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OBESITY IS ONE OF THE MOST IMPORTANT PUBLIC 
HEALTH PROBLEMS TODAY, AND, ALTHOUGH MUCH 
HAS BEEN LEARNED REGARDING THE REGULATION 
of body weight, the prevalence of obesity continues to rise. In-
dividual and environmental factors that have an influence on 
energy balance are not fully understood. Current treatments for 
obesity have been largely unsuccessful in maintaining long-
term weight loss, suggesting the need for new insight into the 
mechanisms that result in altered metabolism and behavior and 
may lead to obesity. Parallel to an increase in body weight, one 
has also observed a reduction in sleep times. Indeed, over the 
past 40 years, daily sleep duration in the United States popu-

lation has decreased by 1.5 to 2 hours, and the proportion of 
young adults sleeping less than 7 hours per night has more 
than doubled between 1960 and 2001-2002 (from 15.6% to 
37.1%).1-4 Thus, lack of sleep has become a widespread habit 
driven by the demands and opportunities of our modern “24-
hour” lifestyle. Nearly one third of adults report sleeping less 
than 6 hours per night, leading some to suggest that we live in a 
sleep-deprived society.5 Not surprisingly, reports of fatigue and 
tiredness are more frequent today than a few decades ago.6

Cross-sectional studies in adults have repeatedly found an 
association between reduced sleep and increased weight.7-9 
Similar findings have been observed in cross-sectional stud-
ies of children, suggesting that short sleep duration correlates 
with an increased risk of being overweight or obese.10-12 The 
most plausible explanation to date of the sleep duration–body 
weight relationship is an alteration of the neuroendocrine con-
trol of appetite characterized by a decrease in the levels of the 
anorexigenic hormone leptin and an increase in the levels of 
the orexigenic factor ghrelin.7,9,13 Thus, these neuroendocrine 
changes have the potential to favor a positive caloric balance 
and weight gain over time.13

However, these studies cannot differentiate cause from ef-
fect. It may, therefore, be argued that the association between 
short sleep duration with higher body weight is bidirectional 
and results from other factors that impact on body weight regu-
lation. To our knowledge, only 3 studies have examined asso-
ciations between sleep duration and obesity in a longitudinal 
design in adults. The first study from Hasler et al (2004) re-
ported a relationship between sleep time and future weight.14 
However, the generalizability of the results is uncertain, as 
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the study was based on subjects with a high risk of psychiat-
ric disorders. The second study from Gangwisch et al (2005) 
showed that sleep duration is associated with obesity in a large 
longitudinally monitored United States sample.8 However, the 
study lacked repeated measures of sleep duration and used self-
reported weights. Finally, the third study from Patel et al (2006) 
found that short sleep duration predicted higher weight gain in-
dependent of baseline weight.15 However, sleep duration was 
assessed at only 1 time point, body weight was assessed from a 
questionnaire, and the study was limited to middle-aged women 
in the nursing profession.

The present study examines longitudinal associations be-
tween sleep duration and adiposity indices in the Quebec Fam-
ily Study. We hypothesize that short sleep duration predisposes 
to increased body weight and fat gain due to a combination of 
increased caloric intake and reduced physical activity.

MethoDS

Subjects

The Quebec Family Study was initiated at Laval University 
in 1978. The primary objective of this study was to investigate 
the role of genetics in the etiology of obesity and related car-
diovascular risk factors. In phase 1 of the study (1978 to 1981), 
a total of 1650 individuals from 375 families were recruited 
and measured. Recruitment was conducted irrespective of body 
weight during Phase 1, resulting in a cohort with a wide range 
of body mass index (BMI), ranging from 13.8 to 64.9 kg/m2. 
In Phase 2 (1989-1994) and 3 (1995-2001), 100 families from 
Phase 1 were retested, and an additional 123 families with at 
least 1 parent and 1 offspring with a BMI of 32 or higher were 
added to the cohort. Families were recruited through the media 
and were all French Canadians from the greater Quebec City 
area. From the sample of 223 Caucasian nuclear families (total-
ing 951 subjects involved in Phases 1, 2, and 3), 163 men and 
199 women were potentially eligible for longitudinal analyses 
between Phase 2 and 3. Longitudinal analyses were not pos-
sible with Phase 1 because the assessments were different at 
this moment. Additional details about the Quebec Family Study 
have been previously published.16 In the current study, baseline 
corresponded to Phase 2, and the mean duration of follow-up 
between Phase 2 and 3 was 6.0 (SD 0.9) years. The following 
exclusion criteria were applied: (1) aged less than 21 years or 
greater than 64 years (27 men and 26 women excluded); (2) dia-
betic, defined as use of insulin or a hypoglycemic agent, a fast-
ing plasma glucose level of 126 mg/dL or more (≥ 7.0 mmol/L), 
or a 2-hour postload plasma glucose level of 200 mg/dL or more 
(≥ 11.1 mmol/L) (8 men and 3 women excluded); and (3) body-
weight change greater than 2 kg during the 6 months prior to 
baseline testing (5 men and 7 women excluded). In addition, 
subjects with missing data on 1 or more of the variables inves-
tigated in 1 of the 2 testing sessions (baseline and 6 years later) 
were excluded (6 men and 4 women). The final longitudinal 
sample with full data included 276 individuals (117 men and 
159 women). All subjects provided written informed consent to 
participate in the study. The project was approved by the Medi-
cal Ethics Committee of Laval University and is in accordance 
with the Helsinki II Declaration.

Sleep Duration assessment

The number of hours of sleep was assessed at baseline and 
year 6 through a question inserted in a self-administered ques-
tionnaire on physical activity participation. The question for-
mulation was: “On average, how many hours do you sleep a 
day?” Because of the fact that only 2 subjects (1 man and 1 
woman) reported sleeping 4 hours a day and 5 subjects (2 men 
and 3 women) reported sleeping 11 or 12 hours a day and that 
the majority of subjects reported sleeping 7 or 8 hours a day, we 
decided to classify the subjects into 3 sleep-duration groups in 
order to have sufficient sample sizes in each category, in agree-
ment with our recent paper.9 These groups are short-duration 
sleepers (5-6 hours of sleep; 21 men and 22 women), average-
duration sleepers (7-8 hours of sleep; 85 men and 112 women), 
and long-duration sleepers (9-10 hours of sleep; 11 men and 25 
women). Since there was no sex interaction with the other fac- there was no sex interaction with the other fac-
tors, data for both sexes were combined.

anthropometric and Body Composition Measurements

Height was measured to the nearest 0.1 cm using a standard 
stadiometer, and body weight was measured to the nearest 0.1 
kg using a digital panel indicator scale (Beckman Industrial Ltd, 
Model 610/612, Scotland, UK). BMI was calculated as body 
weight divided by height squared (kg/m2). Waist circumference 
was measured at the line between the lower border of the last 
rib and the upper border of the iliac crest. These anthropometric 
measurements were performed according to standardized pro-
cedures recommended at The Airlie Conference.17 Furthermore, 
body density was obtained from the mean of 6 valid measure-
ments derived from underwater weighing.18 Before immersion 
in the hydrostatic tank, the helium dilution method of Meneely 
and Kaltreider19 was used to determine the pulmonary residual 
volume. The percentage of total body fat was determined from 
body density with the equation of Siri.20 Body fat mass was es-
timated from body weight and the percentage of body fat. These 
measurements were performed in the same way at both baseline 
and after 6 years.

Measurement of energy intake

Diet was evaluated with a 3-day record, including 2 week- 3-day record, including 2 week-
days and 1 weekend day, at baseline and year 6. Participants 
were shown how to complete this record by a dietician who 
provided instruction about measuring the quantities of ingested 
foods. This method of dietary assessment has been shown to 
provide a reliable measure of diet in this population.21 Mean 
daily energy intake was estimated by a dietician using a com-
puterized version of the Canadian Nutrient File.22

Measurement of energy expenditure

Resting metabolic rate was measured by indirect calorimetry 
in the morning, after a 12-hour overnight fast, with a ventilated 
hood as previously described.23 The Weir formula was used 
to calculate energy expenditure, and values were expressed 
in kcal/24 hours.24 On the other hand, physical activity level 
was estimated using a physical activity record.25 Subjects had 
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to complete a physical activity diary for 3 days, including 2 
weekdays and 1 weekend day. Each day was divided in 96 pe-
riods of 15 minutes each. For each 15-minute period, subjects 
had to code the main activity performed on a scale from 1 to 
9. Participation in vigorous physical activity was estimated as 
the number of periods graded 8 and 9 over the 3 days. The reli-
ability and the validity of the record have been previously re-
ported.25 These measurements were performed both at baseline 
and after 6 years.

Measurement of Covariates

Numerous covariates were measured via self-reported 
questionnaires at baseline and year 6. These include age, sex, 
smoking habits (nonsmoker or exsmoker, light smoker [≤ 10 
cigarettes per day], heavy smoker [> 10 cigarettes per day]), 
employment status (student, paid employment, looking for 
work, home duties, retired, disabled), highest educational level 
(high school, college [CEGEP for Quebec], university), total 
annual family income (categorized into 5 groups ranging from 

Table 1—Baseline Characteristics of Subjects According to Sleep-Duration Groupa

  5-6 hours 7-8 hours 9-10 hours
Variable (n = 43) (n = 197) (n = 36)
Age, y 39.9 ± 14.9 38.9 ± 14.8 37.3 ± 18.2
Sex
 Male 22 (51) 94 (48) 15 (47)
 Female 21 (49) 103 (52) 21 (53)
Body weight, kg 76.9 ± 14.7 69.3 ± 14.9b 72.4 ± 23.3
BMI, kg/m2 27.8 ± 5.5 25.0 ± 4.7b 26.1 ± 6.4
Body fat mass, kg 22.6 ± 10.8 17.8 ± 9.3b 19.6 ± 11.1
Body fat, % 28.5 ± 9.1 25.2 ± 9.3b 26.6 ± 9.3
Waist circumference, cm 90.1 ± 15.0 82.5 ± 14.0b 83.8 ± 17.0
RMR, kcal/24-h 1531 ± 295 1474 ± 253 1470 ± 311
Smoking habits
 Nonsmoker or exsmoker 36 (83) 172 (87) 32 (89)
 Light smokerc 2 (5) 12 (6) 3 (8)
 Heavy smokerd 5 (12) 13 (7) 1 (3)
Employment status
 Student 7 (16) 43 (22) 7 (19)
 Paid employment 25 (58) 116 (59) 18 (50)
 Looking for work 2 (5) 5 (2) 2 (6)
 Home duties 4 (9) 21 (11) 4 (11)
 Retired 3 (7) 10 (5) 4 (11)
 Disabled 2 (5) 2 (1) 1 (3)
Highest educational level
 High school 21 (49) 83 (42) 18 (50)
 Collegee 14 (32) 72 (37) 12 (33)
 University 8 (19) 42 (21) 6 (17)
Total annual family incomef

 70,000 or more 14 (32) 76 (38) 13 (36)
 50,000-69,000 13 (30) 55 (28) 9 (25)
 30,000-49,000 12 (28) 60 (30) 12 (33)
 10,000-29,000 2 (5) 2 (1) 1 (3)
 < 10,000 2 (5) 4 (2) 1 (3)
Menopausal status
 In menopause 6 (14) 22 (11) 4 (11)
 Not in menopause 37 (86) 175 (89) 32 (89)
Alcohol intake, g/d 7.58 ± 15.2 6.97 ± 13.3 7.55 ± 17.8
Coffee intake, cups/d 3.00 ± 2.35 2.61 ± 2.11 2.51 ± 2.53
Energy intake, kcal/d 2505 ± 676 2314 ± 713 2253 ± 570
Vigorous PA, min/dg 14.7 ± 28.9 6.4 ± 9.8b 7.9 ± 11.3

BMI refers to body mass index; RMR, resting metabolic rate.
aUnless otherwise stated, values represent number, with percentage in parentheses.
bSignificantly different from the 5-6–hours sleeping group, P < 0.05.
c ≤10 cigarettes per day.
d >10 cigarettes per day.
eIn Quebec, it is a level of education generally of 2 or 3 years between high school and university termed CEGEP (Collège d’Enseignement 
Général et Professionnel), an acronym that does not have any translation in English.
fCanadian dollars (CAD).
gMean time spent in vigorous physical activity (PA) participation estimated as the number of periods graded 8 and 9 over the 3 days.
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demographic characteristics, resting metabolic rate, and total 
caloric intake. Short-duration sleepers reported more vigor-
ous physical activity participation than did average-duration 
sleepers. In addition, multiple regression models were used to 
determine which baseline characteristics (except those related 
to body composition) were significantly and independently 
associated with sleep duration at baseline. Among these vari-
ables, shift-working history, participation in vigorous physical 
activity, employment status, smoking habits, and coffee intake 
were the main independent predictors of sleep duration. This 
model accounted for 14.8% of the variance in sleep duration 
(P < 0.01).

After adjustment for covariates, the average weight gain of 
short-duration sleepers was 88% more than the weight gain of 
average-duration sleepers (see Figure 1). Similarly, short-dura-
tion sleepers experienced a 58% and 124% higher increase in 
waist circumference and percentage of body fat, as compared 
with average-duration sleepers, respectively. On the other hand, 
long-duration sleepers also exhibited a significantly higher in-
crease in body weight (71%), waist circumference (47%), and 
percentage of body fat (94%), as compared with the increase 
observed in average-duration sleepers.

Table 2 shows the mean weight gain above baseline weight 
for short- and long-duration sleepers relative to the gain in 
those sleeping 7 to 8 hours. After adjustment for age, sex, and 
baseline BMI, short-duration sleepers gained 1.98 kg (95% 
confidence interval [CI]: 1.16-2.82) more and long-duration 
sleepers gained 1.58 kg (95% CI: 1.02-2.56) more than did av-
erage-duration sleepers over 6 years. Adjustment for potential 
covariates and further inclusion of energy intake and physical 
activity participation had no material effect on the relationship 
between sleep duration and weight gain.

Over the 6-year follow-up period, 86 of the 276 subjects 
(31%) experienced a weight gain of 5 kg or more. Short- and 
long-duration sleepers were 35% and 25% more likely to have 
a 5-kg weight gain, respectively, as compared with normal-du-
ration sleepers, P < 0.05 (data not shown). In addition, a total of 
52 subjects were obese at baseline, defined as a BMI of greater 
than 30 kg/m2. Among the 224 subjects who were not obese at 
baseline, 32 new cases of obesity (14.3%) were identified over 
the 6-year follow-up period. The risk of developing obesity was 
elevated for short- and long-duration sleepers, as compared 
with average-duration sleepers, with a 27% and 21% increase 
in risk, respectively, P < 0.05 (data not shown).

< $10,000 to $70,000 or more), menopausal status, shift-work-
ing history (none, < 5 years, ≥ 5 years), alcohol intake (g/day), 
and coffee intake (number of cups per day).

Statistical analysis

Differences in baseline characteristics by sleep-duration 
categories were compared by use of the analysis of variance 
(continuous variables) and χ2 test for comparison of frequen-
cies (categorical variables). Multiple regression models were 
used to determine which of these baseline characteristics are 
significantly and independently associated with sleep duration 
at baseline. For each sleep-duration group, weight gain, change 
in waist circumference, and change in percentage of body fat 
6 years later were computed. An analysis of variance was per-
formed on the means of these variables, followed by a Tukey 
HSD posthoc test aiming to contrast mean differences among 
the sleep-duration groups. In addition, multivariate linear re-
gression modeling was used to estimate the mean weight gain 
above baseline weight for short- and long-duration sleepers 
relative to the gain in those sleeping 7 to 8 hours per night. The 
models were adjusted for age, sex, baseline BMI, study phase, 
length of follow-up, resting metabolic rate, smoking habits, 
employment status, educational level, total annual family in-
come, menopausal status, shift-working history, alcohol intake, 
coffee intake, total caloric intake, and participation in vigor-
ous physical activity. Because some individuals in this family 
study are biologically related, we adjusted for clustering in the 
analyses to avoid underestimation of standard deviations using 
the generalized estimating equations statistical method.26 This 
procedure allowed us to model sleep duration and covariates as 
repeated measures at 2 time points (baseline and 6 years later). 
Data are given as mean and SD unless otherwise noted. Sta-
tistical significance was set at a P value < 0.05. All statistical 
analyses were performed using the JMP version 3.2.2 program 
(SAS Institute, Cary, NC).

reSultS

Table 1 presents baseline characteristics of subjects by 
sleep-duration category. Short-duration sleepers presented 
higher body weight, BMI, percentage of body fat, and abdom-
inal circumference values at baseline, as compared with av-
erage-duration sleepers. However, we were not able to detect 
any significant difference between the 3 sleeper groups for 

Table 2—Mean Weight Gain (kg) Above Baseline Weight for Short- and Long-Duration Sleepers Relative to the Gain in those Sleeping 7 to 
8 Hours
 Sleep-duration group
 5-6 hours 7-8 hours 9-10 hours
 Mean 95% CI Mean Mean 95% CI
Age- and sex-adjusted model 1.86 1.13-2.62 0.00 1.51 0.93-2.44
Age, sex and BMI-adjusted model 1.98 1.16-2.82 0.00 1.58 1.02-2.56
Fully adjusted modela 1.84 1.08-2.61 0.00 1.49 0.92-2.48

CI refers to confidence interval.
aFull model adjusted for age, sex, baseline body mass index (BMI), study phase, length of follow-up, resting metabolic rate, smoking habits, 
employment status, education level, total annual family income, menopausal status, shift-working history, alcohol intake, coffee intake, total 
caloric intake, and participation in vigorous physical activity.
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obesity. Our results nevertheless concur with a growing body 
of epidemiologic evidence showing a U-shaped relationship 
between sleep duration and BMI,7 type 2 diabetes,27 coronary 
heart disease,28 and all-cause mortality.29 Thus, a body of data 
suggests that there may be an “optimal sleeping time” for the 
prevention of common diseases and premature death.

The observation that long sleep time was associated with 
greater increases in adiposity is in line with some epidemiologic 
data.7,9 In this regard, one plausible explanation is that long-
duration sleepers are characterized by reduced energy expendi-
ture due to increased time in bed. However, the present study 
could not detect such an effect. In addition, it should be noted 
that long-duration sleepers had higher BMIs at baseline, making 
it plausible that they would be more likely to gain weight over 
the follow-up period. Another possibility pertains to the fact that 
obesity is associated with increased proinflammatory cytokines, 
which promote sleep.30 Finally, we need to consider the possibil-
ity that self-reported long-duration sleepers are spending a lot of 
time in bed but not getting a lot of sleep, i.e., they might have 
poor sleep quality possibly due to sleep disorders or other health 
issues. On the other hand, our study showed that short sleep dura-
tion influenced body weight, as has been previously observed in 
several studies. Ultimately, in order to cause weight gain, short 
sleeping hours must favor a positive energy balance. In this re-
spect, one potential explanation may be that when we sleep less, 
we simply have more time and/or more opportunities to eat. In 
addition, restricted sleep may lead to daytime fatigue and perhaps 
reduced physical activity. However, no significant difference was 
observed between the 3 sleeper groups for energy intake and 
resting metabolic rate, whereas short-duration sleepers reported 
higher vigorous physical activity participation. Similarly, Patel 
et al15 were not able to find a relationship between short sleep 
duration and increased caloric intake. They also found, in accor-
dance with the study of Hasler et al,14 that changes in voluntary 
physical activity could not explain the sleep–body weight as-
sociation. However, we have to keep in mind the limitations of 
questionnaire-based measurements and the fact that minor daily 
energy surplus not detected by our questionnaire could result in 
weight gain over time. Furthermore, we need to realize that short 
sleep duration does not seem to have a direct measurable impact 
on energy intake or expenditure but, rather, may influence one 
or several regulatory steps, with the consequence of a mismatch 
between energy input and output.

Much attention has recently been focused on the responses 
of ghrelin, leptin, and orexin to sleep restriction.7,13,31 Altera-
tions in these hormone levels or patterns of secretion may af-
fect hunger and appetite, increasing the risk of overeating and 
consequently weight gain. They may also affect thermogenesis 
from activities other than exercise.32 Non-exercise activity the-
mogenesis (NEAT) (such as is seen in fidgeting and posture 
changes) is a variable component of energy expenditure and has 
been reported to account for differential weight gain in rats.33 In 
addition, sleep loss results in changes in levels of several other 
hormones such as cortisol and growth hormone.34 However, the 
precise mechanisms by which the brain modulates hormone 
release with sleep loss is unknown, but one possibility is in-
creased sympathetic nervous system activity.35,36

Abnormal sleep-wake patterns likely alter intracellular circa-
dian clocks, which are molecular mechanisms enabling the cell, 

DiSCuSSion

The primary result of this study is that both short and long 
sleep times predict higher body weight and fat gain, indepen-
dent of baseline weight or other covariates. This finding is par-
tially in line with the results of 3 other longitudinal studies cited 
above.8,14,15 However, the latter studies found that only reduced 
sleep duration was associated with an increased risk for future 

a)
 

b)

 

c)

 

0

1

2

3

4

5
W

ei
gh

t g
ai

n 
(k

g)

   Short sleepers      Average sleepers     Long sleepers 

* * 

0

1

2

3

4

5

C
ha

ng
e 

in
 w

ai
st

 c
irc

um
fe

re
nc

e 
(c

m
)

   Short sleepers      Average sleepers     Long sleepers 

* * 

0

0,5

1

1,5

2

2,5

C
ha

ng
e 

in
 %

 b
od

y 
fa

t 

  Short sleepers      Average sleepers     Long sleepers 

* * 

Figure 1—Mean (a) weight gain, (b) change in waist circumfer-
ence, and (c) change in percentage of body fat by sleep-duration 
group. The model was adjusted for age, sex, baseline body mass 
index, study phase, length of follow-up, resting metabolic rate, 
smoking habits, employment status, education level, total annual 
family income, menopause status, shift-working history, alcohol 
intake, coffee intake, total caloric intake, and participation in vig-
orous physical activity. *Significantly different from the 7-8 hours 
sleeping group (average sleepers), P < 0.05.
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In summary, the present study provides evidence to the effect 
that both short and long sleep times predict higher body weight 
and fat gain in adults, even after adjustment for potential cova-
riates. These results emphasize the need to add sleep duration to 
the list of environmental factors that are prevalent in our society 
and that may contribute to the obesity epidemic.
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