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Abstract

We examined the association between sleep duration and body mass index in young adults, and,
specifically, in possible gender differences. The population-based sample included 955 young men
and 1,051 young women (mean age=25.3 years, SD=1.7) who participated in Project EAT-III
(Eating and Activity in Teens and Young Adults). In 2008-2009, study participants completed a
survey, on which they reported their weight, height, and typical bed and awakening times. Gender-
specific regression models estimated cross-sectional associations between sleep duration and
weight status, adjusting for age, race, SES, family structure, depressive symptoms, physical
activity, and sedentary and dietary behaviors. In multivariable-adjusted linear regression models,
an hour increase in sleep was associated with a —=0.38 (-0.70, —0.048) BMI in men. Men who slept
<7 hours had a 1.4 unit higher mean BMI (27.9; 95% ClI: 26.9, 28.9) than men who slept 7-9
hours/day (26.5; 95% CI: 26.1, 27.0). Prevalence estimates of overweight (BMI1=25) and obesity
(BMI1=30) were also inversely associated with sleep duration among men. Sleep duration was not
associated with BMI, overweight, or obesity in women. Among women, but not men, there was a
statistically significant positive association between trouble falling or staying asleep and mean
BMI. Sleep may be an important modifiable risk factor for obesity, particularly in young adult
men.
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INTRODUCTION

Efforts to decrease obesity in the population have not yielded great success, despite the
dedication of substantial resources (1). Continued work is needed to identify modifiable risk
factors for obesity. Recently, the possibility that sleep may contribute to obesity has received
consideration (2-4). On a population level, sleep duration has declined over time (5), while
obesity has increased (6).

Several literature reviews support the possibility that short sleep duration may be a risk
factor for increased BMI in both children and adults (2—4). Still, associations between sleep
and BMI have not been consistently observed. In part, variability across study findings may
reflect differences in statistical adjustment for potential confounders or differences in
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exposure or outcome definitions, as studies have examined both continuous and categorical
forms of sleep duration and BMI variables. Furthermore, questions remain about the specific
nature of the epidemiologic association and possible differential associations among
population subgroups (7).

One question relates to the shape of the association between sleep duration and BMI. Some
studies have found linear inverse associations, in which shorter sleep duration is associated
with greater BMI, while others have reported a U-shaped relationship, whereby both short
and long sleep duration appear to be associated with higher BMIs. If the relationship is U-
shaped, short and long sleep duration may operate through different mechanisms. Acute
sleep deprivation has been found to lead to weight-gain-promoting changes in leptin and
ghrelin, and to increased hunger (8); another study documented decreased physical activity
following sleep loss (9). These study findings are consistent with a role for short sleep
duration in weight-related risk behaviors. Mechanisms for an effect of long sleep duration
are less clear, but may relate to decreased energy expenditure if time spent sleeping
displaces time from physical activity. A survey of time use among Americans documented
that sleep time is often sacrificed by time spent working, traveling, or engaging in leisure
activities (10). It is also possible that associations are confounded by variables that relate to
both sleep duration and BMI, such as socioeconomic status, family situation, dietary and
sedentary behaviors, physical activity, and psychosocial status (11).

Another unresolved question is whether sleep duration is differentially associated with BMI
across population subgroups, such as gender or age. Some studies that have examined
gender-specific associations have found stronger associations among males (12-14). Other
studies, however, have shown stronger effects among women or no gender difference (15—
17). It has also been hypothesized that the sleep-BMI association may weaken with age.
Studies in children have yielded stronger and more consistent estimates of effect than studies
in adults (2-4). A prospective study of adults undergoing psychiatric treatment found that
sleep duration was negatively associated with BMI when the study sample was 28, but not
after the sample had aged to 40 years (18). To our knowledge, no study has examined the
association in a representative sample of young adults. This age group merits attention, as
the transition to adulthood is associated with important changes in personal circumstances
and behaviors that may impact both sleep and BMI, such as changes in physical activity,
diet, and social structures (19). In addition, there is evidence that both sleep and BMI are
associated with ethnicity and socioeconomic status, but little is known about whether the
association between sleep and BMI differs across these demographic measures.

We studied the cross-sectional association between sleep duration and body mass index
(BMI) in a large, diverse, population-based sample of young adults. We sought to quantify
the association between sleep duration and BMI. We were specifically interested in
examining gender-specific associations, given the conflicting results in the literature around
possible gender differences. We also explored differences in the association between sleep
and BMI by ethnicity and socioeconomic status. Our study was rich in covariate data,
allowing us to control for a range of potential confounding variables, and to examine
possible mediators such as diet and physical activity. Because published studies have
differed with respect to outcome definition, we included analyses of BMI, overweight, and
obesity to provide more comparable estimates and to test the consistency of the finding
within our dataset.
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METHODS AND PROCEDURES
Sample and Study Design

Data for this cross-sectional analysis were drawn from Project EAT (Eating and Activity in
Teens and Young Adults)-111, the third wave of a population-based study designed to
examine dietary intake, physical activity, and weight-related variables among young adults.
At baseline (1998-1999), junior and senior high school students from 31 public schools in
the Minneapolis/St. Paul metropolitan area of Minnesota completed surveys and
anthropometric measures (20). Ten years later (2008-2009), original participants were
mailed letters inviting them to complete online or paper versions of the Project EAT-I1II
survey and a food frequency questionnaire. Questions on sleep duration were first added to
the Project EAT-III survey. A total of 955 men and 1,051 women (mean age = 25.3+1.6
years) completed the Project EAT-I1I survey, representing 66.4% of participants who could
be contacted and 48.2% of the original school-based sample. All study protocols were
approved by the University of Minnesota’s Institutional Review Board Human Subjects
Committee. Participants reviewed a consent form, including acknowledgement of the
researchers’ intent to publish the results, as part of the online survey or were mailed a
consent form with their paper survey. Completion of the Project EAT-III survey implied
written consent.

Survey Development and Measures

The original Project EAT survey (20) was modified at follow-up to improve the relevance of
items for young adults. New items were also added to the survey to address areas of growing
research interest, such as sleep duration and patterns. The revised survey was pre-tested by
27 young adults in focus groups and test-retest reliability was examined in a sample of 66
young adults. Additional details of the survey development process are described elsewhere
(21).

Sleep—Sleep was assessed through the following questions: “On an average weekday
(Monday-Friday) a) What time do you go to bed (to go to sleep)? b) What time do you get
out of bed (to start your day)?” The same question was asked replacing “weekday” with
“weekend day (Saturday-Sunday).” These items were drawn from a validated questionnaire
(22), and have been used in published reports of sleep and body weight among adolescents
(23). Average weekday and weekend sleep duration were calculated from the times
provided. An overall average daily sleep duration was calculated as: (weekday
duration*5/7)+(weekend duration*2/7). In addition, we assessed the difference between
weekday and weekend sleep duration, defined as weekday duration subtracted from
weekend duration, and whether reported sleep patterns varied within the week by comparing
weekday and weekend bedtimes. We also examined typical sleep times by creating a 3-level
variable to represent bedtimes between 8 p.m. and midnight, midnight and 3 a.m., and 3 a.m.
and 8 p.m.

A separate question drawn from a previously developed measure of depressive symptoms
(27) queried participants about the frequency with which they had trouble falling or staying
asleep in the past 12 months (test-retest r = 0.64). Response categories were “not at all,”
“somewhat,” and “very much.” We examined responses to this question as a measure of
sleep quality.

Weight status—Weight status was assessed using self-reported height and weight, from
which body mass index (BMI, kg/m?2) was calculated (test-retest r for both weight and height
=0.99). Self-report of height and weight were validated in a subsample of 63 male and 62
female participants in Project EAT-I1I for whom height and weight measurements were
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completed by trained research staff. Results showed very high correlations between self-
reported BMI and measured BMI in males (r=0.95) and females (r=0.98). Weight status was
defined according to current BMI guidelines for adults (overweight or obese: BMI>25 kg/
m?Z; obese: BM1>30 kg/m?).

Covariates—Many variables that are considered obesity risk factors have also been found
to be associated with sleep duration (11,24). Thus, we selected potential confounding
variables from among several broad areas, including socioeconomic and family status,
dietary and physical activity habits, and psychosocial health.

Socioeconomic and family status: Participants indicated the highest level of education they
had completed and whether they were enrolled full-time or part-time in a two-year college,
four-year college, or graduate degree program (test-retest agreement=97%). Financial stress
was assessed with the question: “How difficult is it for you to live on your total household
income right now?” Response options were “not at all difficult,” “somewhat difficult,” “very
difficult or can barely get by,” and “extremely difficult or impossible” (test-retest r=0.83). In
addition, participants indicated if they were single, in a committed dating relationship, or
married (test-retest agreement=98%). Parental status (any children/no children) (test-retest
r=1.0) was assessed with the question: “How many children do you have (including step-
children or adopted children)?”

Dietary and physical activity habits: We included variables measuring the frequency of
breakfast (test-retest r=0.82) and fast food (test-retest r=0.48) consumption in the past week,
and variables derived from the food frequency questionnaire, including total daily energy
intake and the consumption of sugar-sweetened beverages (servings per day) (25). Physical
activity was assessed using questions adapted from the widely used Godin Leisure-Time
Exercise Questionnaire; participants reported the number of hours they engaged in strenuous
and moderate activities during a usual week (test-retest r =0.85) (26). Participants were also
separately asked the number of hours on an average weekday and on an average weekend
day they watched television/videos, used the computer, and played sedentary video games.
Total weekly hours of screen time were calculated as the weighted sum of time spent
watching television/videos, using the computer, and playing sedentary video games:
(weekday sum*5/7)+(weekend sum*2/7).

Psychosocial health: Participants indicated whether they had ever been diagnosed with
depression (test-retest agreement = 100%). To address possible undiagnosed depression,
symptoms of depression were assessed using selected items from the Kandel and Davies
depression scale (test-retest r = 0.51-0.67) (27). We excluded items from the depression
scale that related to sleep quality: 1) trouble falling or staying asleep and 2) feeling tired
during the day.

Statistical analysis

Given previously reported associations between both short and long sleep duration with
weight status, we considered non-linear approaches to modeling sleep duration in addition to
linear analysis of sleep duration. We created categories of average sleep duration of <7
hours, 7-9 hours, and >9 hours of sleep per day based on a prioriand empirical
considerations. Studies of sleep and health vary in cut-points of sleep duration (3, 4), but our
classification is consistent with published studies (4, 14, 18). Also, our category of shortest
sleep duration identifies participants not meeting the Healthy People 2020 recommendation
that adults aged 22 and older (99% of our sample) rest for at least 7 hours per day (28). In
addition, we examined a plot of sleep duration against BMI for inflection points, and
conducted sensitivity analysis of different categorical cut-points. We determined the
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appropriateness of including sleep as a linear variable by examining associations across
categories of sleep duration and by testing quadratic sleep duration terms in regression
models.

Descriptive statistics for potential confounding or mediating variables are presented as
means and standard deviations or percentages according to sleep duration categories (<7, 7—
9, >9 hours/day) and by gender. Differences across sleep categories were tested with
analysis of variance (ANOVA) for continuous predictors and with Xz statistics for
categorical predictors.

We studied three BMI measures as dependent variables: continuous BMI, overweight
(BMI=25), and obesity (BMI=30). We used linear regression to examine associations with
continuous BMI, and reported adjusted regression coefficients for continuous sleep duration
and adjusted mean BMI for each sleep duration category. We used logistic regression to
estimate adjusted odds ratios for overweight and obesity with continuous sleep duration and
used a generalized linear regression model with binomial distribution and logit link function
to estimate the mean adjusted prevalence of overweight and obesity across sleep duration
categories. For the categorical sleep analysis, we used moderate sleep duration (7-9 h/day)
as the reference; P values are shown for pairwise comparisons between <7 and 7-9 h/day
and between >9 and 7-9 h/day.

A minimal multivariable-adjusted model included age (continuous), gender (male, female),
and ethnicity (white, black, Hispanic, Asian, other or mixed race). A multivariable-adjusted
model additionally controlled for measures of socioeconomic and family status, diagnosed
depression and depressive symptoms, and measures of dietary and physical activity
behaviors as these factors may act as intermediates in the association between sleep duration
and body weight. We examined the sensitivity of adjustment by controlling first for
socioeconomic and family status, then adding measures of depression, and finally including
potential dietary and physical activity intermediates.

Previous studies indicate possible differential effects by gender, and we were interested a
prioriin gender-specific results. BMI and overweight/obesity results are shown for the total
sample as well as within strata of gender. Still, we formally tested statistical interaction
between sleep duration and gender, between sleep and ethnicity, and between sleep and
socioeconomic status by including in the regression model main effect terms for sleep and
the potential modifier and their cross-product term. Stratum-specific estimates were obtained
from subgroup-specific regression models.

All analyses were weighted using the response propensity method (29) to account for
differential loss to follow-up. Non-response weights were created using logistic regression
to estimate the probability of responding to the Project EAT-III survey based on a large
number of questions from the Project EAT-I survey. Weights were calibrated so that
analysis sample sizes reflected actual study samples of young men and women (29). All
analyses were conducted in SAS 9.2. Statistical significance was based on an alpha of 0.05.

Sample characteristics and bivariate associations

Mean sleep duration was 8.2 hours per day (SD=1.2). Twelve percent of the sample reported
sleeping <7 h/day, 67% reported sleeping 7-9 h/day, and 21% reported sleeping >9 h/day.

On average, weekend day sleep duration was 30 minutes longer than weekday sleep duration
(data not shown). Compared to young men, young women were less likely to report sleeping
<7 h/day (14.7% and 9.8%, respectively) and more likely to report sleeping >9 h/day (18.1%
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and 24.0%, respectively). Sleep duration was associated with having trouble going to sleep
or staying asleep. Compared to men and women who reported sleeping at least 7 h/day, a
greater percentage of those who slept <7 h reported that they had trouble falling or staying
asleep (Table 1) and that they were tired during the day (data not shown).

Sleep duration was significantly associated with many of the studied covariates (Table 1).
For example, participants who slept 7-9 hours/day were more likely to report being college
graduates and not having difficulty living on their income, compared to both short and long
sleepers. Screen time was positively associated and physical activity was negatively
associated with sleep duration in males, and, to a lesser extent, in females.

Many covariates were also associated with BMI, and in the expected direction. For example,
compared to white women, black women were more likely to be overweight or obese. In
both men and women, overweight and obesity were negatively associated with measures of
socioeconomic status, breakfast consumption, and physical activity, and were positively
associated with screen time, consumption of sugar-sweetened beverages, and depressive
symptoms (data not shown).

between sleep duration and continuous BMI

When modeled as a continuous variable, sleep was not significantly associated with BMI in
the total sample. Sleep was inversely associated with BMI among men, but not women (p-
value, interaction=0.035) (Table 2); an hour increase in sleep was associated with a 0.38
lower BMI in men. There was not strong statistical evidence for interaction by ethnicity (p-
value, interaction=0.097); stratum-specific analysis revealed a significantly inverse
association between sleep duration and BMI among whites only (beta=—0.41; 95% CI:
-0.72, -0.11).

In the total sample, study participants who reported sleeping <7 hours/day had a statistically
non-significant higher mean BMI than participants who reported sleeping 7-9 hours/day
(Table 3). In gender-specific multivariable-adjusted models, a significant positive
association between short sleep duration and mean BMI was observed among males, but not
females. The test for interaction was not statistically significant (p=0.31) (Table 3). Mean
BMI estimates among those who slept >9 hours/day did not differ from those who slept 7-9
hours/day group in gender-specific or total sample analyses (Table 3).

The multivariable-adjusted association between sleep duration and mean BMI appeared to
be moderated by ethnicity (Table 3; p-value for interaction=0.005). Among whites, there
was an inverse association between sleep duration and mean BMI, with declines across each
sleep duration category (Table 3). A similar, though statistically non-significant, pattern was
observed among blacks. Among Hispanics, estimated mean BMls appeared to increase
across categories of sleep duration, although estimates were imprecise, as reflected in the
large confidence intervals, and statistically non-significant (Table 3). Among the mixed/
other ethnic group, the mean BMI among those who slept >9 hours/day was significantly
higher than among those who slept 7-9 hours/day; short sleep duration was positively
associated with mean BMI, but was not statistically significantly (Table 3). There was no
evidence of an association between sleep duration and mean BMI among Asians.

Among women, but not men, trouble falling or staying asleep was positively associated with
mean BMI (Figure 1; p-value for interaction=0.012). Women who reported that they had
“very much” trouble falling or staying asleep had a multivariable-adjusted mean BMI of
27.6 (95% ClI: 26.8, 28.4), as compared to a mean BMI of 25.3 (24.6, 26.0) among women
who reported “not at all” having trouble falling or staying asleep. In contrast, in men, the
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respective mean BMIs were 26.6 (25.6, 27.7) and 26.1 (25.5, 26.8), for “very much” and
“not at all” trouble sleeping.

We did not find statistical evidence for interaction by socioeconomic status in the
association between sleep duration and mean BMI (data not shown). Differences between
weekday and weekend sleep duration or variation in typical bedtimes were not associated
with mean BMI (data not shown).

between sleep duration and overweight and obesity

In multivariable-adjusted analysis, continuous sleep duration was inversely associated with
overweight in the total sample. An hour increase in sleep was associated with a 0.14
reduction in the odds of overweight (odds ratio (OR)=0.86; 95% CI: 0.78, 0.93). Among
men, but not women, sleep was inversely associated with the odds of obesity (OR=0.84;
95% CI: 0.71, 0.98).

Categorical sleep duration was inversely associated with overweight and obesity in the total
sample, and among men, but not women (Table 4). Among men, as compared to 7-9 hours/
day, sleeping <7 hours/day was positively associated, at marginal significance (p-
value=0.062), with the prevalence of overweight, and sleeping >9 hours/day was inversely
associated with prevalence of overweight (p-value=0.003).

In both men and women, data were consistent with a positive association between trouble
falling or staying asleep and overweight and obesity, although this association did not
always achieve statistical significance (data not shown). There was not statistical evidence
of interaction by socioeconomic status or ethnicity in the association between sleep duration
and overweight or obesity, although ethnic-specific patterns were similar to those observed
for sleep duration and mean BMI (data not shown). Differences between weekday and
weekend sleep duration or variation in typical bedtimes were not associated with overweight
or obesity (data not shown).

Sensitivity analysis

Results were qualitatively robust to changes in the cut-points of sleep duration categories.
Examination of a spline regression plot between sleep duration and BMI did not reveal clear
inflection points. In a linear regression model with an 8-level sleep duration variable,
representing even-hour cut-points for sleep duration from <6 hours/day through >12 hours/
day, we observed positive associations between sleep duration and BMI for the <6 hours/day
and the 6-7 hours/day categories, providing empirical support for our lower cut-point. These
analyses were limited by small sample sizes, and did not indicate a gain of information at a
lower sleep duration cut-point. For example, among the 32 men who reported sleeping <6
hours/day, the mean BMI (95% confidence interval) was 27.9 (26.0, 29.8), as compared to
26.7 (26.3, 27.2) and 26.1 (25.3, 26.9) for men sleeping 6-9 hours/day and >9 hours/day,
respectively; these estimates are similar to those reported in Table 3. These results also
supported the use of sleep duration as a linear term in regression models. Quadratic sleep
duration terms were not statistically significant in regression models, and we modeled sleep
duration as a continuous linear term in its original scale so that a unit increase in the
regression (beta) coefficient indicates an increase in an hour of sleep.

DISCUSSION

In a multiethnic and socioeconomically diverse sample of young adults, sleeping <7 hours/
day, as compared to 7-9 hours/day, was positively associated with BMI, overweight, and
obesity among men, but not women. Self-reported trouble falling or staying sleeping, in
contrast, was significantly associated with mean BMI among women, but not men. These
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findings were not explained by adjustment for potential confounding or mediating variables,
including socioeconomic or family status, psychosocial health, diet, physical activity, or
sedentary behavior. Our results do not corroborate a U-shaped association between sleep
duration and BMI, found in some previous studies: results were generally consistent with
inverse associations between sleep duration and BMI across categories of sleep duration as
well as with the continuous linear sleep variable.

Prior evidence for a gender difference in the association between sleep and BMI is mixed
(24, 12-17). Our finding of stronger sleep duration-BMI associations among, men is
consistent with some (12-14), but not all (15-17), previous studies. We were interested, a
priori, in examining gender-specific results. Gender differences were not always strong
enough to yield statistical tests for interaction, but all results were consistent with a stronger
association among men. We considered the possibility of differential confounding. Men and
women had different covariate distributions (Table 1), the association among women
appeared to be more affected by confounders. Adjustment for a broad range of potential
confounders did not materially change effect estimates among men, while it generally
attenuated effect estimates among women (data not shown).

There is evidence for gender differences in biologic aspects of sleep. Compared to women,
men appear to have less efficient sleep (more nighttime awakenings) and to spend a lower
percentage of sleep time in more restorative stages (30), which in turn has been associated
with decreased insulin sensitivity (31). Gender differences may also relate to hormone
concentrations. Sex hormone changes during menopause have been associated with both
weight gain (32) and decreased sleep quality (33). It is further conceivable that hormone
changes may contribute to observed differences in sleep associations across the life course
(2-4, 18).

It is also possible that gender differences relate to the form of survey questions. Our finding
that self-reported trouble falling or staying asleep was associated with weight among women
may demonstrate the importance of considering sleep constructs beyond duration in
understanding gender differences, particularly in studies based on self-reports of sleep, or it
may indicate that sleep duration among women was better captured by the question about
trouble sleeping, if, for example, women spend a longer time in bed, but with lower quality
sleep.

We did not expect to observe a significant interaction between ethnicity and sleep duration
in the association with mean BMI. Short sleep duration has been associated with increased
BMI in Asian and Hispanic samples and in different countries (4, 34), suggesting that the
association between sleep duration and BMI may be robust to ethnicity and cultural
differences. Our study had small sample sizes for non-white ethnic groups, and results must
be interpreted with caution. Studies of statistical interactions are scant, but there are reports
of possible ethnic or cultural differences in the effect of sleep on health. For example, in the
Insulin Resistance Atherosclerosis Study, a cohort of middle-aged Americans, sleep duration
and diabetes incidence were inversely associated in non-Hispanic whites and Hispanics, but
not in blacks (35). An analysis of data from the Hispanic Health and Nutrition Examination
Survey suggests that there may be intra-ethnic differences, finding a stronger inverse
association between sleep duration and body size among Mexican-Americans than among
Cuban-Americans or Puerto-Ricans (34).

The current study has several strengths that enhance the utility of the findings. Project EAT-
I11'is a population-based study of multiethnic young adults. The sample is diverse with
respect to ethnicity, socioeconomic status, family status, and health-related behaviors,
allowing us to test whether the sleep-BMI association may vary across demographic
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characteristics. To our knowledge, this is the first study of sleep duration and BMI in a
representative sample of young adults, and it provides data on a life stage typically
characterized by multiple transitions that may impact sleep, as well as health-related
behaviors (36). The study’s comprehensive data collection enabled us to adjust for many
variables that might confound the association between sleep duration and BMI, and to
examine possible mediating effects of diet, physical activity, and sedentary behaviors. Our
analysis encompassed approaches previously reported in the literature, including effect
estimates of BMI as a continuous measure, as well as prevalence estimates of overweight
and obesity.

Our study also has limitations. Sleep was not assessed in previous study waves, and we
cannot establish temporal relations between sleep and weight. Longitudinal and intervention
studies are needed for stronger evaluation of the association. Published longitudinal findings
in other age groups have been mixed (37, 38). Our measure of sleep was based on a single
self-report, which has been shown to underestimate sleep duration when compared to data
from sleep diaries (39) or polysomnography (40). However, for this to bias the findings,
however, sleep duration misclassification would need to be differential by weight status.
This is not supported by a study that compared sleep diaries to a single self-report of typical
patterns, which found that the magnitude of association between sleep duration and BMI
was similar using either sleep duration assessment method (39). Weight and height were
also self-reported. A validation sub-study in this sample indicated high agreement between
BMI based on measured and self-reported data. BMI is not a direct measure of fat mass or
fat distribution; it is not clear whether we would have observed gender differences in other
measures, such as waist circumference.

The benefits of sleep are accepted in the public health community, as evidenced by new
Healthy People 2020 Objectives related to sleep duration and timing (28). Broader effects of
sufficient sleep include improved school performance, increased work productivity, and
decreased likelihood for medical errors and traffic accidents (28). However, the public
health relevance of sleep as an important risk factor for obesity is not uniformly accepted.
For example, Horne has cited small effects and low prevalence of short sleep duration, as
reasons to consider sleep a relatively minor risk factor for obesity, as compared to lack of
physical activity and poor diet (41). Our findings and those of others do not support this
interpretation; associations between sleep duration and BMI appeared to be as strong as
effects of physical activity or sedentary behavior (1). In our data, the percentage of
overweight and obesity was roughly 15-25% higher among men who slept <7 hours/day
than those who slept 7 or more hours per day; nearly 15% of men and 10% of women
reported sleeping <7 hours/day.

In summary, we found that short sleep duration was positively associated with BMI,
overweight, and obesity in men, but not women. The association was consistent across
analytic approaches and independent of potential confounding variables. Our findings
support previously-published studies indicating that the effect of short sleep duration on
BMI may be stronger among, or restricted to, males (4). Among women, but not men, we
observed that trouble falling or staying asleep was associated with increased mean BMI. To
our knowledge, this is the first study of sleep and BMI among a population-based sample of
young adults. The possibility that the relation between sleep and BMI may differ by
ethnicity merits further study in larger samples. Future work into effective ways to intervene
on sleep patterns—particularly with younger people is—needed.
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p-value, interaction = 0.012
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Figure 1.

Gender-specific multivariable-adjusted® mean BMI (and 95% confidence intervals)
according to reported trouble falling or staying asleep.

a. Adjusted for age, race, student status, college graduate, married/significant other, parent,
ability to live on income, depressive symptoms, depression diagnosis (ever), breakfast, fast
food, total energy intake, consumption of sugar-sweetened beverages, moderate-vigorous
physical activity, and screen time.
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