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ABSTRACT

Background: Short sleep duration is associated with obesity and
weight gain among children and young adults. However, there are
few studies on the elderly, with conflicting results.

Objective: We examined the association of habitual sleep duration
with obesity and weight change among the population aged =60y in
Spain.

Design: This prospective study was conducted from 2001 to 2003 on
3576 persons whose habitual sleep duration was self-reported in
2001. The outcomes were obesity [body mass index (BMI; in kg/m?)
=30], severe obesity (BMI =35), and abdominal obesity (waist
circumference >102 cm in men and >88 cm in women) in 2001 and
weight gain =5 kg in the period 2001-2003.

Results: Compared with subjects who slept 7 h, subjects who slept
=5 h had a greater frequency of obesity [odds ratio (OR): 1.33;95%
CI: 1.00, 1.77] and severe obesity (OR: 2.08; 95% CI: 1.31,3.32).In
addition, sleeping 8 h was associated with obesity (OR: 1.39; 95%
CI: 1.11, 1.75) and severe obesity (OR: 1.82; 95% CI: 1.21, 2.73).
Similarly, subjects sleeping 9 h were more likely to have severe
obesity (OR: 1.57;95% CI: 1.00, 2.47). Among women, weight gain
=5 kg was more frequent among subjects sleeping =5 h (OR: 3.41;
95% CI: 1.34,8.69),8h (OR:3.03;95% CI: 1.29,7.12),and 9h (OR:
3.77; 95% CI: 1.55, 9.17). No association was observed between
sleep duration and abdominal obesity.

Conclusions: Among older adults, sleeping =5 h and sleeping 8 or
9 h was associated with obesity and with short-term weight gain in
women. Am J Clin Nutr 2008;87:310—6.
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INTRODUCTION

Spain and other developed countries have witnessed an obe-
sity epidemic during the past decades (1, 2). This epidemic has
important public health consequences because obesity is associ-
ated with numerous diseases and disability (3), greater use of
health services (4), and shorter life expectancy (5). Because
obesity treatments are of limited efficacy, the identification of
new determinants of excess weight that could lead to preventive
strategies is of the greatest interest. Among these new determi-
nants, habitual sleep curtailment has recently received much
attention.

In Western societies, obesity has raised in parallel with a
decrease in hours of sleep (6), because of biological factors, such
as sleep and other medical disorders, and because of behavioral
and social factors, such as child care, shift-work, and round-the-
clock entertainment. Experimental evidence in animals also

shows that circadian rhythm is associated with obesity and met-
abolic dysfunction (7), as well as clinical evidence in humans that
sleep debt has a harmful effect on carbohydrate metabolism and
endocrine function (8). Epidemiologic studies on children and
adolescents have shown a consistent and strong association be-
tween shorter sleep duration and greater frequency of both con-
current and future obesity (9). In adults, the results are less con-
sistent, although a number of cross-sectional studies have
reported that obesity is more frequent among those who sleep less
(10-15). Furthermore, the 3 longitudinal studies published to
date have shown that sleeping <7 h is, in the long term, associ-
ated with obesity in young adults (11, 16) and with weight gain
and incident obesity in middle-aged women (17).

To our knowledge, however, only 2 studies have examined
this relation in older adults, and these studies have yielded con-
flicting results. Gangwisch et al (11) analyzed longitudinal data
in persons aged 50-67 y and 68—86 y in the United States
without observing significant differences in body weight by
sleep duration. In contrast, in a cross-sectional study on persons
aged =60 y in Paris, Ohayon and Vecchierini (18) observed a
higher frequency of excess weight among participants sleeping
=4.5 h than participants who slept 6—8 h.

Finally, we know of no previous study, whether in the elderly
or any other age group, that has investigated the relation between
sleep duration and abdominal obesity. This relation is important
because sleep curtailment is associated with metabolic disorders,
such as insulin resistance (8), and because abdominal obesity has
greater metabolic effects than does general obesity (19).

Accordingly, this study examined the cross-sectional associ-
ation between habitual sleep duration and general and abdominal
obesity among the older adult population of Spain. In addition, it

! From the Department of Preventive Medicine and Public Health, School
of Medicine, Universidad Auténoma de Madrid, Madrid, Spain (EL-G, RF,
LL-M, MCZ, JRB, and FR-A) and CIBER on Epidemiology and Public
Health (CIBERESP), Spain (EL-G, RF, LL-M, MCZ, JRB, and FR-A).

2 The funding bodies had no role in data extraction and analysis, writing of
the manuscript, or in the decision to submit the manuscript for publication.

3 Supported by FIS grant 06/0366. Esther Lopez-Garcia had a “Ramén y
Cajal” contract from the Ministry of Education; Raquel Faubel had a fellow-
ship (Programa de Formacién de Profesorado Universitario) from the Min-
istry of Education and a grant from the Madrid City Council.

4 Reprints not available. Address correspondence to FRodriguez-Artalejo,
Departamento de Medicina Preventiva y Salud Publica, Facultad de Medi-
cina, Universidad Auténoma de Madrid, C/ Arzobispo Morcillo, 2, 28029
Madrid, Spain. E-mail: fernando.artalejo@uam.es.

Received June 13, 2007.

Accepted for publication September 18, 2007.

310 Am J Clin Nutr 2008;87:310—6. Printed in USA. © 2008 American Society for Nutrition

0T0Z ‘6 Arenigad uo Ag Bio usfe'mmm wolj papeojumoq


http://www.ajcn.org

@ The American Journal of Clinical Nutrition

SLEEP DURATION, OBESITY, AND WEIGHT CHANGE 311

examined the longitudinal relation between sleep duration and
short-term weight change.

SUBJECTS AND METHODS

Study design and participants

The study methods were reported elsewhere (4, 20). Briefly,
this was a prospective, population-based cohort study. The co-
hort was established in 2001 and followed for 2 y. In 2001,
information was obtained on 4008 persons (1739 men and 2269
women) representative of the noninstitutionalized, Spanish pop-
ulation aged =60 y. Data were collected through home-based
personal interview and physical examination by trained and cer-
tified personnel.

In 2003, an attempt was made to contact the participants again,
being successful with 3235 participants (1411 men and 1824
women). The participants contacted did not differ significantly
from participants lost to follow-up in any sociodemographic or
lifestyle characteristic, except for the number of chronic diseases
diagnosed and reported in 2001, which was 1.4 among partici-
pants followed up and 1.2 among participants lost to follow-up.
In 2003, data were collected through telephone interviews con-
ducted by trained staff members. In Spain evidence shows that
information on lifestyle and use of health services obtained from
phone interviews is valid and reliable in comparison with that
obtained in household face-to-face interviews (21, 22).

All study participants or cohabiting next-of-kin gave informed
consent to participate. The study was approved by the Clinical
Research Ethics Committee of the “La Paz” University Teaching
Hospital in Madrid, Spain.

Study variables

Principal variables

The 3 dependent variables were body mass index (BMI; in
kg/m?) based on measured weight and height in 2001, measured
waist circumference (WC) in 2001, and weight change in the
period 2001-2003 determined as the difference in weight re-
ported in 2001 and 2003.

Body weight was measured to the nearest 0.1 kg with the use
of a calibrated precision scale (Seca Model 812; Vogel & Halke,
Hamburg, Germany) with participants lightly dressed and in
stocking feet. Height was measured to the nearest 0.1 cm with the
use of a portable wall-mounted stadiometer (KaWe, Asperg,
Germany) with participants in stocking feet and standing straight
against a wall without skirting board. Measurement of weight
and height, with the use of standardized procedure (23), was
validated by the researchers repeating the measurements in a
random sample of 100 participants. Intraclass correlation coef-
ficients between the measurements taken by trained staff mem-
bers and measurements taken by the researchers were 0.97 for
weight and 0.92 for height. BMI was calculated. Obesity was
defined as BMI = 30 and severe obesity as BMI = 35.

WC was measured with participants lightly clothed, with the
use of a flexible, inelastic belt-type measuring tape. WC was
deemed to be located at the midpoint between the lowest ribs and
the iliac crest. WC was measured with the use of standardized
procedures (23) and was also validated in arandom sample of 100
participants. The intraclass correlation coefficient was 0.89. Ab-
dominal obesity was defined as WC > 102 cm in men and > 88
cm in women.

To determine change in body weight, bothin 2001 and in 2003,
participants were asked the following question, “Can you tell me
approximately how much you weigh, when undressed and bare-
foot?” In our study, there was a good correlation between re-
ported and measured weight in 2001 (intraclass correlation co-
efficient: 0.95), thus making it likely that reported weight was
also valid in 2003. The principal independent variable was sleep
duration in 2001, obtained from the following question: “How
many hours do you usually sleep per day (including sleep at night
and during the day)?”

Potential confounders

In 2001, information was obtained on variables that previous
studies had associated with sleep duration, obesity, or both. Spe-
cifically, a questionnaire was used to collect data on sex, age (in
y), and physical activity (inactive, occasional activity, and reg-
ular activity). Evidence suggests that this classification of phys-
ical activity predicts weight change in study participants (24).
Information was also gathered on smoking (never-smoker, exs-
moker, and smoker) and consumption of alcoholic beverages
(abstainer, exdrinker, moderate consumption, and excessive
consumption). The threshold separating excess from moderate
consumption was an intake of alcohol >20 g/d in women and
>30 g/d in men. Data were also collected on coffee consumption
(no consumption, <1, 1-2, and >2 cups/d), educational level (no
formal education, primary, secondary, and university), and so-
cial network, ascertained from the number of social links (mar-
ried status, cohabitation, frequent contact with friends, and fre-
quent contact with family) (25). In addition, we asked about
perceived health, classifying participants as having good health
(excellent, very good, or good) or poor health (fair, poor, or very
poor). Further data were collected on depression with the need for
treatment and on the number of the following chronic diseases
diagnosed by the physician and reported by the participant:
chronic obstructive pulmonary disease, ischemic heart disease,
stroke, arthritis, cataracts without treatment, diabetes mellitus,
Parkinson disease, cancer at any site, and arterial hypertension.
Earlier studies have shown good agreement between self-
reported diseases and clinical history among the elderly (26, 27).
Finally, participants were asked about waking up during sleep
and the use of anxiolytic medication.

In 2003, information was obtained by telephone on the above-
mentioned variables and on whether the participants had tried to
change their weight intentionally during the period 2001-2003.
The possible responses were yes and no.

Statistical analysis

Cross-sectional analysis

This analysis examined the relation between sleep duration
and frequency of general and abdominal obesity in 2001. Of the
4008 participants at baseline, the following participants were
excluded: 25 for having an extreme BMI (<18.5 or >45), 323 for
lacking WC data or because the values were extreme (<60 or
>160 cm), and 84 for not reporting sleep duration. Accordingly,
the analyses were conducted with 3576 participants (1577 men
and 1999 women).

Differences in baseline characteristics across sleep duration
categories were examined with the use of variance analysis and
the chi-square test. Associations of sleep duration with general
and abdominal obesity were summarized with the use of odds
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ratios (ORs) and their 95% Cls, obtained from logistic regres-
sion. Sleep duration expressed in hours was modeled with the use
of dummies, because in other studies the relation between hours
of sleep and obesity was not monotonic (11-14, 17, 18). The
category of 7 h of sleep was used as reference, for comparison
with earlier studies on older adults (11, 18). We tested the overall
association between sleep duration and obesity with a likelihood
ratio test that compared a model with dummy terms for sleep
categories with a model without such terms. Because mild de-
grees of obesity may not increase mortality among the elderly
(28, 29), analyses were done separately for obesity and severe
obesity. Analyses were adjusted for confounders in 2001, mod-
eled with dummies. A secondary analysis was performed remov-
ing physical activity from the models, because less physical
activity, resulting from greater daytime sleepiness among those
sleeping less, has been proposed as a mechanism of the study
relation (9).

Longitudinal analysis

To examine whether sleep duration in 2001 predicted weight
change in the period 2001-2003, we used information on the
3235 participants who could be followed. Of those participants,
we excluded 245 because of death and 428 for missing data (279
on weight in 2001 or 2003, 46 on sleep duration, and 103 on
confounding variables). Finally, we further excluded 22 partic-
ipants for having an extreme BMI (<18.5 or >45) and 204 whose
weight had changed by >10 kg in 2 y, because this change is
implausible or might be due to severe disease. Hence, the final
analyses were conducted with 2335 participants (1064 men and
1271 women). In comparison with the 3576 participants in the
cross-sectional study, the 2335 included in the longitudinal anal-
yses were slightly younger (70.7 = 7.2 y compared with 71.6 £
7.7y), had alower baseline BMI (28.2 *+ 4.2 compared with 28.9
+ 4.4), a higher frequency of men (45.6% compared with
44.1%), a lower frequency of persons with no formal education
(48.5% compared with 51.6%), and a lower fraction of sedentary
participants (40.0% compared with 43.0%). Moreover, partici-
pants in the longitudinal analysis slept 7.9 + 1.9 h/d compared
with 8.0 = 1.9 h/d among participants in the cross-sectional
study. None of these differences was statistically significant.

Analyses were performed with the use of polytomous logistic
regression (30). We estimated one OR for the loss of =5 kg and
another for the gain of =5 kg. In both cases, comparison was
made with participants whose weight had changed <5 kg. We
chose 5 kg as the cutoff because it approximately corresponded
with 7% of the body weight in our sample and because it is a
reasonable target for weight loss through lifestyle changes (31).
The independent variables were sleep duration and confounders
in 2001, modeled as in the cross-sectional analysis. Analyses
were also adjusted for baseline BMI, which has been shown to
predict weight change in the study participants, and for inten-
tionality of weight change, because voluntary changes (eg, for
medical prescription) may overlap with those associated with
sleep duration (24).

Because the study relation might be influenced by changes in
potential confounders during the period 2001-2003, in a second-
ary analysis the models were additionally adjusted for the fol-
lowing variables in 2003: physical activity, smoking, alcohol
consumption, perceived health, and social network. Models were
also adjusted for the number of diseases diagnosed in the period

2001-2003, because involuntary weight loss may be a manifes-
tation of underlying disease (32).

Analyses were performed on the total participants and sepa-
rately by sex, because in some cases results varied with sex.
Interactions of sex with sleep duration were tested with the use of
a likelihood ratio test that compared a model with 5 interaction
terms (products of sex-by-sleep category) with a model without
such terms. All statistical tests were 2-sided, and statistical sig-
nificance was set at P < 0.05. Analyses were done with the use
of the SAS program, version 9.1 for WINDOWS (SAS Institute,
Cary, NC) (33).

RESULTS

Cross-sectional analysis

The mean (+SD) age of participants was 71.6 = 7.7y (71.0 =
8.0 y for men and 72.1 + 7.6 y for women). Overall, 9.8% of
participants slept =<5 h, 11.4% slept 6 h, 14.9% slept 7 h, 26.2%
slept 8 h, 16.5% slept 9 h, and 21.1% slept =10 h. Prevalence of
obesity was 35.9% (31.0% in men and 40.7% in women) and that
of severe obesity was 8.8% (4.8% in men and 12.8% in women).
For abdominal obesity, prevalence was 63.5% (49.1% in men
and 78.0% in women).

In Table 1, we show the characteristics of the study partici-
pants stratified by sleep duration. In comparison with partici-
pants in the extreme categories of sleep duration (=5 hand =10
h), participants who slept 7 or 8 h were slightly younger (P <
0.05, Tukey’s test), engaged in occasional or regular physical
activity, consumed alcohol more frequently, and had a higher
educational level. Furthermore, they reported a greater number
of social links, a higher frequency of good perceived health, and
a lower number of chronic diseases (P < 0.05, Tukey’s test).
Among participants with shorter sleep duration, there was a
higher frequency of women, diagnosed depression, and use of
anxiolytic medication. Finally, the greater the number of hours of
sleep, the more likely the participants were to awaken during the
night. The variables associated with sleep duration were similar
in men and women (data not shown).

In Table 2, we present the OR of general and abdominal
obesity at baseline, according to sleep duration. Sex- and age-
adjusted analyses showed that, compared with participants who
slept 7 h, participants sleeping =5 h had a higher frequency of
obesity (OR: 1.45; 95% CI: 1.09, 1.92) and severe obesity (OR:
2.36;95% CI: 1.50, 3.74). Sleeping 8 h was also associated with
obesity (OR: 1.41;95% CI: 1.12, 1.76) and severe obesity (OR:
1.86; 95% CI: 1.24, 2.78). Similarly, participants who slept 9 h
had a greater frequency of severe obesity (OR: 1.68; 95% CI:
1.08, 2.61).

These results did not change substantially after adjustment for
potential confounders (Table 2). Similarly, no change was ob-
served when physical activity was withdrawn from the models
(data not shown).

No statistically significant differences in the frequency of obe-
sity were found between participants who slept 6 or =10 h and
participants who slept 7 h. Neither was any association observed
between sleep duration and frequency of abdominal obesity. No
evidence suggests that results varied with sex, because P values
for the interaction of sex with sleep duration were >0.05 for all
models in Table 2.
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Baseline characteristics of the study participants, according to habitual sleep duration in 2001

Sleep duration (hours per 24-h period)

=5 6 7 8 9 =10
(n = 350) (n = 409) (n = 532) (n = 938) (n=591) (n = 756) P!

Sex (%)

Men 329 40.4 41.2 47.2 442 49.5 < 0.001

Women 67.1 59.6 58.8 52.8 55.8 50.5
Age (y) 714 +7.77 71.1 =74 70.0 £ 6.97 70.5 £ 7.37 719 +£17.6 74.1 £ 8.5 < 0.001
Physical activity (%)

Inactive 45.1 385 33.7 40.3 46.8 51.7 < 0.001

Occasional 534 57.8 62.2 55.1 50.1 46.9

Regular 1.5 3.7 4.1 4.6 3.1 1.4
Smoking (%)

Nonsmoker 70.1 69.3 66.7 61.9 66.5 63.3 0.05

Exsmoker 19.7 22.2 233 27.5 24.6 24.3

Smoker 10.2 8.5 10.0 10.6 8.9 12.4
Alcohol consumption (%)

Abstainer 553 47.1 47.4 45.3 52.7 53.9 0.001

Exdrinker 11.7 12.8 9.5 11.3 10.8 12.9

Moderate consumption” 25.3 30.5 31.5 32.5 27.6 22.7

Excessive consumption’ 7.7 9.6 11.6 10.9 8.9 10.5
Coffee consumption (%)

No consumption 50.4 50.8 48.9 50.3 52.2 57.8 0.03

<1 cup/d 8.4 10.7 12.7 9.7 9.9 10.7

1-2 cups/d 27.8 25.5 22.4 24.7 24.2 18.9

>2 cups/d 134 13.0 16.0 153 13.7 12.6
Educational level (%)

No formal education 49.0 49.1 47.6 45.9 54.5 61.8 < 0.001

Primary 41.1 36.0 39.1 36.7 34.0 28.2

Secondary 6.6 9.2 10.0 12.3 8.8 7.2

University 33 5.7 33 5.1 2.7 2.8
Social links (no.)® 28 £ 1.1 28+ 1.0 29+1.0 29+ 1.0 28 £ 1.0 27+ 1.1 0.02
Good perceived health (%)” 40.9 524 61.6 58.9 52.8 51.0 < 0.001
Chronic diseases (no.) 1.7+12 14+1.0 1.2+ 1.0° 1.2+ 1.1° 1.3+1.0 14+1.1 < 0.001
Depression (%) 15.8 10.7 8.9 10.3 8.1 9.0 0.003
Intake of anxiolytic medication (%) 24.2 18.3 13.7 14.0 14.3 14.5 < 0.001
Arousal from sleep at night (%) 3.7 4.8 8.9 11.2 24.8 29.6 0.03

 Obtained from ANOVA for continuous variables and from chi-square test for categorical variables.

2 X % SD (all such values).

7 Significantly different from participants sleeping <5 or =10 h, P < 0.05 (Tukey’s test).

#TIn men <30 g alcohol/d; in women <20 g alcohol/d.
° In men >30 g alcohol/d; in women >20 g alcohol/d.

% Considered were marital status, cohabitation, frequent contact with family, and frequent contact with friends.

7 Included excellent, very good, or good health.

Longitudinal analysis

During the 2-y follow-up, 15.2% of participants lost =5 kg
(14.9% in men and 15.5% in women), whereas 9.9% increased
their baseline weight =5 kg (11.3% in men and 8.4% in women).
The OR of weight change in the period 2001-2003 according to
sleep duration in 2001 is shown in Table 3. Results varied with
sex (P for the interaction of sex with sleep duration was 0.02, both
in the model with partial adjustment and in the model with full
adjustment). In analyses adjusted for age and baseline BMI,
women who slept =5 h gained =5 kg more frequently than did
women who slept 7 h (OR: 3.61; 95% CI: 1.45, 9.01). Also in
women, gaining =5 kg was also more frequent among partici-
pants sleeping 8 h (OR: 3.02; 95% CI: 1.30, 7.02) and 9 h (OR:
4.23; 95% CI: 1.78, 10.04). However, no overall association
between sleep duration and weight gain was observed in men or
in the total of study participants.

The results did not change substantially when the analyses
were adjusted for confounders in 2001 and intentional weight
change (Table 3). Similarly, no material change was observed
after additional adjustment for physical activity, smoking, alco-
hol consumption, perceived health, and social network in 2003
and for the number of diseases diagnosed in the period 2001—
2003 (data not shown). Finally, sleep duration measured in 2001
was not associated with weight loss of =5 kg in the following 2 y
(Table 3).

DISCUSSION

Our results showing that short sleep duration is associated with
obesity are in line with those of Ohayon and Vecchierini (18)
who, in a cross-sectional study among older adults, observed
that subjects who slept =4.5 h had excess weight (BMI > 27)
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TABLE 2
Odds ratios (95% ClIs) of obesity, severe obesity, and abdominal obesity in 2001, according to habitual sleep duration in 2001
Sleep duration (hours per 24-h period) Overall P for
differences
=5 6 7 8 9 =10 across
(n = 350) (n = 409) (n = 532) (n = 938) (n =591) (n =756) categories’
Model adjusted for age and sex
Obesity? 1.45(1.09,1.92) 1.18(0.90, 1.55) 1.41(1.12,1.76) 1.14(0.89, 1.47) 1.08 (0.85, 1.37) 0.01
Severe obesity’ 2.36 (1.50,3.74) 1.31(0.80,2.14) 1.86(1.24,2.78) 1.68 (1.08,2.61) 1.28(0.81,2.00) <0.001
Abdominal obesity* 1.22 (0.89, 1.65) 1.01 (0.76, 1.35) 1.04 (0.82,1.32) 1.09(0.84,1.41) 1.11(0.87,1.42) 0.82
Model with full adjustment’
Obesity? 1.33(1.00, 1.77)  1.14 (0.86, 1.50) 1.39(1.11, 1.75) 1.07 (0.82, 1.38) 0.96 (0.75, 1.23) 0.005
Severe obesity’ 2.08 (1.31,3.32) 1.29(0.78,2.12) 1.82(1.21,2.73) 1.57(1.00,2.47) 1.13(0.71, 1.80) 0.004
Abdominal obesity* 1.14 (0.84, 1.56)  1.00 (0.75, 1.34) 1.04 (0.82,1.32) 1.06(0.82,1.39) 1.06(0.82, 1.36) 0.97

! Obtained from a likelihood ratio test that compared a model with dummy terms for sleep duration categories with a model without such terms. There was

no significant interaction of sex with sleep duration.
2 BMI (in kg/m?) = 30.
JBMI = 35.
# Waist circumference >102 cm in men or >88 cm in women.

? Logistic regression model adjusted for sex, age (60—69, 70-79, =80 y), physical activity (inactive, occasional, regular), smoking (nonsmoker,
exsmoker, smoker), alcohol consumption (abstainer, exdrinker, moderate consumption, excessive consumption), coffee consumption (no consumption,
<1, 1-2, >2 cups/d), educational level (no formal education, primary, secondary, university), number of social links, perceived health (good or poor),
number of chronic diseases (0, 1, =2), depression (yes or no), arousal from sleep at night (yes or no), and intake of anxiolytic medication (yes or no).

more frequently than did subjects who slept 6—-8 h (OR: 3.6;
95% CI: 1.0, 13.1). In our study, the association was stronger
when obesity was defined as BMI = 35 than when it was
defined as BMI = 30. This finding is consistent with a study
on middle-aged women, in which the relative risk of weight
gain associated with short sleep duration rose with the cutoff
used to define weight gain (17). Finally, although it was sug-
gested that the strength of the association between short sleep
duration and obesity declines with age (9, 11, 16), in our study
the association between sleeping =5 h and severe obesity was
of amagnitude similar to that of a cross-sectional study on young
adults (11).

There is considerable variability across studies about the form
of the dose-response relation between sleep duration and obesity,
particularly in the long sleep range. Among men and women aged
30-60y, Taheri et al (12) observed a U-shaped relation, with a
minimal BMI in a sleep duration of 7—8 h. Similarly, Kripke et al
(13), in their large-sized study on persons aged 30—102 y, ob-
served a U-shaped relation in women, whereby both short and
long sleep durations were associated with greater BMI. In con-
trast, in men they described a monotonically inverse relation
between BMI and sleep duration in the range of 3 to =10 h.
Vioque et al (10) observed that frequency of obesity was 24%
lower for each additional hour of sleep in the range of =6to =9h
among persons aged =15 y. However, among subjects aged
31-49y who were followed during 8—10 y, Gangwisch etal (11)
observed that BMI decreased as sleep duration increased from
2—-4 to 6 h, but thereafter BMI remained approximately stable
when sleep duration increased to =10h. Similarly, Patel etal (17)
observed that, in women aged 39—-65 y who were followed dur-
ing 16y, sleep was associated with incident obesity and greater
weight gain when its duration was <7 h, but this association was
not in evidence for durations >7 h. Ohayon and Vecchierini (18)
likewise failed to observe any association between long sleep and
obesity. Finally, in our study, sleeping =5 h and sleeping 8 or 9 h
were both associated with a higher frequency of obesity than was

sleeping 7 h. However, sleeping =10 h was not associated with
obesity, making it difficult to establish whether the dose-
response relation is U-shaped. These inconsistencies in results
between studies might be due to differences in the age and fre-
quency of obesity among participants, the type of study design
(cross-sectional compared with longitudinal), the duration of
follow-up, and the degree of adjustment for confounders. Results
may also seem to conflict because not all studies report results by
age.

In our study, sleeping =5 h and sleeping 8 or 9 h were both
associated with a weight gain of =5 kg in 2 y in women. Because
these results proceed from a prospective follow-up, and because
they are in line with results of the cross-sectional analysis, they
reinforce the hypothesis that sleep duration is associated with
obesity in the elderly. However, we do not have an explanation
for this association being observed only in women. Other
researchers have observed sex differences in the study asso-
ciation, but participant’s age ranged from 3 through 102 y and
data were not disaggregated by age. In addition, present
knowledge of the mechanisms for the association between
sleep duration and obesity is insufficient to explain sex dif-
ferences. Thus, our results on this particular issue should be
confirmed in future studies.

Finally, although sleep duration was associated with general
obesity, it showed no such association with abdominal obesity.
This discrepancy may be linked to the different pathogenic mech-
anisms of each type of obesity. Among the elderly, the frequency
of general obesity decreases with age, but the frequency of
abdominal obesity remains stable or even increases (34).
Moreover, the frequency of abdominal obesity was high in our
cohort, so that the effect of sleep duration on abdominal obe-
sity would have had to be marked to be discernible. Indeed, in
a previous study, the association between sleep duration and
weight change was less pronounced among subjects with ex-
cess weight (17).
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TABLE 3

Odds ratios (95% ClIs) of =5-kg weight gain and loss in the period 2001-2003, according to habitual sleep duration in 2001

Sleep duration (hours per 24-h period)

Overall P for

differences across

<5 6 7 8 9 =10 categories’
Model adjusted for age, sex,

and basal BMI
Total

n 244 274 375 634 377 431

Gain =5 kg 1.65 (0.90, 3.06)  1.46 (0.80, 2.67) 1 1.88(1.15,3.10) 1.90(1.10,3.27) 1.88 (1.10, 3.18) 0.16

Loss =5 kg 1.07 (0.67, 1.71) ~ 0.90 (0.56, 1.44) 1 1.17(0.80, 1.70) 1.21(0.80, 1.82) 1.20 (0.80, 1.80) 0.85
Men

n 87 115 169 294 171 228

Gain =5 kg 0.65(0.24, 1.76)  1.28 (0.59, 2.76) 1 1.34(0.71,2.53) 0.90(0.42, 1.94) 1.61(0.83,3.11) 0.25
Women

n 158 159 206 339 206 203

Gain =5 kg 3.61(1.45,9.01) 1.83(0.67,5.02) 1 3.02(1.30,7.02) 4.23(1.78,10.04) 2.36(0.94,5.95) 0.01

Model with full adjustment?

Total

n 244 274 375 634 377 431

Gain =5 kg 1.57(0.84,2.93) 1.47(0.80, 2.70) 1 1.80(1.08,2.97) 1.71(1.00,2.97) 1.57 (0.91, 2.70) 0.34

Loss =5 kg 1.07 (0.66, 1.73)  0.89 (0.55, 1.43) 1 1.14(0.78,1.66) 1.21(0.79, 1.86) 1.18 (0.78, 1.80) 0.90
Men

n 87 115 169 294 171 228

Gain =5 kg 0.58 (0.20, 1.62)  1.26 (0.56, 2.80) 1 1.17(0.61,2.26) 0.84(0.38,1.85) 1.47 (0.72,2.97) 0.34
Women

n 158 159 206 339 206 203

Gain =5 kg 3.41(1.34,8.69) 1.83(0.66,5.09) 1 3.03(1.29,7.12) 3.77(1.55,9.17) 1.91 (0.75,4.91) 0.02

/ Obtained from a likelihood ratio test that compared a model with dummy terms for sleep duration categories with a model without such terms. P = 0.02

for the interaction of sex with sleep duration for weight gain in both models.

2 Polytomous logistic regression model adjusted for sex (except in stratified models), age (6069, 70-79, =80 y), baseline BMI (<25.0, 25.0-29.9,
=30.0), physical activity (inactive, occasional, regular), smoking (nonsmoker, exsmoker, smoker), alcohol consumption (abstainer, exdrinker, moderate
consumption, excessive consumption), coffee consumption (no consumption, <1, 1-2, >2 cups/d), educational level (no formal education, primary, secondary,
university), number of social links, perceived health (good or poor), number of chronic diseases (0, 1, =2), depression (yes or no), arousal from sleep at night
(yes or no), intake of anxiolytic medication (yes or no), and intentional weight change (yes or no).

Mechanisms of the association between sleep duration
and obesity

The possible mechanisms are not known in detail, but ev-
idence suggests that sleep affects some of the mediators of
appetite control (35). In particular, short sleep duration is
associated with lower concentrations of leptin, an anorexi-
genic hormone released by adipocytes, and with higher con-
centrations of ghrelin, an orexigenic hormone produced
mainly in the stomach (12, 36). As a result, short sleep dura-
tion is associated with greater hunger and appetite. It was also
postulated that short sleep duration would produce daytime
sleepiness, which would, in turn, lead to less physical activity.
Accordingly, in our study, participants who slept =5 h en-
gaged in physical activity less frequently than participants
who slept 7 h. Yet, as in other studies (16, 17), adjustment for
physical activity did not change our results materially. Fi-
nally, it was also suggested that sleep may modulate the basal
metabolic rate (37) and non—exercise-activity thermogenesis
(38). However, the mechanisms whereby long sleep duration
could lead to obesity are even less well understood.

Methodologic aspects

For a correct interpretation of the study results, some meth-
odologic comments are needed. First, this study is unique be-
cause it analyzes the relation between sleep duration and obesity
in a representative sample of the older adult population of an

entire country. Moreover, unlike previous studies on older
adults (18), our study had a prospective follow-up, which
improves causal inferences with respect to cross-sectional
studies.

Second, we controlled for a number of confounders, but no
information was gathered on sleep apnea, which can be due to
obesity and, in turn, influence sleep duration. Persons with sleep
apnea tend to lengthen the duration of sleep to compensate for the
loss of rest (39). Nevertheless, we observed no association with
obesity in sleep durations =10 h. Furthermore, sleep apnea is
associated with worse subjective health and frequent arousals
from sleep (39), and the analyses were adjusted for both vari-
ables.

Third, the information on sleep was self-reported. However,
the correlates of sleep duration in our study coincide with those
of previous studies (17, 18), which supports the validity of the
sleep measurement. Moreover, although median sleep duration
in our study (8 h) was higher than in older adults in France (6—8
h) (18) or in the United States (7 h) (40), it was similar to that
reported in another representative sample of the Spanish elderly
(41).

Finally, our cohort was limited to whites living in a Mediter-
ranean country with a high prevalence of obesity. Thus, future
studies should establish the extent to which our results are ap-
plicable to other older populations that differ in ethnicity and
culture.
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Conclusion

Among older adults, short as well as 8- and 9-h habitual sleep
duration is associated with obesity and with short-term weight
gain in women. However, no association was observed between
sleep duration, abdominal obesity, and weight loss among older
Spanish adults. Because this is one of the first studies on the older
adult population, our results should be confirmed in future in-
vestigations. Moreover, the mechanisms of the relation between
sleep duration and obesity in the elderly require further research.
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