects were followed up until June 30, 1996, for
the occurrence of CHD-related events. We assessed the
relationship between self-reported sleep duration and in-

mented (271 fatal and 663 nonfatal) during the 10 years
of follow up. Age-adjusted relative risks (95% confi-
dence intervals) of CHD (with 8 hours of daily sleep being
considered the reference group) for individuals report-
ing 5 or fewer, 6, and 7 hours of sleep were 1.82 (1.34-
2.41), 1.30 (1.08-1.57), and 1.06 (0.89-1.26), respec-
tively. The relative risk (95% confidence interval) for 9
or more hours of sleep was 1.57 (1.18-2.11). After ad-
justing for various potential confounders, including snor-
ing, body mass index, and smoking, the relative risks of
CHD (95% confidence intervals) for individuals report-
ing 5 or fewer, 6, and 7 hours of sleep were 1.45 (1.10-
1.92), 1.18 (0.98-1.42), and 1.09 (0.91-1.30), respec-
tively. The relative risk (95% confidence interval) for 9
or more hours of sleep was 1.38 (1.03-1.86).

Conclusion: Short and long self-reported sleep dura-
tions are independently associated with a modestly in-
creased risk of coronary events.

cident CHD.

Results: A total of 934 coronary events were docu-
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CCORDING TO arecent Na-

tional Sleep Foundation

poll,! many Americans

have long-term sleep dep-

rivation. Only about one
third of the population (37%) obtain 8
hours of sleep per night, and 31% report
6 or fewer hours of sleep each night. The
long-range adverse health consequences
of long-term sleep restriction are un-
clear. Most previous studies®* that have at-
tempted to address this question lacked ad-
equate power to assess clinical end points
or were unable to control for potential con-
founders. However, short-term sleep re-
striction causes adverse physiologic ef-
fects. Short-term partial sleep deprivation
(ie, 4 hours per night for 6 nights) im-
posed on a group of healthy subjects in-
creased cortisol levels, decreased glucose
tolerance, and increased sympathetic ner-
vous system activity.” In another study,®

partial sleep deprivation for one night (3.6
hours of sleep) in healthy subjects in-
creased blood pressure and sympathetic ac-
tivity compared with a night of normal
sleep duration. Therefore, we hypoth-
esized that sustained partial sleep depri-
vation could lead to adverse cardiovascu-
lar consequences. To test this possibility,
we investigated the association between re-
ported sleep duration and the incidence
of major coronary heart disease (CHD)—
related events during 10 years of fol-
low-up among women enrolled in the
Nurses’ Health Study.

— T

STUDY POPULATION

The Nurses’ Health Study cohort was estab-
lished in 1976 when 121 700 female, married,
registered nurses, aged 30 to 55 years and re-
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siding in 11 large US states, completed a mailed questionnaire
about their medical history and lifestyle. Follow-up question-
naires have been sent every 2 years to update information on
potential risk factors and to identify newly diagnosed cases of
coronary and other diseases. On the 1986 questionnaire, sub-
jects were requested to provide the following information: “In-
dicate total hours of actual sleep in a 24-hour period.” Sub-
jects were asked to choose one of the following options: 5 or
fewer, 6,7,8,9, 10, or 11 or more hours. Between July 1, 1986,
and June 30, 1996, the incidence rates of CHD-related events
were assessed in the 71617 women aged 40 to 65 years who
answered these questions and were not diagnosed as having car-
diovascular disease or cancer in 1986 (the baseline year for these
analyses).

ASCERTAINMENT OF END POINTS

The primary end point for this study was incident CHD-
related events (defined as a nonfatal myocardial infarction [MI]
or fatal CHD) that occurred after the return of the 1986 ques-
tionnaire but before June 1, 1996. We requested permission to
review medical records from women who reported having a
nonfatal MI on a follow-up questionnaire. Study physicians
(J.E.M. and others) with no knowledge of the self-reported risk
factor status reviewed the records. A nonfatal MI was con-
firmed if data in the record met the criteria of the World Health
Organization’ of symptoms plus either diagnostic electrocar-
diographic changes or elevated cardiac enzyme levels. Infarc-
tions that required hospital admission and for which confir-
matory information was obtained by interview or letter, but for
which no medical records were available, were designated as
probable (17%). We included all confirmed and probable cases
in these analyses.

Deaths were reported by next of kin and the postal sys-
tem or ascertained through the National Death Index. We es-
timate that follow-up for the deaths was more than 98% com-
plete.® A fatal MI was confirmed by hospital records or autopsy
or if CHD was listed as the cause of death on the death certifi-
cate and evidence of previous CHD was available. We desig-
nated as presumed fatal CHD cases in which CHD was the un-
derlying cause on the death certificate but no records were
available. These cases constituted about 14.7% of fatal CHD
cases. We also included sudden deaths (defined as death within
1 hour of the onset of symptoms). We included all confirmed
and presumed fatal CHD cases plus those with sudden death
in these analyses.

STATISTICAL ANALYSES

The person-time for each exposure category (sleep duration of
=5, 6, 7, 8, or =9 hours per night) was accumulated. Inci-
dence rates were calculated by dividing the number of events
by person-time of follow-up in each category. Because of small
numbers of subjects, we chose to combine the subjects from
the 9,10, and 11 or more hours of sleep groups into one group.
In our analysis, each participant contributed person-years to
the analysis until an event occurred (either a fatal or a nonfa-
tal MI). Once an event occurred, the participant was removed
from the analysis and no longer contributed any further person-
years. The relative risk (RR) was computed as the rate in a spe-
cific category of exposure divided by that in the reference cat-
egory (sleep duration of 8 hours per night), with adjustment
for age. We chose a reference category of 8 hours per night for
2 reasons. First, 8 hours is conventionally considered to be the
appropriate duration of sleep. Second, this category was asso-
ciated with the lowest rate of CHD in our cohort. In multivar-
iate analyses using pooled logistic regression,” we simulta-
neously included age (5-year interval), smoking status (never,

past, and current smoking of 1-14, 15-24, and =25 cigarettes
per day), body mass index (in quintiles), alcohol consump-
tion (0, 1-4, 5-14, and =15 g/d), physical activity (weekly en-
ergy expenditure in metabolic equivalent hours), menopausal
status (premenopausal, postmenopausal without hormone
replacement, postmenopausal with past hormone replace-
ment, and postmenopausal with current hormone replace-
ment), depressed mood from 1992 (depression was defined as
a 36-Item Short-Form Health Survey mental health index of
=52), aspirin use (3 categories), parental history of MI before
the age of 60 years, and a history of hypercholesterolemia. To
control for snoring, we used information from a question con-
tained in the 1986 survey: “Do you snore?” Subjects were asked
to check 1 of 3 responses: never, occasionally, or regularly. In
our analysis, we used these 3 categories to control for fre-
quency of snoring. We also controlled for the duration of night
shifts worked. This information was ascertained from the 1988
questionnaire in which subjects were asked how many years
of rotating shifts they performed. Subjects were then divided
into 4 groups depending on the duration of night shift work-
ing (0, 1-5, 6-14, and =15 years). We did not control for a his-
tory of hypertension or diabetes mellitus in the primary analy-
ses because decreased sleep duration may be associated with
the development of hypertension or diabetes mellitus.”® Thus,
the development of hypertension or diabetes mellitus may be
an intermediate step in the causal pathway between decreased
sleep duration and cardiovascular disease. In secondary analy-
ses, we adjusted for both of these variables.

— T

The primary analysis was the ascertainment of incident
CHD-related events during the 10-year study period. Dur-
ing this period, we documented 934 incident cases of CHD
(271 fatal and 663 nonfatal).

At baseline, 5% of the women reported sleeping 5
or fewer hours a day, 26% slept 6 hours a day, 41%
slept 7 hours a day, 24% slept 8 hours a day, and 5%
slept 9 hours or more a day (percentages do not total
100 because of rounding). Baseline characteristics of
the women in the various sleep duration categories are
shown in Table 1. Increased and decreased sleep dura-
tions were associated with an increased prevalence of
diabetes mellitus, hypertension, and hypercholesterol-
emia. Women in these sleep categories also tended to be
heavier. Regular snoring was slightly more common in
those who slept for a longer duration. Nurses who slept
less tended to report more shift working. The amount
of weekly exercise did not differ substantially among
the groups.

After adjustment for age, sleep duration was asso-
ciated with a significantly increased risk of incident
CHD (Table 2). For short sleepers (ie, those who slept
=5 hours per night), the RRs of CHD were 1.82 for all
CHD, 1.67 for fatal CHD, and 1.89 for nonfatal MI. For
long sleepers (ie, those who slept =9 hours per night),
the RRs were 1.57 for all CHD, 1.71 for fatal CHD, and
1.50 for nonfatal ML

After adjusting for smoking status, body mass in-
dex, and other covariates (Table 1), the positive associa-
tions for CHD were attenuated but remained statisti-
cally significant. Without adjustment for diabetes mellitus
or hypertension, multivariate RRs were 1.45 for short-
duration sleepers and 1.38 for 9-hour or longer sleep-
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Table 1. Baseline Characteristics and Risk Factors for Cardiovascular Disease According to Self-reported Sleep Duration in 1986*
Sleep Duration, h/d

Characteristic I =5 6 7 8 =9 I
Age, mean, y 52.9 52.3 51.9 52.4 52.7
BMI, mean 254 25.1 24.5 24.6 25.0
Alcohol consumption, g/d 4.9 5.7 6.2 6.7 7.9
Physical activity, mean, METs/wk 14.2 14.2 14.5 14.0 12.1
Fat intake (% of energy), mean

Saturated 11.8 11.8 1.7 1.7 1.7

Polyunsaturated 59 6.1 6.2 6.2 6.1

Trans-fatty acids 1.6 1.7 1.7 1.7 1.7
Dietary cholesterol, mean, mg/1000 kcal 155 152 150 150 150
Mental health component score from the SF-36, 73 76 7 77 76

meant
History of diabetes 5 & 3 4 4
History of hypercholesterolemia 14 11 11 12 12
History of hypertension 29 25 22 24 27
Current smoking 23 23 21 20 22
Parental history of MI before the age of 60 y 16 15 14 14 14
Regular snoring 10 10 8 10 12
Night shift work >5 yt 28 20 15 14 16
Supplement use

Multivitamin 41 42 43 42 43

Vitamin E 17 17 16 15 14
Aspirin use (=15 d/mo)t 17 16 14 15 16
Postmenopausal hormone use 16 21 23 22 22

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); MET, metabolic equivalent; MI, myocardial

infarction; SF-36, 36-Item Short-Form Health Survey.
*Data are given as percentage of women unless otherwise indicated.
tReported in 1992.
fReported in 1988.

ers. After additional adjustment for a history of hyper-
tension or diabetes mellitus, multivariate RRs of CHD were
slightly less, but still significant. This suggests that long
and short sleep durations are independent risk factors
for CHD.

B COMMENT

In this prospective study of women, we observed a
modest, but significant, positive association between
reported sleep duration and incidence of CHD. Short
and long sleep durations were associated with an in-
creased risk of incident CHD. After controlling for
smoking status, body mass index, and other relevant
covariates, the RRs were attenuated, reflecting the con-
founding effects of these variables. However, a signifi-
cant positive association between sleep duration and
CHD persisted.

PREVIOUS STUDIES

Our findings are consistent with and extend those of
other investigators. Wingard and Berkman* studied
2491 women and 2222 men aged between 30 and 69
years. They found that women who reported not sleep-
ing 7 to 8 hours per night had an increased 9-year mor-
tality rate compared with subjects who reported 7 to 8
hours of sleep (RR, 1.6). However, the study was not
powered adequately to demonstrate if decreased sleep
duration alone was a significant independent risk factor

for cardiovascular-related mortality. Similarly, Kripke et
al’ studied the mortality rate of a large cohort of Ameri-
can Cancer Society volunteers who had completed a
survey that contained a question about sleep duration.
Although they were not able to control for various rel-
evant confounders, they demonstrated that a reported
sleep duration of fewer than 4 hours per night was asso-
ciated with an increased 6-year all-cause mortality rate
in men and women. Interestingly, in that study, the
effects of sleep duration were more prominent in men
than in women. In women, the RR of deaths from CHD
was slightly less than in our study. That is, in those
with no history of diabetes mellitus or hypertension,
the RR was 1.1 for those sleeping fewer than 4 hours
per night and 1.04 for those sleeping 4 to 5 hours per
night. The discrepancy between our study and that of
Kripke et al may have been partially related to their use
of death certificates to assess cause of mortality. Relying
on death certificates for this purpose potentially results
in nonrandom misclassification of death.'

BIOLOGICAL MECHANISMS

The association between decreased sleep duration and
CHD may be mediated through several potential mecha-
nisms, including sympathetic overactivity, increases in
blood pressure, or decreased glucose tolerance. Spiegel
etal’ restricted sleep in 11 healthy young men to 4 hours
per night for 6 nights and then allowed them to have a
sleep recovery period of 6 nights. Despite the short du-
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Table 2. The RRs of CHD According to Self-reported Sleep Duration at Baseline
Sleep Duration, h/d
I 1
Variable =5 6 7 8* =9
Total CHDt
No. of cases 67 267 348 193 59
Person-years of follow-up 30115 175 629 288731 162 662 31015
Age-adjusted RRt 1.82 (1.34-2.41) 1.30 (1.08-1.57) 1.06 (0.89-1.26) 1 1.57 (1.18-2.11)
Multivariate model RR$§
Not adjusted for diabetes mellitus or hypertension 1.45 (1.10-1.92) 1.18 (0.98-1.42) 1.09 (0.91-1.30) 1 1.38 (1.03-1.86)
Adjusted for diabetes mellitus and hypertension 1.39 (1.05-1.84) 1.18 (0.98-1.43) 1.10 (0.92-1.31) 1 1.37 (1.02-1.85)
Nonfatal MI
Age-adjusted RR¥ 1.89 (1.35-2.66) 1.43 (1.15-1.79) 1.19 (0.97-1.48) 1 1.50 (1.04-2.17)
Multivariate model RR$§
Not adjusted for diabetes mellitus or hypertension 1.58 (1.12-2.22) 1.31 (1.04-1.64) 1.21 (0.98-1.50) 1 1.34 (0.93-1.93)
Adjusted for diabetes mellitus and hypertension 1.52 (1.08-2.14) 1.32 (1.05-1.65) 1.23 (0.99-1.52) 1 1.35 (0.93-1.95)
Fatal CHD
Age-adjusted RR¥ 1.67 (1.02-2.74) 1.05 (0.75-1.46) 0.80 (0.58-1.09) 1 1.71 (1.05-2.77)
Multivariate model RR§
Not adjusted for diabetes mellitus or hypertension 1.20 (0.73-1.97) 0.92 (0.66-1.29) 0.84 (0.61-1.16) 1 1.45 (0.89-2.35)
Adjusted for diabetes mellitus and hypertension 1.12 (0.68-1.84) 0.91 (0.65-1.28) 0.83 (0.60-1.14) 1 1.45 (0.89-2.36)

Abbreviations: CHD, coronary heart disease; MI, myocardial infarction; RR, relative risk.

*Reference.
tlncludes nonfatal MIs and fatal CHD-related events.
$Data in parentheses are 95% confidence intervals.

§Adjusted for shift work (from 1988), hypercholesterolemia, body mass index, smoking, snoring, exercise level, alcohol consumption, depression (from 1992),
aspirin use (from 1988), postmenopausal hormone use, and family history of MI.

ration of partial sleep deprivation, the subjects in that
study demonstrated impaired glucose tolerance, higher
evening cortisol levels, and increased sympathetic ner-
vous system activity (assessed with heart rate variabil-
ity) during sleep deprivation when compared with their
recovery period. Similarly, Tochibuko et al° measured
blood pressure during the day using a portable biomedi-
cal recorder in 18 men after a night of normal sleep (mean,
8 hours) vs a night of insufficient sleep (mean, 3.6 hours).
A significant increase in blood pressure was found dur-
ing waking hours in the sleep-deprived group. Hence,
there are short-term experimental data that suggest mecha-
nisms by which long-term sleep deprivation may lead to
adverse cardiovascular events.

In contrast, we have no reason to suspect that in-
creased sleep duration would cause CHD and were some-
what surprised by the observation. In searching for pos-
sible explanations for this association, only 2 basic
concepts emerged. First, some confounder could lead to
CHD and an increased need for sleep. An example might
be obstructive sleep apnea. There are data''"* to show
that sleep apnea is associated with adverse cardiovascu-
lar outcomes and that it is known to fragment sleep, po-
tentially increasing the need for sleep. However, to our
knowledge, no evidence shows that patients with sleep
apnea sleep longer than subjects without sleep apnea.
Thus, this explanation for our findings seems unlikely.
Second, reverse causality may be a possible explana-
tion. That is, increased sleep duration may be an early
symptom of cardiac disease and may predate an official
diagnosis of CHD. Third, increased sleep itself could lead
to cardiovascular disease. Although this concept is con-
sistent with the results of this study, we know of no plau-
sible explanation for such a cause-and-effect relation-

ship. Thus, the association of increased sleep duration
and CHD remains unexplained.

STRENGTHS AND LIMITATIONS

Strengths of the present study include the large sample
size and the high rate of follow-up. Also, CHD was as-
sessed prospectively, eliminating possible bias due to ret-
rospective recall that may be present in case-control and
cross-sectional analyses.

We also acknowledge that there are several limita-
tions in the present study. First, all subjects were women.
Itis possible that men differ from women in effects of sleep
duration on incident CHD. However, a prior epidemio-
logic study® demonstrated little difference in the RRs of
death in men and women from a decreased sleep time, and
another” showed that the adverse risk in women may ac-
tually be lower than in men. Second, information about
sleep duration and other potential risk factors was self-
reported by female nurses. The reliability of self-reported
sleep duration was not validated and its stability over time
is not known. Indeed, given the age range of the partici-
pants of the study, changes in lifestyle and sleep pattern
in some subjects likely occurred during the 10-year study
period. Nevertheless, questions about self-reported sleep
duration have been investigated in other studies,'*"” and
have been demonstrated to be valid measures when com-
pared with quantitative sleep assessments with actigra-
phy. Despite this, some misclassification of the sleep du-
ration variable seems likely. However, because outcomes
were assessed prospectively, any misclassification of sleep
duration would be nondifferential for CHD. Therefore, this
would tend to underestimate, rather than overestimate, the
effects of sleep duration. Third, our study was observa-
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tional in design and, thus, we cannot conclude defini- await data defining why these individuals slept as much

tively that decreased sleep duration caused CHD. We can- as they did. Such information might lead to a logical ex-

not rule out the presence of unknown confounders that planation for the observed increase in CHD.

were not accounted for in the final analysis. Because of the
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