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Abstract 

Background and objective: The high prevalence of obesity is a serious problem, and sleep is considered to be a 
factor for obesity. This study aimed to examine the relationship between sleep duration, sleep quality, and weight 
status among children and adolescents in China and to explore whether the relationship between sleep duration and 
weight status is independent of sleep quality. Sex and age differences were also explored.

Methods: A cross‑sectional research was conducted among 2019 children and adolescents (1029 boys and 990 girls) 
aged 8–16 years in Shanghai. An open‑question was used to obtain data on sleep duration, which was categorized 
into the following four groups based on the age‑specific National Sleep Foundation Sleep Duration Recommenda‑
tions: 1) very short, 2) short, 3) recommended, and 4) long. The Pittsburgh Sleep Quality Index was used to assess 
sleep quality. Weight and height were measured for all participants. The variable weight status was estimated with the 
Chinese children and adolescent age‑ and sex‑specific body mass index (BMI) and was categorized into overweight/
obesity and normal weight.

Results: Short sleep duration (7–8 and 6–7 h for 6–13 and 14–16 years old, respectively) significantly increased odds 
of overweight/obesity (OR = 1.32, 95% CI: 1.06–1.64) compared with that of the recommended sleep duration (9–11 
and 8–10 h for 6–13 and 14–16 years old, respectively). The relationship between the two variables existed independ‑
ent of sleep quality. No significant relationship was found between sleep quality and overweight/obesity of children 
and adolescents. Sleep quality (OR = 1.07, 95% CI: 1.01–1.14) and short sleep duration (OR = 1.51, 95% CI: 1.06–2.13) 
increased the risk for overweight/obesity among girls, whereas no significant relationships between sleep duration, 
sleep quality, and overweight/obesity were found among boys. Short sleep duration increased the risk of overweight/
obesity in children aged 8–13 years (OR = 1.34, 95% CI: 1.05–1.71), independent of sleep quality, but no significant 
relationships between these two variables existed for adolescents aged 14–16 years.

Conclusions: Overall, short sleep duration increased the risks of overweight/obesity in children and adolescents in 
China, independent of sleep quality. This relationship is significant for girls and children aged 8–13 years instead of 
boys and adolescents aged 14–16 years. Interventions to extend the sleep duration of children and adolescents, espe‑
cially girls and children aged 8–13 years in China, are necessary to improve their weight status.
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Background
The prevalence of childhood overweight and obesity is 
an undeniable concern worldwide [1, 2]. China, as the 
largest developing country, experienced a rapid increase 
in obese and overweight school-aged children and ado-
lescents in the past three decades. Compelling evidence 
from the largest nationally representative survey, namely, 
the Chinese National Survey on Students’ Constitution 
and Health (CNSSCH), demonstrated that the prevalence 
of overweight and obesity in children and adolescents 
aged 7–18 increased from 1.3% in 1985 to 19.4% in 2014 
[3]. Moreover, overweight and obese levels were higher 
among boys (24.2%) than girls (14.6%) and decreased 
with age [3]. The high prevalence of overweight and obe-
sity in Chinese children and adolescents is attributed to 
the change in traditional diet patterns, increased seden-
tary behavior, and decreased physical activity (PA) partic-
ipation, with the economic transition and development 
since the 1970s [4]. The prevalence of pediatric obesity 
led to numerous physical health consequences (e.g., car-
diovascular diseases, type 2 diabetes, and sleep apnea), 
mental and motor developmental delays, and psychologi-
cal problems throughout the lifespan [5–7].

Numerous factors (e.g., PA, sedentary time, and dietary 
habits) were identified to be associated with children 
and adolescent obesity [8, 9]. Among these factors, the 
relationship between sleep duration, sleep quality, and 
obesity of children and adolescents was investigated in 
several studies, but inconsistent findings were achieved 
[10, 11]. The majority of studies found that short sleep 
duration increased the risk of obesity among children 
and adolescents [12–14], whereas a small number of 
studies found nonsignificant relationships between short 
sleep duration and obesity [15]. Considering sleep qual-
ity, some studies found that children and adolescents 
with poor sleep quality increased odds of gaining weight 
[10, 16], whereas no significant relationships between the 
two variables were found in other studies [17, 18]. There-
fore, the relationships between sleep duration, sleep qual-
ity and obesity remain uncertain. Additional studies are 
necessary to shed more light on the relationship between 
sleep and weight status among children and adolescents, 
especially among children and adolescents in China 
wherein sleep pattern is different from Western countries 
and research evidence on the sleep–obesity relationship 
of children and adolescents is limited [19, 20].

Some researchers proposed that daily sleep duration 
and quality may vary between boys and girls [21–23]. Age 
increase may also make sleep duration and quality differ-
ence because of the change of sleep needs and patterns 
[24, 25]. Thus, sex and age differences may exist in the 
effect of sleep duration and quality on weight status [26, 
27]. However, available evidence regarding the differential 

effect of sex and age on the association between sleep and 
the risk of obesity is limited and inconclusive [23, 28–30]. 
A meta-analysis on the sleep–obesity relationship of 
children and adolescents by Guidolin and Gradisar [31] 
emphasized a future research recommendation to inves-
tigate whether demographic factors (e.g., sex) interact 
with sleep and obesity. Moreover, further studying this 
association by sex and age is necessary due to the differ-
ences in the prevalence of obesity between boys and girls 
and between children and adolescents in China [3, 26].

Three research purposes are introduced in the present 
study considering the aforementioned discussion: (1) to 
investigate the association between sleep duration, sleep 
quality, and weight status among children and adoles-
cents in China, (2) to explore whether the relationship 
between sleep duration and weight status of children 
and adolescents is independent of sleep quality, and (3) 
to examine sex and age [i.e., children aged 6–13  years 
and adolescents aged 14–16 years recommended by the 
U.S. National Sleep Foundation (NSF)] difference in the 
sleep–obesity relationship.

Materials and methods
This cross-sectional study was reported in accordance 
with the Strengthening the Reporting of Observational 
Studies in Epidemiology Statement [32].

Survey design and sample selection
A cross-sectional survey was conducted from October 
to December 2020. Multistage cluster random sampling 
was used to select participants from three elementary 
schools and three middle schools located in five districts 
in Shanghai, a city in the eastern part of China. The prin-
cipals of these schools agreed to participate in this study. 
Elementary and secondary schools in Shanghai have five 
(i.e., grades 1–5 with students aged 6–11 years old) and 
four (i.e., grades 6–9 with students aged 12–16 years old) 
grades, respectively. Grade one and two students (aged 
6 to 7) were excluded from this study because they are 
too young to understand and complete the survey accu-
rately. Three to seven classes were randomly selected 
from each grade among grades three to nine, and all 
students in each class were invited to participate in the 
study. Accordingly, a total of 2254 students from 72 
classes were invited to participate in the present study. 
Signed informed consent forms were sent to the students 
and their parents or guardians, and 2207 students volun-
teered to participate. Data from 2188 participants were 
included for further analysis after excluding those with 
any serious physical disability (n = 2) or psychological 
dysfunction (n = 17). An initial inspection of the raw data 
showed that 169 participants had either missing data on 
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sleep duration (n = 51) and quality (n = 67) or provided 
data that were out of normal range (n = 51). Removal of 
the missing data and outliers resulted in a total of 2019 
participants that were included as the final analysis sam-
ple (Fig. 1). No significant differences were found in the 
general characteristic between included and excluded 
participants.

Ethics
This study was approved by the Institutional 
Review Board of Shanghai University of Sport (No. 
102772020RT045). Permission to conduct the study was 
obtained from principals of each school. Signed informed 
consent forms were obtained from the children’s parents 
or guardians and from all participating children and ado-
lescents prior to data collection. All methods in our study 
were performed in accordance with the guidelines and 
regulations of Declaration of Helsinki.

Study variables
Sleep duration
Sleep duration was assessed through an open-ended 
question: “During the past month, how many hours of 
actual sleep did you get at night (This may be different 
from the number of hours you spent in bed)?” Partici-
pant responses on sleep duration were categorized into 
four groups as recommended by the NSF for children 
and adolescents [21, 33–35]: 1) very short sleep dura-
tion (i.e., sleep duration < 7 and < 6  h per night for chil-
dren aged 6–13 years and adolescents aged 14–17 years, 
respectively); 2) short sleep duration (i.e., sleep duration 

of 7–8 and 6–7 h per night for children aged 6–13 years 
and adolescents aged 14–17  years, respectively); 3) rec-
ommended sleep duration (i.e., sleep duration of 9–11 
and 8–10  h per night for children aged 6–13  years and 
adolescents aged 14–17 years, respectively); and 4) long 
sleep duration (i.e., sleep duration > 11 and > 10  h per 
night for children aged 6–13 years and adolescents aged 
14–17 years, respectively).

Sleep quality
Sleep quality was measured with a Chinese version of the 
Pittsburgh Sleep Quality Index questionnaire (PSQI) [36, 
37], which was confirmed to be a reliable and valid instru-
ment to measure the sleep quality of Chinese children’s 
sleep quality [37]. This instrument comprised 18 items 
grouped into the following seven components: subjec-
tive sleep quality (very good, good, bad, very bad), sleep 
latency (< 15, 16–30, 31–60, and > 60 min), sleep duration 
(> 7, 6–7, 5–6, and < 5 h), habitual sleep efficiency (> 85%, 
75–84%, 65–74%, and < 65%), sleep disturbances (0, 1–9, 
10–18, and 19–27), use of sleep medication (none dur-
ing the past month, < 1 time per week, 1–2 times per 
week, and > 3 times per week), and daytime dysfunc-
tion (0, 1–2, 3–4, and 5–6). Each component score was 
weighted equally from 0 (no difficulty) to 3 (severe dif-
ficulty) points. The total scores of the seven components 
were then summed to yield a global PSQI score ranging 
from 0–21 points; high global scores indicate poor sub-
jective sleep quality. The global score was dichotomized 
into > 5 and ≤ 5 to evaluate the poor or good sleep quality, 
respectively [36].

Fig. 1 The procedure used for cleaning invalid and missing data in this study
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Anthropometric measurements
Anthropometric measurements included children and 
adolescent body height (m) and body weight (kg). The 
height and weight of children and adolescents were 
measured by a portable instrument (GMCS-IV; Jianmin, 
Beijing, China) possibly with minimum clothing and 
without shoes. The weight was measured to the near-
est 0.1  kg, and the height was measured to the nearest 
0.01  m. Their body mass index (BMI) was calculated as 
weight in kilograms divided by height in meters square 
(kg/m2). All anthropometric values comprised the mean 
of three measures. The weight status of children and 
adolescents in this study were classified into two groups 
of overweight/obesity and normal weight based on the 
age- and sex-specific BMI cutoffs in the “Screening for 
overweight and obesity among school-age children and 
adolescents” (WS/T 586–2018) [38, 39], which is devel-
oped by National Health Commission of the People’s 
Republic of China (2018). These criteria apply to chil-
dren and adolescents aged 6–18  years and provide the 
age- and sex-specific BMI cut-offs with units of 0.5 years 
(Additional file 1). Moreover, these cut-offs were widely 
used in a group of studies to determine the weight status 
of children and adolescents in China [39–41].

Covariates
Moderate-to-vigorous physical activity (MVPA), sed-
entary behavior, and demographic information, such as 
sex, age, and education level of parents were included as 
covariates because they were reported to influence weight 
status and sleep of children and adolescents [16, 42]. 
MVPA was assessed using the validated Chinese version 
of the International Physical Activity Questionnaire-Short 
Form (IPAQ-SF) [43]. The IPAQ-SF had been widely used 
in studies to measure PA level of children and adolescents 
in China [44, 45]. It includes three items and investigates 
frequency (times/week) and duration (mins/time) of walk-
ing, moderate-, and vigorous-intensity PA in past seven 
days. Time spent on MVPA each day was calculated as a 
sum of the minutes of moderate- and vigorous-intensity 
activities for at least 10 min in duration. Sedentary behav-
ior was assessed using the Chinese version of Adolescent 
Sedentary Activity Questionnaire (ASAQ) [46], which was 
used to assess time spent on 14 different sedentary behav-
iors before and after school on each day of the week and 
on each day of the weekend. Time spent on each seden-
tary activity was calculated and summed to yield the total 
time per week spent in sedentary behavior. Demographic 
information, including participant’s sex, age, school levels 
(primary and middle schools), and education level of par-
ents (less than high school, high school, bachelor’s degree, 
and master’s degree and above) was also obtained from 
participant responses to the survey.

Data collection
Data were collected by the first and third authors in reg-
ular physical education classes (range: 35–40 min). This 
study provided explanations to participants before survey 
administration. All participants were given instructions 
and directed to complete the questionnaires. Question-
naires could be completed for approximately 15 min and 
were immediately collected upon completion. Weight 
(kg) and height (m) for each participant were measured 
after the survey.

Statistical analysis
All analyses were performed with the Statistical Package for 
Social Science for Mac, version 24 (IBM Crop., Armonk, 
NY, USA). All continuous variables were distributed nor-
mally by the Kolmogorov–Smirnov test and the Shapiro–
Wilk test (p < 0.001). Descriptive statistics were calculated 
for continuous variables with means and standard devia-
tions and categorical variables with proportion. The dif-
ferences in the continuous and categorical variables were 
analyzed using t-test and Chi-square  (X2) test, respectively. 
Pearson and Spearman correlations were conducted to 
determine if children and adolescents’ sleep quality, sleep 
duration, covariates, and weight status were correlated. A 
series of multivariate logistic regression analysis was per-
formed to estimate the odd ratios (ORs) and 95% confi-
dence intervals (CIs) of weight status which was categorized 
as normal weight (i.e., reference group) and overweight/
obesity by sleep quality (i.e., sleep quality scores) and sleep 
duration which was categorized as “very short sleep dura-
tion”, “short sleep duration”, “recommended sleep duration”, 
and “long sleep duration”. All analyses were performed sepa-
rately with boys and girls and with children and adolescents 
to identify sex and age differences in results. All the tests 
were two-sided, and the significance level was set at 0.05.

Results
Descriptive characteristics of participants
The mean age was 11.56 years (SD = 1.84) ranging from 
8 to16 years, and 50.97% were boys. According to the 
age classification of NSF, nearly three quarters (74.39%) 
of the participants were children (8–13  years old), and 
the others (25.61%) were adolescents (14–16  years old). 
The mean BMI of total participants was 19.42 kg/m2 and 
the prevalence of overweight/obesity was 30.31%. The 
mean sleep duration is 8.21 h (SD = 1.25). Approximately 
5.89%, 51.26%, 42.15%, and 0.69% of the participants had 
very short sleep, short sleep, recommended sleep, and 
long sleep durations, respectively. Moreover, 79.35% of 
the participants reported good sleep quality and 20.65% 
reported poor sleep quality in the past month. The 
descriptive characteristics of the participants stratified by 
sex and age group are presented in Table 1.
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Table  2 presented the bivariate Pearson or Spearman 
correlations between all study variables in this study. All 
study variables were significantly correlated except for 
the following non-significant relationships. Weight status 

was not correlated with father and mother educational 
level, MVPA, and sleep duration and quality. School level 
was not significantly correlated with sex and MVPA. Age 
was also not correlated with sex.

Table 1 Participant characteristics stratified by sex and age group

Note: M mean, SD standard deviation, BMI body mass index, MVPA moderate to vigorous physical activity; p values were calculated by Chi-square  (X2) test for 
categorical variables and t-tests for continuous variables between sex and school level, and p values with bold type indicated p < 0.05

Variable Total Boys Girls P Children aged 8–13 years Adolescents 
aged 
14–16 years

p

N = 2019 n = 1029 n = 990 n = 1502 n = 517

Age, years [M (SD)] 11.56 (1.84) 11.67 (1.90) 11.59 (1.82) 0.374 10.79 (1.32) 14.08 (0.66)  < 0.001
School level n (%) 0.283  < 0.001
 Primary School 899 (44.53) 446 (43.34) 453 (45.76) 899 (59.85) 0

 Middle school 1120 (55.47) 583 (56.66) 537 (54.24) 603 (40.15) 517 (100)

Age group n (%)
 Children aged 8–13 years 1502 (74.39) 756 (73.47) 746 (75.35) \ \

 Adolescents aged 
14–16 years

517 (25.61) 273 (26.53) 244 (24.65) \ \

Sex 0.333

 Boys 1029 (50.97) \ \ 756 (50.33) 273 (52.80)

 Girls 990 (49.03) \ \ 746 (49.68) 244 (47.20)

Anthropometric Measurements
 Height, m [M (SD)] 1.53 (0.13) 1.55 (0.10) 1.51 (0.11)  < 0.001 1.48 (0.11) 1.66 (0.08)  < 0.001
 Weight, kg [M (SD)] 46.32 (13.75) 48.96 (14.78) 43.58 (12.00)  < 0.001 42.36 (11.94) 57.83 (12.09)  < 0.001
 BMI, kg/m2 [M (SD)] 19.42 (3.69) 20.07 (3.81) 18.75 (3.43)  < 0.001 18.94 (3.60) 20.82 (3.60)  < 0.001
Weight Status n (%)  < 0.001 0.023
 Normal weight 1407 (69.69) 639 (31.65) 768 (38.04) 1026 (50.82) 136 (6.74)

 Overweight/obesity 612 (30.31) 390 (19.32) 222 (11.00) 476 (23.58) 381 (18.87)

Father Education n (%) 0.108  < 0.001
  < High school 153 (7.58) 90 (8.75) 63 (6.63) 135 (8.99) 18 (3.48)

 High school 297 (14.71) 152 (14.77) 145 (14.65) 221 (14.71) 76 (14.70)

 Bachelor’s degree 1195 (59.19) 611 (59.38) 584 (58.99) 814 (54.19) 381 (73.69)

 Master’ degree 374 (18.52) 176 (17.10) 198 (20.00) 332 (22.10) 42 (8.12)

Mother Education n (%) 0.218  < 0.001
  < High school 174 (8.62) 100 (9.72) 74 (7.47) 143 (9.52) 31 (6.00)

 High school 266 (13.17) 129 (12.54) 137 (13.84) 203 (13.52) 63 (12.19)

 Bachelor’s degree 1232 (60.97) 631 (61.32) 600 (60.60) 852 (56.72) 379 (73.3)

 Master’ degree 348 (17.24) 169 (16.42) 179 (18.08) 304 (20.24) 44 (8.51)

MVPA, min [M (SD)] 65.70 (62.84) 72.01 (65.42) 59.13 (59.38)  < 0.001 66.61 (63.50) 63.05 (60.89) 0.257

Sedentary Behavior, min [M 
(SD)]

348.64 (175.10) 355.84 (185.25) 367.61 (177.26) 0.142 350.64 (177.72) 393.47 (183.23)  < 0.001

Sleep Quality [M (SD)] 3.00 (2.73) 3.40 (2.67) 3.69 (2.77) 0.018 3.38 (2.64) 4.02 (2.90) 0.003
 Good sleep quality n (%) 1602 (79.35) 833 (80.95) 769 (77.68) 1216 (81.96) 386 (74.66)

 Poor sleep quality n (%) 417 (20.65) 196 (19.05) 221 (22.32) 286 (19.04) 131 (25.34)

Sleep Duration, h [M (SD)] 8.21 (1.25) 8.23 (1.26) 8.17 (1.25) 0.307 8.85 (1.17) 7.34 (1.07)  < 0.001
 Very short sleep duration 
n (%)

119 (5.89) 60 (5.83) 59 (5.96) 61 (4.06) 58 (11.22)

 Short sleep duration n (%) 1035 (51.26) 503 (48.89) 532 (53.74) 704 (46.87) 331 (64.02)

 Recommended sleep dura‑
tion n (%)

851 (42.15) 457 (44.41) 394 (39.80) 723 (48.14) 128 (24.75)

 Long sleep duration n (%) 14 (0.69) 9 (0.87) 5 (0.51) 14 (0.93) 0
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Sex and age group difference in sleep duration, sleep 
quality, and weight status
Sex and age group differences in sleep duration, sleep 
quality, and weight status are presented in Table  1. Sig-
nificant sex  (X2 = 0.94, df = 1, p < 0.001) and age group 
differences  (X2 = 5.28, df = 1, p = 0.023) were found in 
weight status, with higher overweight/obesity preva-
lence among boys (19.32%) and children (23.58%) than 
girls (11.00%) and adolescents (18.87%), respectively. 
Girls (M = 3.69, SD = 2.77) and adolescents (M = 4.02, 
SD = 2.90) had significantly higher sleep quality scores 
than boys (M = 3.40, SD = 2.67) and children (M = 3.38, 
SD = 2.64) (t = -2.36, p = 0.018; t = -4.38, p < 0.001). Sig-
nificant age group difference in sleep duration was also 
observed (t = 21.72, p < 0.001), with longer sleep dura-
tion in children (M = 8.85, SD = 1.17) than adolescents 
(M = 7.34, SD = 1.07). No significant sex differences were 
observed in sleep duration (t = 1.02, p = 0.307).

Association between sleep quality, sleep duration, 
and overweight/obesity
The association between sleep duration, sleep quality, and 
overweight/obesity was analyzed (Table  3). The group 
of samples with long sleep duration was not included in 
regression model because of small sample size (n = 14) 
and low prevalence of long sleep duration (0.69%) and 
thus could not provide sufficient statistical power [47, 
48]. Univariate associations between sleep duration, sleep 
quality, and overweight/obesity of all participants were 
initially analyzed in Model 1. No significant relation-
ships between sleep duration, sleep quality, and over-
weight/obesity were found. Model 2 showed that short 
sleep duration was more likely to be overweight/obe-
sity (OR = 1.34, 95% CI: 1. 08–1.66) than recommended 
sleep duration. This finding was obtained after adjust-
ing for covariates. However, no significant relationship 

between sleep quality and overweight/obesity was found 
in Model 2. Further analyses were conducted to deter-
mine the association of sleep duration with overweight/
obesity independent of sleep quality. Accordingly, sleep 
duration and quality were simultaneously entered into 
Model 3 with covariates. The analytical results showed 
that short sleep duration was still associated with a high 
risk of overweight/obesity (OR = 1.32, 95%CI: 1.06–1.64). 
This finding suggested that the association of short sleep 
duration with overweight/obesity was independent of 
sleep quality. The relationship between sleep quality and 
overweight/obesity remains insignificant.

Regressions were performed for boys and girls sepa-
rately to understand sex differences in sleep–obesity rela-
tionship. Significant relationships between sleep quality 
and overweight/obesity were found for girls in Models 
1–3 (OR = 1.07, 95% CI: 1.02–1.13; OR = 1.08, 95% CI: 
1.02–1.14; OR = 1.07, 95% CI: 1.01–1.14). Short sleep 
duration was more likely to be overweight/obesity than 
recommended sleep duration (OR = 1.51, 95% CI: 1. 
06–2.13) after adjusting for covariates in Model 2. How-
ever, the association of short sleep duration and over-
weight/obesity became insignificant when sleep duration, 
sleep quality, and covariates simultaneously were entered 
into Model 3. For boys, no significant relationships 
between sleep quality, sleep duration, and overweight/
obesity were found in Models 1–3 (Table 3).

Regressions were performed for children and adoles-
cents to explore age group differences in sleep–obesity 
relationship. Results showed that short sleep dura-
tion significantly increased risk of overweight/obe-
sity (OR = 1.34, 95% CI: 1.05–1.71) among children 
after adjusting for covariates in Model 2. The asso-
ciation of short sleep duration and overweight/obesity 
remained significant (OR = 1.33, 95% CI: 1.03–1.70) 
when sleep duration, sleep quality, and covariates were 

Table 2 Intercorrelations for all study variables (n = 2005)b

Note: *p < 0.01, **p < 0.05. aPearson correlation coefficient. bWithout participants with long sleep duration

Variable Weight status Sex Father 
educational 
level

Mother 
educational 
level

Age MVPA SED Sleep duration

Weight status \

Sex ‑0.17** \

Father educational level ‑0.04 0.05* \

Mother educational level ‑0.01 0.03 0.71** \

Age ‑0.07** ‑0.02 ‑0.09** ‑0.07** \

MVPA 0.01 ‑0.11** ‑0.09** ‑0.08** ‑0.06**a \

SED ‑0.02 0.05* ‑0.05* ‑0.07** 0.14**a 0.09**a \

Sleep duration ‑0.03 ‑0.05* 0.01 ‑0.01 ‑0.34** 0.05* ‑0.13** \

Sleep quality 0.02 0.06* ‑0.04 ‑0.03 0.13**a ‑0.08**a 0.19**a ‑0.34**
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simultaneously entered into Model 3. The relationship 
between sleep quality and obesity was not found among 
children. For adolescents, no significant relationships 
between sleep quality, sleep duration, and overweight/
obesity were found in Models 1–3 (Table 3).

Discussion
Descriptive results showed that 30.31% of children and 
adolescents were overweight or obese. This value is con-
siderably higher than the global prevalence of overweight 
and obesity in children and adolescents with 12.9% in 
girls and 13.4% in boys [1]. This finding confirmed the 
fact that overweight/obesity is one of the important 
health threats for Chinese children and adolescents. 
Survey results also indicated that more than half of the 
participants (57.15%) do not reach the sleep duration rec-
ommendation by NSF [35] in the current study. The result 
is consistent with previous Chinese studies, in which 
insufficient sleep prevalence ranges from 31.3% to 66.0% 
[15, 19, 49], and higher than those studies from Western 
countries with 14.2% to 50.0% prevalence [16, 50, 51]. 
The differences in the prevalence of insufficient sleep may 
be related to the unique culture and educational system 
in China, where education is based on Confucian prin-
ciples addressing the successful scholarship of children 
and adolescents [52]. Influenced by the Confucian prin-
ciples, parents and teachers place particular emphasis 
on children and adolescent academic performance. Most 
Chinese children and adolescents must spend an increas-
ing amount of time studying and attending some kind of 
private classes at night at the “expense” of sleep time [53]. 
Additionally, the results on the sleep quality of children 
and adolescents are optimistic, and 79.35% of partici-
pants reported good sleep quality. This finding is aligned 
with previous international and Chinese local studies [16, 
51, 54] and reasonable because sleep disorders do not 
frequently occur till the middle and old age [55].

The present study investigated the relationship between 
sleep quality and duration with overweight/obesity of 
children and adolescents in China. The research results 
indicated that short sleep duration (7–8 and 6–7  h per 
night for children aged 6–13  years and adolescents aged 
14–17  years) increased the likelihood of overweight/
obesity for children and adolescents compared with 
recommended sleep duration (9–11  h and 8–10  h per 
night for children aged 6–13  years and adolescents aged 
14–17 years). This finding is consistent with previous stud-
ies [56, 57] and confirmed a finding from a systematic 
review by Wu et  al.[20]. Several potential mechanisms, 
such as hormonal change, increased energy intake and 
decreased energy consumption, and reduced metabolic 
rate might explain the association between short sleep and 
increased odds of overweight/obesity. First, insufficient 

sleep may affect hormonal levels, such as decreasing leptin 
and increasing ghrelin. The changes in the hormonal levels 
may increase appetite, thereby leading to increased weight 
gain and overweight/obesity [58]. Second, epidemiologi-
cal evidence showed that insufficient sleep may lead to 
tiredness, which is related to reduce PA participation and 
increased sedentary time [59]. Moreover, sleep loss may 
increase dietary intake due to additional waking hours 
available for eating [60]. Decreased energy consump-
tion and increased energy intake promoted weight-gain 
among children and adolescents. Third, reduced sleep may 
reduce the basal metabolic rate [61]. Thus, excess calories 
can easily be converted into fat accumulation in the body 
after eating, which also introduces additional weight for 
children and adolescents. However, no significant relation-
ship between very short sleep duration (< 7 and < 6  h for 
8–13 and 14–16  years old, respectively) and overweight/
obesity among the children and adolescent samples in this 
study. This finding is different from previous studies [62]. 
The group reporting very short sleep duration was rare 
(n = 119, 5.89%) in this study and the limited sample size 
could not provide sufficient statistical power to detect such 
effects on weight status. Further studies with a larger sam-
ple size are necessary to examine the relationship between 
sleep and weight status [56].

However, findings indicated that sleep quality is insig-
nificantly related to obesity among children and in this 
study, which is in agreement with the findings of pre-
vious studies [17, 18, 51]. Moreover, research results 
showed that short sleep duration was related to obesity, 
independent of sleep quality. The two findings confirmed 
that the major contributor of weight status among par-
ticipants in this study is short sleep duration rather than 
sleep quality. The cause of the nonsignificant relation-
ship between sleep quality and weight status remains 
unclear. In the present study, it is possible that sleep 
quality of most participants in the present is good and 
cannot explain the high overweight/obesity prevalence. 
These findings are important for the health of children 
and adolescents under Chinese culture. On the one hand, 
Chinese people traditionally believe that long sleep dura-
tion leads to obesity. Thus, parents do not place emphasis 
on the sleep of their children [63]. This finding may pro-
vide new insights into the cognition of Chinese people 
on the sleep-obesity relationship. On the other hand, the 
present study and previous Chinese local studies [64–66] 
all showed that sleep loss is serious among children and 
adolescents in China due to considerable educational 
pressure and emphasis on educational excellence. There-
fore, some effective interventions to extend sleep dura-
tion, such as earlier bedtime and later school start time, 
must be encouraged in the prevention and treatment of 
children and adolescents’ obesity [67].
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Sex differences exist in the relationship between sleep 
duration, and weight status among children and adoles-
cents in China. Short sleep duration only increased the risk 
for overweight/obesity of girls after multivariable adjust-
ment, but not for boys. This finding is in agreement with 
some previous Chinese studies [49, 57]. Sex differences in 
the physiology in puberty may explain this finding. Dur-
ing the period of puberty, muscle mass is increased and 
fat mass is reduced in boys, whereas fat mass is increased 
in girls [19]. Moreover, the basic metabolic rate of boys is 
higher than girls, thus increasing energy expenditure of 
boys [26]. These conditions could all be protective fac-
tors for overweight and obesity of boys, thus boys are less 
susceptible to short sleep after sleep reduction than girls. 
However, the opposite findings from some studies con-
ducted in Western and Middle Eastern countries revealed 
that reduced sleep is more related to obesity in boys than 
girls [31]. The difference may be attributed to unique 
sex differences in academic learning in China. Girls are 
reported to study harder than boys to obtain academic 
achievements in primary and middle schools in China [20]. 
Girls may spend additional time studying out of schools, 
which may later result in less sleep than boys. The descrip-
tive results in this study also confirmed that the preva-
lence of short and very short sleep among girls is higher 
than boys. This finding shows further influence on weight 
status among girls. Moreover, sleep quality increased the 
risk of overweight/obesity of girls instead of boys, which 
was consistent with previous studies [50, 68, 69]. Some 
researchers found that poor sleep quality was more likely 
to trigger higher level of triglycerides of girls than boys, 
which increase serum lipids level and may result in over-
weight/obesity [22]. Thus, possible interventions tailored 
to different sex are necessary for China. In particular, addi-
tional efforts are required to assure sufficient sleep and 
good sleep quality of girls. Although short sleep duration 
and sleep quality were associated with increased risks of 
overweight/obesity among girls instead of boys, the obe-
sity prevalence of boys is significantly higher than girls in 
the present study. Except for sleep, the adiposity of chil-
dren and adolescents is influenced by some other factors, 
such as behavioral and environmental factors. These fac-
tors possibly contributed more to the obesity of boys than 
girls. Future studies are needed to explore the sex differ-
ences in the association between these factors and the obe-
sity of children and adolescents.

Findings also showed that age difference existed in the 
relationship between sleep duration and weight status of 
children and adolescents. Short sleep duration was asso-
ciated with overweight/obesity of children, independ-
ent of sleep quality, whereas no significant relationship 
existed in adolescents. This finding was confirmed by a 
previous systematic review [24], which found that short 

sleep duration is associated with higher risk of over-
weight/obesity of children aged less than 10  years, but 
the association is somewhat inconsistent among ado-
lescents aged more than 10  years. Perhaps the stronger 
association of short sleep duration with BMI among chil-
dren compared to adolescents is partially due to puber-
tal development. Puberty is accompanied by a higher 
basal metabolic rate and increased muscle mass, which 
decreased BMI and thus mitigated the negative effect of 
short sleep on BMI [28, 29]. Another potential reason 
may be the smaller sample size of adolescents (n = 517) 
than children (n = 1502). A larger sample size may 
increase the probability of detecting statistical signifi-
cance of a specific effect [70, 71]. Given the evidence that 
the association between sleep duration and obesity may 
differ from age, the effect of age should be considered 
carefully when drawing any conclusions about short sleep 
duration as a risk factor for obesity [28].

Strength and limitation
The authors believe that this work is one of the few stud-
ies to examine the sex and age difference in association 
between sleep duration, sleep quality, and weight status 
of children and adolescents in China. The findings of 
this study would help provide interventions to improve 
weight status among Chinese children and adolescents. 
Nevertheless, the limitations inherent in the current 
study should be noted. The first limitation is the gener-
alization of the results. The participants comprised stu-
dents from six primary and middle schools in Shanghai, 
thus failing to represent the children and adolescents 
from other schools and areas of China completely. Future 
studies may expand the research scope by employing a 
large and diverse sample (e.g., samples covering addi-
tional schools, grade levels, and other cities in China). 
Second, the cross-sectional data preclude any causal 
inference on the relationships between sleep and weight 
status. Longitudinal research is needed to establish any 
sort of causal relationship between the two factors. 
Third, sleep duration and quality were measured on the 
basis of self-reports, which are known to produce recalls 
or response biases. In addition, we measured sleep dura-
tion per night instead of per day, which may bring results 
bias and underestimate the true sleep duration for chil-
dren and adolescents in China. Using additional objec-
tive sleep measures (e.g., accelerometer) to measure nap 
and sleep duration at night may increase the predic-
tive power of sleep because of low levels of measure-
ment error. Fourth, the sleep duration during weekend 
days and weekdays was not distinguished, thus possibly 
introducing inaccuracy for the data of sleep duration 
and quality. Finally, five covariates, including age, sex, 
parental education, MVPA, and sedentary behavior, were 
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adjusted in this study. Other covariates (e.g., dietary hab-
its, anxiety and depression, and neighborhood and fam-
ily context) should be considered in future studies.

Conclusion
Overall, short sleep duration is associated with increased 
risk of overweight/obesity of children and adolescents in 
China, independent of sleep quality. This relationship is 
significant for children instead of adolescents. Short sleep 
duration and sleep quality were significantly associated 
overweight/obesity in girls but not boys in China. Based 
on the high prevalence of insufficient sleep among chil-
dren and adolescents in China, interventions to extend 
sleep duration of children and adolescents are needed. 
Additional emphasis may be placed on girls to ensure 
their sufficient sleep and good sleep quality.

Abbreviations
BMI: Body Mass Index; CNSSCH: Chinese National Survey on Students’ Consti‑
tution and Health; NSF: The U.S. National Sleep Foundation; PSQI: Pittsburgh 
Sleep Quality Index questionnaire; MVPA: Moderate‑to‑Vigorous Physical Activ‑
ity; IPAQ‑SF: International Physical Activity Questionnaire‑Short Form; ASAQ: 
Adolescent Sedentary Activity Questionnaire; CI: Confidence Interval; OR: Odd 
Ratio; M: Mean; SD: Standard Deviation.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12889‑ 022‑ 13534‑w.

Additional file 1: Age‑ and sex‑specific body mass index cutoff points for 
Chinese children and adolescents. 

Additional file 2: Informed consent forms.

Additional file 3:  

Acknowledgements
The authors would like to thank the participants for their commitment to the 
study. We are also grateful to the member (including Yulan Zhou, Bingnan 
Wang, Guo Liang, Yuan Chen, and Yan Shi) in the research group of PhD. Wang 
who assisted with data collection and processing.

Authors’ contributions
Conceptualization, L‑J W and HC; Data collection, HC, GL, YC, and FX; Formal 
analysis, HC, L‑J W, FX, GL, and YC; Methodology, L‑J W, HC, FX, GL, and YC; 
Writing an original draft, HC and L‑J W; Writing review and editing, L‑J W, FX, 
GL, and YC; Funding acquisition, L‑J W. All authors have read and agreed to the 
published version of the manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets generated and/or analysed during the current study are available 
in “Additional file 3” of the submission.

Declarations

Ethics approval and consent to participant
The study received ethical approval from the Institutional Review Board of 
Shanghai University of Sport on 23 May 2020 (No. 102772020RT045). All 

methods in our study were performed in accordance with the guidelines and 
regulations of Declaration of Helsinki. As participants were under 18 years old, 
signed informed consent forms were obtained from the students and their 
parents or guardians (Additional file 2).

Consent for publication
Not applicable.

Competing interests
The authors declare that we have no conflict of interest.

Received: 9 October 2021   Accepted: 24 May 2022

References
 1. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, Mul‑

lany EC, Biryukov S, Abbafati C, Abera SF. Global, regional, and national 
prevalence of overweight and obesity in children and adults during 
1980–2013: a systematic analysis for the Global Burden of Disease 
Study 2013. Lancet. 2014;384(9945):766–81.

 2. World Health Organization. Obesity and Overweight. Available online: 
https:// www. who. int/ news‑ room/ fact‑ sheets/ detail/ obesi ty‑ and‑ 
overw eight. Accessed on 21 Mar 2022.

 3. Chinese National Survey on Students Constitution and Health Associa‑
tion. Report on the 2014th National Survey on Students’ Constitution 
and Health. Beijing: Higher Education Press; 2014.

 4. Sun H, Ma Y, Han D, Pan CW, Xu Y. Prevalence and trends in obesity 
among China’s children and adolescents, 1985–2010. PLoS ONE. 
2014;9(8): e105469.

 5. Cataldo R, Huang J, Calixte R, Wong A, Bianchi‑Hayes J, Pati S. Effects of 
overweight and obesity on motor and mental development in infants 
and toddlers. Pediatr Obes. 2016;11(5):389–96.

 6. Kobel S, Wartha O, Dreyhaupt J, Kettner S, Steinacker JM. Cross‑sec‑
tional associations of objectively assessed sleep duration with physical 
activity, BMI and television viewing in German primary school children. 
BMC Pediatr. 2019;19(1):1–10.

 7. Zhu X, Haegele JA, Tang Y, Wu X. Prevalence and demographic cor‑
relates of overweight, physical activity, and screen time among school‑
aged children in urban China: the Shanghai study. Asia Pacific J Publ 
Health. 2018;30(2):118–27.

 8. Cai YJ, Zhu XH, Wu XP. Overweight, obesity, and screen‑time viewing 
among Chinese school‑aged children: National prevalence estimates 
from the 2016 physical activity and fitness in China‑the youth study. J 
Sport Health Sci. 2017;6(4):404–9.

 9. Robinson TN, Banda JA, Hale L, Lu AS, Fleming‑Milici F, Calvert SL, 
Wartella E. Screen media exposure and obesity in children and adoles‑
cents. Pediatrics. 2017;140(Suppl 2):s97–101.

 10 Fatima Y, Doi SAR, Mamun AA. Sleep quality and obesity in young 
subjects: a meta‑analysis. Obes Rev. 2016;17(11):1154–66.

 11. Krietsch KN, Chardon ML, Beebe DW, Janicke DM. Sleep and weight‑
related factors in youth: a systematic review of recent studies. Sleep 
Med Rev. 2019;46:87–96.

 12. del Pozo‑Cruz B, Gant N, del Pozo‑Cruz J, Maddison R. Relationships 
between sleep duration, physical activity and body mass index in 
young New Zealanders: an isotemporal substitution analysis. PLoS 
ONE. 2017;12(9): e0184472.

 13. Sun Q, Bai Y, Zhai L, Wei W, Jia L. Association between sleep duration and 
overweight/obesity at age 7–18 in Shenyang, China in 2010 and 2014. Int 
J Environ Res Public Health. 2018;15(5):854.

 14. Ying L, Zhu X, Haegele J, Wen Y. Movement in High School: proportion 
of Chinese adolescents meeting 24‑hour movement guidelines. Int J 
Environ Res Public Health. 2020;17(7):2395.

 15. Zhang B, Hao Y, Zhou J, Jia F, Li X, Tang Y, Zheng HR. The association 
between sleep patterns and overweight/obesity in Chinese children: a 
cross‑sectional study. Neuropsychiatr Dis Treat. 2015;11:2209–16.

 16. Khan MKA, Chu YL, Kirk SFL, Veugelers PJ. Are sleep duration and sleep 
quality associated with diet quality, physical activity, and body weight 
status? A population‑based study of Canadian children. Can J Public 
Health. 2015;106(5):e277–82.

https://doi.org/10.1186/s12889-022-13534-w
https://doi.org/10.1186/s12889-022-13534-w
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight


Page 14 of 15Chen et al. BMC Public Health         (2022) 22:1136 

 17. Mota J, Vale S. Associations between sleep quality with cardiorespiratory 
fitness and BMI among adolescent girls. Am J Hum Biol. 2010;22(4):473–5.

 18. Wang J, Adab P, Liu WJ, Chen YJ, Li B, Lin R, Liu W, Cheng KK, Pallan M. 
Prevalence of adiposity and its association with sleep duration, quality, 
and timing among 9–12‑year‑old children in Guangzhou. China J Epide‑
miol. 2017;27(11):531–7.

 19. Meng LP, Liu AL, Hu XQ, Zhang Q, Du SM, Fang HY, Ma J, Xu GF, Li Y, Guo 
HW. Report on childhood obesity in China (10): association of sleep dura‑
tion with obesity. Biomed Environ Sci. 2012;25(2):133–40.

 20. Wu YH, Gong QH, Zou ZQ, Li H, Zhang XH. Short sleep duration and 
obesity among children: A systematic review and meta‑analysis of pro‑
spective studies. Obes Res Clin Pract. 2017;11(2):140–50.

 21. Chaput JP, Dutil C. Lack of sleep as a contributor to obesity in adoles‑
cents: impacts on eating and activity behaviors. Int J Behav Nutr Phys Act. 
2016;13(1):1–9.

 22. Pulido‑Arjona L, Correa‑Bautista JE, Agostinis‑Sobrinho C, Mota J. Role of 
sleep duration and sleep‑related problems in the metabolic syndrome 
among children and adolescents. Ital J Pediatr. 2018;44(1):9.

 23. Skidmore PML, Howe AS, Polak MA, Wong JE, Lubransky A, Williams SM, 
Black KE. Sleep duration and adiposity in older adolescents from Otago, 
New Zealand: relationships differ between boys and girls and are inde‑
pendent of food choice. Nutr J. 2013;12(1):1–10.

 24. Chen XL, Beydoun MA, Wang YF. Is sleep duration associated with 
childhood obesity? A systematic review and meta‑analysis. Obesity. 
2008;16(2):265–74.

 25. Liu X, Zhao Z, Jia C, Buysse DJ. Sleep patterns and problems among 
Chinese adolescents. Pediatrics. 2008;121(6):1165–73.

 26. Cao MQ, Zhu YN, Li XH, Chen YJ, Ma J, Jing J. Gender‑dependent associa‑
tion between sleep duration and overweight incidence in CHINESE school 
children: a national follow‑up study. BMC Public Health. 2018;18(1):1–9.

 27. Cao M, Zhu Y, He B, Yang W, Chen Y, Ma J, Jing J. Association between 
sleep duration and obesity is age‑and gender‑dependent in Chinese 
urban children aged 6–18 years: a cross‑sectional study. BMC Public 
Health. 2015;15(1):1–10.

 28. Sluggett L, Wagner SL, Harris RL. Sleep duration and obesity in children 
and adolescents. Can J Diabetes. 2019;43(2):146–52.

 29. Storfer‑Isser A, Patel SR, Babineau DC, Redline S. Relation between sleep 
duration and BMI varies by age and sex in youth age 8–19. Pediatr Obes. 
2012;7(1):53–64.

 30. Seo SH, Shim YS. Association of sleep duration with obesity and cardio‑
metabolic risk factors in children and adolescents: a population‑based 
study. Sci Rep. 2019;9(1):9463.

 31. Guidolin M, Gradisar M. Is shortened sleep duration a risk factor for 
overweight and obesity during adolescence? A review of the empirical 
literature. Sleep Med. 2012;13(7):779–86.

 32 Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke 
JP, Strobe Initiative. The Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement: guidelines for reporting 
observational studies. Int J Surg. 2014;12(12):1495–9.

 33. Chaput JP, Dutil C, Sampasa‑Kanyinga H. Sleeping hours: what is the ideal 
number and how does age impact this? Nat Sci Sleep. 2018;10:421–30.

 34. Faught EL, Ekwaru JP, Gleddie D, Storey KE, Asbridge M, Veugelers PJ. The 
combined impact of diet, physical activity, sleep and screen time on aca‑
demic achievement: a prospective study of elementary school students 
in Nova Scotia, Canada. Int J Behavior Nutr Phys Act. 2017;14(1):1–13.

 35. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, Hazen 
N, Herman J, Adams Hillard PJ, Katz ES, Kheirandish‑Gozal L, Neubauer 
DN, O’Donnell AE, Ohayon M, Peever J, Rawding R, Sachdeva RC, Setters 
B, Vitiello MV, Ware JC. National Sleep Foundation’s updated sleep dura‑
tion recommendations: final report. Sleep Health. 2015;1(4):233–43.

 36. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh 
sleep quality index: A new instrument for psychiatric practice and 
research. Psychiatry Res. 1989;28(2):193–213.

 37. Tsai PS, Wang SY, Wang MY, Su CT, Yang TT, Huang CJ, Fang SC. Psycho‑
metric evaluation of the Chinese version of the Pittsburgh Sleep Quality 
Index (CPSQI) in primary insomnia and control subjects. Qual Life Res. 
2005;14(8):1943–52.

 38. National Health Commission of the People’s Republic of China. Screening 
for Overweight and Obesity among School‑Age Children and Ado‑
lescents; WS/T 586–2018. National Health Commission of the People’s 
Republic of China: Beijing, China, 2018.

 39. Ma L, Gao L, Chiu DT, Ding Y, Wang Y, Wang W. Overweight and Obesity 
impair academic performance in adolescence: a national cohort study of 
10,279 adolescents in China. Obesity. 2020;28(7):1301–9.

 40. Liu Z, Wu Y, Niu W‑Y, Feng X, Lin Y, Gao A, Zhang F, Fang H, Pei G, Li H. A 
school‑based, multi‑faceted health promotion programme to prevent 
obesity among children: protocol of a cluster‑randomised controlled trial 
(the DECIDE‑Children study). BMJ Open. 2019;9(11): e027902.

 41. Gao M, Xue K, Guo HJ. Reliability and validity study of the children’s 
eating behavior questionnaire in Chinese school‑age children. J Nutr Sci 
Vitaminol. 2020;66(Supplement):S82–6.

 42. Garfield V. The association between Body Mass Index (BMI) and sleep 
duration: where are we after nearly two decades of epidemiological 
research? Int J Environ Res Public Health. 2019;16(22):4327.

 43. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE, 
Pratt M, Ekelund U, Yngve A, Sallis JF, et al. International physical activity 
questionnaire: 12‑country reliability and validity. Med Sci Sports Exerc. 
2003;35(8):1381–95.

 44. Liu Y, Zhang Y, Chen S, Zhang J, Guo Z, Chen P. Associations between 
parental support for physical activity and moderate‑to‑vigorous physical 
activity among Chinese school children: a cross‑sectional study. J Sport 
Health Sci. 2017;6(4):410–5.

 45. Wang L, Tang Y, Luo J. School and community physical activity charac‑
teristics and moderate‑to‑vigorous physical activity among Chinese 
school‑aged children: a multilevel path model analysis. J Sport Health Sci. 
2017;6(4):416–22.

 46. Guo Q. The influence factors on physical activity level among children 
and adolescents in China. East China Normal University, PhD dissertation. 
2016.

 47. Austin PC, Steyerberg EW. The number of subjects per variable required 
in linear regression analyses. J Clin Epidemiol. 2015;68(6):627–36.

 48. Mercado‑Gonzales SI, Carpio‑Rodríguez AN, Carrillo‑Larco RM, Bernabé‑
Ortiz A. Sleep duration and risk of obesity by sex: nine‑year follow‑up of 
the young lives study in Peru. Childhood Obes (Print). 2019;15(4):237–43.

 49. Wang H, Hu RY, Du HD, Fiona B, Zhong JM, Yu M. The relationship 
between sleep duration and obesity risk among school students: a cross‑
sectional study in Zhejiang China. Nutr Metab. 2018;15(1):1–9.

 50. Michels N, Verbeiren A, Ahrens W, De Henauw S, Sioen I. Children’s 
sleep quality: relation with sleep duration and adiposity. Public Health. 
2014;128(5):488–90.

 51. Miguez MJ, Bueno D, Perez C. Disparities in sleep health among 
adolescents: the role of sex, age, and migration. Sleep Disord. 
2020;2020:5316364.

 52. Wang L, Zhang Y. An extended version of the theory of planned behav‑
iour: the role of self‑efficacy and past behaviour in predicting the physical 
activity of Chinese adolescents. J Sports Sci. 2016;34(7):587–97.

 53. Zhao X, Selman RL, Haste H. Academic stress in Chinese schools and 
a proposed preventive intervention program. Cogent Education. 
2015;2(1):1000477.

 54. Chen DR, Truong KD, Tsai MJ. Prevalence of poor sleep quality and its rela‑
tionship with body mass index among teenagers: evidence from Taiwan. 
J Sch Health. 2013;83(8):582–8.

 55. Kushida CA. Sleep deprivation: basic science, physiology and behavior. 
New York: CRC Press; 2004.

 56. Gong QH, Li SX, Li H, Cui J, Xu GZ. Insufficient sleep duration and over‑
weight/obesity among adolescents in a Chinese population. Int J Environ 
Res Public Health. 2018;15(5):997.

 57. Wang J, Li AM, Lam HS, Leung GM, Schooling CM. Sleep duration and 
adiposity in children and adults: observational and mendelian randomi‑
zation studies. Obesity (Silver Spring). 2019;27(6):1013–22.

 58. Thomas M, Sing H, Belenky G, Holcomb H, Mayberg H, Dannals R, Wagner 
H Jr, Thorne D, Popp K, Rowland LJ. Neural basis of alertness and cogni‑
tive performance impairments during sleepiness. I. Effects of 24 h of 
sleep deprivation on waking human regional brain activity. J Sleep Res. 
2000;9(4):335–52.

 59. Novak C, Levine JA. Central neural and endocrine mechanisms of non‑
exercise activity thermogenesis and their potential impact on obesity. J 
Neuroendocrinol. 2007;19(12):923–40.

 60. Franckle RL, Falbe J, Gortmaker S, Ganter C, Taveras EM, Land T, Davison 
KK. Insufficient sleep among elementary and middle school students 
is linked with elevated soda consumption and other unhealthy dietary 
behaviors. Prev Med. 2015;74:36–41.



Page 15 of 15Chen et al. BMC Public Health         (2022) 22:1136  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 61 Penev PD. Update on energy homeostasis and insufficient sleep. Metabo‑
lism. 2012;97(6):1792–801.

 62. Chaput JP, Lambert M, Gray‑Donald K, McGrath JJ, Tremblay MS, 
O’Loughlin J, Tremblay A. Short sleep duration is independently associ‑
ated with overweight and obesity in Quebec children. Can J Publ Health‑
Revue Canadienne De Sante Publique. 2011;102(5):369–74.

 63. Chen MY, Wang EK, Jeng YJ. Adequate sleep among adolescents is posi‑
tively associated with health status and health‑related behaviors. BMC 
Public Health. 2006;6(1):1–8.

 64. Chen T, Wu Z, Shen Z, Zhang J, Shen X, Li S. Sleep duration in Chinese 
adolescents: biological, environmental, and behavioral predictors. Sleep 
Med. 2014;15(11):1345–53.

 65. Yu YX, Lu BS, Wang BY, Wang HJ, Yang JH, Li ZP, Wang LL, Liu X, Tang GF, 
Xing HX, et al. Short sleep duration and adiposity in Chinese adolescents. 
Sleep. 2007;30(12):1688–97.

 66. Zhang J, Zhang YT, Jiang YR, Sun WQ, Zhu Q, Ip P, Zhang DL, Liu SJ, Chen 
C, Chen J, et al. Effect of sleep duration, diet, and physical activity on 
obesity and overweight Elementary School Students in Shanghai. J Sch 
Health. 2018;88(2):112–21.

 67. Chow CM. Sleep and wellbeing, now and in the future. Int J Environ Res 
Public Health. 2020;17(8):2883.

 68. Moitra P, Madan J, Verma PJ. Independent and combined influences of 
physical activity, screen time, and sleep quality on adiposity indicators in 
Indian adolescents. BMC Public Health. 2021;21(1):1–12.

 69 Collings PJ. Independent associations of sleep timing, duration and 
quality with adiposity and weight status in a national sample of 
adolescents: The UK Millennium Cohort Study. Observational Study. 
2022;31(1):e13436.

 70. Zhou Y, Wang L. Correlates of physical activity of students in secondary 
school physical education: a systematic review of literature. Biomed Res 
Int. 2019;2019:4563484.

 71. Figueiredo Filho DB, Paranhos R, Rocha EC, Batista M, Silva Jr JAd, Santos 
MLWD, Marino JG. When is statistical significance not significant? Brazilian 
Political Science Review. 2013;7:31–55.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Associations between sleep duration, sleep quality, and weight status in Chinese children and adolescents
	Abstract 
	Background and objective: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Survey design and sample selection
	Ethics
	Study variables
	Sleep duration
	Sleep quality
	Anthropometric measurements
	Covariates

	Data collection
	Statistical analysis

	Results
	Descriptive characteristics of participants
	Sex and age group difference in sleep duration, sleep quality, and weight status
	Association between sleep quality, sleep duration, and overweightobesity


	Discussion
	Strength and limitation

	Conclusion
	Acknowledgements
	References


