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Abstract
Overweight and obesity in adults have become a global public health problem. Epidemiological studies suggest
that sleep duration may contribute to the incidence of overweight and obesity in all stages of life. China has an
increasing prevalence of overweight and obesity, and sleep deprivation is common among Chinese adults. The
aim of this systematic review and meta-analysis was to assess the prospective relationship between insufficient
sleep and the incidence of overweight or obesity in Chinese adults and estimate the risk. A systematic search was
performed on June 6, 2021, of Embase, PubMed, and Web of Science. The exposure was the sleep duration, and
the outcome measure was the incidence of overweight or obesity. The odds ratios, relative risks, hazard ratios,
and 95% confidence intervals (CI) were extracted. Heterogeneity and publication bias of the studies were
checked with a sensitivity analysis. Four studies fulfilled the criteria for inclusion. A total of 34,877 and 184,796
participants (Chinese men and women, age > 18 years) were included for the analyses of general and central
obesities, respectively. The pooled relative risks for a short sleep duration were 1.06 (95% CI: 0.90, 1.25; I2 =
0.00) and 1.12 (95% CI: 1.07, 1.16, I2 = 0.00) for the incidence of general and central obesities, respectively.
Studies showed no significant heterogeneity. In conclusion, this study showed that a short sleep duration was
associated with the development of central obesity but not with that of general obesity in Chinese adults.
Keywords: sleep duration, obesity, meta-analysis, Chinese, adult
1. Introduction
In recent decades, adult obesity has become a major global public health concern, leading to the growth of
chronic illness and a decline in the quality of life of patients and a large socioeconomic burden (Blüher M., 2019;
Wu Y., 2006). Global obesity could significantly impact the global prevalence of work impairment, cancer, type
2 diabetes, osteoarthritis, cardiovascular disease, and sleep apnea (Wu Y., 2006; Visscher, T. L., & Seidell, J. C.,
2001). Over the past few decades, obesity has reached epidemic proportions and is now acknowledged as a
significant contributor to the global disease burden (World Health Organization, 2000). From 1975 to 2014, the
prevalence of adult male obesity (body mass index [BMI] ≥ 30 kg/m2) increased from 3.2% to 10.8%, while that
of adult female obesity (BMI ≥ 30 kg/m2) increased from 6.4% to 14.9%. In 2014, the prevalence of morbid
obesity (BMI ≥ 40 kg/m2) was 0.64% in men and 1.6% in women (NCD Risk Factor Collaboration (NCD-RisC),
2016). Estimations indicate that 57.8% of the adult population worldwide (3.3 billion people) would have a BMI
≥ 25 kg/m2 by 2030 (Finkelstein, E. A., Khavjou, O. A., Thompson, H., Trogdon, J. G., Pan, L., Sherry, B., &
Dietz, W., 2012; Kelly, T., Yang, W., Chen, C. S., Reynolds, K., & He, J., 2008). Consequently, the disease
burden associated with obesity is anticipated to increase in the near future. In many countries and regions, the
proportion of adults with overweight or obesity is higher than that of adults with normal weight (NCD Risk
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Factor Collaboration (NCD-RisC), (2016). The negative health implications of obesity pose a greater threat to
public health than those of poverty or famine (Bhupathiraju, S. N., & Hu, F. B., 2016).
China is the world’s largest developing economy and the most populous developing country. In the past several
years, China’s rapid socioeconomic development in the living conditions of inhabitants has contributed
significantly to a rise in the incidence of obesity, particularly in metropolitan regions (Gu, D., Reynolds, K., Wu,
X., Chen, J., Duan, X., Reynolds, R. F., Whelton, P. K., He, J., & InterASIA Collaborative Group, 2005). In 2010,
the proportions of general and central obesities were 5.2% and 32.3%, respectively, among adults (Zhang, X.,
Zhang, M., Zhao, Z., Huang, Z., Deng, Q., Li, Y., Pan, A., Li, C., Chen, Z., Zhou, M., Yu, C., Stein, A., Jia, P., &
Wang, L., 2020). Unhealthy eating habits and a sedentary lifestyle, such as an excessive intake of fast food and
insufficient physical exercise, respectively, are the primary environmental variables contributing to the
prevalence of obesity (Pan, X. F., Wang, L., & Pan, A. 2021). Sleep is a modifiable factor influencing adult body
weight changes (Kohatsu, N. D., Tsai, R., Young, T., Vangilder, R., Burmeister, L. F., Stromquist, A. M., &
Merchant, J. A., 2006). Sleep deprivation alters hormone levels. For example, leptin and ghrelin, which increase
appetite, contribute to obesity in adults with sleep deprivation (Reutrakul, S., & Van Cauter, E., 2018). Sleep
deprivation is widespread among Chinese adults (Lu, K., Chen, J., Wu, S., Chen, J., & Hu, D., 2015; Song, Q. F.,
Liu, X. X., Hu, W. N., Han, X. C., Zhou, W. H., Lu, A. D., Wang, X. Z., & Wu, S. L., 2017). In 2013, an
epidemiological study involving Chinese adults (age > 18 years) from the northern Chinese city of Tangshan
revealed that < 35% of respondents slept over 8 h every day on average (Lu, K., Chen, J., Wu, S., Chen, J., & Hu,
D., 2015). Sleep and obesity have been linked in previous epidemiological studies from western countries; most
cross-sectional studies have revealed that sleep duration has an inverse linear relationship with obesity
(Cappuccio, F. P., Taggart, F. M., Kandala, N. B., Currie, A., Peile, E., Stranges, S., & Miller, M. A., 2008). A
questionnaire survey of approximately 17,000 university students aged 17–30 years from 27 colleges not
associated with health sciences from 24 nations revealed that sleep deprivation (< 7 h every night on average)
was correlated with a high self-rated state of ill-health in both men and women (Steptoe, A., Peacey, V., &
Wardle, J., 2006). East Asian countries have the shortest sleep duration and the highest rates of associated
infirmity, the cause of which should be further investigated. A prospective longitudinal study showed that sleep
deprivation preceded the development of obese or overweight (Guo, Y., Miller, M. A., & Cappuccio, F. P., 2021).
Numerous cross-sectional studies from China have investigated the association of the sleep duration with the
obesity risk. In a study involving Chinese undergraduates aged 18–24 years, individuals who slept < 6 h every
day on average had a 2.3-fold increased obesity risk compared to those who slept ≥ 8 h every day on average
(Yang, Y., Miao, Q., Zhu, X., Qin, L., Gong, W., Zhang, S., Zhang, Q., Lu, B., Ye, H., & Li, Y., 2020).
Cross-sectional relationships could not establish causality because of the study design. Longitudinal prospective
studies evaluating the chronology and causation between the sleep duration and obesity risk are unavailable in
China.
The aim of the present study was to (1) systematically evaluate prospective longitudinal studies on the link
between sleep deprivation and overweight or obesity in Chinese adults; (2) conduct a meta-analysis to determine
if the data prove the existence of a prospective association between sleep deprivation and overweight or obesity
in Chinese adults; and (3) quantify the negative effects of general and central obesities in Chinese adults with
sleep deprivation.
2. Materials and Methods
2.1 Registration
This systematic review was registered with PROSPERO before completion of the initial search (registration no.:
CRD42021260558).
2.2 Literature Search
On June 6, 2021, Embase, PubMed, and Web of Science electronic databases were searched in all fields,
including study titles, using keywords. Keywords were as follows: “sleep” OR “sleep-disordered breathing” OR
“bedtime” AND “BMI” OR “body mass index” OR “weight” AND “waist circumference” OR “waist” OR
“WHR” OR “waist/hip ratio” AND “obese” OR “overweight” OR “adiposity” OR “adipose tissue” AND
“anthropometry” OR “body composition” OR “body constitution” AND “adults” AND “China” OR “Chinese”
AND “cohort.” The search was conducted without language constraints. Original articles were screened for
eligible studies, and review articles were searched for other eligible studies.
2.3 Inclusion and Exclusion Criteria
Inclusion criteria were: (1) examination of the association of the sleep duration and the development of
overweight, obesity, or BMI alterations; (2) involvement of Chinese adults (age > 18 years at baseline); (3)
longitudinal observational study design; and (4) a short sleep duration as the exposure and the development of
overweight, obesity, or BMI alterations as the outcome.
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Exclusion criteria were: (1) no record of the sleep duration; (2) no data of the Chinese population; (3) no
associated indicators of overweight or obesity; and (4) cross-sectional, retrospective, case–control, case series, or
meta-analysis study designs.
2.4 Data Extraction

Figure 1. PRISMA flow chart. Studies contribute to the meta-analysis

Two researchers (H.X. & S.Y.Z.) collected data independently. Of the 772 articles initially screened, 654 were
recognized as duplicates and excluded (Figure 1).

Table 1. Longitudinal studies selected from the search

Author
(Year)

City
Baseline

Sample size
Follow-up

Age
Sleep exposure:
Definition &
assessment

Obesity outcome:
definition & assessment

Zhou
(2020)

Henan
2007-2008

N=17,265(of which 12,446
used in longitudinal
analysis) (12,402 for

general obesity) (7,867 for
abdominal obesity)

6 years

≥18 yrs
Sleep duration was

divided into five groups:
<6.5, 6.5-7.5, 7.5-8.5,
8.5-9.5, and≥9.5 h/d

Self-reported

General obesity was defined as body mass index
(BMI) ≥28 kg/m2 (47). Abdominal obesity was
defined as waist circumference (WC) ≥90 cm for
men and WC ≥ 80 cm for women according to the
International Diabetes Federation Epidemiology
Task Force Consensus Group (48)
Weight, height and WC were measured by
well-trained researchers



JOURNAL OF INNOVATIONS IN MEDICAL RESEARCH JAN. 2023 VOL.2, NO.1

22

Ning
(2020)

Qingdao, Harbin, Liuzhou,
Suzhou, Haikou

Sichuan, Zhejiang, Hunan,
Gansu, Henan

2004-2008
N=24,996

(19,638 for general
obesity) (14,808 for
central obesity)
8.0 ± 0.8 years

30-79 yrs
Sleep duration was
divided into four

groups: ≤6 hours (short
sleep),7 hours, 8 hours,
and ≥9 hours (long

sleep)
Self-reported

General obesity was defined as BMI ≥ 28.0
kg/m2(49). Central obesity was defined as WC ≥ 90
cm in males and WC ≥ 80 cm in females according
to International Diabetes Federation cutoffs for
South Asians, Chinese, and Japanese (48).
Weight, height and WC were measured by
well-trained researchers

Hong
(2011)

Nanjing
2004

N=2 837
3 years

≥35 yrs
Sleep duration was

divided into five groups:
≤5 hours (short sleep), 6
hours (short sleep), 7
hours, 8 hours, and ≥9
hours (long sleep)
Self-reported

Obesity was defined as BMI ≥ 28.0 kg/m2 (50).
Weight and height were measured by well-trained
researchers

Deng
(2017)

Taiwan
1996-2014
N=162,121
Unknown

20-80 yrs
Sleep duration was
divided into three

groups:<6 hours, 6-8
hours, and >8 hours

Self-reported

Central obesity was defined as waist circumference
over 80 cm in women and over 90 cm in men (51).
Weight, height, and WC were measured by trained
professionals

After screening the titles and Abstracts, 34 full-text articles were evaluated using the inclusion and exclusion
criteria. Simultaneously, we assessed the references to the articles that were included. Finally, four articles were
eligible for the meta-analysis (five involving general obesity and four involving central obesity; Table 1).
Disagreements were resolved by consensus. For mediation, a third reviewer (F.L.) was involved. The collected
information included the first author’s surname; year of publication; demographic characteristics of the studied
population; follow-up duration; study period and location; sample size; methods of measuring sleep duration;
categories of sleep duration; methods of assessing exposure; definitions of outcomes; odds ratios (ORs), relative
risks (RRs), and/or hazard ratios (HRs) for general or central obesity and correlating 95% confidence intervals
(CIs); and adjusted variables. The meta-analysis was performed using data from the most adjusted model in each
study.
2.5 Exposure and Outcome
Adults’ sleep duration and reference categories vary throughout the lifespan (Ohayon, M. M., Carskadon, M. A.,
Guilleminault, C., & Vitiello, M. V., 2004); therefore, the categorization approach employed in the initial studies
was applied to determine the definition of a short sleep duration. Table 1 summarizes the various definitions of a
short sleep duration as exposure; RR of the short sleep duration in comparison with medium and long sleep
durations; and definitions of overweight, general obesity, and central obesity as outcomes. Articles that utilized
BMI as the outcome instead of overweight, general obesity, or central obesity have been cited to support the
meta-analysis.
2.6 Confounders

Table 2. Covariates Used in Each Study
Study Covariates

Zhou et al., 2020 age, gender, physical activity, smoking, drinking, education level, marital status, systolic
blood pressure, diastolic blood pressure, fasting plasma glucose, and total cholesterol,
triglycerides, and high-density lipoprotein cholesterol levels

Ning et al., 2020 age, sex, study region, education level, marital status, smoking, alcohol drinking,
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tea-drinking, diet frequency, physical exercise, snoring habit, depression, self-rated
health, and history of diabetes

Hong et al., 2011 age, sex, waist circumference, hip circumference, moderate-intensity physical activity,
living region, smoking, alcohol drinking, diet, profession, education level, and history of
hypertension

Deng et al., 2017 Sex, age, education level, marital status, smoking, alcohol drinking, leisure-time physical
activity, systolic blood pressure, diastolic blood pressure, fasting plasma glucose, total
cholesterol to high-density lipoprotein cholesterol ratio, and triglycerides

Numerous confounding variables were adjusted for, including age, sex, physical activity, smoking, education
level, and marital status (Table 2). For heterogeneity and sensitivity analyses, we collected RRs and/or HRs with
respective 95% CIs.
2.7 Study Quality
Three researchers evaluated the methodological quality of the studies using the Newcastle–Ottawa Scale, which
utilizes three components to assess the likelihood of bias in prospective studies: 1) participant selection (four
items: exposed cohort’s representativeness, equal derivation between the sources of exposed and unexposed
cohorts’ exposures, assessment, and demonstration that the outcome of interest was not present at the start of the
study); 2) comparability (one item: comparability of cohorts based on the design or analysis); and 3) outcomes
(three items: outcome assessment, sufficient follow-up duration, and sufficiency of follow-up). Each study is
assigned a maximum of one point in the areas of participant selection and outcomes and a maximum of two
points in the area of comparability. The Newcastle–Ottawa Scale has a maximum score of 9 (supreme quality),
with scores of 0–3, 4–6, and 7–9 indicating low-, moderate-, and high-quality studies (Wu, W., Tong, Y., Zhao,
Q., Yu, G., Wei, X., & Lu, Q., 2015). Disagreements were resolved by consensus.
2.8 Statistical Analysis

Figure 2. Sensitivity analysis of prospective observational studies on the effect of short sleep duration on the
incidence of general obesity. Results are ln (relative risks) and 95% confidence intervals
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Figure 3. Sensitivity analysis of prospective observational studies on the effect of short sleep duration on the
incidence of general obesity after removal of Hong et al. (Man). Results are ln (relative risks) and 95%

confidence intervals

Figure 4. Sensitivity analysis of prospective observational studies on the effect of short sleep duration on the
incidence of central obesity. Results are ln (relative risks) and 95% confidence intervals

As this study was aimed at assessing the quantitative association of sleep deprivation and negative effects of
general or central obesity prospectively, RRs as a measure of impact were computed using ORs and/or HRs with
the corresponding 95% CIs from each study. When no standard error value was available, it was calculated
algebraically using the 95% CI of the estimated RR. For I2 > 50%, we employed the inverse variance method
and a random-effects analysis model (Deng, J., Zhou, F., Hou, W., Silver, Z., Wong, C. Y., Chang, O., Huang, E.,
& Zuo, Q. K., 2021). For I2 < 50%, we employed the inverse variance method and a fixed-effects analysis model
(WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group, Sterne, J., Murthy, S.,
Diaz, J. V., Slutsky, A. S., Villar, J., Angus, D. C., Annane, D., Azevedo, L., Berwanger, O., Cavalcanti, A. B.,
Dequin, P. F., Du, B., Emberson, J., Fisher, D., Giraudeau, B., Gordon, A. C., Granholm, A., Green, C., Haynes,
R., … Marshall, J. C., 2020). A collective analysis was performed by estimating the collective RR of general or
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central obesity with the corresponding 95% CI. Asymmetry in the funnel plot was used to identify the
publication bias. Considering the small number of data points (< 10) in each dataset, Egger’s and Begg’s tests
were not used to determine the funnel plot symmetry (Begg, C. B., & Mazumdar, M., 1994; Egger, M., Davey
Smith, G., Schneider, M., & Minder, C., 1997; Lau, J., Ioannidis, J. P., Terrin, N., Schmid, C. H., & Olkin, I.,
2006). Sensitivity tests were used to determine the effect of each study on the meta-analysis as a whole, which
removed studies one-by-one to determine the extent to which the findings’ inferences depended on one or
multiple studies (Figure 2–4). This systematic review and meta-analysis was performed in accordance with the
PRISMA 2009 checklist and flow diagram for filtering the literature based on the relevant inclusion and
exclusion criteria (Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & PRISMA Group, 2009). Statistical
analyses were performed using Stata version 14.0.
3. Results
3.1 Study Characteristics
The meta-analysis included four longitudinal studies, with five groups of general obesity and four groups of
central obesity (Deng, H. B., et al, 2017; Ning, X., et al, 2020; Zhou, Q., et al, 2020; Hong, X., et al, 2011). Zhou
et al. (Zhou, Q., et al, 2020) and Hong et al. (Hong, X., et al, 2011) performed a subgroup analysis by sex.
Therefore, we performed a subgroup analysis by sex as well. The overall population comprised a total of
207,219 participants, including 34,877 with general obesity and 184,796 with central obesity, from 11 Chinese
provinces. The sample size of the studies varied from 2,837 to 162,121 participants. Information was extracted
from the peer-reviewed studies. Zhou et al., Hong et al., and Ning et al. (Ning, X., et al, 2020) provided RRs for
general obesity, and Zhou et al., Deng et al. (Deng, H. B., et al, 2017), and Ning et al. provided RRs for central
obesity. Meta-analyses were conducted using the incidence of general (five groups from three articles, n =
34,877) or central (four groups from three articles, n = 184,796) obesity as the outcome. Numerous sensitivity
tests were provided in the articles to examine the probable discrepancies in estimates caused by using various
criteria to determine the result. Table 1 summarizes the studies.
3.2 Study Quality

Table 3. Study Quality Assessment
Study/item Rep.of the

exposed
cohort

Selection of
the non
exposed
cohort

Ascertainment of
exposure

Demonstration that
outcome of interest
was not present at
start of study

Zhou et al.,
2020

D (0) A (+1*) C (0) A (+1*)

Ning et al.,
2020

A (+1*) A (+1*) C (0) A (+1*)

Hong et al.,
2011

A (+1*) A (+1*) C (0) A (+1*)

Deng et al.,
2017

D (0) A (+1*) C (0) A (+1*)

Study/item Comparability
of cohorts on
the basis of
the design or
analysis

Assessment
of outcome

Was follow-up
long enough for
outcomes to
occur

Adequacy of follow
up of cohorts

total

Zhou et al.,
2020

A (+2**) B (+1*) A (+1*) B (+1*) 7

Ning et al.,
2020

A (+2**) B (+1*) A (+1*) B (+1*) 8

Hong et al.,
2011

A (+2**) B (+1*) B (0) B (+1*) 7

Deng et al.,
2017

A (+2**) B (+1*) B (0) B (+1*) 6

Key: The scoring of each item to the total of the study quality assessment is represented between each
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parenthesis. For the item “adequacy of follow up of cohorts”, the criteria for scoring “C” (0) was a lost to follow
up of 30% of the participants of the cohort.

The average Newcastle–Ottawa Scale score was 7.00 ± 0.5, signifying a moderate to high quality. The question
with the lowest percentage in agreement was question no. #3 (Ascertainment of exposure). Table 3 shows the
results of the quality assessment.
3.2.1 Association of Sleep Deprivation and the Development of Central or General Obesity in Chinese Adults

(a)

(b)
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(c)
Figure 5. Forest plot of prospective observational studies on the effect of short sleep duration on the incidence of
general obesity (a), general obesity after removal of Hong et al. (Man) (b), and central obesity (c) in Chinese

adults. Results are ln (relative risks) and 95% confidence intervals

Figure 6. Funnel plot of prospective observational studies on the effect of short sleep duration on the incidence
of general obesity

Figure 7. Funnel plot of prospective observational studies on the effect of short sleep duration on the incidence
of general obesity after removal of Hong et al. (Man)

Table 4. Incidence of general obesity and Dropout Rates
exposed non-exposed % dropout

Zhou et al., 2020 8.1% females / 6.5% 9.2% females / 8.4% 14.5
Ning et al., 2020 5.4% 5.0% unclear
Hong et al., 2011 3.8% females / 4.4% 3.2% females / 0.7% 27.9

Figure 5a shows the forest plot of the prospective longitudinal correlations of sleep deprivation and general
obesity. The collective analysis showed no significant direct association of sleep deprivation with the incidence
of general obesity, with an RR of 1.20 (95% CI: 0.84, 1.71). No significant heterogeneity was observed (I2 =
59.3%; p = 0.043) (Guo, Y., Miller, M. A., & Cappuccio, F. P., 2021). Table 4 shows the incidence rates. Figure 6
shows the funnel plot. However, the publication bias was not assessed because of the small number of studies (Li,
L., Zhang, S., Huang, Y., & Chen, K., 2017). Sensitivity tests showed that variations in the calculated RR ranged
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from 1.06 to 1.36 and that the calculated heterogeneity ranged from 0% to 69.2%. The maximum value was
found after eliminating Hong et al.’s study (women; Figure 2) (Hong, X., Li, J., Liang, Y., Wang, Z., & Li, F.,
2011). After eliminating Hong et al.’s study (men), the cumulative RR was 1.06 (95% CI: 0.90, 1.25), and the
groups showed significant heterogeneity (I2 = 0.00%; p = 0.921; Figure 5b). Figure 7 shows the funnel plot.
However, because of the small number of studies, the publication bias was not assessed (Li, L., Zhang, S.,
Huang, Y., & Chen, K., 2017). Sensitivity tests showed that variations in the calculated RR were small, ranging
from 1.01 to 1.07, and that the calculated heterogeneity was 0% (Figure 3).

Figure 8. Funnel plot of prospective observational studies on the effect of short sleep duration on the incidence
of central obesity

Table 5. Incidence of central obesity and Dropout Rates

exposed non-exposed % dropout
Zhou et al., 2020 37.4% females / 19.2% 36.9% females / 17.4% 14.5
Ning et al., 2020 34.5% 32.5% unclear

Deng et al., 2017 3.4% 2.5% unclear

Figure 5c depicts a forest plot of the prospective longitudinal correlations of sleep deprivation and central obesity.
The collective RR was 1.12 (95% CI: 1.07, 1.16). No significant heterogeneity was observed (I2 = 0.00%; p =
0.433). Table 5 shows the incidence rates. Figure 8 shows the funnel plot. However, because of the small number
of studies, the publication bias was not assessed (Lau, J., Ioannidis, J. P., Terrin, N., Schmid, C. H., & Olkin, I.,
2006). Additional sensitivity tests revealed that the estimated RR ranged from 1.09 to 1.12 and that the estimated
heterogeneity was 0% (Figure 4).
4. Discussion
This study was a systematic review and meta-analysis of the longitudinal relationship between sleep deprivation
and the prevalence of general or central obesity among Chinese adults. The results showed that sleeping less than
the age-appropriate duration increases the chance of developing central obesity in Chinese adults. However,
sleeping less than the age-appropriate amount did not affect the likelihood of developing general obesity in
Chinese adults.
This study has several strengths. First, this was the first systematic review and meta-analysis involving a
prospective cohort of Chinese adults of the prospective relationship between sleep deprivation and the
development of general or central obesity. The aggregated data indicated that a short sleep duration was
prospectively associated with a 25.3%–26.0% higher likelihood of developing central obesity in men and women
in China (Pan, X. F., Wang, L., & Pan, A., 2021). The findings of central obesity in this study are similar to those
in previous meta-analyses of cross-sectional cohorts involving western populations but not the Chinese
population (Sperry, S. D., Scully, I. D., Gramzow, R. H., & Jorgensen, R. S., 2015). Second, the estimated
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magnitude of the effect was sufficient to have a significant public health impact if sleep deprivation prevention
measures were applied to Chinese citizens. Finally, the analyses revealed no evidence of considerable inter-study
heterogeneity.
The overall results indicated that sleep deprivation was not prospectively associated with a higher likelihood of
developing general obesity in Chinese adults. Our findings contradict those of previous meta-analyses of
prospective cohort studies involving only Western populations and not the Chinese population (Cappuccio, F. P.,
Taggart, F. M., Kandala, N. B., Currie, A., Peile, E., Stranges, S., & Miller, M. A., 2008; Wu, Y., Zhai, L., &
Zhang, D., 2014). However, our results on general obesity are consistent with Chen et al.’s conclusion that
sleeping < 6 h every day on average is not associated with general obesity in Chinese postmenopausal women
(Chen, J. L., Guo, J., Mao, P., Yang, J., Jiang, S., He, W., Lin, C. X., & Lien, K., 2021). This disparity might be
explained by the ethnic composition of the study populations. Further studies are required to identify the
mechanisms underlying the phenomenon.
This study has some limitations. First, considering the small number of studies included in the meta-analysis,
additional research including more studies is required to corroborate the findings. Second, the quality of data in
this study could not be higher than that in the included studies. Third, the generalizability of the results is poor.
Fourth, the extent to which confounders were controlled varied among studies, with most studies including sex
and age as regulated variables. Nevertheless, we could not adjust confounding variables in the included studies.
Fifth, the method of assessing the sleep duration through self-report questionnaires is subject to uncertainty in
accuracy and recollection bias. Sixth, we excluded other potent sleep characteristics, such as sleep habits and
patterns. They may raise adults’ likelihood of developing overweight or obesity (Madrid-Valero, J. J.,
Martínez-Selva, J. M., & Ordoñana, J. R., 2017) or interact with the quantity in assessing the negative effects.
Finally, because of the small number of studies, the possibility of publication bias could not be estimated. While
several constraints are unavoidable, findings of this study support the continued development of population
fitness policies aimed at protecting sleeping patterns in Chinese people.
Because this meta-analysis included prospective longitudinal studies, causation between sleep deprivation and
the development of central obesity in Chinese adults could be established. Nevertheless, we could not elucidate
the potential mechanisms underlying this association.
Sleep deprivation affects the body’s hormonal reactions and energy equilibrium, resulting in an increase in the
orexigenic factor ghrelin, a decrease in the anorexigenic hormone leptin, an increase in appetite, and finally
obesity (Spiegel, K., Tasali, E., Penev, P., & Van Cauter, E., 2004; St-Onge M. P., 2013; Buxton, O. M., Pavlova,
M., Reid, E. W., Wang, W., Simonson, D. C., & Adler, G. K., 2010). Additionally, sleep deprivation is associated
with reduced glucose tolerance (Buxton, O. M., Pavlova, M., Reid, E. W., Wang, W., Simonson, D. C., & Adler,
G. K., 2010). Furthermore, sleep deprivation activates inflammatory pathways that might be associated with the
development of obesity (Miller, M. A., & Cappuccio, F. P., 2007).
A short sleep duration has been linked to obesity-related behaviors, such as snacking between meals (Ohida, T.,
Kamal, A. M., Uchiyama, M., Kim, K., Takemura, S., Sone, T., & Ishii, T., 2001). Sleep deprivation improves
the processing of hedonic stimuli inside the cerebral cortex, resulting in increased food intake. Additionally,
people who lack adequate sleep consume more calories than normal to meet their physiological requirement for
wakefulness (St-Onge M. P., 2013; Benedict, C., Brooks, S. J., O’Daly, O. G., Almèn, M. S., Morell, A., Åberg,
K., Gingnell, M., Schultes, B., Hallschmid, M., Broman, J. E., Larsson, E. M., & Schiöth, H. B., 2012; Chaput J.
P., 2014). Each element outlined above would eventually affect adults’ eating habits or calorie consumption,
leading to an elevated BMI or increased weight.
Additional factors, such as fatigue and exhaustion, from sleep deprivation may contribute to the prolongation of
inactive time and lower energy consumption (Chaput J. P., 2014). Adults who use digital devices excessively
develop sleep disruptions and restriction of melatonin secretion (Chang, A. M., Aeschbach, D., Duffy, J. F., &
Czeisler, C. A., 2015). Additionally, comorbidities, such as psychological health disorders and long-term
conditions, reduce the sleep duration and frequency of physical activities, resulting in decreased energy
expenditure and increased weight (Cappuccio, F. P., Taggart, F. M., Kandala, N. B., Currie, A., Peile, E.,
Stranges, S., & Miller, M. A., 2008; Chaput J. P., 2016).
Studies have established a correlation between sleep deprivation and the development of central obesity
throughout an individual’s lifespan, along with possible health consequences. The sleep duration should be
quantified more accurately and objectively, accounting for sleep quality and additional elements that influence
sleep. Simultaneously, studies should examine the impact of psychiatric disorders (Clarke, L., Chisholm, K.,
Cappuccio, F. P., Tang, N., Miller, M. A., Elahi, F., & Thompson, A. D., 2021) on the sleep duration and the
development of obesity, determining if these elements are mediating factors.
5. Conclusions
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This systematic review and meta-analysis established an association between sleep deprivation and the
development of central obesity in Chinese adults. However, sleep deprivation did not correlate with the
development of general obesity in Chinese adults. In the future, intervention studies should focus on establishing
techniques to prevent adults from decreasing their normative sleep demand and on boosting sleep duration to
lower the risk of developing central obesity. Public health agencies of China should impart health education to
adults and encourage them to adopt a healthy lifestyle to decrease obesity rates.
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