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Abstract
Background No studies have assessed the association between sleep duration and obesity in Chinese ethnic 
minorities. Whether the relationship between sleep duration and obesity is different between Chinese Han people 
and Chinese ethnic minorities remains unclear. The study aimed to explore the relationship between sleep duration 
and obesity among Chinese Han people and Chinese ethnic minorities.

Methods We applied data from the Guizhou Population Health Cohort Study (GPHCS), which 9,280 participants were 
recruited in the baseline survey from 2010 to 2012, and 8,163 completed the follow-up survey from 2016 to 2020. 
A total of 5,096 participants (3,188 Han Chinese and 1,908 ethnic minorities) were included in the ultimate analysis. 
Information on sleep duration (total 24-hour sleep time), body mass index (BMI), and waist circumference (WC) was 
collected at the baseline and follow-up survey, respectively. Cross-lagged panel analyses were conducted to explore 
the temporal relationship between sleep duration and obesity for Han people and ethnic minorities.

Results For Han people, the results from cross-lagged panel analyses indicated that baseline sleep duration was 
significantly associated with follow-up BMI (βBMI = -0.041, 95% CIBMI: -0.072 ~ -0.009) and follow-up WC (βWC = -0.070, 
95%CIWC: -0.103 ~ -0.038), but baseline BMI (βBMI = -0.016, 95% CIBMI: -0.050 ~ 0.018) and baseline WC (βWC = -0.019, 
95% CIWC: -0.053 ~ 0.016) were not associated with follow-up sleep duration. In addition, the relationship between 
baseline sleep duration and follow-up BMI was gender-specific and significant only in the Han people female (βBMI = 
-0.047, 95% CIBMI: -0.090 ~ -0.003) but not in the Han people male (βBMI = -0.029, 95% CIBMI: -0.075 ~ 0.016). For ethnic 
minorities, the results indicated that there was no relationship between sleep duration and obesity at all, either from 
sleep duration to obesity (βBMI = 0.028, 95%CIBMI: -0.012 ~ 0.068; βWC = 0.020, 95%CIWC: -0.022 ~ 0.062), or from obesity 
to sleep duration (βBMI = -0.022, 95%CIBMI: -0.067 ~ 0.022; βWC = -0.042, 95%CIWC: -0.087 ~ 0.003).
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Background
Obesity has become a global epidemic and a significant 
health challenge worldwide [1]. There were more than 
650  million adults suffering from obesity, according to 
the world health organization report [2]. Thus, a growing 
body of studies has been done to identify modifiable risk 
factors for obesity.

In the recent two decades, sleep duration, a critical 
measurement reflecting sleep quality, has been proposed 
as a potential factor contributing to obesity [3]. In gen-
eral, most existing evidence consented to the associa-
tion between short sleep duration and obesity in adults 
[4–8]. However, some evidence indicated that the effect 
size and direction of this association might vary across 
populations and countries [9–12]. For findings about 
effect size, one study suggested that African Americans 
with short sleep duration are more susceptible to obesity 
than Caucasians [9]. Furthermore, for findings about the 
association direction, though most studies indicated a 
unidirectional inversely effect from sleep duration to obe-
sity [4–6], some studies from western developed coun-
tries indicated different association patterns [10–12]. For 
instance, studies from the United States and Britain con-
sented to a unidirectional inversely effect from obesity 
to sleep duration [10, 11], while a study from the Neth-
erlands indicated a bidirectional inversely relationship 
between obesity and sleep duration [12]. One explana-
tion for the inconsistent findings is that some sociode-
mographic factors may moderate the effect size and 
direction of the association between sleep duration and 
obesity. Unfortunately, existing evidence mainly comes 
from western developed countries. We know little if the 
relationship between sleep duration and obesity will vary 
among people in developing countries.

With regard to developing countries, China has been 
suffering a surge of obesity in the past decades [13]. 
About 85  million Chinese adults with body mass index 
(BMI) ≥ 28.0  kg/m² in 2018, the figure was three times 
compared with 2004 [14]. Furthermore, China is a uni-
fied multi-ethnic country consisting of Han people and 
55 ethnic minorities, of which the minority population 
exceeds 125 million [15]. Sleep duration and obesity are 
significantly different among Han and ethnic minorities 
in China due to variations in sociodemographic factors 
[16, 17]. However, it remains unclear whether the rela-
tionship between sleep duration and obesity is differ-
ent between Han people and ethnic minorities. When 
exploring the association between sleep duration and 

obesity in China, most available studies only focused on 
Chinese Han people [18, 19], leading to a poor under-
standing of the association for Chinese ethnic minorities. 
For the paucity of previous ethnic minorities studies, one 
possible reason is the inadequacy of minority samples. 
Although ethnic minorities account for 8.89% of China’s 
total population [15], most sample surveys fail to obtain 
sufficient representative samples for valid statistical infer-
ence due to widespread distribution across the country 
[20]. Guizhou province is located in southwestern China, 
it is one of the primary concentrations of ethnic minori-
ties in China, with more than 36.44% of the whole prov-
ince’s population being ethnic minorities, including the 
Miao, Buyi, Dong and so forth [21]. The extensive minor-
ity population in Guizhou province offers the possibility 
to explore the relationship between sleep duration and 
obesity among ethnic minorities.

Therefore, leveraging a longitudinal data from Guizhou 
containing a significant proportion of Chinese ethnic 
minorities (37.44%), this study attempted to examine the 
relationship between sleep duration and obesity across 
Chinese Han people and ethnic minorities. Given the 
evidence from relevant studies in western developed 
countries [10–12] and also considering that Chinese Han 
people and ethnic minorities have different demographic 
characteristics [16, 17], this study hypothesized that the 
relationship between sleep duration and obesity is differ-
ent among Chinese Han people and ethnic minorities. 
This study can contribute to the knowledge about the 
association between sleep duration and obesity, and the 
moderating effect of ethnicity on the relationship among 
Chinese people.

Methods
Study population and sample
We used data from two stages of the Guizhou Population 
Health Cohort Study (GPHCS) to accomplish the analy-
ses. The GPHCS conducted a multistage stratified clus-
ter random sampling method to recruit participants in 
Guizhou province, China. Detailed information related 
to study design and sampling strategy has been reported 
elsewhere [22]. Briefly, a total of 9,280 individuals aged 
18 years and older from 48 townships of 12 districts in 
Guizhou province were recruited from November 2010 
to December 2012, and 8,163 individuals completed the 
follow-up survey from December 2016 to June 2020. This 
study was approved by the Institutional Review Board 
of Guizhou Province Centre for Disease Control and 

Conclusion The relationship pattern between sleep duration and obesity across Han people and ethnic minorities 
is different. Future sleep-aimed overweight and obesity intervention should be conducted according to population 
characteristics.
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Prevention (No. S2017-02) [22]. All participants signed 
informed consent before the data collection.

To explore the relationship between sleep duration 
and obesity, we excluded 3,067 individuals with missing 
or invalid information for sleep duration, height, weight, 
waist circumference, or other covariates (e.g., drinking, 
energy intake, or physical activity). At last, we included 
a total of 5,096 participants in the subsequent analysis, 
with an average follow-up period of 7.12 years (standard 
deviation = 1.13 years) (Fig. 1).

Assessment of sleep duration
Self-reported sleep duration was obtained through a 
questionnaire by asking “how long do you sleep on a typi-
cal day?“. It’s important to note that the sleep duration 
assessed in this study refers to the 24-hour total sleep 
time. Each participant’s answer was converted to hours to 
represent the total sleep duration per day.

Anthropometric measurements
Anthropometric measurements, including height, 
weight, and waist circumference (WC), were obtained by 
a standardized physical examination. Height and weight 
were measured using unified height meters (accuracy is 
0.1 cm) and electronic weight scales (accuracy is 0.1 kg). 

Body mass index (BMI) was calculated as weight in kilo-
grams (kg) divided by height in meters squared (m2). 
WC (cm) was measured using a waist ruler (accuracy is 
0.1 cm) at the midpoint between the lower rib cage and 
the iliac crest.

Measurement of covariates
Information on several covariates, including age, gender, 
place of residence, education levels, marital status, smok-
ing status, alcohol consumption, dietary energy intake, 
physical activity, and sedentary behavior, were collected 
to adjust for confounding factors. Place of residence was 
categorized as 1 = rural and 2 = urban. Education was 
classified into four categories: 1 = illiterate, 2 = primary 
school, 3 = secondary school, and 4 = college and above. 
Marital status was classed as 1 = married and 2 = other 
(separation, divorce, widowed, spinsterhood, or cohabit). 
Smoking status was categorized as 1 = non-smoker and 
2 = smoker. Drinking status was categorized as 1 = non-
drinker and 2 = drinker. Energy intake (kcal/day) was 
assessed by daily dietary intake. Specifically, habitual 
diets regarding the previous 12 months were assessed 
using a semi-quantitative food frequency questionnaire 
(FFQ) with 14 food groups (cereals, tubers, pork, live-
stock, poultry, aquatic products, vegetables, fruits, juice 

Fig. 1 Flow chart of participants
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and beverage, eggs, dairy products, bean products, and 
fried products) [23]. For each food group, participants 
were required to report the quantity and frequency. 
According to the information from FFQ, we estimated 
the total daily energy intake based on the Chinese Food 
Composition Tables published in 2009 [24]. Physical 
activity and sedentary behavior were assessed using the 
Global Physical Activity Questionnaire [25], and physical 
activity intensity level was classified as 1 = low, 2 = moder-
ate, and 3 = high [26].

Statistical analyses
Analyses were performed by using R version 4.0.5. All 
tests were conducted on two-sided, and P value less than 
or equal to 0.05 was considered statistically significant.

Cross-lagged panel analyses were performed to exam-
ine the longitudinal relationship of sleep duration with 
BMI and WC across Han people and ethnic minorities. 
The cross-lagged panel analysis is a form of path analy-
sis that simultaneously examines reciprocal, longitudi-
nal relationships among a set of intercorrelated variables 
[27], which has been widely used in epidemiological 
studies [11, 28, 29]. A parsimonious model version is 
depicted in Fig.  2. A significant path coefficient (β1 or 
β2) suggests the directionality between the two variables 
measured over time. The cross-lagged path models were 
estimated based on the correlation matrix using the max-
imum likelihood method by the R package “Lavaan“ [30]. 
The validity of model fitting was assessed by root mean 
square residual (RMR) and comparative fit index (CFI) 

[31]. RMR < 0.05 and CFI > 0.90 indicate a relatively good 
fit for the observed data [28, 29].

Before cross-lagged path analysis, the baseline and 
follow-up of sleep duration, BMI and WC were adjusted 
for all covariates mentioned above by regression resid-
ual analyses. Then, the residual was standardized with 
Z-transformation (mean = 0; standard deviation = 1) [28, 
29] in Han people and ethnic minorities, respectively. At 
last, the standard Z score of sleep duration, BMI and WC 
were applied in the cross-lagged path analyses.

In addition, two sensitivity analyses were carried out 
in this study. First, the bootstrap simulation with 1000 
replicates was performed to obtain 95% confidence inter-
vals (CIs) to evaluate sensitivity to the distributions of 
cross-lagged path coefficients. The second analysis was 
executed by gender subgroups in Han people and ethnic 
minorities to test whether gender influences the temporal 
relationship of sleep duration with BMI and WC.

Results
Characteristics of study participants
As shown in Tables  1, a total of 3,188 Han people par-
ticipants and 1,908 ethnic minorities participants were 
included in the analyses. There was a significant dif-
ference between Han people and ethnic minorities in 
almost all characteristics, except for age and gender. In 
addition, from baseline to follow-up, compared with Han 
people, ethnic minorities experienced a more significant 
reduction in sleep duration (Han people: 0.21  h, Ethnic 
minority: 0.31  h, P = 0.049) but a lesser increase in BMI 

Fig. 2 Cross-lagged path analysis of sleep duration with BMI and WC in the Han people (A) and ethnic minorities (B), adjusted for age, gender, place of 
residence, education levels, marital status, smoking status, alcohol consumption, dietary energy intake, physical activity, sedentary behavior, and follow-
up years; β1 represents cross-lagged path coefficients from baseline sleep duration to follow-up BMI or WC; β2 represents from baseline BMI or WC to 
follow-up sleep duration; r1 and r2 represent tracking correlations; r3 represent synchronous correlations; R2 represents variance explained. Goodness-
of-fit (A, Han people, BMI): CFI = 1, RMR = 0.004; Goodness-of-fit (A, Han people, WC): CFI = 0.994, RMR = 0.010; Goodness-of-fit (B, Ethnic minorities, BMI): 
CFI = 1, RMR = 0.007; Goodness-of-fit (B, Ethnic minorities, WC): CFI = 0.996, RMR = 0.010. The cross-lagged path coefficients are presented as β (lower 95% 
CI, upper 95% CI). *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001
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(Han people: 0.69  kg/m2, Ethnic minority: 0.57  kg/m2, 
P = 0.207) and WC (Han people: 5.96 cm, Ethnic minor-
ity: 5.23 cm, P = 0.013).

Cross-lagged panel analyses between sleep duration and 
obesity
As shown in Fig.  2, results from Cross-lagged panel 
analyses indicated that the relationship pattern between 
sleep duration and obesity across Han people and ethnic 
minorities could be distinct. For Han people (Fig.  2A), 
results indicated that baseline sleep duration was sig-
nificantly associated with follow-up BMI (βBMI = -0.041, 
95%CIBMI: -0.072 ~ -0.009), and WC (βWC = -0.070, 
95%CIWC: -0.103 ~ -0.038). However, our results rejected 
the inverse effect from either baseline BMI (βBMI = 
-0.016, 95%CIBMI: -0.050 ~ 0.018) nor baseline WC (βWC = 
-0.019, 95%CIWC: -0.053 ~ 0.016) to follow-up sleep dura-
tion. Model fitting parameters (RMR = 0.004 and CFI = 1 
in the Sleep duration-BMI model and RMR = 0.010 and 

CFI = 0.994 in the Sleep duration-WC model) indicated 
an acceptable model fitness.

Distinct from Han people, our results indicated that 
there was no relationship between sleep duration and 
obesity for ethnic minorities at all (Fig.  2B). The sig-
nificant relationship between baseline sleep duration 
and follow-up obesity index disappeared for this group 
(βBMI = 0.028, 95%CIBMI: -0.012 ~ 0.068; βWC = 0.020, 
95%CIWC: -0.022 ~ 0.062). Model fitting parameters were 
RMR = 0.007 and CFI = 1 in the Sleep duration-BMI 
model and RMR = 0.010 and CFI = 0.996 in the Sleep 
duration-WC model, indicating an acceptable model 
fitness.

Sensitivity analyses
We performed the first sensitivity analysis using boot-
strap simulation and obtained 95% confidence intervals 
for cross-lagged path coefficients (Supplement Fig.  1). 
Though the confidence interval changed slightly, the 

Table 1 Characteristics at baseline and follow-up by Han people and Ethnic minorities
Characteristics Total (N = 5,096) Han people

(N = 3,188)
Ethnic minorities (N = 1,908) P-value

Baseline
Age, years 44.02 ± 14.95 44.33 ± 15.08 43.49 ± 14.72 0.053

Male 2,425 (47.57) 1,492 (46.80) 933 (48.90) 0.147

Urban 1,796 (35.24) 1,607 (50.41) 189 (9.91) < 0.001

Education < 0.001

Illiteracy 1,036 (20.33) 602 (18.89) 434 (22.75)

Primary 1,734 (34.03) 1,013 (31.78) 721 (37.79)

Secondary 2,050 (40.23) 1,366 (42.85) 684 (35.85)

Collage and above 276 (5.42) 207 (6.49) 69 (3.62)

Married 4,099 (80.44) 2,608 (81.81) 1,491 (78.15) 0.001

Smoking 1,480 (29.04) 1,002 (31.43) 478 (25.05) < 0.001

Drinking 1,694 (33.24) 980 (30.74) 714 (37.42) < 0.001

Energy intake, kcal/d 2,112.09 ± 855.57 2,030.76 ± 826.38 2,247.98 ± 885.94 < 0.001

Physical activity < 0.001

Low 1,289 (25.29) 743 (23.31) 546 (28.62)

Moderate 1,126 (22.10) 790 (24.78) 336 (17.61)

High 2,681 (52.61) 1,655 (51.91) 1,026 (53.77)

Sedentary duration, h 4.09 ± 2.25 4.28 ± 2.31 3.77 ± 2.10 < 0.001

Sleep duration, h 7.88 ± 1.14 7.79 ± 1.17 8.05 ± 1.07 < 0.001

BMI, kg/m2 22.86 ± 3.10 22.99 ± 3.11 22.64 ± 3.06 < 0.001

WC, cm 76.74 ± 9.27 77.33 ± 9.33 75.77 ± 9.08 < 0.001

Follow up
Sleep duration, h 7.64 ± 1.48 7.58 ± 1.55 7.74 ± 1.34 < 0.001

BMI, kg/m2 23.51 ± 3.25 23.68 ± 3.28 23.21 ± 3.18 < 0.001

WC, cm 82.43 ± 9.31 83.29 ± 9.33 81.00 ± 9.10 < 0.001

Change from baseline to follow up
Δ Sleep duration, h -0.25 ± 1.75 -0.21 ± 1.18 -0.31 ± 1.63 0.049

Δ BMI, kg/m2 0.64 ± 3.37 0.69 ± 3.45 0.57 ± 3.24 0.207

Δ WC, cm 5.69 ± 10.33 5.96 ± 10.45 5.23 ± 10.13 0.013
Abbreviation: BMI = body mass index, WC = waist circumference

Δ represents the mean change from baseline to follow-up measurements

Data are frequency (%) for categorical variables and mean ± standard deviation for continuous variables
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results corroborated with the conclusion from cross-
lagged path analyses. We performed the second sen-
sitivity analysis by estimating the cross-lagged path 
coefficients for males and females separately. For Han 
people, the results showed a subtle gender difference in 
the relationship between sleep duration and follow up 
BMI, but not follow up WC. Precisely, the path coef-
ficient from baseline sleep duration to follow-up BMI 
was significant in the Han people female (βBMI = -0.047, 
95%CIBMI: -0.090 ~ -0.003) but not significant in the Han 
people male (βBMI= -0.029, 95%CIBMI: -0.075 ~ 0.016) 
(Fig.  3A). For ethnic minorities, the results showed no 
significant relationship of sleep duration with BMI and 
WC, and this non-significant relationship did not differ 
by gender (Fig. 3B).

Discussion
To the best of our knowledge, this study is the first to 
investigate the temporal relationship between sleep dura-
tion and obesity among Chinese Han people and Chinese 
ethnic minorities. The results showed that the relation-
ship pattern between sleep duration and obesity across 
Han people and ethnic minorities was different.

For Han people, our results showed that sleep dura-
tion has an impact on subsequent obesity, but not vice 
versa. For the inverse effect of sleep duration on obesity, 
our results are consistent with previous findings in the 

general population [7, 8]. Previous studies have shown 
that sleep deprivation may decrease leptin and increase 
gastric hunger hormone levels, leading to increased 
appetite and increased food intake [32]. In parallel, sleep 
deprivation, as a metabolic stressor, may activate the 
hypothalamic-pituitary-adrenal (HPA) axis and increase 
cortisol production, thereby increasing food intake and 
leading to visceral fat accumulation [33, 34]. In addi-
tion, people who sleep less may be more fatigued, which 
may reduce physical activity and increase sedentary 
time, thereby leading to obesity [33]. These potential 
mechanisms explain, to some extent, the inverse asso-
ciation between sleep duration and subsequent obesity. 
However, for the insignificant effect of BMI and WC on 
sleep duration, our findings are not consistent with sev-
eral prior studies [10, 11]. This difference in the inverse 
association may be due to differences in sleep duration 
measurements, adjustment for confounders, and charac-
teristics of the participants.

Besides, For Han people, this study also found gen-
der differences in the effect of sleep duration on BMI. 
Specifically, the negative relationship between baseline 
sleep duration and follow-up BMI was significant only in 
female, but not in male, which is consistent with previous 
findings [35, 36]. However, the exact biological mecha-
nism for this gender difference is not clear. One possible 
explanation is that it is related to sexual hormones [37]. 

Fig. 3 Cross-lagged path analysis of sleep duration with BMI and WC in the Han people (A) and Ethnic minorities (B) by sex groups, adjusted for age, 
place of residence, education levels, marital status, smoking status, alcohol consumption, dietary energy intake, physical activity, sedentary behavior, 
and follow-up years; β1 represents cross-lagged path coefficients from baseline sleep duration to follow-up BMI or WC; β2 represents from baseline BMI 
or WC to follow-up sleep duration; r1 and r2 represent tracking correlations; r3 represent synchronous correlations; R2 represents variance explained. 
Goodness-of-fit (A, Han people, BMI, male): CFI = 1, RMR = 0.004; Goodness-of-fit (A, Han people, BMI, female): CFI = 1, RMR = 0.003; Goodness-of-fit (A, Han 
people, WC, male): CFI = 0.989, RMR = 0.014; Goodness-of-fit (A, Han people, WC, female): CFI = 1, RMR = 0.006; Goodness-of-fit (B, Ethnic minorities, BMI, 
male): CFI = 1, RMR = 0.009; Goodness-of-fit (B, Ethnic minorities, BMI, female): CFI = 1, RMR = 0.003; Goodness-of-fit (B, Ethnic minorities, WC, male): CFI = 1, 
RMR = 0.007; Goodness-of-fit (B, Ethnic minorities, WC, female): CFI = 0.998, RMR = 0.011. The cross-lagged path coefficients are presented as β (lower 95% 
CI, upper 95% CI). *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001
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Previous studies have found that changes in sexual hor-
mones not only lead to a decrease in sleep quality [38], 
but also to an increase in body weight [39]. Compared to 
males, females are more likely to suffer from changes in 
sexual hormones (such as menopause) and experience a 
decrease in sleep duration leading to obesity.

For ethnic minorities, our findings showed that there 
was no relationship between sleep duration and obesity at 
all. This is consistent with a few studies of ethnic minori-
ties in the United States failing to find a link between 
sleep duration and obesity [40]. For this non-significant 
association in ethnic minorities, we argued that the rela-
tively long sleep duration of ethnic minorities may play 
an important role. Previous studies have shown that 
there is no significant relationship between sleep dura-
tion and obesity for people with a long sleep duration [4]. 
From this prospective, our results did show that ethnic 
minorities had a longer sleep duration than Han people, 
thus the significant association disappearing. As to the 
reason why the ethnic minorities having a longer sleep 
duration, the socioeconomic status (SES) may be one of 
the key factors. Compared to Han people, most ethnic 
minorities live in remote and poor areas and have lower 
SES [20]. Previous studies indicated that lower SES is 
associated with longer sleep duration [41]. For instance, 
some studies found that living in a rural area and having 
a lower level of educational attainment are protective fac-
tors for long sleep duration [42, 43]. Thus, among ethnic 
minorities with lower SES can have a longer sleep dura-
tion, attributing to a non-significant association between 
sleep duration and obesity. Nevertheless, due to the lack 
of relevant studies on the relationship between sleep 
duration and obesity among Chinese ethnic minorities, 
further studies with large samples are still needed to con-
firm our findings.

There are several limitations to this study. First, partici-
pants self-reported sleep duration might not reflect the 
actual sleep duration. Objective measurements of sleep 
duration are worth considering in future studies. More-
over, information for other sleep-related characteristics, 
such as sleep quality, sleep patterns and sleep disorder, 
was missed due to the limitations of the dataset. The lack 
of considering these potential confounders may bring 
about a spurious link between sleep duration and obesity. 
In addition, the results of this study are based on data 
from Guizhou province, China. The generalization of the 
findings to the whole Chinese or global population may 
be limited.

Conclusion
Our results suggested an ethnic difference in the rela-
tionship between sleep and obesity for Chinese popu-
lations. Given the backdrop of the obesity epidemic 
in China, future sleep-aimed overweight and obesity 

interventions should be conducted according to popula-
tion characteristics.
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