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Study Objectives: Obesity has become a major health problem with
increasing prevalence. Given the limited availability of effective treatment
of weight problems, the identification of potentially modifiable risk factors
may lead to preventive approaches to obesity. The objective of this study
was to test the hypothesis that short sleep duration is associated with obe-
sity and weight gain during young adulthood.

Design: Prospective single-age cohort study of young adults. Information
was derived from 4 interviews when participants were ages 27, 29, 34,
and 40 years.

Setting: Community setting.

Participants: 496 young adults.

Measurements and Results: Trained health professionals administered
a semistructured interview for psychiatric and medical conditions and
health habits. This study showed an association between short sleep
duration and obesity (at age 27 years, odds ratio: 7.4, 95% confidence

interval: 1.3-43.1) and a negative association between sleep duration and
body mass index in young adults. These associations persisted after con-
trolling for a variety of potentially confounding variables, including family
history of weight problems, levels of physical activity, and demographic
variables. Associations between sleep duration and obesity diminished
after age 34 years. There was a trend (P = .08) for average change rate
of weight gain to be negatively associated with average change rate of
sleep duration.

Conclusions: Because sleep duration is a potentially modifiable risk fac-
tor, these findings might have important clinical implications for the pre-
vention and treatment of obesity.
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INTRODUCTION

OBESITY HAS BECOME A MAJOR HEALTH PROBLEM!
BECAUSE IT SHOWS INCREASING PREVALENCE AND IS
RELATED TO MULTIPLE MEDICAL CONSEQUENCES
SUCH AS INCREASED RISK FOR DIABETES, HEART DIS-
EASE, ARTHRITIS, AND CANCER.2 In addition, obesity is
associated with important social and economic consequences,?
and weight-related morbidity is estimated to account for 6.8% of
healthcare costs in the United States.* Given the limited effec-
tiveness of treatment for weight problems, the identification of
potentially modifiable risk factors for increased body weight
could lead to preventive strategies. Prior research indicates a
range of such risk factors, including low levels of physical activ-
ity and easy access to high-fat foods. However, the identification
of other potentially novel risk factors might provide insights into
other possible preventative approaches to obesity.

There is accumulating evidence that shorter sleep duration is
becoming another pervasive problem in today’s society.’ In
humans, experimental reduction of sleep duration results in
metabolic alterations, including glucose intolerance.® In rats, pro-
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longed sleep deprivation can lead to increased food intake,
changes in appearance of the animals, decrease in body tempera-
ture, decrease in plasma thyroxine, and increased mortality.’

Short sleep duration has been associated with health outcomes,
including death,® diabetes,” and heart disease.!® A longitudinal
study in women has provided evidence for an association
between short sleep duration and later diabetes.® Increased body
mass index (BMI) is one of the most consistently reported corre-
lates of short sleep duration. Based on a prospective study in
women, Ayas and coworkers® concluded that the causal relation-
ship between short sleep duration and diabetes could be in either
direction and that sleep restriction might mediate its effect on
diabetes through weight gain. Based on their large epidemiolog-
ic study,® Kripke et al reported a negative association between
sleep duration and BMI in men and a U-shaped relation between
sleep duration and BMI in women. Vioque and coworkers!!
showed an inverse association between obesity and sleep dura-
tion, with a prevalence odds ratio for obesity being 24% lower
for each additional hour of sleeping time in a cross-sectional
community study. Even among 5- and 6-year-old children, von
Kries!2 and coworkers showed that the prevalence of obesity
decreases by duration of sleep, independent of other risk factors
for childhood obesity.

In contrast to previous cross-sectional studies, this study exam-
ines longitudinal associations between sleep duration and obesi-
ty and BMI (level, change per year) in young adults. Based on
previous studies,”3!11.12 we hypothesized that sleep duration of
less than 6 hours would be associated with increased BMI and
obesity. In addition, we hypothesized that short sleep duration
would be associated with increased weight gain in young adults.
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METHODS
Sample

The Zurich Cohort Study comprises a cohort of 4,547 subjects
(2201 men, 2346 women) representative of the canton of Zurich
in Switzerland, who were assessed in 1978 with a psychological
symptom questionnaire, the Symptom Checklist 90-R (SCL-90-
R)!3 and a questionnaire for sociodemographic data. The study is
based on a stratified sample with an overrepresentation of risk
cases for psychiatric disorders. In order to increase the probabil-
ity of somatic and psychological syndromes, a subsample of 591
subjects (292 men, 299 women) was selected for interview, with
two thirds consisting of high scorers (defined by the 85t per-
centile or more of the SCL-90-R) and a random sample of those
with scores below the 85t percentile. After a complete descrip-
tion of the study to the subjects, informed consent was obtained
from subjects according to the requirements of the Swiss
National Science Foundation. The screening took place in 1978
when the participants were aged 19 years, the first and second
interviews in 1979 and 1981, the third and fourth interviews in
1986 and 1988, the fifth interview in 1993, and the sixth in 1999.
The number of study participants and type of assessment at each
interview are shown in Table 1.

For the current study, data from interviews in 1986, 1988,
1993, and 1999 were used and included 496 subjects. These
assessments were selected because they included interview data
on sleep duration. The following proportions participated in spe-
cific numbers of interviews: 62.5% in all 4 interviews, 77.4% in
3 interviews, and 90.9% in at least 2 interviews. Those who had
dropped out did not differ significantly from participants who
participated in all interviews regarding the major predictor and
outcome variables of this study, including baseline sleep dura-
tion, baseline BMI, level of physical activity, family history of
weight problems, and childhood depression (analyzed by x2and ¢
tests).

Diagnostic Interview

The diagnostic instrument used in the Zurich study was the
Structured Psychopathological Interview and Rating of the Social
Consequences for Epidemiology (SPIKE), a semistructured
interview for psychiatric and medical conditions and health
habits that was developed for epidemiologic studies.!* Health
professionals with extensive clinical training administered the
SPIKE in the participants’ homes.!5 This interview schedule
assesses a number of somatic syndromes, including sleep behav-
iors and sleep disorder symptoms; weight problems; headache;
and gastrointestinal, cardiovascular, respiratory, perimenstrual,
and sexual syndromes. In addition, it assesses psychological syn-
dromes, including depression, hypomania, anxiety, phobia,
obsessive-compulsive disorder, posttraumatic stress disorder,
substance abuse, and suicidality. Personal and family history of
the syndromes was assessed for all subjects, irrespective of
endorsement of the diagnostic screening question for each sec-
tion. Diagnoses of psychiatric disorders and insomnia were made
by algorithms based on the criteria of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-III-R and DSM-
V).
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Assessment of BMI

BMI is frequently used to estimate body fat in clinical practice
and epidemiologic research, partially because of the ease with
which it is measured.!® Among middle-aged adults, BMI is
strongly correlated with fat mass measured densitometrically and
adjusted for height (r is approximately 0.9 for both men and
women).!7 Although self-reported BMI is measured with some
bias, validation studies suggest that this bias is unlikely to affect
conclusions about associations between BMI and other health
variables, particularly in longitudinal studies.!8-20 Specifically, a
Swiss national survey showed that BMI underreporting depends
on age, being minimal in young adults between ages 20 and 40
years?! (ie, the underestimation of self-reported BMI was around
1 kg/m?). For the Zurich cohort study, height was determined by
self-report in 1979, and weight was determined by self-report at
each interview. Following the United States guidelines for
healthy weight,'® we defined obesity as having a BMI > 30.

Assessment of Sleep Duration

Previous studies comparing self-reported sleep duration with
quantitative rest-activity measurements with actigraphy found
good agreement between these methods?223; particularly good
correlations were found when comparing the measurement of
sleep onset ( = 0.77) and sleep offset (» = 0.88), while the mea-
surement of sleep latency was poorly correlated (» = 0.12). For
the Zurich study, 3 questions concerning sleep duration were
assessed by interview: (a) time (hours and minutes) subjects went
to bed, (b) time (hours and minutes) subjects arose, and (c) time
(minutes) subjects needed to fall asleep. Sleep duration was cal-
culated as duration spent in bed (a, b) minus time needed to fall
asleep (c). Based on previous studies,!! we defined short sleep
duration as less than 6 hours. In addition to the questions related
to sleep duration, there were questions concerning daytime
sleepiness (yes or no), awakenings during the sleep episode (yes
or no), and (subjective) quality of sleep (not impaired, moderate-
ly impaired, severely impaired).

Statistical Analyses

We conducted all analyses for the whole sample as well as sep-
arately for men and women and for the SCL-90-R high-scorer
and low-scorer samples. All analyses were tested for sex-by-pre-
dictor and stratified sampling (SCL-90-R high vs low scorer)-by-
predictor variable interactions as predictors of obesity. Sex and
stratified sampling were included in the analyses. SAS for
Windows release 8.02 (SAS, Inc., Cary, NC) was used for all sta-
tistical analyses. We used the macro COLLIN from SAS-L to cal-
culate collinearity diagnostics from variance-covariance matrix
in nonlinear regression models.2*

We examined associations between sleep duration and obesity
defined both by a cut-off on the BMI distribution and BMI as a
continuous variable, since these 2 analytic approaches answer
conceptually different questions. The categorical approach con-
siders the association with an abnormal category associated with
severe medical consequences; the continuous approach, in con-
trast, examines the associations between sleep duration and nor-
mal variations in relative weight, as distributed throughout the
population. An initial data exploration revealed a nonlinear rela-
tionship between sleep duration and BMI with a virtually mono-
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tonic trend toward lower BMI among those with longer sleep
duration. Because BMI in subjects with intermediate sleep dura-
tion did not statistically differ form BMI in subjects with long
sleep duration, we decided to dichotomize sleep duration (short
vs intermediate/long sleep duration) as well as to use sleep dura-
tion as continuous/multilevel variable.

To test for associations between sex, stratified sampling, and
socioeconomic status and sleep duration, we used repeated mea-
sures analysis of variance and included sex, stratified sampling (0
= SCL-90-R low scorer, 1 = SCL-90-R high scorer), and socioe-
conomic status as main effects and sleep duration as response
variable. To express cross-sectional associations between short
sleep duration (< 6 hours) and obesity (BMI > 30), we calculated
odds ratios adjusted for sex and stratified sampling. For a multi-
variable longitudinal model for obesity, we calculated robust esti-
mates for several sleep characteristics, such as sleep duration,
sleep quality, insomnia, awakenings during the sleep episode, and
daytime sleepiness, by generalized estimating equations (SAS
PROC GENMOD) using measures from interviews in 1986,
1988, 1993, and 1999 with subject as cluster and a first-degree
autoregressive within-cluster correlation structure. In this model,
we included 21 covariates (age, sex, stratified sampling, levels of
physical activity, education level, socioeconomic status, house-
hold income, family history of weight problems, major depres-
sion, childhood depression, level of self-esteem, use of antide-
pressants, subjective oversleeping, use of hypnotics, generalized
anxiety disorder, panic disorder, phobic disorders, binge eating,
conduct disorder symptoms, tobacco dependence, alcohol
abuse/dependence, drug abuse/dependence) because these vari-
ables were considered in previous studies as potential con-
founders. 3:8:9-25-28 We reduced the number of covariates by back-
ward elimination to avoid multicollinearity (probability level for
removal: 10%).

To graphically depict the associations between sleep duration
and BMI, we used the average sleep duration from interviews in
1986, 1988, 1993, and 1999 and BMI data from the last interview
approximating the cumulative effect of sleep duration on BMI as
outcome. In addition, we applied a simple linear regression
model of each subject in which his or her assessed BMI values
was the dependent variable and the age at the time of the assess-
ment, the independent variable; we used the slope coefficient as
the individual’s BMI change trend of direction and magnitude
(BMI slope). Using the same method, we also calculated slope
coefficients for the individual sleep duration change trend with

age. We used simple linear regression to test an association
between average change rate of BMI and average change rate of
sleep duration, including sex and stratified sampling as covari-
ates.

To test associations between sleep-duration categories and
BMI at each age, we applied analyses of variance using data from
each interview separately. To statistically test associations
between sleep duration and BMI level and BMI change rate
across interviews, we used random regression (SAS PROC
MIXED). The form of the random effects model is identical to
that used in ordinary multiple regression, but the methods used to
estimate the regression coefficients are modified to account for
the correlation between repeated measures on the same subject.
We modeled the repeated measures of BMI as response variable
with subject as random effect and subject as cluster using a first-
order autoregressive within-cluster correlation structure.
Assuming a nonlinear relationship between BMI and sleep dura-
tion, we included sleep duration as indicator variables coding for
6 sleep-duration categories (< 5, 6, 7, 8, > 9 hours). These cate-
gories, other sleep characteristics, and 21 covariates (see above)
were included as fixed effects. We reduced the number of covari-
ates by backward elimination to avoid multicollinearity (proba-
bility level for removal: 10%).

RESULTS

Table 1 shows mean sleep duration in men and women at ages
27, 29, 34, and 40 years. On average, women slept more than
men, and sleep duration decreased with age. Subjects with low
socioeconomic status slept less than those with higher socioeco-
nomic status (data not shown). A repeated measures analysis of
variance with the repeated measures of sleep duration as response
variable yielded significant main effects for sex (F; 299 = 54.43, P
<.0001), socioeconomic status (F5299 =3.53, P < .05), and age
(F3870 13.55, P <.0001); stratified sampling (ie, level of SCL-90-
R scores in 1979) did not have a significant influence on sleep
duration.

As shown in Table 2, there were significant cross-sectional
associations between short sleep duration and obesity at ages 27,
29, and 34 years; however, there was no association between
short sleep and obesity at age 40 years. In addition, all associa-
tions between short sleep and obesity at previous and later adja-
cent interviews were significant. In the subsample of subjects
having low SCL-90-R scores at screening (n = 158), the magni-

Year No. Age,y Mean BMI,
kg/m? (SD)
1978 4547 19 —
1979 591 20 212 (2.5)
1980 501 21 —
1981 456 22 21.6 2.7)
1986 457 27 21.8(2.9)
1988 424 29 22.0 (3.0)
1993 407 34 22.5(3.4)
1999 367 40 23.3(3.8)

BMI refers to body mass index.

Table 1—Sample and design of the Zurich Cohort Study, self-reported BMI, and self-reported sleep duration

Assessment Mean sleep duration,
h (SD)
Women Men

Screen — —

Interview — —

Questionnaire — —

Interview — —
Interview 7.70 (0.94) 7.13 (0.97)
Interview 7.76 (0.93) 7.14 (0.94)
Interview 7.63 (0.94) 7.02 (0.92)
Interview 7.31 (0.98) 6.90 (1.00)
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tude of the cross-sectional associations between short sleep dura-
tion and obesity were slightly higher in 1986 (odds ratio = 12.0
[1.7-85.8]) and in 1988 (odds ratio = 9.0 [1.3-64.2]) and did not
differ in 1993 and 1999 as compared to the total sample. There
were no significant sex-by-predictor and sampling-by-predictor
variable interactions as predictors of obesity.

Figure 1 shows least-squared means and 95% confidence inter-
vals of BMI at age 40 years by categories of average sleep dura-
tion. There was a virtually monotonic trend toward lower BMI
among those with longer sleep duration. Figure 2 shows least-
squared means and 95% confidence intervals of BMI slope
(change per year) by categories of average sleep duration. There
was also a virtually monotonic trend toward lower weight gain
among those with longer sleep duration.

Although these figures graphically depict relationships
between BMI and sleep duration, these relationships were statis-
tically assessed using multivariable methods. A multivariable
longitudinal model for obesity using the general estimating equa-
tions approach (ie, a regression method for correlated data and
binary response variable) is shown in Table 3. This model includ-
ed repeated measures of obesity (BMI > 30) as a response vari-
able, sleep duration in hours and sleep disorder symptoms as a
predictor variable, and a variety of potentially confounding vari-
ables as covariates. Sleep duration was a strong and significant

Table 2—Associations between short sleep duration (< 6 hours) and
concurrent, past, and previous obesity*

Association between Association between

short sleep duration short sleep duration

and later obesity  and previous obesity
OR (95% CI) OR (95% CI)

Age, Cross-sectional
y associations
OR (95% CI)

27 7.4 (1.3-43.1) 8.2 (1.9-36.3)t —
29 8.1(1.8-37.4) 4.6 (1.3-16.5)t 11.8 (1.6-86.5)t
34 4.7(15,14.8) 3.5 (1.0-12.2)t 5.1 (1.2-22.7)
40 1.1 (0.3, 4.0) — 3.5 (1.1-11.5)t

*All odd ratios (OR) were adjusted for sex and stratified sampling
(high scorer vs low scorer on the Symptom Checklist 90-R). CI refers
to confidence interval.

P <.05

P <.01

Table 3—Multivariable associations between sleep characteristics and
obesity in subjects between ages 27 and 40 years

Variable OR"  95% CI
Age, in 10-y increases 2.9% 1.7-4.7
Sleep duration, h 0.5t 0.3-0.8
Impaired sleep quality 0.6 0.3-1.0
Insomnia 0.5 0.2-1.1
Awakenings during the sleep episode 1.2 0.6-2.4
Daytime sleepiness 0.9 0.4-2.3

*Odds ratios (OR) estimated by generalized estimating equations; the
OR are adjusted for sex, stratified sampling, education level, level of
physical activity, smoking, binge eating, childhood depression, and a
family history of weight problems; the variables are dichotomous
when no (unit) is indicated. CI refers to confidence interval.

P <.01

P <.001

predictor of obesity. Impaired sleep quality, insomnia, awaken-
ings during the sleep episode, and daytime sleepiness were not
associated with obesity. None of the covariates had a consider-
able influence on the association between sleep duration and obe-
sity.

There were cross-sectional associations between sleep duration
categories and BMI in 1986, 1988, and 1993; however, there was
no significant association between sleep-duration categories and
BMI in 1999. The random effects model for BMI (ie, a regression
method for correlated data and continuous response variable)
including a variety of covariates yielded a significant association
between sleep-duration categories and BMI and a significant
interaction between sleep-duration categories and age related to
BMI. Other sleep characteristics, including sleep quality, insom-
nia, awakenings during the sleep episode, and daytime sleepi-
ness, were not associated with BMI in this model.

Using simple linear regression, change rate in sleep duration in
minutes per year tended to be negatively associated with change
rate in BMI per year after adjusting for stratified sampling and
sex (f =-0.082, P = .08).
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Figure 1—Least-squared means and 95% confidence intervals of body
mass index at age 40 years adjusted for sex and stratified sampling by
categories of average sleep duration in young adults between ages 27
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DISCUSSION

Consistent with our first hypothesis, we observed strong asso-
ciations between short sleep duration (< 6 hours) and obesity.
Cross-sectionally, we found this association at ages 27, 29, and
34 but not at age 40 years. This is in line with previous studies
that showed stronger associations between sleep duration and
BMI in samples with predominantly children and younger adults
than in samples with predominantly older adults$:%11.12 and is con-
sistent with reports that point to age-specific pathophysiologic
mechanisms of obesity.2*30 In addition, potential differences in
the assessment methods may have contributed to age-specific
variations, although almost identical interviews were applied
between 1986 and 1999.

The multivariable longitudinal model for obesity showed that
sleep duration as a continuous variable persisted as a strong and
statistically significant correlate of obesity after controlling for a
variety of potentially confounding variables. Further confirming
these observations, we found a significant association between
sleep-duration categories and BMI. The associations between
sleep duration and obesity and BMI suggest a dose-response rela-
tionship. However, results of previous studies concerning BMI
and other outcomes associated with long sleep duration are
inconsistent.8° In the current study, the specific association
between long sleep duration and BMI was inconsistent over time:
at age 29, subjects who slept more than 9 hours had a numerical-
ly higher BMI than did subjects sleeping 7 or 8 hours. Therefore,
we do not assume a dose-response relationship and do not draw
any conclusion about the association between long sleep duration
related to BMI.

The odds ratios estimating the obesity-sleep duration associa-
tions showed considerable imprecision, and the confidence inter-
vals of mean BMI of extreme sleep duration categories were
wide due to the small number of subjects in these categories.
However, standard deviations of BMI and BMI slope were simi-
lar across sleep duration categories.

Associations between sleep duration and previous and later
obesity did not reveal causality. However, the random-effects
model for BMI revealed an interaction between sleep-duration
categories and age, and there was a trend for the rate of change in
sleep duration being negatively associated with the rate of change
in BMI. Because this association did not reach statistical signifi-
cance, it has to be interpreted with caution and needs confirma-
tion by future studies.

The lack of association between sleep quality and insomnia
and obesity is in line with previous studies that showed that
insomnia was not associated with, or was even negatively associ-
ated with, increased mortality.83! This apparent paradox may
result from the fact that insomnia complaints are not strongly
associated with sleep duration® or that insomnia is pathophysio-
logically distinct from short sleep.

Sleep-disordered breathing is associated with awakenings dur-
ing the sleep episode, daytime sleepiness, and impaired sleep
quality,3? as well as with obesity, glucose intolerance, and insulin
resistance.’® The finding, however, that awakenings during the
sleep episode and especially daytime sleepiness were not associ-
ated with obesity tempers the plausible suggestion that obstruc-
tive sleep apnea may mediate the obesity—sleep-duration rela-
tionship.

This study has several methodological limitations. The main
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limitation is the recruitment of the sample with two thirds of
SCL-90-R high scorers, which reduces the generalizability of the
results. However, we tested all associations in the SCL-90-R low-
scorer sample separately and found somewhat stronger associa-
tions between short sleep and obesity relative to the SCL-90-R
high-scorer sample. For instance, subjects with major depression
did not show any association between sleep duration and BMI.
These findings might suggest an even stronger association
between short sleep duration and weight problems in a more rep-
resentative sample. Moreover, the assessments of sleep duration
and of body weight were based on self-report, and no objective
sleep measures were available to validate the self-reported data.
However, the associations of low socioeconomic status and male
sex with short sleep duration, and the decrease in sleep duration
with age, are in line with results of previous studies that mea-
sured sleep by objective measures.31:3435 Finally, we did not have
any objective outcome measure such as blood pressure or blood
glucose.

Nevertheless, the strengths of this study suggest the findings
are worthy of further consideration. Specifically, the sample was
community-based; the study design was longitudinal over 20
years; experienced well-trained clinicians administered standard-
ized interviews; and the main hypothesis (association between
short sleep duration and obesity) was based on results found in
larger community samples, suggesting a high a priori probability
of confirmation.

In conclusion, this study shows an association between short
sleep duration and obesity that diminished above age 34 years
and an association between sleep duration and BMI in young
adults. Because sleep duration is a potentially modifiable risk
factor, these findings might have important clinical implications
for the prevention and treatment of obesity.
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