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Abstract
Physiologic studies suggest that sleep restriction has metabolic effects that predispose to weight
gain. The authors investigated the association between self-reported usual sleep duration and
subsequent weight gain in the Nurses’ Health Study. The 68,183 women who reported habitual
sleep duration in 1986 were followed for 16 years. In analyses adjusted for age and body mass
index, women sleeping 5 hours or less gained 1.14 kg (95% confidence interval (CI): 0.49, 1.79)
more than did those sleeping 7 hours over 16 years, and women sleeping 6 hours gained 0.71 kg
(95% CI: 0.41, 1.00) more. The relative risks of a 15-kg weight gain were 1.32 (95% CI: 1.19,
1.47) and 1.12 (95% CI: 1.06, 1.19) for those sleeping 5 and 6 hours, respectively. The relative
risks for incident obesity (body mass index: >30 kg/m2) were 1.15 (95% CI: 1.04, 1.26) and 1.06
(95% CI: 1.01, 1.11). These associations remained significant after inclusion of important
covariates and were not affected by adjustment for physical activity or dietary consumption. These
data suggest that short sleep duration is associated with a modest increase in future weight gain
and incident obesity. Further research is needed to understand the mechanisms by which sleep
duration may affect weight.
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Obesity has become a global epidemic. The prevalence of adult obesity in the United States
has more than doubled from 15 percent in the late 1970s to 31 percent by 2000 (1). Parallel
to the increase in weight has been a reduction in sleep times. With the pressures of a two-
wage-earner household and the growth of round-the-clock entertainment through cable
television and the Internet, the time set aside for sleep has diminished. Only 35 percent of
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American adults were obtaining 8 hours of sleep in 1998, and that number had further fallen
to 26 percent by 2005 (2).

Cross-sectional studies in children have repeatedly found an association between reduced
sleep and increased weight (3–5). Similar findings have been observed in cross-sectional
studies of adults, suggesting that those who sleep less than 7 hours per night are more likely
to be obese (6–8). However, these studies cannot differentiate cause from effect. Obesity is a
strong risk factor for diseases such as sleep apnea and arthritis that may limit an individual’s
ability to sleep. On the other hand, a recent study from Switzerland demonstrated an
association between sleep time and future weight (9). However, the generalizability of these
results is unclear, as this study selected subjects with a high risk for psychiatric disorders. In
addition, the bidirectional temporal associations found in that study suggest the possibility of
a shared etiology for short sleep and obesity rather than a direct causal effect.

If a causal association between sleep deprivation and weight gain exists, it may be
particularly important in middle-aged women. The reduced sleep that often results from
menopausal symptoms may play a role in the weight gain commonly associated with
menopause. In addition, nocturnal eating is much more common among women than men
(10).

The mechanisms by which sleep restriction might affect weight are unclear. Restricted sleep
may lead to daytime fatigue and therefore reduced activity. In addition, experimental studies
suggest that sleep deprivation can cause alterations in serum leptin and ghrelin levels,
resulting in increased hunger and appetite (11).

We hypothesized that reduced sleep predisposes to increased weight gain due to a
combination of increased caloric intake and reduced activity. We sought to test these
hypotheses using a large prospective cohort of middle-aged women.

MATERIALS AND METHODS
Women participating in the Nurses’ Health Study who responded to a question about sleep
duration in 1986 and were free of cardiovascular disease, cancer, and diabetes at that time
formed the study population for this work. Because of data suggesting that the impact of
reduced sleep wanes with age (8, 9), participants’ data were censored when they reached 65
years of age. The Nurses’ Health Study cohort was established in 1976 when 121,700
female married registered nurses, aged 30–55 years, completed a mailed questionnaire on
their medical history and lifestyle. The original sampling strategy for this cohort has been
previously described (12). Every 2 years, follow-up questionnaires are sent to update
information on potential risk factors and to identify newly diagnosed illnesses. The protocol
for the study was approved by the Human Research Committee of Brigham and Women’s
Hospital. In 1986, subjects were asked to “indicate total hours of actual sleep in a 24-hour
period.” This question has been previously validated against 1 week of sleep diaries (r =
0.79) in this cohort (13).

Measures of weight
On each biennial questionnaire, participants were asked their current weight to the nearest
pound. Data from eight subsequent questionnaires, spanning 16 years, were used as the
outcome measures for these analyses. The most recent questionnaire was from June 2002.
Self-reported weight in this cohort has been previously shown to closely correlate (r = 0.96;
mean difference: 1.5 kg) with measured weight (14). Height obtained from the baseline
questionnaire in 1976 was used to convert weight to body mass index. The absolute change
in weight (kg) over time was assessed as a continuous outcome. Two discrete outcomes

Patel et al. Page 2

Am J Epidemiol. Author manuscript; available in PMC 2012 November 13.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



were also assessed as measures of weight gain: the development of clinical obesity (body
mass index: >30 kg/m2) and a weight gain of 15 kg or more. In analyses adjusting for body
mass index, baseline body mass index was divided into deciles.

Statistical analysis
Differences in baseline characteristics by sleep duration were compared by use of the chi-
squared test and analysis of variance for dichotomous and continuous variables,
respectively. Multivariate linear regression modeling was used to estimate the mean weight
gain over time for each category of sleep duration from 5 hours or less to 9 hours or more.
Cox proportional hazards regression modeling was used to estimate the hazard ratio for the
development of obesity or significant weight gain for each sleep duration category relative
to the referent group. A sleep duration of 7 hours per night was chosen as the referent
category because it is the median sleep duration from both the Sleep in America poll and the
Nurses’ Health Study (2, 13).

All models were adjusted for age (in 1-year categories). Additional baseline covariates for
which simultaneous adjustment was made included smoking status (never smoker, former
smoker, current smoker of <15 cigarettes/day, current smoker of 15–25 cigarettes/day,
current smoker of >25 cigarettes/day), alcohol consumption (none, <5 g/day, 5–15 g/day,
and >15 g/day), caffeine consumption (in quintiles), spousal education (less than high school
diploma, high school diploma, college degree, graduate degree), use of medications known
to affect sleep and/or weight (benzodiazepines, phenothiazines, thyroid hormone, and sex
hormones), menopausal status, snoring frequency (none, occasional, regular), and shift-
working history (none, <5 years, ≥5 years). Secondary analyses were conducted that
included depressive symptoms (defined as a score below 52 on the Mental Health Inventory
of the Medical Outcomes Survey 36-item short form (SF-36)) and antidepressant use.
Information about depression was first obtained in 1992 and on antidepressant use in 1996.

Additional modeling was performed with covariate adjustment for dietary variables as well
as physical activity in order to explore the causal pathway linking sleep duration to weight
gain. Nutritional data were obtained from a food frequency questionnaire. These frequencies
were combined with nutritional composition information to estimate total caloric intake,
fruit and vegetable servings, fiber, trans-fat, and the ratio of polyunsaturated fat to saturated
fat. Each of these variables was divided into quintiles for the purposes of these analyses.
Validation studies have found that these dietary variables are reproducible (intraclass r =
0.55–0.64) and have moderate correlation with values obtained from detailed dietary records
where women used dietetic scales to weigh food servings (r = 0.48–0.59) (15).

Levels of physical activity were obtained from questions regarding the average frequency
with which women participated in a number of activities. Previous validation studies have
reported moderate to high correlations with recall of the past week’s activities (r = 0.79–
0.83) and with 1 week of activity diaries in which participants recorded their activity at
hourly intervals (r = 0.59–0.62) (16). Each activity was assigned a metabolic equivalent task
(MET) score based on the classification by Ainsworth et al. (17). The sum of these scores
provides a measure of overall voluntary activity. The level of activity was divided into
quintiles.

For the proportional hazards models, age, smoking, anti-depressant and sex hormone use,
menopausal status, and physical activity were updated every 2 years, while alcohol, caffeine,
depression, and dietary variables were updated every 4 years, on the basis of availability of
covariate data.
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Linear mixed-effects modeling was utilized to model simultaneously the effect of sleep
duration on both baseline weight and weight over time. This was done by including sleep
duration, time, and sleep duration × time interaction terms as fixed effects in the model as
well as a random intercept term. Age grouped into 5-year bins was included as a covariate.
Standard errors were calculated with the empirical variance estimator. All statistical
analyses were conducted using SAS, version 8.2, software (SAS Institute, Inc., Cary, North
Carolina).

RESULTS
A total of 68,183 women aged 39–65 years and free of comorbid disease responded to both
the sleep and weight questions on the 1986 Nurses’ Health Study questionnaire. Median
follow-up in this cohort was 12 years.

Baseline characteristics are reported in table 1. Overall, 4.3 percent of women slept 5 hours
or less, 25.5 percent slept 6 hours, 42.1 percent slept 7 hours, 23.5 percent slept 8 hours, and
4.5 percent slept 9 hours or more. In general, women who slept less were slightly older,
drank less alcohol, but were more likely to smoke and consume more caffeine. Short-
duration sleepers were also much more likely to have worked overnight shifts.

Voluntary activity levels were similar between short- and average-duration sleepers (14
METs/week in those sleeping 6 hours or less per day vs. 15 METs/week in those sleeping 7
hours per day). Despite their greater weight at baseline, short-duration sleepers reported less
caloric intake than did long-duration sleepers.

Increase in weight
A clear cross-sectional relation between sleep duration and weight was found. After age
adjustment, those sleeping 5 hours or less weighed on average 2.47 kg (95 percent
confidence interval (CI): 1.97, 2.98) more at baseline than did those sleeping 7 hours, and
those sleeping 6 hours were 1.24 kg (95 percent CI: 0.99, 1.29) heavier. Not only was a
difference in baseline weight apparent but also weight increased more rapidly in those
sleeping the least (figure 1).

In multivariate models, short sleep duration remained associated with an increased weight
gain relative to those sleeping 7 hours (table 2). After adjustment for age and baseline body
mass index, the mean weight gain over 4 years was 1.82 kg (95 percent CI: 1.52, 2.12), 1.59
kg (95 percent CI: 1.50, 1.68), 1.31 kg (95 percent CI: 1.24, 1.37), 1.31 kg (95 percent CI:
1.22, 1.40), and 1.32 kg (95 percent CI: 1.09, 1.55) in those sleeping ≤5, 6, 7, 8, and ≥9
hours, respectively. In other words, those sleeping 5 hours ≥ or less gained 0.52 kg (95
percent CI: 0.28, 0.75) more, and those sleeping 6 hours gained 0.29 kg (95 percent CI: 0.17,
0.40) more than did those sleeping 7 hours. No significant difference was found among
those sleeping 7, 8, or 9 hours or more. This relation between reduced sleep and increased
weight gain persisted over time. After 10 years, the mean age- and body mass index-
adjusted weight gains for sleep durations of ≤5, 6, 7, 8, and ≥9 hours were 5.63 kg (95
percent CI: 5.17, 6.10), 5.16 kg (95 percent CI: 5.02, 5.30), 4.91 kg (95 percent CI: 4.80,
5.01), 4.74 kg (95 percent CI: 4.61, 4.88), and 4.91 kg (95 percent CI: 4.56, 5.26),
respectively. Those sleeping 5 hours or less gained 0.73 kg (95 percent CI: 0.37, 1.10), and
those sleeping 6 hours gained 0.26 kg (95 percent CI: 0.08, 0.43) more than did participants
sleeping 7 hours. Adjustment for potential confounders did not substantially affect this
pattern. Further inclusion of activity and dietary variables also had little effect on this
relation.
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The mixed-effects model gave qualitatively similar results. At baseline, compared with those
sleeping 7 hours, women sleeping 5 hours or less weighed 2.54 kg (95 percent CI: 1.97,
3.11) more, and those sleeping 6 hours weighed 1.29 kg (95 percent CI: 1.03, 1.54) more.
Weight gain over time was also greater in short-duration sleepers. Over 10 years, the age-
adjusted weight gain in women sleeping 5 and 6 hours, respectively, was 0.62 kg (95 percent
CI: 0.27, 0.96) and 0.28 kg (95 percent CI: 0.14, 0.42) more than in women sleeping 7
hours.

Major weight gain
Over the 16 years considered, 7,164 women (10.5 percent) experienced a 15-kg weight gain
over 754,316 person-years of follow-up. Those sleeping 7–8 hours per night had the lowest
risk for major weight gain (table 3). Women sleeping 6 hours were 12 percent more likely to
have a 15-kg weight gain, and women sleeping 5 hours or less were 32 percent more likely.
Covariate adjustment did not substantially weaken this association. In addition, no change in
the relative risk was noted after further adjustment for caloric intake and voluntary activity.

The effect of varying the definition of major weight gain is shown in figure 2. Relative to
sleeping 7 hours, sleeping for 5 hours or less was associated with increased risk of weight
gain across a range of definitions from 10 kg to 25 kg. The relative risk associated with 5
hours of sleep increased as the criterion for weight gain grew more stringent from 1.23 (95
percent CI: 1.14, 1.32) for a 10-kg increase to 1.46 (95 percent CI: 1.18, 1.80) for a 25-kg
increase.

Obesity
A total of 8,185 women met criteria for obesity at baseline and so were excluded, leaving
59,813 women for this analysis. Of these women, 9,509 new cases of obesity (15.9 percent)
were identified over 651,824 person-years of follow-up. As shown in table 3, the risk of
developing obesity was elevated for those sleeping less than 7 hours, with a 15 percent
increase in risk for those sleeping 5 hours or less and a 6 percent increase in those sleeping 6
hours. On the other hand, sleeping more than 7 hours was not associated with an increased
risk. Covariate adjustment including dietary and activity variables had only a trivial effect
on this relation with less than 7 hours of sleep remaining an independent risk factor for
future obesity.

The effect of short-duration sleep on obesity risk was greatest among those who were
leanest at baseline (table 3). The relative risk of obesity associated with 5 hours or less of
sleep compared with 7 hours is 1.58 (95 percent CI: 1.25, 1.99) in those with a body mass
index of less than 25 kg/m2 compared with 1.14 (95 percent CI: 1.02, 1.27) in those with a
body mass index of 25 kg/m2 or more. A similar trend was found in those sleeping 6 hours.

Secondary analyses
Analyses were repeated with censoring of women at the time of diagnosis of diabetes in
order to exclude weight gain due to antidiabetic medication use. The effects of sleep
duration on absolute weight gain, major weight gain, and obesity were no different in this
subgroup analysis. Analyses adjusting for depression and antidepressant use were also
performed. Again, the relation between short-duration sleep and weight gain was unaffected.

DISCUSSION
Cross-sectional associations between reduced sleep times and increased weight have been
appreciated for some time (3–8). Although a recent study provided longitudinal data
suggesting that reduced sleep is associated with an increased risk for future obesity, the
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small sample size and selection of subjects on the basis of psychopathology potentially limit
the generalizability of those results (9). Another study found that the increase in body mass
index over 10 years was greater in short-duration sleepers, but the finding was not
statistically significant (8). In the present study, we have demonstrated, in a sample of
middle-aged women up to 65 years of age, that a habitual sleep time of less than 7 hours
predicts increased future weight gain independent of baseline weight.

Sleeping 5 hours or less led to about a 1-kg increase in weight over 16 years compared with
sleeping 7–8 hours. Although this increase may appear small, even modest weight gain can
have important health effects. Relative to maintaining a stable weight, a 5-kg weight gain
nearly doubles the risk of developing diabetes (18). Furthermore, usual sleep times of less
than 7 hours are associated with a substantial increase in the risk of major (≥15 kg) weight
gain and incident obesity.

How might sleep affect body weight? Hypothalamicpituitary functions, including those that
influence eating, energy balance, and metabolism, are strongly tied to circadian rhythms and
are highly integrated with sleep regulatory processes. Disruption of the circadian clock can
have important metabolic effects. Knock out of the Clock gene, an integral component of the
circadian clock, in mouse models leads to obesity and metabolic dysfunction (19). Neurons
in the hypothalamus producing orexin are involved in the regulation of both feeding and
wakefulness, and aberrations in orexin-mediated pathways may provide one link between
sleep and obesity. Experiments in lean humans have found that short-term sleep restriction
has important effects on cortisol, glucose tolerance, and growth hormone secretion (20, 21).

Ultimately, in order to cause weight gain, reduced sleep must increase caloric intake and/or
reduce energy expenditure. Short-term sleep restriction lowers levels of the satiety-
promoting hormone, leptin, increases levels of the appetite-promoting hormone, ghrelin, and
increases subjective ratings on appetite and hunger (11). An association among reduced
sleep time, depressed leptin, and increased ghrelin has also been found in a large, cross-
sectional study, suggesting that these effects may persist with long-term sleep restriction
(22). In our cohort, however, we did not find a relation between short-duration sleep and
increased caloric intake. In fact, increased dietary consumption was associated with greater
sleep durations.

Another possible explanation for the observed relation is that the fatigue produced by
limiting sleep may reduce physical activity and thus energy expenditure, thereby
predisposing to weight gain. However, we found little relation between sleep duration and
reported physical activity. Although effects on voluntary activity cannot be conclusively
excluded because of the limitations of questionnaire-based measurements of activity, this
finding is consistent with that from the study by Hasler et al. (9), which also found that
changes in purposeful physical activity could not explain the sleep-weight association.

Other mechanisms influencing energy expenditure exist. The largest contributor to energy
expenditure in a sedentary person is the basal metabolic rate. Recent work has suggested that
sleep can affect the metabolic rate through effects on thermogenesis. Sleep restriction has
been demonstrated in rodent models to influence the expression of uncoupling proteins,
which regulate metabolic rate through thermogenesis (23, 24). Further work on how sleep
can impact the metabolic rate in humans is clearly needed.

In addition, recent work suggests that involuntary movements such as posture (sitting vs.
standing) and fidgeting can have important effects on weight regulation. Studies have found
that increased involuntary activity in humans is associated with an ability to resist weight
gain despite over-feeding and that lean individuals expend 350 kcal more per day on this
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type of activity than do the obese (25, 26). Interestingly, in rats, orexin appears to increase
this type of energy expenditure (27).

Other potential explanations for our findings include the possibility of a common cause of
both sleep duration and weight gain. Although we attempted to control for potential
confounders, we cannot exclude the possibility of residual confounding through variables
not considered (such as corticosteroid use) or through incomplete adjustment. For example,
the effect of depression on both sleep and weight could not be completely accounted for, as
the first measurements of depression in this cohort occurred after the sleep question was
asked. Finally, because sleep duration was assessed at only one time point, we cannot
definitively exclude the possibility of reverse causation.

Several limitations to this work should be noted. First, all measurements were based on
questionnaire response and so are liable to misclassification. However, the misclassification
of sleep duration is likely nondifferential with respect to weight gain, so any resulting bias
should be toward the null hypothesis, leading to underestimation of the true magnitude of
association between sleep and weight. Usual sleep time is likely to have varied somewhat
over the 16-year period of follow-up, but this also would likely bias the study toward a null
result. Finally, it should be noted that this cohort was limited to middle-aged women in the
nursing profession and primarily Caucasian. Further research will be needed before
generalizing these findings to other populations, such as men, or other age groups.

Overall, our findings suggest that short-sleep duration is associated with a modest increase
in future weight gain and incident obesity. These findings have the important implication
that increasing sleep time among those sleeping less than 7 hours per night may represent a
novel approach to obesity prevention. Given the inadequacies of current obesity therapy, the
ability of public health initiatives focusing on sleep hygiene to slow the epidemic of weight
gain should be investigated, as should the mechanisms linking sleep duration to obesity.
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FIGURE 1.
Mean age-adjusted weight of the Nurses’ Health Study cohort from 1986 to 2002 as a
function of habitual sleep duration in 1986.
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FIGURE 2.
Hazard ratio associated with 5 hours or less of sleep relative to 7 hours of sleep in the
Nurses’ Health Study cohort from 1986 to 2002 for major weight gain defined as a 10-, 15-,
20-, or 25-kg increase over baseline weight in 1986. The fully adjusted models were
adjusted for age, baseline body mass index (BMI), smoking, alcohol, caffeine, spousal level
of education, medication use, menopausal status, snoring status, shift-working history,
physical activity, total caloric intake, dietary fiber, ratio of polyunsaturated to saturated fat,
trans-fat, and servings of fruits and vegetables. Bars, 95% confidence interval.
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