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Study Importance

What is already known?

► Previous studies, which are mostly 
cross-sectional studies, have suggested 
that short sleep duration is associated 
with weight gain.

► Existing prospective observational stud-
ies have reported mixed results.

► Therefore, it remains unclear whether 
short sleep duration is associated with a 
higher risk for obesity and whether there 
exists a U-shaped relationship in which 
long sleep duration is also associated 
with higher risk for obesity.

► In addition, large prospective studies 
that have examined the association of 
sleep duration with central obesity in 
the middle-aged and older adults are 
scarce.

What does this study add?

► Our results suggest that short sleep du-
ration, one of products of fast-paced life, 
is associated with gaining weight signifi-
cantly, and the weight gain is likely to be 
accrued on the abdomen.

► To our knowledge, this is by far the larg-
est prospective study reporting a nega-
tive association between sleep duration 
and central obesity in healthy adults who 
are free of common comorbidities.

► Our findings emphasize the important 
role of short sleep duration in weight 
control and central obesity management.

© 2019 The Authors. Obesity published by Wiley Periodicals, Inc. on behalf of The Obesity Society (TOS).

Objective: Evidence on the association between sleep duration and obe-
sity among adults is inconsistent. Prospective studies investigating the 
association in Chinese adults have been limited. This study aims to pro-
spectively evaluate sleep duration in relation to subsequent weight gain 
and general and central obesity risk among Chinese adults.
Methods: A total of 21,958 participants aged 30 to 79 years reported 
their daily sleep duration. Obesity indicators were objectively measured; 
then significant weight gain (≥ 5 kg) and general and central obesity were 
modeled as the outcome. Logistic regression models were used to esti-
mate odds ratios and 95% CIs.
Results: Average sleep duration was 7.5 hours at baseline. During 
8.0 ± 0.8 years of follow-up, participants who reported sleeping ≤ 6 hours 
had higher risk for significant weight gain than those who slept 7 hours 
(multivariable-adjusted odds ratio: 1.13; 95% CI: 1.02-1.29). The asso-
ciation was stronger among those who were physically inactive at base-
line (P = 0.04 for interaction). Short sleep duration was also associated 
with subsequent incident central obesity, with odds ratio of 1.13 (95% CI: 
1.00-1.28), but not with incident general obesity (P = 0.31).
Conclusions: Compared with those who slept 7 hours per day, short 
sleepers had an increased risk of significant weight gain and central 
obesity.

Obesity (2019) 0, 1-7. 

Introduction
Obesity has been a major public health issue worldwide and has nearly tripled in recent  
decades (1). According to the Global Burden of Disease  Study, the level of BMI has  
increased significantly over the past decade, and elevated BMI ranked as the fourth leading 
risk factor that caused 4.72 million deaths and 148 million disability-adjusted life-years in 
2017 (2). Meanwhile, average sleep duration has been decreasing significantly because of 
lifestyle changes, mostly attributing to caffeine consumption, cigarette smoking, sleeping 
pattern, etc. (3). However, adequate sleep is of great significance for individuals at all ages. 
Evidence has shown that sleep deprivation could have negative influences on our nervous 
system, endocrine system, and cardiovascular system (3).

mailto:
https://orcid.org/0000-0002-0019-0014
https://orcid.org/0000-0001-5873-7089
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:yucanqing@pku.edu.cn
mailto:yucanqing@pku.edu.cn


Obesity

2     Obesity | VOLUME 00 | NUMBER 00 | MONTH 2019 www.obesityjournal.org

Sleep Duration and Obesity Xuejuan et al.

The potential link of sleep duration with obesity has been explored for 
years. However, large prospective studies conducted in the Chinese 
population have been lacking. Considering the Chinese population 
is currently in the process of fast socioeconomic growth and rapid 
nutritional transition, it is of importance to examine how short sleep 
duration, accompanied by the fast pace of life, might synergize with 
a potential increasing obesity trend. On the other hand, although  
several cross-sectional studies have suggested a link between short 
sleep duration and the risk of obesity in adults (4-9), it is difficult to 
establish a temporal relationship because of the nature of a cross-sec-
tional study design. Prospective observational studies still have not 
been able to give a clear answer, as some suggest a negative relation-
ship (10-15), some suggest a potential U-shaped relationship (16,17), 
and others suggest no association (18-20). In addition, central obesity, 
the type of obesity shown to explain more of the obesity-related health 
risk (21), has been related to short sleep duration in cross-sectional 
studies (22); however, the results were still inconsistent. Therefore, 
the present study aims to examine the prospective association between 
sleep duration and the risk of weight gain and different types of obe-
sity in Chinese adults.

Method
Participants
The present study was based on the China Kadoorie Biobank, which 
enrolled 500,000 adults aged 30 to 79 years in 10 survey areas  
(5 urban and 5 rural). Detailed information about the study design 
has been reported elsewhere (23,24). Briefly, the baseline survey 
was conducted from 2004 to 2008, which comprehensively collected 
questionnaires and blood samples and implemented physical exam-
ination. The second resurvey was undertaken during 2013 and 2014, 
which involved 5% (n = 24,996) of randomly chosen surviving par-
ticipants in the cohort.

The present study included participants who attended both the baseline 
survey and the second resurvey. The follow-up time started from the 
date they were enrolled at baseline (2004-2008) until the date of the 
second resurvey (2013-2014). We excluded those who had missing val-
ues on critical variables, such as BMI (n = 171) and waist circumference 
(WC) (n = 3); those who had coronary heart diseases (n = 714), stroke 
(n = 223), cancer (n = 102), and chronic obstructive pulmonary disease 
(n = 1,637); and those who tried to reduce weight in the year prior to 
baseline (n = 255), leaving a total of 21,958 participants in the analy-
sis of sleep duration with significant weight gain. As for the analysis 
of the association with incident general and central obesity, we further 
excluded participants with general obesity (n = 2,320) or central obesity 
(n = 7,150) at baseline, leaving 19,638 and 14,808 participants for each 
of the analyses, respectively.

The Ethical Review Committee of the Chinese Center for Disease Control 
and Prevention (Beijing, China) and the Oxford Tropical Research Ethics 
Committee, University of Oxford (UK), approved the study.

Obesity indexes
Physical examination at both surveys was performed by trained health 
workers following standardized procedures. Height was measured in 
centimeters using unified height meters and was reserved to 0.1 cm. 
Weight was measured with coat, shoes, and socks off, using Tanita 
TBF-300GS constitution analyzer (Tanita, Tokyo, Japan). The weight 

of clothes was subtracted according to different seasons. WC was mea-
sured using standard tape. Weight gain was defined as the increase of 
weight between baseline and second resurvey. A weight gain ≥ 5 kg was 
considered gaining weight significantly, as it has been used in previous 
studies (15,25), and 5 kg was suggested to be a reasonable weight change 
caused by lifestyle modification (26). BMI was calculated  as weight 
(kilograms) divided by height (meters squared). General obesity was 
defined as BMI ≥ 28.0 (27). Central obesity was defined as WC ≥ 90 cm 
in males and WC ≥ 80 cm in females according to International Diabetes 
Federation cutoffs for South Asians, Chinese, and Japanese (28).

Sleep duration
At the baseline survey, participants were asked to report the num-
ber of hours they slept a day during the last 12 months. The question 
was phrased as “On average, how many hours of sleep do you get in 
a 24-hour (h) period (including naps)?’’ Respondents could report in 
only 1-hour increments.  According to the American National Sleep 
Foundation’s sleep time recommendation, short sleep duration was de-
fined as sleeping 6 hours or less, and long sleep duration was defined as 
sleeping 9 hours or more (29). Therefore, we divided sleep duration into 
the following four groups: ≤ 6 hours, 7 hours, 8 hours, and ≥ 9 hours.

Covariates
A laptop-based questionnaire at baseline survey was administered by 
trained interviewers to collect information on sociodemographic fac-
tors, lifestyle, and health status. Sociodemographic factors included 
age, sex, study region, education level (primary school and below, 
high school, technical school/college and above), and marital sta-
tus (married, not married); lifestyle factors included smoking (never 
smoker, occasional smoker, ex-regular smoker, smoker), alcohol drink-
ing (never regular drinker, ex-regular drinker, occasional or seasonal 
drinker, monthly drinker, reduced intake drinker, weekly drinker), tea 
drinking (never or almost never, occasionally, at least once a week), 
diet frequency (daily, 4-6 days per week, 1-3 days per week, monthly, 
never/rarely), and physical exercise (metabolic equivalent task hours/
day); and health status included snoring habit (frequently, sometimes, 
don’t know), depression (no, mild, major depression), self-rated health 
(excellent, good, fair, poor), and history of diabetes.

Statistical analyses
We described baseline characteristics by sleep duration. Means or per-
centages were adjusted for age, sex, and study region using general 
linear models or logistic models. Incidences of significant weight gain, 
general obesity, and central obesity were compared across sleep dura-
tion groups adjusting for age, sex, and study region. Multiple logistic 
regression models were used to estimate odds ratios (OR) and 95% CIs 
to examine the association of sleep duration with obesity. Model 1 ad-
justed for age and sex. Further adjustment in model 2 included study 
region, education level, marital status, smoking, alcohol drinking, tea 
drinking, diet frequency, physical exercise, snoring, depression, and 
health rating. Model 3 additionally adjusted for  history of diabetes, 
baseline weight and height, and BMI or WC.

Subgroup analyses according to baseline characteristics were con-
ducted to explore the modification effects of these characteristics on 
the association between sleep duration and weight gain. Multiplicative 
interactions were tested by putting interaction terms in the fully 
adjusted models (model 3). To test the robustness of the association, a 
series of sensitivity analyses were performed by applying the following 
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additional exclusion criteria: reported sleep difficulties (difficulties 
in initiating/maintaining sleep, early morning awakening, daytime 
dysfunction) at baseline, diabetes at baseline, diagnosed depression 
at second resurvey, reported coffee drinking at second resurvey, and 
newly diagnosed stroke or transient ischemic attack cases during the 
follow-up period. All analyses were conducted using SAS version 9.3 
(SAS Institute, Inc., Cary, North Carolina), and statistical significance 
was indicated by two-tailed P < 0.05.

Results
Among the 21,958 participants at baseline, average sleep duration was 
7.5 hours; 20.8% of participants reported sleeping ≤ 6 hours, while 

17.7% reported sleeping ≥ 9 hours. Participants who had shorter sleep 
durations were more likely to be older, living in urban areas, unmar-
ried, and physically active but less likely to be snoring or drinking tea 
(Table 1).

During 8.0 ± 0.8 years of follow-up, 3,159 (14.4%) participants had 
significant weight gain. Among 19,638 participants without general 
obesity at baseline, 5.5% developed incident general obesity; the corre-
sponding incidence of central obesity was 24.6% among 14,808 partic-
ipants without central obesity at baseline.

Compared with those who slept 7 hours, short sleepers had a signifi-
cantly higher risk for significant weight gain in model 1 (OR = 1.15 
[95% CI: 1.02-1.29]), and the association did not change after further 

TABLE 1 Baseline characteristics of study participants (n = 21,958) by sleep duration groups

 
Average sleep 
duration (h)b 

Sleep durationa,b 

≤ 6 hours 7 hours 8 hours ≥ 9 hours

n   4,559 5,357 8,155 3,887
Region

Urban 7.3 2,328 (25.0) 2,794 (30.0) 3,160 (34.0) 1,023 (11.0)
Rural 7.7 2,231 (17.6) 2,563 (20.3) 4,995 (39.5) 2,864 (22.6)

Sex
Male 7.4 1,689 (20.4) 2,069 (25.0) 3,124 (37.8) 1,392 (16.8)
Female 7.4 2,870 (20.8) 3,288 (24.0) 5,031 (61.7) 2,495 (18.2)

Age (y)
30-44 7.7 1,038 (14.2) 1,727 (23.6) 3,043 (41.6) 1,511 (20.6)
45-59 7.4 2,349 (22.4) 2,611 (24.9) 3,787 (36.1) 1,735 (16.6)
60-78 7.2 1,172 (28.2) 1,019 (24.5) 1,325 (31.9) 641 (15.4)

Education level
Below high school 7.4 3,701 (20.8) 4,118 (23.2) 6,612 (37.2) 3,351 (18.8)
High school and above 7.4 858 (20.6) 1,239 (29.7) 1,543 (37.0) 536 (12.8)

Marriage status
Not married 7.2 516 (32.3) 404 (25.3) 463 (29.0) 214 (13.4)
Married 7.5 4,043 (19.9) 4,953 (24.3) 7,692 (37.8) 3,673 (18.0)

Smoking
Occasional smoker/nonsmoker 7.4 3,233 (20.8) 3,762 (24.3) 5,726 (36.9) 2,791 (18.0)
Ex-regular smoker/smoker 7.5 1,326 (20.6) 1,595 (24.7) 2,429 (37.7) 1,096 (17.0)

Alcohol drinking
Not weekly 7.4 3,860 (20.6) 4,526 (24.1) 7,008 (37.4) 3,365 (17.9)
Weekly 7.4 699 (21.9) 831 (26.0) 1,147 (35.9) 522 (16.3)

Tea drinking
Not weekly 7.4 3,170 (21.3) 3,659 (24.6) 5,414 (36.5) 2,612 (17.6)
Weekly 7.5 1,389 (19.6) 1,698 (23.9) 2,741 (38.6) 1,275 (18.0)

Snoring
No/don’t know 7.4 2,449 (20.8) 2,768 (23.4) 4,414 (37.4) 2,174 (18.4)
Yes 7.5 2,110 (20.8) 2,589 (25.5) 3,741 (36.9) 1,713 (16.9)

Physical activity level, MET
Low 7.5 1,599 (23.2) 1,607 (23.3) 2,379 (34.5) 1,305 (18.9)
Medium 7.5 1,544 (20.9) 1,806 (24.4) 2,727 (36.9) 1,312 (17.8)
High 7.3 1,416 (18.4) 1,944 (25.3) 3,049 (39.7) 1,270 (16.5)

aShown as numbers and adjusted percentages in parentheses.
bAveraged sleep durations and percentages adjusted for age, regions, and sex as appropriate.
MET, metabolic equivalent for task.
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adjusting for potential confounders (Table 2). Such associations were 
generally homogeneous according to subgroup analyses by most of 
the baseline characteristics (Table 3), except that short sleepers who 
were relatively physically inactive were at higher risk of gaining weight 
(P = 0.04 for interaction), with OR = 1.34 (95% CI: 1.07-1.67).

Although a higher incidence of general obesity among short sleepers 
was observed compared with 7-hour sleepers (5.4% vs. 5.0%), the 
difference was not statistically significant after adjusting for potential 
confounders (OR = 1.11 [95% CI: 0.91-1.35]). However, among partic-
ipants without central obesity at baseline, short sleepers had a higher 
incidence of central obesity than 7-hour sleepers (34.5% vs. 32.5%) 
and a 13% increase in the risk for developing central obesity (OR = 1.13 
[95% CI: 1.00-1.28]) (Table 2). In the sensitivity analyses with further 
exclusions, the results did not change (data not shown).

Discussion
Based on the large prospective cohort of the China Kadoorie Biobank, 
the current study found that short sleep duration was associated 
with  higher risk for gaining weight ≥ 5 kg, especially among short 
sleepers who were physically inactive, after accounting for sociodemo-
graphic, lifestyle, and health status factors. Short sleep duration was 
also a risk factor for central obesity but not for general obesity.

According to a systematic review of longitudinal studies on sleep dura-
tion and subsequent weight gain, the results of adult studies have been 

less consistent compared with the studies conducted in children (30). 
The results of the current study are in agreement with studies (15,16,24) 
that reported a significantly elevated risk of gaining weight ≥ 5 kg among 
participants who were habitual short sleepers. However, unlike studies 
by Lopez-Garcia et al. (15) and Chaput et al. (16), we did not observe 
a significant association between long sleep duration and weight gain. 
In addition, previous studies have suggested that the association was 
more prominent in young adults (16), while the present study observed 
similar impacts across different age groups, which was in line with the 
results from a large prospective study in the United States (10). Such 
a discrepancy might be due to the difference in study population, as the 
current study excluded participants with common comorbidities (e.g., 
cancer, coronary heart diseases, chronic obstructive pulmonary disease) 
at baseline to reduce the confounding caused by baseline comorbidi-
ties. Also, our results showed that physical activity level modified the 
association between sleep duration and weight gain. Short sleepers who 
were physically inactive had a 34% increase in gaining weight ≥ 5 kg. 
Strong evidence has suggested that physical activity is necessary to 
prevent weight gain, even more so for those with higher risk for obe-
sity (31). Therefore, being physically inactive might have exacerbated 
weight control for those short sleepers who were already at higher risk 
for gaining weight.

Also, a significant negative association was observed between sleep 
duration with central obesity in relatively healthy adults who were free 
of common comorbidities but not with general obesity, which suggested 
that the weight gain is more likely to accumulate on the abdomen rather 
than whole body. A meta-analysis including 21 cross-sectional studies 

TABLE 2 Adjusted obesity incidences and odds ratios (95% CI) of obesity by sleep duration

 

Sleep duration

≤ 6 hours 7 hours 8 hours ≥ 9 hours

Significant (≥ 5 kg) weight gain        
n = 21,958 4,559 5,357 8,155 3,887
Average weight gain (kg) 0.969 0.772 0.794 0.738
Significant weight gain (%)a 14.5 12.8 12.7 13.7

Model 1b 1.15 (1.02-1.29)* 1 (ref) 1.01 (0.91-1.11) 1.10 (0.98-1.24)
Model 2c 1.14 (1.02-1.29)* 1 (ref) 1.00 (0.90-1.10) 1.08 (0.96-1.22)
Model 3d 1.15 (1.02-1.29)* 1 (ref) 0.99 (0.89-1.10) 1.08 (0.96-1.22)

General obesity        
n = 19,638 4,061 4,750 7,339 3,488
Cumulative incidence (%)a 5.4 5.0 5.2 5.1

Model 1b 1.08 (0.89-1.30) 1 (ref) 1.03 (0.88-1.21) 1.02 (0.84-1.24)
Model 2c 1.09 (0.90-1.32) 1 (ref) 1.05 (0.89-1.24) 0.99 (0.81-1.21)
Model 3d 1.11 (0.91-1.35) 1 (ref) 1.04 (0.87-1.23) 0.97 (0.79-1.20)

Central obesity        
n = 14,808 3,008 3,547 5,609 2,644
Cumulative incidence (%)a 34.5 32.5 33.4 33.6

Model 1b 1.10 (0.99-1.22) 1 (ref) 0.99 (0.90-1.08) 0.99 (0.89-1.10)
Model 2c 1.12 (1.00-1.24)* 1 (ref) 1.03 (0.94-1.13) 1.02 (0.91-1.15)
Model 3d 1.13 (1.00-1.28)* 1 (ref) 1.00 (0.90-1.11) 1.03 (0.90-1.17)

aAdjusted for age, sex, and region.
bAdjusted for age and sex.
cAdditionally adjusted for region, education, marital status, smoking, alcohol drinking, physical activity, diet, tea drinking, health rating, snoring, and depression.
dAdditionally adjusted for diabetes, baseline weight and height, baseline weight circumference, or baseline BMI.
*P < 0.05.
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summarized the relationship of short sleep duration with WC (22), 
but evidence from prospective studies has been sparse. A computed 
tomography-based study (32) that included 1,107 participants showed 
that sleep duration ≤ 5 hours was associated with a 13-cm2 and 42-cm2 
higher volume of visceral adipose tissue and subcutaneous adipose tis-
sue among participants younger than 40 years old; similar results were 
reported among women younger than 40 years old who were habitual 
short sleepers (14). Moreover, Chaput et al. (33) studied 293 adults who 
increased sleep duration from ≤ 6 hours to 7 to 8 hours and observed a 
subsequent reduction in visceral adipose tissue.

Several potential physiological pathways have been suggested for short 
sleep duration and weight gain. First, both clinical trials and observa-
tional studies have suggested shorter sleep increases energy or caloric 
intake (34,35) by lowering one’s resistance to unhealthy diet habits, 
such as high-caloric and high-fat food (36,37), or by downregulating 
leptin levels and upregulating ghrelin levels to reduce satiety and to 
increase appetite (38,39). Second, insufficient sleep might also be 

associated with lower energy expenditure. Short sleepers are more 
likely to have lower physical activity levels (40) and resting metabolic 
rate (41). However, the causal relationship between short sleep duration 
and weight gain remains uncertain, as a recent Mendelian randomiza-
tion study failed to link sleep duration with obesity in adults, although 
some effects were observed in children (42). Further research is needed 
to confirm the causal relationship between short sleep duration and obe-
sity risk.

To the best of our knowledge, the present study is the most extensive 
prospective design with objective measurements on obesity, which 
comprehensively controlled for potential confounders and applied strict 
exclusion criteria to avoid reverse causality. However, some limitations 
should be considered. First, sleep duration was self-reported, which was 
moderately related to that measured by the objective method polysom-
nography (43). However, it showed a good reproducibility according 
to our analysis among those who had repeated measures within a year 
(n = 926, intraclass correlation coefficient: 0.78) (44). Second, sleep 

TABLE 3 Adjusted odds ratios (95% CI) of weight gain ≥ 5 kg by sleep duration and subgroups of baseline characteristics 
among 21,958 participants

 

Sleep durationa 

≤ 6 hours 7 hours 8 hours ≥ 9 hours Pinteraction

n 4,559 5,357 8,155 3,887  
Age         0.21

< 50 1.12 (0.92-1.35) 1 (ref) 1.06 (0.92-1.23) 1.12 (0.94-1.33)  
50-59 1.12 (0.94-1.34) 1 (ref) 0.99 (0.84-1.17) 1.07 (0.87-1.31)  
≥ 60 1.13 (0.83-1.54) 1 (ref) 0.69 (0.50-0.96) 0.89 (0.61-1.30)  

Sex         0.76
Male 1.11 (0.93-1.33) 1 (ref) 1.04 (0.89-1.21) 1.08 (0.89-1.31)  
Female 1.17 (1.00-1.37) 1 (ref) 0.95 (0.83-1.09) 1.05 (0.90-1.24)  

Smoking         0.88
Occasional smoker/nonsmoker 1.13 (0.98-1.31) 1 (ref) 0.93 (0.82-1.05) 1.03 (0.89-1.20)  
Ex-regular smoker/smoker 1.16 (0.95-1.43) 1 (ref) 1.11 (0.93-1.32) 1.14 (0.92-1.41)  

Alcohol drinking         0.60
Not weekly 1.14 (1.00-1.30) 1 (ref) 0.97 (0.87-1.09) 1.05 (0.91-1.20)  
Weekly 1.13 (0.85-1.51) 1 (ref) 1.07 (0.83-1.38) 1.22 (0.91-1.66)  

MET (h/d)         0.04
< 12.6 1.34 (1.07-1.67) 1 (ref) 0.92 (0.75-1.14) 1.06 (0.84-1.34)  
12.6-25.2 1.04 (0.84-1.28) 1 (ref) 0.90 (0.75-1.07) 0.89 (0.71-1.10)  
≥ 25.3 1.08 (0.89-1.32) 1 (ref) 1.11 (0.95-1.30) 1.28 (1.06-1.55)  

Diabetes         0.12
Yes 0.79 (0.41-1.54) 1 (ref) 0.66 (0.33-1.29) 0.71 (0.32-1.58)  
No 1.16 (1.03-1.31) 1 (ref) 1.01 (0.91-1.12) 1.10 (0.97-1.24)  

Baseline BMI (kg/m2)         0.20
< 18.5 1.12 (0.61-2.06) 1 (ref) 0.73 (0.41-1.29) 0.73 (0.37-1.46)  
18.5-23.9 1.02 (0.87-1.20) 1 (ref) 0.95 (0.83-1.09) 0.98 (0.84-1.15)  
24.0-27.9 1.23 (0.99-1.53) 1 (ref) 1.02 (0.84-1.24) 1.20 (0.95-1.50)  
≥ 28.0 1.76 (1.16-2.70) 1 (ref) 1.44 (0.98-2.12) 1.55 (1.00-2.42)  

Baseline WC         0.09
Male < 90 cm, female < 80 cm 1.10 (0.96-1.27) 1 (ref) 0.96 (0.85-1.08) 1.04 (0.90-1.19)  
Male > 90 cm, female > 80 cm 1.29 (1.02-1.62) 1 (ref) 1.07 (0.87-1.32) 1.23 (0.96-1.56)  

aAdjusted for age, sex, region, education, marital status, smoking, alcohol drinking, physical activity, diet, tea drinking, health rating, snoring, depression, diabetes, baseline 
weight, and baseline height as appropriate.
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quality was not comprehensively assessed by validated scale. However, 
the association remained in our sensitivity analysis that excluded 
those who reported any sleep difficulties, which consisted of the main 
components of sleep quality. Nonetheless, it was suggested that sleep 
difficulties, such as insomnia, are associated with obesity only when 
coupled with short sleep duration (45). Third, although we controlled 
for many lifestyle factors, residual confounding may still exist because 
of the way covariates were categorized.

In conclusion, the present study provided prospective evidence that 
short sleep duration (≤ 6 hours) was associated with weight gain ≥ 5 kg 
and a higher risk for developing central obesity, especially among par-
ticipants who were physically inactive. Given the trend of sleeping less 
in the modern society and the high prevalence of central obesity in the 
Chinese population, the link of sleep with obesity needs to be recog-
nized, and importance of sleep intervention in the context of weight 
management needs to be underscored. O
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