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Study Objectives: Existing studies on sleep quality and associated obesity are inconsistent, and few studies have prospectively evaluated the association 
between sleep quality and abdominal obesity among Chinese individuals. To fill this void, the current study aimed to assess the association between sleep 
quality and abdominal obesity in a rural Chinese population.
Methods: A representative sample of 9,404 adults aged 20–93 years in northeastern China was selected between 2012 and 2013 by a multistage cluster and 
random sampling method. Sleep quality was evaluated by the Pittsburgh Sleep Quality Index (PSQI), where a score of 6 or higher indicated sleep disorder. 
Abdominal obesity was measured by waist circumference (WC), with abdominal obesity defined as WC > 90 cm for men and WC > 80 cm for women.
Results: Male participants with abdominal obesity had higher global PSQI scores in addition to higher subscores in almost all of the elements compared to 
normal values. The odds ratios of abdominal obesity among participants with sleep disorders were 1.64 (95% confidence interval [CI]: 1.39–1.95) and 1.14 
(95% CI: 0.98–1.32) for males and females compared to the reference group. The risk in all sleep elements was significantly increased, with odds ratios 
ranging from 1.28 (95% CI: 1.08–1.51) to 5.81 (95% CI: 3.54–9.53) for males. The risk only in four elements was significantly increased, from 1.28 (95% CI: 
1.12–1.47) to 2.27 (95% CI: 1.36–3.80) for females.
Conclusions: Poor sleep quality was associated with abdominal obesity in Chinese. Furthermore, effects in males were larger than those in females.
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INTRODUCTION

Over the past decades, the global prevalence of obesity has in-
creased in all age groups so dramatically that currently one 
billion adults are overweight.1 The prevalence of obesity in the 
general Chinese population is also increasing at a rapid rate.2

It is necessary to further understand the myriad factors 
contributing to the development and perpetuation of obesity 
in the general population.3 Recently, there has been great in-
terest in the role of both sleep duration and quality in the on-
set and progression of obesity.3 However, existing studies on 
sleep duration and quality and associated obesity are inconsis-
tent, with some reporting a positive association, and others no 
association.4–6

It is noteworthy that most conclusions on the sleep–obesity 
relationship were derived from body mass index (BMI)-based 
studies, but neglected another assessment of obesity: abdomi-
nal obesity. Abdominal obesity is clearly associated with 
central fat localization, type 2 diabetes, and cardiovascular 
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diseases.7 The prevalence of abdominal obesity is increasing 
dramatically worldwide as well as in China.7

Most existing studies have been conducted in high-income 
countries whose patterns may differ from those of lower in-
come nations. Therefore, evaluating the association between 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Existing studies on sleep 
quality and associated obesity are inconsistent, and few studies have 
prospectively evaluated the association between sleep quality and 
abdominal obesity among Chinese individuals. To our knowledge, 
the current study is the first large-scale, population-based study 
addressing the relationship between sleep quality and obesity in a 
rural Chinese population.
Study Impact: It was observed, for the first time, an association 
of global PSQI score with prevalence and odds of abdominal 
obesity in a rural Chinese population. PSQI components are also 
associated with abdominal obesity, with more pronounced effects 
among men overall.
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sleep and obesity among lower income populations, such as the 
Chinese population, is necessary. In addition, both rural and ur-
ban populations alike are affected by the increasing prevalence 
of obesity and sleep disorders. Urban populations are more 
common for studies on the relationship between sleep quality 
and obesity, even though rural individuals constitute a large 
proportion of the total population. This is especially true in 
developing countries such as China, whereby in 2005, approxi-
mately 57% of all Chinese lived in rural areas.8 Unfortunately, 
previous studies on sleep and obesity in China were limited by 
poor study design and small non-representative sample sizes. 
To our knowledge, the current study is the first large-scale, 
population-based study addressing the relationship between 
sleep quality and obesity in a rural Chinese population.

METHODS

Study Population
This study was based on population-based cross-sectional sur-
veys using a multistage, stratified cluster sampling scheme in 
the rural areas of Jinzhou, Liaoning Province, in northeast-
ern China from 2012 to 2013. The study sites and participant 
recruitment have been reported in greater detail elsewhere.8 
Briefly, the total population in Jinzhou is about 3,102,000. In our 
sampling strategy, the country was stratified into 5 geographic 
zones: North, South, East, West and Central. Two townships 
were randomly selected from each of the South, East, and West 
zones and one township was selected from each of the North 
and Central zones. Three or five villages were subsequently 
randomly selected from each township, yielding 35 villages 
in total. At the last stage of the survey sampling, participants 
were stratified into several sex and age groups in accordance 
with census year 2010 in China. One participant aged 20 years 
or older with 5 years or more of residency at the current ad-
dress was selected from each household without replacement. 
The study population ultimately consisted of 9,404 persons 
(4,770 males and 4,634 females). Participant ages ranged from 
20 to 93 years (mean ± standard deviation: 52.11 ± 14.10 years).

Written informed consent from each participant was ob-
tained before data collection. The study procedure was per-
formed with regard to the ethical standards of the Committee 
on Human Experimentation of Sun Yat-sen University. The 
ethics committees and other relevant regulatory bodies in Lia-
oning Province approved the study.

Sleep Quality
The Pittsburgh Sleep Quality Index (PSQI), a validated, self-
rated questionnaire, was used to evaluate sleep quality.8 The 
PSQI consists of 19 elements, each of which is coded on a point 
scale of 0 to 3, and are used to create subscores in 7 subcatego-
ries called components. The component variables are defined 
as: sleep latency (time required to go from full wakefulness to 
sleep and the frequency of falling asleep within 30 minutes); 
habitual sleep efficiency (hours slept compared to hours spent 
in bed: 0, ≥ 85%; 1, 75% to 84%; 2, 65% to 74% and 3, < 65%); 
subject sleep quality (0, very good; 1, fairly good; 2, fairly bad; 
and 3, very bad); sleep disturbance (amount of sleep disruption 

and frequency of disruption); daytime dysfunction (regularity 
of having trouble staying awake and maintaining enthusiasm 
during daily activities); sleep duration (0, sleep duration > 7 
hours; 1, 6 to ≤ 7 hours; 2, 5 to < 6 hours and 3, < 5 hours); and 
use of sleep medication (0, not used during the past month; 1, 
less than once a week; 2, once or twice a week and 3, three or 
more times a week). Points from each component are summed 
for a global sleep quality score, from 0 to 21. A global PSQI 
score of 6 or higher distinguishes between good and poor 
sleepers.8

BMI and Abdominal Obesity
Height and weight were measured according to standardized 
procedures. In brief, we measured each participant’s height 
and weight (to the nearest 0.1 cm and 0.1 kg, respectively) in 
light, indoor clothes. BMI was calculated as weight divided by 
height (kg/m2). We defined BMI based on recommendations 
from the Working Group on Obesity in China. BMI was cat-
egorized as follows: underweight, < 18.5; normal, 18.5–23.9; 
overweight, 24.0–27.9; obese, ≥ 28. We used 24 as the cutoff 
point for overweight/obesity.9 Abdominal obesity was mea-
sured by waist circumference (WC), measured at navel level, 
with participants standing up straight and with light expiration. 
Abdominal obesity was modified for Chinese as > 90 cm for 
men and > 80 cm for women based on the definition of meta-
bolic syndrome (MetS) by International Diabetes Federations 
and World Health Organization recommendations.7,10

Covariates
Data on demographic characteristics age, sex, ethnicity, educa-
tion level, marital status, occupation and household income, 
and behavioral and lifestyle risk factors were obtained from 
standardized, self-reported questionnaires. Lifestyle risk fac-
tors included smoking, alcohol consumption, tea consump-
tion, and exercise. The definitions of lifestyle risk factors have 
been reported previously.8 The measurement and definition of 
hypertension were reported at the same time. In brief, blood 
pressure was measured with a standardized mercuric-column 
sphygmomanometer by a trained and certified observer. Ac-
cording to the Seventh Report of the Joint National Commit-
tee (JNC-7), we defined hypertension as an average systolic 
blood pressure ≥ 140 mm Hg, or an average diastolic blood 
pressure ≥ 90 mm Hg, or current use of antihypertensive medi-
cation. Medication use was confirmed with a standardized 
interview.8

Statistical Analysis
All of the statistical analyses for this study were conducted 
with SPSS software (version 18.0, SPSS Inc., Chicago, Illinois, 
United States). A value of P < .05 was considered statistically 
significant and all of the P values were two-sided.

In the current study, data were tested for normality 
(Shapiro-Wilk W test) and homogeneity (Bartlett test for un-
equal variances) and all scores and subscores were natural 
log-transformed to correct skewed distributions. All statistical 
analyses were stratified by sex because previous studies sug-
gested sex differences in sleep outcomes. Baseline character-
istics were compared between sex subgroups using one-way 
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analysis of variance for continuous variables (age, BMI, WC, 
and global PSQI score) and Pearson chi-square tests for categor-
ical variables (BMI classification, abdominal obesity, drinking, 
smoking, tea consumption, exercise, total final income, edu-
cation, marital status, occupational status, the prevalence of 
hypertension, and sleep quality). Baseline characteristics were 
also compared between good and poor sleep quality using one-
way analysis of variance for continuous variables (age, BMI, 
and WC) and Pearson chi-square tests for categorical variables 
(abdominal obesity, drinking, smoking, tea consumption, exer-
cise, total final income, education, marital status, occupational 
status, and the prevalence of hypertension).

Analysis of covariance and logistic regression were per-
formed to assess the association of self-reported sleep quality 
with abdominal obesity. We conducted data analysis of cova-
riance for continuous variables to determine any significant 

differences across groups with or without abdominal obesity 
and adjusted for hypertension, age, BMI, drinking, smoking, 
tea consumption habit, regular exercise, total final income, 
education, marital status, and occupational status. Logistic re-
gression was conducted to evaluate associations between ab-
dominal obesity and poor sleep quality using the global PSQI 
score and seven other PSQI component subscales after adjust-
ing for the aforementioned variables.

RESULTS

The characteristics of the participants are presented in Table 1, 
stratified by sex. Of the 9,404 study participants, 50.72% were 
males and 49.28% were females. Mean BMI was significantly 
higher among females (24.2 kg/m2) than males (23.43 kg/m2) 

Table 1—Characteristics of the study population according to sex.
Total (n = 9,404) Male (n = 4,770) Female (n = 4,634 ) P Value

Age (y) 52.11 ± 14.10 52.49 ± 14.17 51.70 ± 14.0 .009
BMI (kg/m2) 23.80 ± 5.09 23.43 ± 4.41 24.20 ± 5.7  < .001

< 18.5 513 (5.46) 219 (4.59) 294 (6.34)  < .001
18.5–24 5,305 (56.41) 2,914 (61.09) 2,391 (51.60)
24–28 2,703 (28.74) 1,295 (27.15) 1,408 (30.38)
≥ 28 883 (9.39) 342 (7.17) 541 (11.67)

Waist circumference (cm) 82.75 ± 11.46 84.26 ± 11.45 81.19 ± 11.26  < .001
Abdominal obesity 3,198 (34.01) 968 (20.28) 2,230 (48.12)  < .001
Current smoker 2,853 (30.34) 2,307 (48.36) 546 (11.78)  < .001
Current drinker 1,663 (17.68) 1,534 (32.16) 129 (2.78)  < .001
Tea habits 2,122 (22.56) 1,662 (34.84) 460 (9.93)  < .001
Exercise habits 3,702 (39.37) 1,946 (40.80) 1,756 (37.89) .004
Family income per year (RMB)  < .001

< 5,000 2,715 (28.87) 1,302 (27.30) 1,413 (30.49)
5,000–10,000 3,766 (40.05) 1,937 (40.61) 1,829 (39.47)
10,000–30,000 2,366 (25.16) 1,266 (26.54) 1,100 (23.74)
30,000–100,000 187 (1.99) 103 (2.16) 84 (1.81)
≥ 100,000 18 (0.19) 6 (0.12) 12 (0.26)
N/A 352 (3.74) 156 (3.27) 196 (4.23)

Education  < .001
Less than HS 8,767 (93.23) 4,386 (91.95) 4,381 (94.54)
HS graduate 557 (5.92) 332 (6.96) 225 (4.86)
More than HS 80 (0.85) 52 (1.09) 28 (0.60)

Marital status  < .001
Married 8,958 (95.26) 4,486 (94.05) 4,472 (96.50)
Unmarried 446 (4.74) 284 (5.95) 162 (3.50)

Occupational status
Unemployed 1,671 (17.77) 172 (3.60) 1,499 (32.35)  < .001
Employed 555 (5.90) 389 (8.16) 166 (3.58)
Farmer 6,922 (73.61) 4,018 (84.23) 2,904 (62.67)
Retired 145 (1.54) 116 (2.43) 29 (0.62)
Others 111 (1.18) 75 (1.57) 36 (0.78)

Hypertension 4,800 (51.04) 2,418 (50.69) 2,382 (51.40) .491
PSQI score 4.31 ± 2.80 4.21 ± 2.67 4.42 ± 2.93  < .001
Poor sleep quality 2,479 (26.36) 1,218 (25.53) 1,261 (27.21) .065

Data are presented as mean ± standard deviation or number (%). The Pearson chi-square statistical test for nominal variables and one-way analysis of 
variance for continuous variables were performed to assess whether there were significant differences among the groups stratified by sex. BMI = body 
mass index, HS = high school, PSQI = Pittsburgh Sleep Quality Index, RMB = Chinese Yuan.
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(P < .05). Furthermore, the proportion of overweight/obese in 
females (30.38% and 11.67%, respectively) was significantly 
higher than in males (27.15% and 7.17%, respectively; P < .05). 
Prevalence of abdominal obesity was also significantly higher 
among females (48.12%) than males (20.28%) (P < .05). 
Though there was no significant difference in the prevalence 
of poor sleep quality across sex, global PSQI score of females 
was significantly higher than that of males (P < .05). Thus, data 
were stratified by sex in the following analyses.

Table 2 shows the differences between the groups of poor 
and good sleep quality. There was no significant difference 
in BMI between the 2 groups for either sex. However, both 
WC and abdominal obesity were elevated among those with 
poor sleep quality across sex (P < .05). Figure 1 shows that 
participants with abdominal obesity had higher global PSQI 
scores and poorer sleep quality on average than those without 
abdominal obesity (P < .05).

Table 3 and Table 4 display one-way analyses of covari-
ance for continuous variables to assess significant differences 
among the males and females with and without abdominal 

obesity after adjustment for hypertension, age, BMI, drinking, 
smoking, tea consumption habit, exercise, total final income, 
education, marital status and occupational status. Among 
males, mean scores for global PSQI and 6 (out of 7) PSQI com-
ponents (sleep duration, subjective sleep quality, sleep latency, 
sleep disturbance, use of sleep medication, and daytime dys-
function) were significantly higher in participants with abdom-
inal obesity (P < .05). In females, the trend persisted for only 2 
components (sleep latency and sleep disturbance; P < .05). Un-
like in males, the scores for sleep duration were significantly 
lower in obese female participants (P < .05). We also compared 
the difference in the time to fall asleep between the 2 groups 
separately among males and females. The results indicated that 
both sexes with obesity needed more time to fall asleep (with 
higher scores of the time to fall asleep; P < .05).

Table 5 and Table 6 reveal results of multivariate logistic 
regression analyses examining the relationship between the 
global and component PSQI scores and abdominal obesity 
after adjusting for aforementioned variables. In males, the 
odds of abdominal obesity among individuals with the global 

Table 2—Characteristics of the study population according to sleep quality.
Male Female

Poor Sleep Quality
(n = 1,218)

Good Sleep Quality
(n = 3,552) P Value

Poor Sleep Quality
(n = 1,261)

Good Sleep Quality
(n = 3,373) P Value

Age (y) 56.71 ± 13.11 51.03 ± 14.23  < .001 56.05 ± 12.71 50.10 ± 14.15  < .001
BMI (kg/m2) 23.25 ± 4.56 23.49 ± 4.35 .109 24.23 ± 5.36 24.16 ± 5.80 .707
Waist circumference (cm) 86.80 ± 12.93 83.39 ± 10.76  < .001 82.92 ± 11.83 80.54 ± 10.97  < .001
Abdominal obesity 336 (27.59) 632 (17.79)  < .001 679 (53.85) 1,551 (45.98)  < .001
Current smoker 643 (52.79) 1,664 (46.85)  < .001 206 (16.34) 340 (10.08)  < .001
Current drinker 417 (34.24) 1,117 (31.45) .072 42 (3.33) 87 (2.58) .166
Tea habits 440 (36.12) 1,222 (34.40) .277 148 (11.74) 312 (9.25) .012
Exercise habits 512 (42.04) 1,434 (40.37) .308 503 (42.04) 1,253 (40.37) .087
Family income per year (RMB)  < .001  < .001

< 5,000 434 (35.63) 868 (24.44) 477 (37.83) 936 (27.75)
5,000–10,000 456 (37.44) 1,481 (41.69) 447 (35.45) 1,382 (40.97)
10,000–30,000 265 (21.76) 1,001 (28.18) 257 (20.38) 843 (24.99)
30,000–100,000 16 (1.31) 87 (2.45) 6 (0.48) 78 (2.31)
≥ 100,000 0 6 (0.17) 1 (0.08) 11 (0.33)
N/A 47 (3.86) 109 (3.07) 73 (5.79) 123 (3.65)

Education  < .001 .091
Less than HS 1,090 (89.49) 3,296 (92.79) 1,206 (95.64) 3,175 (94.13)
HS graduate 117 (9.60) 215 (6.05) 47 (3.73) 178 (5.28)
More than HS 11 (0.90) 41 (1.15) 8 (0.63) 20 (0.59)

Marital status .107 .146
Married 1,134 (93.10) 3,352 (94.37) 1,225 (97.15) 3,247 (96.26)
Unmarried 84 (6.90) 200 (5.63) 36 (2.85) 126 (3.74)

Occupational status .035 .006
Unemployed 36 (2.96) 136 (3.83) 410 (32.51) 1,089 (32.29)
Employed 107 (8.78) 282 (7.94) 28 (2.22) 138 (4.09)
Farmer 1,010 (82.92) 3,008 (84.68) 813 (64.47) 2,091 (61.99)
Retired 39 (3.20) 77 (2.17) 5 (0.40) 24 (0.71)
Others 26 (2.13) 49 (1.38) 5 (0.40) 31 (0.92)

Hypertension 862 (70.77) 1,556 (43.81)  < .001 867 (68.75) 1,515 (44.92)  < .001

Data are presented as mean ± standard deviation or number (%). The Pearson chi-square statistical test for nominal variables and one-way analysis of 
variance for continuous variables were performed to assess whether there were significant differences between the groups with and without sleep disorder. 
BMI = body mass index, HS = high school, RMB = Chinese Yuan.
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PSQI score of 6 or more was 1.64 (95% confidence interval 
[CI]: 1.39–1.95) in contrast to the reference group with the 
global PSQI score of 5 or less. Among females, the odds of 
abdominal obesity among individuals with the global PSQI 
score of 6 or more was 1.14 (95% CI, 0.98–1.32) in contrast 
with the reference group. In males, participants who had el-
evated scores in all PSQI components had greater odds of ab-
dominal obesity than those who did not. For example, the odds 
of abdominal obesity among the subjects with subjective sleep 
quality scores of 1, 2, and 3 (indicating poorer sleep quality) 
were 1.16, 1.66, and 3.15 (95% CI: 0.98–1.36, 1.20–2.29, and 
1.61–6.17), respectively, in contrast with the reference group. 
Scores for PSQI components among females showed no asso-
ciation between habitual sleep efficiency, daytime dysfunction, 
and abdominal obesity. However, females with elevated scores 
in subjective sleep quality, sleep latency, sleep disturbance, or 
use of sleep medication had greater odds of abdominal obesity 
than those who did not to some extent. For example, the odds 
of abdominal obesity among the subjects with subjective sleep 
quality scores of 2 were 1.35 (95% CI: 1.04–1.76) in contrast 

with the reference group. The risks of sleep duration were dif-
ferent among males and females. For example, the odds of ab-
dominal obesity among the subjects with sleep duration scores 
of 3 was 2.64 (95% CI: 1.44–4.85) among males and 1.62 (95% 
CI: 0.92–2.87) among females. Similarly, we compared the 
risk of the time to fall asleep separately, as shown in Table 7. 
Among males, the odds of abdominal obesity among the sub-
jects taking a longer time to fall asleep (31–60 minutes, ≥ 60 
minutes) were 2.38 and 3.61 (95% CI: 1.20–4.74, 1.60–8.13), 
respectively, in contrast with the reference group (≤ 15 min-
utes). Similar trends existed among females with the odds of 
1.80 and 2.37 (95% CI: 1.13–2.85, 1.30–4.32).

DISCUSSION

Previously, studies on the associations between sleep dura-
tion and obesity have largely progressed without adequately 
addressing the role of sleep quality such as sleep latency and 
sleep disturbance. Our study is one of the first attempts to 

Figure 1—Global PSQI score and prevalence of poor sleepers in the groups with and without abdominal obesity in male and 
female. 

The chi-square statistical test was performed to assess whether there were significant differences in the global score and the prevalence of poor sleep 
quality between the groups with and without abdominal obesity in male or female. PSQI = Pittsburgh Sleep Quality Index.
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conduct self-reported sleep quality assessments from adults in 
rural areas. In addition, we are also among the first to dem-
onstrate a correlation between poor sleep quality and risk of 
abdominal obesity in the general population, stratified by sex.

Previous studies mainly have focused on BMI but not in-
cluded WC. Abdominal obesity is one of the five primary 
components of MetS.11 In China, the prevalence of abdominal 
obesity has been rapidly increasing.7 In this study, we exam-
ined the associations between PSQI (both global and compo-
nent scores) and both BMI and abdominal obesity, stratified 
by sex. We found no evidence of an association between sleep 
quality and BMI, either in men or women. However, we ob-
served significant, positive associations between prolonged 
sleep latency and sleep disturbance and abdominal obesity 
(in terms of WC and prevalence of abdominal obesity) across 
sex. Furthermore, associations between the poor sleep quality, 
short sleep duration and daytime dysfunction and abdominal 
obesity were observed among men.

One Taiwanese study indicated that participants who slept 
fewer than 5 hours per night on average were more likely to 
experience abdominal obesity, and those with higher scores of 
sleep disturbances had a higher prevalence of MetS and ab-
dominal obesity.12 Another study found significantly decreased 
WC in those who improved their sleep quality.13 Similarly, our 
study found that men with shorter sleep duration and higher 
scores of sleep disturbances had a higher prevalence and 
higher risk of abdominal obesity. As such, men with short 
sleep duration or sleep disturbances should be screened for 

MetS and abdominal obesity in an effort to prevent cardiovas-
cular diseases.

Other studies examining sleep quality in association with 
obesity report mixed results. A few studies have shown an 
association between sleep quality and overweight/obesity.14,15 
However, some studies suggest the contrary. For instance, 
studies such as those by Kim and Crönlein found no asso-
ciation between poor sleep quality and BMI.16,17 We did not 
identify an association between sleep quality and BMI, either. 
The differences in the findings are most likely attributable to 
the group studied or other factors. For example, some poten-
tial risk factors were not taken into account in these studies 
such as smoking status, alcohol consumption, exercise habits, 
and tea consumption. In previous studies, the population was 
composed of urban participants, teenagers, or elderly people, 
whereas our participants were all rural Chinese adults. In the 
absence of an association between sleep quality and BMI, we 
did find a significant, positive link between sleep quality and 
abdominal obesity.

Mechanisms underlying the relationship between sleep and 
obesity are not fully understood. Some biological evidence 
suggests that the presence of a sleep disorder may increase the 
risk for obesity.18 Both sleep quality and quantity are impor-
tant factors to maintain normal daily metabolic and hormonal 
processes and appetite regulation, which may contribute to en-
ergy dysregulation that leads to weight gain and obesity.16 For 
example, Yan et al.6 indicated that sleep deprivation may lead 
to a constellation of metabolic and endocrine alterations (eg, 
decreased glucose tolerance, elevated sympathovagal balance, 
decreased levels of leptin, and increased hunger and appetite). 
However, there are experimental sleep restriction studies that 
have found no change or even increases in leptin levels or de-
creases in ghrelin levels as a result of sleep deprivation.19–21 
Some studies have demonstrated that recurrent episodes of 
short sleep increased 24-hour food intake and snack consump-
tion, whereas others have not observed such an increase.22 In 
addition, Prather et al.23 confirmed that systemic inflammation, 
including that induced by stress, may serve as a common bio-
logical mechanism linking sleep, adiposity, and disease risk.

Our results converge with other existing research report-
ing sleep quality differences across sex.11,24,25 In our study, the 
global PSQI score of females was higher than that of males, and 
the prevalence of abdominal obesity in female (48.12%) was 
much greater than that in males (20.28%), which is consistent 

Table 3—Comparison of PSQI scores between groups with 
and without abdominal obesity.

Obesity Nonobesity P Value
Male
Global PSQI score 4.89 ± 0.08 4.00 ± 0.04 < .001
Subjective sleep quality 0.67 ± 0.02 0.55 ± 0.01 < .001
Sleep latency 1.32 ± 0.02 1.19 ± 0.01 < .001
Sleep duration 0.34 ± 0.02 0.26 ± 0.01 .004
Habitual sleep efficiency 0.60 ± 0.03 0.56 ± 0.01 .242
Sleep disturbance 0.85 ± 0.02 0.64 ± 0.01 < .001
Use of sleep medication 0.27 ± 0.01 0.12 ± 0.01 < .001
Daytime dysfunction 0.85 ± 0.02 0.67 ± 0.01 < .001

Female
Global PSQI score 4.49 ± 0.08 4.30 ± 0.06 .466
Subjective sleep quality 0.63 ± 0.02 0.60 ± 0.02 .982
Sleep latency 1.30 ± 0.01 1.21 ± 0.01 < .001
Sleep duration 0.28 ± 0.01 0.31 ± 0.01 .047
Habitual sleep efficiency 0.58 ± 0.02 0.62 ± 0.02 .134
Sleep disturbance 0.74 ± 0.01 0.65 ± 0.01 .002
Use of sleep medication 0.17 ± 0.01 0.14 ± 0.01 .197
Daytime dysfunction 0.80 ± 0.02 0.76 ± 0.02 .892

Data are presented as mean ± standard error. One-way analysis of 
covariance for continuous variables were performed to assess whether 
there were significant differences among the groups of abdominal 
obesity and non-abdominal obesity after adjusted for hypertension, 
age, body mass index, drinking, smoking, tea consumption habit and 
exercise, total final income, education, marital status and occupational 
status. PSQI = Pittsburgh Sleep Quality Index.

Table 4—Comparison of scores of the time to fall asleep 
between groups with and without abdominal obesity.

Obesity Nonobesity P Value
Male 1.59 ± 0.01 1.48 ± 0.01 < .001
Female 1.57 ± 0.01 1.46 ± 0.01 < .001

Data are presented as mean ± standard error. One-way analysis of 
covariance for continuous variables were performed to assess whether 
there were significant differences among the groups of abdominal obesity 
and non-abdominal obesity after adjustment for hypertension, age, body 
mass index, drinking, smoking, tea consumption habit and exercise, total 
final income, education, marital status and occupational status.
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with an analysis of 105 countries and territories reported by 
Thomson et al.1 We found that males with higher subjective 
sleep quality scores (1, 2, and 3, respectively; indicating poorer 
sleep quality) suffered from a higher prevalence (18.7%, 21.9% 
and 30.08%, respectively) and higher risk (1.29, 2.03, and 3.67) 
of abdominal obesity. However, similar relationships did not 
exist in females. Thus, the effects in males were larger than 
in females, both in terms of the correlated sleep elements and 
the odds ratios for abdominal obesity. Results are similar to 
those presented in the study by Sun and colleagues,11 where 
sleep quality was negatively associated with overweight/obe-
sity in Chinese urban men but not in women. Furthermore, 
in the current study we also found that for males, sleep dura-
tion was shorter in individuals with abdominal obesity than 
those without abdominal obesity. However, sleep duration did 
not show a similar difference among females. This is consis-
tent with the study findings reported by Sun et al.,26 who re-
ported that short sleep duration was significantly associated 

with obesity among men (odds ratio: 2.15; 95% CI: 1.19–3.90), 
but not among women.26 We also found that the odds of ab-
dominal obesity among the subjects that took a longer time 
to fall asleep (31–60 minutes, ≥ 60 minutes) for males were 
higher than that for females when compared to the subjects 
who took a shorter time to fall asleep (≤ 15 minutes). The spe-
cific sex-based mechanisms are still unclear. Recent studies 
emphasize the importance of the menstrual cycle with regard 
to sleep, such as cortisol changes in response to sleep quality. 
It has been reported that sex differences occurred in individu-
als with both insomnia and obesity.27,28 Another study revealed 
that sleep restriction led to a marked increase in food intake in 
men compared to women.29 Because of the metabolic nature of 
such sex differences, men have been found to gain more weight 
than women under experimental sleep restriction.29 Under con-
ditions of sleep loss, hormonal responses have been reported 
to differ as well. For instance, greater increases in leptin levels 
were found in women than in men following sleep restriction.30 

Table 5—Association between PSQI scores and abdominal obesity among males.
Score n Prevalence (%) OR 95% CI P Value

Global PSQI Score  ≤ 5 3,401 17.79 1.00 reference
 ≥ 6 1,150 27.59 1.64 1.39–1.95 < .001

Subjective Sleep Quality 0 2,253 18.73 1.00 reference
1 2,020 21.93 1.16 0.98–1.36 .075
2 236 30.08 1.66 1.20–2.29 .002
3 42 38.10 3.15 1.61–6.17 .001

Sleep Latency 0 55 16.36 1.00 reference
1 3,571 19.07 1.48 0.68–3.21 .318
2 802 27.06 2.17 0.99–4.75 .053
3 123 36.59 3.30 1.39–7.81 .007

Sleep Duration 0 3,574 20.03 1.00 reference
1 736 23.51 1.18 0.96–1.44 .110
2 190 22.63 1.04 0.72–1.91 .829
3 51 39.22 2.64 1.44–4.85 .002

Habitual Sleep Efficiency 0 2,733 19.50 1.00 reference
1 1,213 24.81 1.33 1.12–1.57 .001
2 422 18.01 0.83 0.62–1.09 .183
3 183 22.95 1.24 0.85–1.81 .256

Sleep Disturbance 0 1,678 14.96 1.00 reference
1 2,633 22.48 1.48 1.24–1.76 < .001
2 239 45.61 4.59 3.35–6.29 < .001
3 1 0.00 N/A N/A N/A

Use of Sleep Medication 0 3,968 19.23 1.00 reference
1 492 28.46 1.69 1.34–2.12 < .001
2 74 55.41 5.81 3.54–9.53 < .001
3 17 47.06 4.90 1.77–13.51 .002

Daytime Dysfunction 0 1,997 17.38 1.00 reference
1 1,987 21.84 1.28 1.08–1.51 .004
2 472 32.42 2.10 1.64–2.68 < .001
3 95 18.95 1.08 0.62–1.88 .798

Data are presented as adjusted odds ratios (95% CI) for the prevalence of abdominal obesity in males. Logistic regression analysis was conducted after 
adjustment for hypertension, age, body mass index, drinking, smoking, tea consumption habit and exercise, total final income, education, marital status and 
occupational status. CI = confidence interval, OR = odds ratio, PSQI = Pittsburgh Sleep Quality Index.
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St-Onge et al.31 found that sleep restriction led to increased 
morning levels of ghrelin only in men. However, an afternoon 
decrease in GLP-1 was observed only in women.

Study strengths of the current study include a relatively 
large sample size, the use of cross-culturally accepted instru-
ments to characterize sleep disorders, and the use of the valid, 

Table 7—Association between the time to fall asleep and abdominal obesity.
Time (min) n Prevalence (%) OR 95% CI P Value

Male  ≤ 15 80 13.75 1 reference
16–30 2,204 18.33 1.71 0.86–3.40 .129 
31–60 2,167 23.30 2.38 1.20–4.74 .014 
 ≥ 60 100 32.00 3.61 1.60–8.13 .002 

Female  ≤ 15 83 46.99 1 reference
16–30 2,068 45.31 1.20 0.76–1.90 .442 
31–60 2,071 53.94 1.80 1.13–2.85 .013 
 ≥ 60 118 65.25 2.37 1.30–4.32 .005 

Data are presented as adjusted odds ratios (95% CI) for the prevalence of abdominal obesity in males and females. Logistic regression analysis was 
conducted after adjustment for hypertension, age, body mass index, drinking, smoking, tea consumption habit and exercise, total final income, education, 
marital status and occupational status. CI = confidence interval, OR = odds ratio, PSQI = Pittsburgh Sleep Quality Index. 

Table 6—Association between PSQI scores and abdominal obesity among females.
Score n Prevalence (%) OR 95% CI P Value

Global PSQI Score  ≤ 5 3,172 45.98 1 reference
 ≥ 6 1,168 53.85 1.14 0.98–1.32 .087

Subjective Sleep Quality 0 2,110 48.15 1 reference
1 1,851 49.92 0.92 0.80–1.05 .235
2 314 63.69 1.35 1.04–1.76 .024
3 65 46.15 0.74 0.43–1.24 .240

Sleep Latency 0 60 46.67 1 reference
1 3,302 46.64 1.30 0.76–2.21 .343
2 791 63.34 2.07 1.20–3.59 .009
3 187 54.01 1.43 0.78–2.63 .251

Sleep Duration 0 3,383 50.40 1 reference
1 681 46.99 0.77 0.64–0.92 .004
2 218 49.08 0.72 0.54–0.96 .025
3 58 65.52 1.62 0.92–2.87 .095

Habitual Sleep Efficiency 0 2,574 50.12 1 reference
1 1,169 49.87 0.97 0.83–1.12 .662
2 353 50.14 0.87 0.68–1.10 .239
3 244 49.18 0.83 0.62–1.10 .187

Sleep Disturbance 0 1,605 43.68 1 reference
1 2,478 53.47 1.28 1.12–1.47 < .001
2 239 55.65 1.04 0.78–1.40 .775
3 18 61.11 1.84 0.70–4.89 .218

Use of Sleep Medication 0 3,793 49.22 1 reference
1 445 52.13 0.92 0.74–1.13 .416
2 81 72.84 2.27 1.36–3.80 .002
3 21 57.14 0.93 0.38–2.30 .878

Daytime Dysfunction 0 1,776 47.07 1 reference
1 1,917 50.65 1.01 0.88–1.16 .904
2 491 57.43 1.17 0.94–1.46 .148
3 156 51.92 0.90 0.63–1.29 .580

Data are presented as adjusted odds ratio (95% CI) for the prevalence of abdominal obesity in females. Logistic regression analysis was conducted after 
adjusted for hypertension, age, body mass index, drinking, smoking, tea consumption habit and exercise, total final income, education, marital status and 
occupational status. CI = confidence interval, OR = odds ratio, PSQI = Pittsburgh Sleep Quality Index.
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reliable PSQI instrument. Limitations include self-report, lack 
of laboratory measures of sleep mediators (eg, ghrelin, leptin, 
insulin resistance, and sympathoadrenal activity),32,33 and other 
subjective sleep parameters (eg, sleep diaries, sleep duration in 
minutes). Perhaps the largest limitation, however, is the lack 
of temporal ordering and controls necessary to permit causal 
inferences. Future longitudinal studies are needed. Another 
limitation is that the Chinese version of PSQI does not include 
any items regarding restlessness during sleep and witnessed 
apneas, which can serve to indicate general and various as-
pects of sleep quality as previously mentioned, including snor-
ing and pauses between breaths. Thus, the current study does 
not contain adequate information to explore the association 
between restless legs syndrome and obstructive sleep apnea 
and abdominal obesity. Finally, though we have included hy-
pertension as a confounding factor in the current study, there 
is still no information on medications or diabetes, depression, 
and psychiatric disorders, which should be taken into account 
in the future studies.

CONCLUSIONS

We observed, for the first time, an association of global PSQI 
score with prevalence and odds of abdominal obesity in a ru-
ral Chinese population. PSQI components (prolonged sleep la-
tency, short sleep duration, sleep disturbance, and poor sleep 
quality) are also associated with abdominal obesity, with more 
pronounced effects among men overall. Further research is 
needed to elucidate this relationship. In clinical practice, we 
might suggest routine screening for poor sleep quality among 
subjects with abdominal obesity.

ABBRE VI ATIONS

BMI, body mass index 
CI, confidence interval
JNC-7, the Seventh Report of the Joint National Committee
MetS, metabolic syndrome 
OR, odds ratio
PSQI, Pittsburgh Sleep Quality Index 
WC, waist circumference
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