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Longer sleep duration associates with lower adiposity
gain in adult short sleepers
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The objective of this longitudinal, observational study was to verify whether a favorable change in sleep duration over 6 years
could impact objective indicators of adiposity in adults aged 18–64 years. Short-duration sleepers (p6 h per day; n¼ 43) at
baseline were divided into two groups: (i) those who increased their sleep duration to a ‘healthy’ length of 7–8 h per day at year
6 (mean increase: 1.52±0.66 h per day; n¼ 23); and (ii) those who maintained their short sleep duration habits (mean change:
�0.11±0.38 h per day; n¼ 20). Adult individuals who reported sleeping 7–8 h per day at both baseline and year 6 (n¼173)
were used as a control group. Change in adiposity indicators for each sleep-duration group was compared by analysis of
covariance. We observed that the two short-sleep-duration groups had similar baseline characteristics. However, short-duration
sleepers who maintained their short sleep duration experienced a greater increase in body mass index (BMI) (difference:
1.1±0.36 kg m�2, Po0.05) and fat mass (difference: 2.4±0.64 kg, Po0.05) over the 6-year follow-up period than short-
duration sleepers who increased their sleep duration, even after adjustment for relevant covariates. We did not observe any
significant difference in adiposity changes between the control group and short-duration sleepers who increased their sleep
duration. This study suggests for the first time that shifting sleep duration from a short to a healthier length is associated with an
attenuation of fat mass gain.
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Introduction

Evidence that short sleep duration is another determinant of

obesity is accumulating. Prospective cohort studies have shown

that short sleep duration is associated with weight gain and an

increased incidence of obesity in children and adults.1,2

Intervention studies have begun to provide a mechanistic

explanation, that is, that sleep restriction could influence the

hormonal regulation of food intake.3,4 Given that chronic sleep

restriction is a common feature of our modern lifestyle, studies

aimed at investigating the link between short sleep duration

and obesity are relevant from a public health standpoint.

One critical next step in this field of investigation is to

conduct randomized controlled trials to determine whether

increasing sleep duration in sleep-deprived obese individuals

can influence body weight.5 Although such studies are

challenging to implement, they will be instrumental in

assessing whether increasing sleep duration is feasible and

can significantly impact energy balance. To our knowledge,

no observational study to date has attempted to examine the

influence of increasing sleep duration to a healthier length

(7–8 h per night) on body weight. The objective of this

longitudinal, observational study is to verify whether a

positive change in sleep duration over 6 years can impact

adiposity. We hypothesize that short-duration sleepers (p6 h

per day) who increase their sleeping time to a length of 7–8 h

per day at year 6 can experience attenuation in fat gain

compared with short-duration sleepers who maintain their

short sleep duration habits.

Subjects and methods

Subjects

Subjects were participants in the Quebec Family Study.

Details of recruitment procedures have been published

elsewhere.6 This cohort represents a mixture of random
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sampling and ascertainment through obese (body mass

index (BMI) X32 kg m�2) probands. The present analyses

are based on participants in phases 2 (1989–1994) and 3

(1995–2001). Adult individuals who were between 18 and 64

years of age and who had short sleep duration (that is, p6 h

per day) at baseline (22 men and 21 women) were selected

for prospective analyses (mean duration of follow-up:

6.0±0.9 years). Adult individuals who reported sleeping

7–8 h per day at both baseline and year 6 (n¼173) were

included as a control group. Additional inclusion criteria

were (i) not pregnant; (ii) stable body weight (±2 kg) over

the 6 months preceding testing; and (iii) no metabolic

disease (for example, diabetes, hypertension) or no medica-

tion that could interfere with the outcome variables. All

subjects provided written informed consent to participate in

the study. The project was approved by the Medical Ethics

Committee of Laval University.

Anthropometric and body composition data

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, Scotland, UK). BMI was calculated as body weight

divided by height squared (kg m�2). 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

procedures recommended at The Airlie Conference.7

Furthermore, body density was obtained from the mean of

six valid measurements derived from underwater weighing.8

Before immersion in the hydrostatic tank, the helium

dilution method of Meneely and Kaltreider9 was used to

determine the pulmonary residual volume. The percentage

of total body fat was determined from body density using the

equation of Siri.10 Body fat mass was estimated from body

weight and the percentage of body fat. These measurements

were performed in the same way at both baseline and after

6 years.

Sleep duration assessment

The number of hours of sleep was assessed at baseline and

year 6 through a question inserted in a self-administered

questionnaire on physical activity participation. The ques-

tion formulation was: ‘On average, how many hours do you

sleep a day?’ We classified individuals sleeping p6 h per day

as ‘short-duration sleepers’, in agreement with the available

literature.11,12 We divided the short-duration sleepers into

two groups: (i) short sleepers who increased their sleep

duration to a healthy length of 7–8 h per day at year 6

(n¼23); and (ii) short sleepers who maintained their short

sleep duration habits (n¼20). As a sleep duration of 7–8 h

per day has been reported to be associated with the

prevention of common diseases and premature death,13,14

a control group was also added to facilitate comparisons. As

mentioned above, the control group included individuals

who reported sleeping 7–8 h per day at both baseline and

year 6.

Covariates

Numerous covariates were measured via self-reported ques-

tionnaires at baseline and year 6. These include age, sex,

smoking habits, employment status, highest educational

level, total annual family income and menopausal status.

Additionally, the diet of participants was evaluated with a

3-day food record, including 2 week days and 1 weekend day.

Participants were shown how to complete the record by a

dietician who provided instructions about measuring the

quantities of ingested foods. This method of dietary assess-

ment has been shown to provide a reliable measure of diet in

this population.15 Mean daily energy intake was estimated

by a dietician using a computerized version of the Canadian

Nutrient File.16 Finally, daily physical activity level and

pattern were evaluated with a 3-day physical activity diary,

as previously described.17 Moderate-to-vigorous physical

activity participation over the 3 days was used for statistical

analyses. The validity and reliability of the physical activity

record have been previously reported.17

Statistical analysis

Since there was no statistically significant gender interaction

between sleep duration and the outcome variables, data for

both sexes were combined to improve clarity and maximize

power. Baseline characteristics of participants by sleep

duration group were compared by analysis of variance

(continuous variables) and w2 test (categorical variables). A

Tukey HSD post-hoc test was conducted to investigate which

of the different sleep duration groups differed from the

others. Furthermore, change in adiposity indicators over 6

years was computed for each sleep-duration group. An

analysis of covariance was performed on the means of these

variables, followed by a Tukey HSD post-hoc test. The model

was adjusted for age, sex, baseline BMI, smoking habits,

employment status, highest educational level, total annual

family income, menopausal status, energy intake and

moderate-to-vigorous physical activity as covariates.

A two-tailed P-value of less than 0.05 was considered to

indicate statistical significance. All statistical analyses were

performed using the JMP version 8 program (SAS Institute,

Cary, NC, USA).

Results

Baseline characteristics of participants according to sleep-

duration group are shown in Table 1. We observed that the

two short-sleep-duration groups were similar at baseline and

did not significantly differ for any of the variables. In

contrast, individuals in the control group had significantly

higher sleep duration and were leaner than short-duration

sleepers, as expected from previous observations.
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We observed that short-duration sleepers who maintained

their short sleep duration habits experienced a greater

increase in BMI and fat mass over the 6-year follow-up

period compared with short-duration sleepers who increased

their sleep duration, even after adjustment for covariates

(Po0.05; Figure 1). A similar pattern was observed for weight

gain; however, change in waist circumference did not reach

statistical significance (P¼0.09; Figure 1). We did not

observe any significant difference in adiposity indicators

between the control group and short-duration sleepers who

increased their sleep duration. Variations in energy intake

and moderate-to-vigorous physical activity over the follow-

up period did not significantly differ between the two short-

sleep-duration groups. Changes in sleep duration were

�0.11±0.38 and 1.52±0.66 h per day for short-duration

sleepers who maintained and increased their sleep duration,

respectively.

Discussion

This study is the first to test whether an increase in

sleep duration (from p6 h per day to 7–8 h per day)

could impact body weight and adiposity. We observed that

short-duration sleepers who reported sleeping 7–8 h per

day 6 years later were less likely to gain weight compared

with those who maintained their habitual short-sleep-

duration habit. This observation is of clinical relevance

and justifies the inclusion of sleep duration in the list of

environmental factors that contribute to weight gain.

Table 1 Baseline characteristics of participants according to sleep-duration group

Short-duration sleepers

Control group (n¼ 173) Increased sleep (n¼ 23) Maintained sleep (n¼20)

Age (years) 39.0±14.5 40.3±12.5 40.5±12.6

Sex

Men 85 (49) 12 (52) 10 (50)

Women 88 (51) 11 (48) 10 (50)

Body weight (kg) 70.9±16.3 77.1±12.9* 75.4±17.6

BMI (kg m�2) 25.5±5.8 27.7±4.8* 27.7±6.2*

Fat mass (kg) 18.6±9.9 22.8±10.5* 22.8±11.7*

Waist circumference (cm) 83.9±15.8 90.1±13.8 87.9±16.7

Smoking habits

Nonsmoker or ex-smoker 149 (86) 20 (87) 16 (80)

Light smokera 9 (5) 1 (4) 1 (5)

Heavy smokerb 15 (9) 2 (9) 3 (15)

Employment status

Student 34 (19) 4 (17) 3 (15)

Paid employment 109 (63) 13 (56) 12 (60)

Looking for work 4 (2) 1 (4) 1 (5)

Home duties 18 (10) 2 (9) 2 (10)

Retired 6 (3) 2 (9) 1 (5)

Disabled 2 (1) 1 (4) 1 (5)

Highest educational level

High school 63 (36) 10 (43) 11 (55)

Pre-university level 67 (39) 8 (35) 6 (30)

University 43 (25) 5 (22) 3 (15)

Total annual family income ($C) 57 811±23 903 56 315±31 878 64 545±28 058

Menopausal status

In menopause 15 (9) 3 (13) 3 (15)

Not in menopause 158 (91) 20 (87) 17 (85)

Sleep duration (h) 7.7±0.4 5.7±0.2* 5.6±0.4*

Energy intake (kcal per day) 2358±791 2546±782 2466±533

MVPA (min per day) 19.4±28.5 25.2±41.2 24.8±54.3

Abbreviations: BMI, body mass index; MVPA, moderate-to-vigorous physical activity. Control group: individuals who reported sleeping 7–8 h per day at both

baseline and year 6. Short-duration sleepers who increased their sleep duration: from short sleep duration (p6 h per day) at baseline to a healthier length of 7–8 h

per day at year 6. Short-duration sleepers who maintained their short sleep duration: p6 h per day at both baseline and year 6. Values are mean±s.d. or n (%).

*Po0.05 versus control group. Statistical significance was assessed by analysis of variance with continuous variables and by a w2 test with categorical variables,

followed by a Tukey HSD post-hoc test. ap10 cigarettes per day. b410 cigarettes per day.

Change in sleep duration and fat gain
J-P Chaput et al

754

International Journal of Obesity



Furthermore, this study suggests that shifting sleep duration

from a short length to a healthier length is associated

with lower adiposity gain, independently of a number of

covariates.

The mechanisms by which short sleep duration influences

body weight are under scrutiny and might involve both sides

of the energy balance equation. Lack of sleep has been

reported to decrease plasma leptin levels, increase plasma

ghrelin and cortisol levels, alter glucose homeostasis and

activate the orexin system, all of which impact the regula-

tion of food intake.18 Lack of sleep could also lead to weight

gain and obesity by increasing the time available for eating

and by making the maintenance of a healthy physically

active lifestyle more difficult. In an environment in

which food is highly palatable and readily available, caloric

intake may be directly proportional to time spent awake,

especially if a large proportion of the waking hours is

spent in sedentary activities, such as watching television,

when snacking is common.19 Furthermore, the increased

fatigue and tiredness associated with not having enough

sleep may impact the overall physical activity partici-

pation. Interestingly, recent results have shown that sleep

might be an important factor in successful weight loss,

suggesting that a narrow focus on diet and exercise might

not be sufficient.20

It is important to keep in mind that the association

between short sleep duration and obesity does not in any

way diminish the importance of diet and physical activity in

promoting healthy body weight. Many fail to realize the

complex etiology of obesity. Based on decades of research,

the effect of any single factor on body weight should be

relatively small. If confirmed by other studies, an attenua-

tion in fat mass gain associated with a positive change in

sleep duration could have important clinical and transla-

tional implications. However, more research is needed to

better understand the effects of adequate sleep on food

intake, appetite control, metabolic rates and physical activity

participation before advocating sleep habit modification as a

means of weight control.

The strengths of this study include its longitudinal design

and the use of objective measures of adiposity on both men

and women. However, although observational cohort studies

are well suited for the identification of associations, they

cannot establish causality. Additionally, sleep duration was

only assessed at two time points. It cannot be excluded that

sleep duration could have varied over the 6-year follow-up

period. Furthermore, it would have been interesting to know
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Figure 1 Mean (a) change in body mass index, (b) change in fat mass and

(c) change in waist circumference by sleep-duration group. Control group:

individuals who reported sleeping 7–8 h per day at both baseline and year 6.

Short-duration sleepers who increased their sleep duration: from short sleep

duration (p6 h per day) at baseline to a healthier length of 7–8 h per day at

year 6. Short-duration sleepers who maintained their short sleep duration:

p6 h per day at both baseline and year 6. Values are mean±s.e.m. Statistical

significance was assessed by analysis of covariance, followed by a Tukey HSD

post-hoc test. The model was adjusted for age, sex, baseline BMI, smoking

habits, employment status, highest educational level, total annual family

income, menopausal status, energy intake and moderate-to-vigorous physical

activity as covariates. *Po0.05 versus two other groups.
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how and why some short-duration sleepers increased their

sleep duration. The small sample size and preliminary nature

of this investigation preclude any definitive conclusion

regarding the influence of a change in sleep duration on

adiposity. However, we hope that it will generate larger

and well-designed studies to address this issue in a timely

fashion. Finally, we also have to keep in mind the limitations

of questionnaire-based measurements that are inherent in

epidemiological studies, as well as the possibility of residual

confounding.

In summary, the present study provides evidence that

a positive change in sleep duration (from p6 h per day to

7–8 h per day) is associated with lower fat mass gain over

time. These results are novel and emphasize the need to

conduct randomized controlled trials aimed at assessing the

effectiveness of increasing sleep duration on energy balance,

appetite control and metabolic profile.
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