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Abstract
Objective—Many studies suggest optimal sleep duration for survival is seven to eight hours/
night. We report the gender-specific independent association of all-cause mortality with nighttime
sleep and daytime nap duration in older adults who were followed for up to 19 years.

Methods—Between 1984 and 1987, 2,001 community-dwelling, mostly retired, adults (1,112
women), age 60–96 years, answered questions about health, mood, medications, life-style,
daytime napping, and nighttime sleep duration. Vital status was confirmed for 96% through July
2001.

Results—At baseline, men reported significantly longer nighttime sleep and daytime napping
than women. In both men and women, nighttime sleep <six hours was associated with depressed
mood and sleep-related medication, and ≥nine hours was associated with more alcohol
consumption. Napping ≥30 minutes was associated with prevalent depressed mood, coronary heart
disease, and cancer. Of the group, 61% died over the next 19 yrs, at an average age of 85.6 years.
Mortality risk was lowest among those sleeping 7–7.9 hours/night in both men and women.
Multiple-adjusted analyses showed that increased mortality was associated with nighttime sleep
≥nine hours in women (HR 1.51: 95% CI = 1.05–2.18), and with daytime napping ≥30 minutes in
men (HR 1.28: 95% CI, 1.00–1.64).

Conclusions—Mechanisms for these differences are unknown.
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INTRODUCTION
Epidemiologic studies have found that a usual self-reported nighttime sleep duration of
approximately 7–8 hours is associated with a lower mortality than sleeping fewer or more
hours [1–9]. The largest study of self-reported sleep and mortality, the Cancer Prevention
Study II, followed 1.1 million men and women aged 30 to 102 for 6 years. The optimal
nighttime sleep duration for survival was 7 hours with those sleeping >8 hours or <6 hours
experiencing significantly increased mortality [6]. In the Nurses’ Health Study of 82,969
women aged 30 to 55 years, the 14-year mortality was lowest among women self-reporting
sleeping 7 hours, and the highest mortality was in those sleeping <6 or >7 hours; the very
large sample allowed authors to distinguish between narrow categories but it is unclear if
hours of sleep included naps [1]. Three additional large studies of many thousands of older
adults confirmed that both short sleep and long sleep are associated with greater mortality
than sleeping about 7–8 hours [7–9]. Two recent meta-analyses confirmed that both short
and long sleep durations (hours sleep/night) were associated with increased mortality in
most populations [10,11]; neither of these studies considered daytime napping.

A few studies suggest that daytime napping may increase mortality [12–14]. Two studies
reported that siestas were associated with a significantly increased mortality in older men
and women [12,13]. One study examined gender differences and found that this association
was only significant in older men [14]. On the other hand, in a seven-year prospective cohort
study of 8101 women aged 69 years and older, women who reported napping daily were
44% more likely to die from any cause (95% CI, 1.23–1.67), 58% more likely to die from
cardiovascular causes (95% CI, 1.25–2.00), and 59% more likely to die from
noncardiovascular, noncancer causes (95% CI, 1.24–2.03) than women who did not nap
daily [9].

The present study of community-dwelling, largely retired, older adults was designed to
examine the gender-specific cross-sectional association between reported nighttime sleep
and daytime nap durations with all-cause mortality 19-years later, before, and after adjusting
for plausible covariates (age, lifestyle, common medical conditions, depressed mood, and
sleep-related medications).

METHODS
Participants

Between 1972 and 1974, 82.1% (5,052) of the target population of all community-dwelling
residents aged 30 to 79 years (median age 61) from the southern California community of
Rancho Bernardo were enrolled in a heart disease risk factor survey. Participants were
largely Caucasians of European origin, middle to upper-middle social class, and relatively
healthy; all were ambulatory. Between 1984 and 1987, 2,711 of these older adults (nearly
80% of surviving community-dwelling men and women) participated in a follow-up
research clinic evaluation. The present analyses included 889 men and 1,112 women aged
>60 years who attended this clinic visit and completed a questionnaire about their usual
duration of nighttime sleep and daytime sleep (napping).

All participants provided written informed consent. The study protocol was approved by the
Human Research Protection Program at the University of California, San Diego.
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Clinic Visit Data Collected
Sleep duration was based on two questions: “How many hours do you sleep each night?”
and “How many hours do you nap each day?” Based on existing literature [15,16], nighttime
sleep responses were grouped into five categories: < 6.0, 6.0–6.9, 7.0–7.9, 8.0–8.9, and ≥ 9.0
hours. Daytime naps were grouped into three categories: zero, < 30, and ≥ 30 minutes.

Covariates were assessed at the same visit using standard questions about medical history,
cigarette smoking (never, ever), alcohol consumption (amount [ml] during previous week),
regular strenuous exercise (≥ 3 times/week), and current medication use for diabetes,
hypertension, coronary heart disease, stroke, cancer, sleep-related medications (sedating
antidepressants, antianxiety drugs, and sedative hypnotics), and postmenopausal estrogen
(women). Current medication use was validated by examination of pills and prescriptions
brought to the clinic for that purpose. Depressed mood was assessed with the Beck
Depression Inventory (BDI) [17,18].

Height and weight were measured in participants wearing light clothing and no shoes. BMI
was calculated as weight (kg)/height (m2). Systolic and diastolic blood pressures were
measured twice in resting seated participants. Morning fasting plasma glucose was measured
after a requested 12-hour fast.

Follow-up
Annual mail or telephone follow-up was continued for 19 years through July 2001; vital
status was ascertained for 96% of the sample. Date of death was based on death certificates
(90%), or notice from a family member or published obituary (10%). Cause of death in the
elderly is inaccurate even when it occurs in the hospital. For this reason, and because cutting
the pie into smaller pieces would have reduced statistical power, we did not attempt to
specify cause of death but instead reported all-cause mortality.

Statistical analysis
Independent sample t-tests were used to compare mean levels of covariates between men
and women. Analyses of covariance (ANCOVA) were used to compare mean values of age-
adjusted covariates according to night sleep duration using 7–7.9 hours of nighttime sleep as
the reference category for mortality analyses, based on published literature showing 7–7.9
hours sleep per night being associated with the lowest mortality rates [1–4]. For nap
duration, <30 minutes was used as the reference category, based on reports suggesting that
<30-minute napping has beneficial effects [15]. Time-to-event Cox proportional hazards
survival models were used to evaluate the sex-specific hazard ratio (HR) for death by each
nighttime sleep and daytime nap duration category relative to the reference group, before
and after adjustment for covariates. To increase statistical power, we report all-cause
mortality.

Three gender-specific models were used. The first model adjusted only for age. The second
adjusted for age and each of the covariates that differed by nighttime sleep or daytime
napping duration (P < 0.10), including BMI, alcohol consumption, daytime nap duration
(when comparing nighttime sleep duration with mortality), nighttime sleep duration (when
comparing daytime nap duration with mortality), BDI, physical exercise, education, and
smoking history. Additional analyses adjusted for diabetes, hypertension, coronary heart
disease, stroke, and cancer. A third model adjusted for all covariates that were significant in
the second model plus use of sleep-related medications and use of postmenopausal estrogen.
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Data were analyzed using SPSS (version 12.0, SPSS, Inc., Chicago, IL). All P values were
based on two-tailed tests of statistical significance (P < 0.05) for hazard ratios; 95%
confidence intervals (CIs) are shown.

RESULTS
Baseline characteristics

There were significant differences between men and women for nearly all covariates at
baseline, as shown in Table 1. Men were slightly but significantly older (mean age 74.1±7.3
years; range 60–92 years) than women (mean age 73.3±7.1 years; range 60–96 years), were
better educated, more likely to be past-smokers, and more likely to have lower depression
symptom scores on the BDI; they also consumed more alcohol and reported more physical
exercise. Men reported a higher prevalence of diabetes, coronary heart disease, stroke, and
cancer and used sleep-related medications less often than women. Mean reported nighttime
sleep duration and daytime nap duration were significantly longer in men than women.
Napping was reported by 45% (n=400) of men and 36% (n=399) of women, with the same
wide range of nap duration (0–240 minutes) for both.

Table 2a shows the men’s baseline characteristics by nighttime sleep duration; men sleeping
<six hours reported the longest daytime nap duration, men sleeping 6–6.9 hours had the
highest prevalence of a cancer history and of reported physical exercise, men sleeping 7–7.9
hours and men sleeping 8–8.9 hours or sleeping >nine hours were the most educated. Table
2b shows the data for women: women sleeping ≥nine hours reported the highest prevalence
of smoking. Both men and women sleeping <six hours had the highest depression (BDI)
score and the highest prevalence of sleep-related medication use; both men and women
sleeping ≥nine hours reported the highest alcohol consumption.

Tables 3a and 3b show gender-specific baseline characteristics according to reported
napping. In men only, those not napping reported the longest nighttime sleep duration.
Those napping ≥30 minutes had the highest prevalence of diabetes. In both sexes, napping
≥30 minutes had the highest BDI score, and the highest prevalence of coronary heart disease
and stroke history.

Prospective Associations of sleep duration with all-cause mortality
At the 19-year follow up, 1224 participants had died (632 men and 592 women) at an
average age of 85.0 years (SD=6.5 years) for men and 86.1 years (SD=7.0 years) for
women. Table 4 shows the association of nighttime sleep duration with all-cause mortality
in three models. Age at death showed a U-shaped association with nighttime sleep duration
in both men and women (not shown). Reported nighttime sleep duration was not
significantly associated with mortality in men in any of the models. In contrast, women
sleeping ≥nine hours per night had a significantly higher risk of death than those sleeping 7–
7.9 hours with an age-adjusted HR for all-cause mortality of 1.50 (95% CI, 1.12–2.00)
(Model 1; Figure 1). This association remained statistically significant in Model 2 (after
additional adjustment for nap duration, smoking, alcohol consumption, BDI, and history of
hypertension, diabetes, coronary heart disease, stroke, and cancer) with a slight attenuation
of this association [HR, 1.40; 95% CI, 1.02–1.94]. This association also remained
statistically significant in Model 3 (after additional adjustment for use of sleep-related
medications and postmenopausal estrogen use; HR, 1.51; 95% CI, 1.05–2.18). There was no
significant difference in the HR for all-cause mortality in women sleeping <six, six to seven,
or 8–8.9 hours per night, compared to those sleeping 7–7.9 hours per night, in any of the
three models.
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Table 5 shows that men reporting napping ≥30 minutes per day had a significantly increased
risk of mortality compared to men napping ≤30 minutes (HR, 1.37; 95% CI, 1.10–1.72)
(Model 1). This association remained significant after additional adjustment in Model 2 for
nighttime sleep duration, BDI, and history of hypertension, diabetes, coronary heart disease,
stroke, and cancer (HR, 1.31; 95% CI, 1.03–1.66) and in Model 3 after additional
adjustment for use of sleep-related medications (HR, 1.28; 95% CI, 1.00–1.64). There were
no significant differences in the HR for all-cause mortality in men not napping, compared to
those napping <30 minutes per day, in any of the three models. Similar analyses in women
(Table 5) showed no significant difference in the HR for all-cause mortality by nap duration
in any of the three models.

DISCUSSION
The results of this study suggest that there is a differential relationship between reported
sleep duration and mortality in men and women. In men, mortality was associated with
napping more than 30 minutes each day while in women mortality was associated with
sleeping more than 9 hours a night. These results were significant after adjusting for
multiple co-variates including age, education, exercise, depression, smoking, alcohol
consumption, medical history of hypertension, diabetes, coronary heart disease, stroke,
cancer, and use of sleep medications, and, in women, estrogen. Previous studies of
differences between men and women in the association of sleep duration and mortality have
been inconsistent [7,8,19]. While our study adjusted for many covariates, differences in
results in other studies could reflect differences in age, health, or other unmeasured
attributes, failure to control for common covariates, or cultural characteristics (many of the
epidemiological studies were conducted in different countries).

Our study also showed different sleep patterns in men vs. women. Men sleeping <six hours
at night napped longer during the day; this pattern was not seen in the women. It is possible
that, for the men, the short sleep at night may have resulted in daytime sleepiness which led
to more napping. Presumably, older men who slept more at night did not need to nap during
the day. It is also possible that the shorter sleep at night was secondary to nocturia, which is
more common in men than women [20]. In one report, 66% of men aged 50 to 59 years and
91% of men older than 80 years reported nocturia [21], which both shortens and fragments
sleep [22]. In interviews of 1506 older adults, the National Sleep Foundation showed that
nocturia was associated with excessive daytime sleepiness [23,24]. Unfortunately, our study
did not collect information about nocturia.

A second explanation for fragmented sleep and daytime napping might be sleep apnea,
which was not evaluated in our present study. The prevalence of sleep apnea increases with
age, causes sleep fragmentation and frequent awakenings, is associated with increased
nocturia, and is more common in men than women [25,26]. However, sleep apnea seems a
less likely explanation given the weak or absent association of reported sleep duration with
obesity (BMI). However, not all older adults with sleep apnea are obese, so sleep apnea
cannot be totally ruled out. We can only infer that covariates are partially controlled for by
adjusting for daytime nap duration in our nighttime sleep analyses, on the assumption that
sleep apnea contributed to longer daytime nap duration.

In contrast to the present study, several groups have published studies showing an
association between short sleep duration and all-cause mortality [1,3,7]. In short-term
clinical trials, experimental partial sleep deprivation impairs glucose tolerance, raises
evening cortisol levels, increases sympathetic nervous system activity, and reduces leptin
levels [27,28]. These results could imply that prolonged sleep deprivation could cause
diabetes and hypertension and therefore increase mortality. However, sleep deprivation is
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not the same as short sleep duration. In the present study, short sleep duration was not
associated with mortality 19 years later in men or women. Since participants were not asked
about their sleep at follow-up, it is also unknown if those reporting short sleep continued to
be short sleepers.

Other possible explanations why long sleep duration predicts increased mortality have been
suggested [29]; a long time awake in bed is associated with increased sleep fragmentation,
which may cause poor health [29]. In our study, respondents may not have discriminated
between long sleep and time awake in bed; if this was an important misclassification, a
stronger effect of adjusting for sleep medications might have been expected, but was not
observed. Also, feelings of lethargy may be more common in long sleepers, with untoward
consequences. One study suggested that the differences in sleep need may be a response to
the differences in life-style and personality, and that long sleepers were depressed or anxious
“worriers” [30]. Contrary to that hypothesis, in our study both male and female short
nighttime sleepers (<six hr) showed more depressed mood scores and also used more sleep-
related medications, which included antidepressants. Alternatively, long night sleep may be
physiologically similar to spending a long time in the dark (the photoperiod); differences in
photoperiod have been associated with mortality in several species [31].

In the present study, a daytime nap duration >30 minutes was significantly and
independently associated with all-cause mortality in men but not in women. Previous studies
suggested that habitual daytime naps would be a risk factor for mortality in older adults. One
study reported that older women napping daily were at significantly greater risk of death
from all causes other than cancer [9]. Another study reported the siesta as an independent
mortality predictor in old age [12]. Additionally, Stang et al. reported siestas >1 hour had
positive associations with prevalence of several cardiovascular risk factors and measures of
subclinical atherosclerosis [32]. From a hemodynamic viewpoint, the afternoon awakening,
like the morning one, may also be associated with increased mortality. A rise in blood
pressure and heart rate upon awakening is considered one of the causes of clustering of
cardiovascular events in the morning and afternoon [33–36]. Several previous studies also
suggested that diabetes mellitus was associated with daytime nap [32, 37–39].

In contrast, others suggested that proper daytime nap duration is beneficial. Several studies
suggested that a short nap promoted wakefulness and enhanced performance and learning
ability. One previous study reported that siestas are inversely associated with coronary
mortality, and the association was particularly evident among working men [40]. In our
study, daytime naps were divided into three categories: zero, < 30, and ≥ 30 minutes based
on reports suggesting that <30-minute napping has beneficial effects [15,41], and because
naps >30 minutes can result in sleep inertia and are not recommended clinically [16]. The
present study did not show any beneficial effect of daytime napping on mortality.

Some have reported that hypnotics increase mortality [5,42–44], although another study
reported otherwise [45]. In the present study, both men and women sleeping <six hours were
more likely to use sleep-related medications than other participants, but use of these
medications showed no significant influence on the association between sleep duration and
all-cause mortality in either group. Although most sleep medication users likely used them
for relief of insomnia, indication for sleep medications was not asked specifically.

The present study had several limitations. Participants were mostly retired, Caucasian, and
middle to upper-middle class, which limits generalizability to other age, ethnic, and
socioeconomic groups, but reduces the confounding of age, work hours, and socioeconomic
stressors. Information about sleep was self-reported and is imprecise. We could not evaluate
sleep qualities such as impaired sleep architecture or sleep apnea, which are likely to
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influence mortality. It is plausible that long sleep duration is a marker for undiagnosed
disease(s) with onset after baseline in an elderly cohort, but this bias would have been
stronger in a cohort study with a shorter follow up. Reported nighttime sleep duration may
include time awake in bed, not physiologic sleep. We did not control for employment, as
nearly all participants were retired. Finally our healthy cohort with remarkable longevity
may have obscured or unveiled associations.

The strengths of this study are the well-characterized cohort with a large number of potential
covariates including validated medication use, the 19-year duration of >90% follow-up for
vital status, the data allowing separate analyses of nighttime sleep and daytime napping, and
the study of potential differences between men and women. Because the weak association
observed in women did not emerge until after five years of follow up, and increased
thereafter (over the average 19-year follow up), this pattern of delayed onset of increased
mortality does not suggest that longer sleep duration was merely a marker for an underlying,
undiagnosed disease. The very long survival of this cohort into their 80s permits
observations about late life mortality that could not be made in sleep studies in younger
adults and would be difficult to replicate in a clinical trial.

In conclusion, women in this cohort who reported nighttime sleep longer than nine hours
and men who reported daytime naps longer than 30 minutes were at significantly increased
risk of earlier mortality over the next 19 years in time-to-event analyses. These gender-
specific results were independent of multiple covariates assessed at baseline, including
comorbidity and sleep-related medications. Additional long-term gender-specific studies in
the elderly are needed to confirm and understand the mechanisms of these sex-specific
delayed sleep-mortality associations.
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Figure 1.
Association of nighttime sleep duration with all-cause mortality in men and women. Only
data for Model 1 are shown, adjusted for age (Hazard ratios (95% confidence interval).
There were no significant associations with mortality in men and only sleeping >9 hours was
significantly associated with increased mortality in women (p=0.006). Results were similar
for models 2 and 3.
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Table 1

Characteristics of cohort, 1984–1987

Men (n=889) Women (n=1112) P-value

Mean (SD) Mean (SD)

Age (years) † 74.1 (7.3) 73.3 (7.1) 0.006

BMI (kg/m2) † 25.5 (3.3) 24.1 (3.7) < 0.001

Alcohol consumption (ml/week) † 131.7 (149.3) 81.5 (109.3) < 0.001

Night-time sleep duration (hours) † 7.4 (1.2) 7.1 (1.3) <0 .001

Nap duration (minutes) † 18 (30) 12 (18) 0.003

Beck Depression Inventory† 5.8 (4.3) 6.8 (4.8) <0 .001

% %

Exercise (≥ 3 times/week) § 84.9 78.9 0.001

At least some college § 77.3 62.0 <0 .001

Smoking history§ 69.7 51.5 <0 .001

Diabetes§ 13.7 8.1 <0 .001

Hypertension§ 38.1 40.9 0.21

Coronary heart disease§ 13.9 6.9 <0 .001

Stroke§ 8.6 5.0 0.004

Cancer§ 32.5 26.2 0.002

Medication Use§

All sleep-related drugs§ 9.3 12.7 0.03

Sedating antidepressants § 1.6 3.1 0.03

Antianxiety drugs§ 6.5 8.4 0.12

Hypnotics§ 1.1 1.1 0.96

All estrogen use§ - 30.3 -

Estrogen with progesterone§ - 11.3 -

Estrogen without progesterone§ - 19.0 -

†
Independent samples t-test

§
Chi-square test
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Table 2

b. Age and age-adjusted mean values of covariates by reported nighttime sleep duration in women

Night-time sleep duration/day (hours)

<6 hoursa
(n=115)

6–6.9 hoursb
(n=225)

7–7.9 hoursc
(n=282)

8–8.9 hoursd
(n=382)

≥9 hourse
(n=108)

p-value

Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)

Age (years) † 74.6 (0.7) 73.6 (0.5) 72.4 (0.4) 72.9 (0.4) 75.6 (0.7) 0.008

BMI (kg/m2) ‡ 24.2 (0.3) 24.5 (0.2) 24.6 (0.2) 24.3 (0.2) 23.6 (0.4) 0.13

Alcohol consumption (ml/week) ‡ 67.6 (10.1) 70.3 (7.2) 78.4 (6.4) 88.0 (5.5) 104.3 (10.4) 0.03

Nap duration (minutes) ‡ 18.6 (2.4) 13.8 (1.8) 12.0 (1.8) 14.4 (1.2) 18.0 (2.4) 0.14

Beck Depression Inventory‡ 10.0 (0.4) 7.4 (0.3) 6.3 (0.3) 5.9 (0.2) 7.0 (0.5) <0.001

% % % % %

Exercise (≥3 times/week) § 75.6 76.7 83.1 79.6 73.0 0.15

Some college§ 64.2 62.4 69.0 65.5 67.4 0.60

Smoking history§ 50.1 47.1 46.2 52.2 63.8 0.02

Diabetes§ 8.8 9.4 7.0 8.1 7.5 0.91

Hypertension§ 38.9 41.5 42.3 41.3 36.2 0.84

Coronary heart disease§ 9.9 5.6 5.7 6.4 11.5 0.17

Stroke§ 6.6 5.7 3.9 4.1 8.1 0.35

Cancer§ 32.5 26.6 25.4 25.3 23.8 0.57

Sleep-related medication use§* 22.1 14.7 9.2 9.8 6.8 0.001

Postmenopausal estrogen use§ 30.8 27.1 27.3 29.6 26.2 0.91

*
Sleep-related medications: sedating antidepressants, antianxiety drugs, and hypnotics

†
ANOVA

‡
ANCOVA adjusted for age

§
Chi-square test

P for multiple comparison
in age, a–c: p=0.004, a–d: p=0.02, c–e: p=0.006, d–e: p=0.03
in alcohol consumption, a–e: p=0.01, b–e: p=0.007, c–e: p=0.04
in Beck Depression Inventory, a–b, a–c, a–d, and a–e: p<0.001, b–c: p<0.006, b–d: p<0.001, d–e: p=0.04
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Table 3

a. Age and age-adjusted mean values of covariates by reported daytime napping duration in men

Nap duration/day (minutes)

0a
(n=489)

<30b
(n=236)

≥30c
(n=164)

p-value

Mean (SE) Mean (SE) Mean (SE)

Age (years) † 72.6 (0.3) 75.4 (0.5) 76.8 (0.6) <0.001

BMI (kg/m2) ‡ 25.4 (0.1)) 25.7 (0.2) 25.3 (0.3) 0.33

Alcohol consumption (ml/week) ‡ 139.9 (6.7) 118.1 (9.6) 126.5 (11.7) 0.17

Night-time sleep duration/day (hours) ‡ 7.51 (0.55) 7.28 (0.79) 7.21 (0.96) 0.008

Beck Depression Inventory‡ 5.40 (0.20) 5.98 (0.28) 6.91 (0.35) <0.001

% % %

Exercise (≥3 times/week) § 85.9 86.5 79.6 0.12

Some college§ 78.0 75.8 73.9 0.55

Smoking history§ 70.0 68.9 70.0 0.95

Diabetes§ 11.3 12.1 23.4 <0.001

Hypertension§ 36.9 39.7 39.2 0.74

Coronary heart disease§ 11.2 14.4 21.4 0.006

Stroke§ 5.6 9.5 16.5 <0.001

Cancer§ 32.9 30.8 33.5 0.80

Sleep-related medication use§* 7.6 9.4 9.8 0.62

*
Sleep-related medications: sedating antidepressants, antianxiety drugs, and hypnotics

†
ANOVA

‡
ANCOVA adjusted for age

§
Chi-square test

P for multiple comparison
in age, a–b and a–c: p<0.001, b–c: p=0.04
in night-time duration, a–b: p=0.02, a–c: p=0.007
in Beck Depression Inventory, a–c: p<0.001, b–c: p=0.04
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Table 3

b. Age and age-adjusted mean values of covariates by reported daytime napping duration in women

Nap duration/day (minutes)

0a
(n=713)

<30 minutesb
(n=252)

≥30 minutesc
(n=147)

p-value

Mean (SE) Mean (SE) Mean (SE)

Age (years) † 72.1 (0.3) 74.5 (0.4) 76.5 (0.6) <0.001

BMI (kg/m2) ‡ 24.0 (0.1) 24.2 (0.2) 24.5 (0.3) 0.37

Alcohol consumption (ml/week) ‡ 88.2 (4.1) 70.9 (6.8) 66.9 (9.0) 0.02

Night-time sleep duration/day (hours) ‡ 7.13 (0.05) 7.14 (0.08) 7.15 (1.11) 0.99

Beck Depression Inventory‡ 6.6 (0.2) 6.6 (0.3) 8.2 (0.4) 0.003

% % %

Exercise (≥3 times/week) § 81.4 75.7 71.8 0.02

Some college§ 65.4 67.5 65.1 0.81

Smoking history§ 51.8 49.2 46.9 0.50

Diabetes§ 7.5 8.0 11.1 0.35

Hypertension§ 39.9 39.2 48.5 0.13

Coronary heart disease§ 6.2 5.9 12.4 0.02

Stroke§ 5.2 2.0 9.3 0.005

Cancer§ 25.1 27.7 28.9 0.54

Sleep-related medication use§* 11.4 10.1 15.3 0.32

Postmenopausal estrogen use§ 28.5 26.9 28.9 0.89

*
Sleep-related medications: sedating antidepressants, antianxiety drugs, and hypnotics

†
ANOVA

‡
ANCOVA adjusted for age

§
Chi-square test

P for multiple comparison
in age, a–b and a–c: p<0.001, b–c: p=0.006
in alcohol consumption, a–b and a–c: p=0.03
in Beck Depression Inventory, a–c: p=0.001, b–c: p=0.003
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