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Abstract
Introduction: In the past two decades, urbanization in many Asian countries has led to sed-
entary lifestyle and overnutrition, which has set the stage for the epidemic of obesity. Those 
who have obesity during adolescence usually have obesity into adulthood, which causes many 
medical and psychological issues that can result in premature death. Recent data suggest that 
short sleep duration may contribute to the risk of obesity, opening a new avenue for potential 
intervention. The aim of this study was to describe the prevalence of sleeping time, body mass 
index (BMI), and fat mass in Chinese freshmen and to indicate the relationship among them. 
Methods: We conducted a cross-sectional study consisting of 1,938 freshmen aged from 18 
to 24 years, including 684 (35.3%) men and 1,254 (64.7%) women. BMI, sleeping time, and 
other potential related variables were collected by questionnaire. Obesity and overweight 
were defined as BMI ≥28.0 and ≥24.0, respectively. All students were divided into three groups 
according to the tertiles of body fat percentage (Fat%), which were measured by bioelectrical 
impedance analysis. Sleeping time was divided into 3 categories based on the duration, < 6, 
6–8, and > 8 h per day. Results: Participants who slept longer had lower BMI and Fat%. Sex, 
diet control, and maternal obesity were all significantly associated with BMI or Fat% after ad-
justment. There were significant differences between sleeping time < 6 and > 8 h in both over-
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weight group and Fat% tertiles independent of adjustment used. The significant difference 
between sleeping time 6–8 and > 8 h only existed in overweight group, while irrelevant rela-
tion was observed in both models of obesity group. Conclusion: Longer sleeping time was 
associated with a lower BMI in Chinese freshmen, even after adjustment for multiple con-
founders. The overweight stage is a critical period of weight management intervention by 
changing sleeping time. If adolescents have entered the obesity stage, the effect size of life-
style intervention might be significantly limited. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

The prevalence and severity of obesity and overweight in different cohorts has been 
increasing worldwide and has more than doubled since 1980. In Asia, the prevalence of 
obesity was very low previously and recently is increasing at an alarming rate, especially in 
China, Japan, and India [1]. The number of Chinese obese people was below 0.1 million in 
1975 and rose to 43.2 million in 2014, accounting for 16.3% of global obesity [2]. Adolescent 
obesity is an important predictor of obesity in adulthood. Compared to healthy weight youths, 
the risk of becoming obese in adulthood is approximately five times higher among boys and 
nine times higher among girls who are obese in youth [3].

It has long been known that obesity is associated with numerous comorbidities, including 
cardiovascular diseases, diabetes mellitus [4], musculoskeletal disorders [5], and several 
cancers [6]. Adults with obesity who also had obesity during adolescence have a higher risk 
of developing complications of obesity than those who become obese during adulthood but 
were normal weight during adolescence [7, 8]. Furthermore, emerging evidence shows that 
childhood and adolescent obesity is positively related to weight gain in adults. Without inter-
vention, these comorbidities, as well as obesity itself, usually continue into adulthood, which 
can result in premature death [8–11]. In addition, adults with obesity are likely to have 
children with obesity, thus passing all the problems of obesity on to the next generation 
[12–15]. As a result, obesity and overweight would cause expensive and difficult socioeco-
nomic problems, which need continued effort to identify modifiable risk factors for them. 
Because the constellation of cardiometabolic risk factors is considered to be modifiable, the 
early identification of and intervention for adolescents with metabolic syndrome is an 
important contention for public health to improve their condition. Although genetic factors 
play an important role in the pathogenesis of obesity, human behavior and lifestyle, such as 
physical activity [16] and dietary habits [17], are also critical contributors to its clinical 
manifestation.

In parallel with the growing epidemics of obesity and overweight, sleeping time is 
decreasing in modern society. In the United States, data from the National Health Interview 
Survey (NHIS) has shown that self-reported mean sleeping time decreased by 10–15 min 
from 1985 to 2012, while the percentage of adults reporting less than 6 h of sleep per night 
increased from 22.3% to 29.2% [18]. Insufficient sleep may lead to negative social, psycho-
logical, and public health consequences, including motor vehicle accidents [19], poor func-
tioning at school or work, and physical diseases [20]. Evidence from laboratory [21] and 
epidemiological studies [22] is accumulating to suggest the association between sleep depri-
vation and obesity [23]. On the other hand, investigators from the United States [24] have 
conducted cross-sectional studies together with prospective studies demonstrating an 
increased risk for overweight status or obesity in children, adolescents, and adults who have 
shorter sleep. As in the West, studies in Asian populations are on the rise simultaneously 
[25].



181Obes Facts 2020;13:179–190

Yang et al.: Sleeping Time, BMI, and Body Fat in Chinese Freshmen and Their 
Interrelation

www.karger.com/ofa
© 2020 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000506078

However, the relation between decreasing sleeping time and increasing obesity inci-
dence is under debate. Some studies have reported U-shaped association [26], whereby 
both short and long sleeping time are associated with higher body mass index (BMI), while 
some others have found reverse association [27] in which shorter sleeping time is asso-
ciated with greater BMI. Irrelevant association [28] has been documented as well. In the 
CARDIA and SWAN cohorts, two longitudinal studies that used actigraphy, no associations 
were found between short sleep duration and weight gain or incident obesity [29–31]. 
Sleeping time is differentially associated with BMI across population subgroups, such as 
sex or age. Some studies have found stronger associations among males, others have 
shown stronger effects among women or no sex difference [32]. Moreover, Hasler et al. 
[33] conducted a prospective study of adults showing that sleeping time was negatively 
associated with BMI in participants at age 27 years, but the association diminished after 
age 34 years. More work is needed to establish whether the short sleep-obesity association 
is causal.

China has experienced rapid socioeconomic growth over the past several decades, which 
has led to a transformation of lifestyle. The efficacy of lifestyle interventions to treat obesity 
has been proven for adolescents in randomized controlled trials and clinical studies, and life-
style interventions are the recommended therapy for adolescents with obesity [34]. However, 
studies of sleep and BMI in China, especially in Chinese Mainland, are sparse. Few studies [35] 
have examined the association in a sample of youths, to our knowledge. College students are 
a special group, which is an important component of the overall health level of the society. 
This age group merits attention, as the transition to adulthood is associated with important 
changes in personal circumstances and behaviors that may impact both sleep and BMI. 
Therefore, it is important to study their sleep quality, as well as the relationship between 
sleep quality and body type. In addition, the government and school-related departments 
concerned should place great importance on the mental and physical health of college students 
[36, 37]. Given the myriad factors that have been implicated in obesity in previous studies, 
adjustment for multiple confounders has not always been undertaken. While most studies 
have used BMI as primary outcome, there have been few studies assessing the change in body 
composition such as body fat percentage. Consequently, our group focused on the prevalence 
of sleeping time, BMI, and body fat percentage in Shanghai freshmen, tried to illustrate the 
relation among them, and tried to open some new avenues for potential intervention.

Methods

Design and Sample
This study was a cross-sectional survey of 18- to 24-year-olds in a multidisciplinary 

university, named Shanghai University of Finance and Economics, where students were recruited 
nationwide. All freshmen in this university were recruited during the first fall semester 2011. 
The aim of this study was to describe and analyze those college students’ health behavior, weight 
status, fat percentage, and dieting practice. Trained investigators administered the question-
naire survey to 2000 students and measured relevant indicators. Sixty-two participants were 
excluded because of missing information or having abnormal medical examination including 
heart, liver, and kidney dysfunction and thyroid-stimulating hormone abnormalities, and 1,938 
students (684 males and 1,254 females) participated in this baseline survey. Students recruited 
in this study came from 23 provinces, 4 municipalities of China including Han and minority. The 
study was approved by the institutional review board of Huashan Hospital, Fudan University. All 
participants agreed to provide their personal information regarding the purpose and the proce-
dures of our study, and written informed consent was obtained.
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Data Collection by Questionnaire
We developed the questionnaire according to the Pittsburgh Sleep Quality Index 

(PSQI) [38] and the Three Factor Eating Questionnaire (TFEQ-18) [39]. Information on 
sociodemographic features, weight perception, dieting practices, disease history, family 
disease history, residential information, and a 2-year diet habit recall were collected 
through questionnaires.

Medical and Anthropometric Examination
Medical examination was performed by experienced doctors from Huashan Hospital. 

Anthropometric assessments were performed in the school’s medical office by trained nurses 
from Huashan Hospital using standard methods. In brief, height was assessed to the nearest 
0.1 cm using a precision stadiometer (SECA 225, Hamburg, Germany), and body weight was 
measured to the nearest 0.1 kg using a calibrated digital scale (SECA 861, Hamburg, Germany) 
with subjects wearing light underwear only and no shoes. The waist circumference was deter-
mined at the midline from the lower rib margin to the iliac crest to the nearest 0.1 cm. BMI 
was calculated as weight (kg)/height squared (m2). Obesity and overweight were defined as 
BMI ≥28.0 and ≥24.0, respectively.

To fully grasp the scope of the obesity problem in Asia, one should understand that there 
are notable differences between the Asian and Western populations in terms of lifestyle, 
genetics, and body composition. In particular, Asians are more likely to have central fat depo-
sition despite having a lower BMI [40]. This has led some to recommend different BMI cut-off 
points for the Asian population. Generally, obesity is conceptualized as maintaining a BMI 
higher than 30, whereas in China according to Zhou, it is proposed that the cutoff points for 
overweight and obesity were 24 and 28, respectively.

Body Fat Percentage
A segmental bioelectrical impedance analysis scale (Tanita, type BC-418, Japan) was used 

to measure body fat percentage, fat mass, and fat-free mass. All students were divided into 
three groups according to the tertiles of the body fat percentage.

Definition of Sleep Duration
Appropriate and healthy sleep durations vary with age. Sleep duration tends to 

decrease with age during childhood and adolescence. The National Sleep Foundation (NSF) 
[41] and the American Academy of Sleep Medicine [42] recommend a healthy sleep 
duration based on age. For adolescents, very short sleep duration is defined as a sleep 
duration of < 6 h, and the recommended sleeping time is defined as at least 8 h per 24-h 
period. So, the sleeping time was divided into 3 categories based on the duration, < 6, 6–8, 
and > 8 h per day.

Statistical Analyses
All continuous variables were presented as the mean ± SD, absolute number, or 

percentages. The differences of general characteristics at baseline according to BMI classifi-
cation were assessed by t test or chi-square test. An unadjusted model and a multivariate 
model were used for the estimation of association between sleeping time and BMI. The factors 
with significant differences in univariate analysis were included in multivariate analysis. The 
multivariate model used in this study was adjusted for sex, diet control, maternal obesity, and 
sleeping time. Since the variance inflation factor is less than 10, there is no multicollinearity 
among variables, which could be included in multivariate analysis. A p value < 0.05 was 
considered statistically significant. Statistical analysis was carried out using the SPSS version 
24.0.
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Results

1,938 participants (aged 20.4 ± 0.8, range 18–24) were recruited in this study, consisting 
of 35.3% men (aged 20.5 ± 0.8) and 64.7% women (aged 20.3 ± 0.7). 90.5% of the participants 
were ethnic Han with the others from minority. There was no significant difference in the 
distribution of ethnicity between different sexes. The mean BMI of the total sample was 20.9 
± 3.1 (females vs. males: 22.1 ± 3.5 vs. 20.1 ± 2.5, p < 0.01). The mean body fat percentage was 
20.9 ± 5.9% (females vs. males: 22.7 ± 5.2 vs. 17.6 ± 5.7, p < 0.001). Most females preferred 
to sleep > 8 h, while most males slept between 6 and 8 h. Table 1 shows demographic charac-
teristics, anthropometric measures, and sleeping time across sexes.

As depicted in Figure 1, there was an inverse association between BMI, body fat percentage, 
and sleeping time categories. Participants sleeping < 6 h had the highest BMI (21.4 ± 3.5) 
compared to those who slept > 8 h possessing the lowest (20.3 ± 2.7) (p < 0.05). Participants 
sleeping 6–8 h were in between (20.9 ± 5.9). Likewise, body fat percentage showed a similar 

Table 1. Demographic characteristics of participants according to sex classification

Total Sex p

n % men (n = 684) women (n = 1,254)

Age, yearsa 20.4±0.8 20.5±0.8 20.3±0.7 <0.01
Ethnic Han, n

Han 1,753 90.5% 608 (34.7%) 1,144 (65.3%) 0.113
Others 177 9.1% 72 (40.7%) 105 (59.3%)

BMIa 20.9±3.1 20.1±2.5 22.1±3.5 <0.01
Normal 1,672 86.3% 18.1±0.9 17.9±0.97 0.259
Overweight 200 10.3% 20.3±0.6 20.3±0.64 0.599
Obesity 64 3.3% 24.8±2.9 23.5±2.2 <0.001

Body fat percentagea 20.9 5.9% 17.6±5.7 22.7±5.2 <0.001
Sleeping time

<6 h 103 5.3% 32 (31.1%) 71 (68.9%) 0.631
6–8 h 1,513 78.1% 539 (36.3%) 947 (63.7%)

>8 h 312 16.1% 108 (7.9%) 1,248 (92.1%)

a Data are shown as mean ± SD.

a b

Fig. 1. Figures are means (SE) in sleeping time groups. a Relation between BMI and sleeping time. b Relation 
between body fat percentage (Fat%) and sleeping time. * There was a significant difference between sleeping 
time < 6 h and > 8 h (p < 0.05).
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trend along with sleeping time. Body fat percentage of participants sleeping < 6, 6–8, and  
> 8 h were 22.4 ± 6.8, 21.0 ± 5.8, and 20.4 ± 5.7, respectively. There was a significant difference 
between sleeping time < 6 h and > 8 h (p < 0.05).

Table 2 and 3 present the association between BMI and related factors for both univariate 
and multivariate models. Table 2 is based on overweight (BMI 24) and Table 3 is based on 
obesity (BMI 28). In the univariate analyses of Table 2, sex, diet control, and maternal obesity 
were all significantly associated with BMI (p < 0.01); sleeping time had inverse relation as 
well (p < 0.05). Females were approximately a quintile less likely to be overweight compared 
to males (odds ratio [OR] = 0.213, 95% CI: 0.161–0.281). The corresponding ORs for diet 
control and maternal obesity were OR = 0.458 (95% CI: 0.343–0.610) and OR = 1.495 (95% 
CI: 1.150–1.943), respectively. Using the participants sleeping > 8 h as a reference, the ORs for 
those sleeping < 6 and 6–8 h were 2.091 (95% CI: 1.106–3.952) and 1.626 (95% CI: 1.081–

Table 2. Unadjusted odds ratios and multivariate adjusted odds ratios for development of overweight (BMI ≥24 vs. BMI <24)

Univariate model Multivariate model

p OR (95% CI) p OR (95% CI)

Female (vs. male) 0.000 0.213 (0.161–0.281) <0.001 0.164 (0.122–0.221)
Diet control 0.000 0.458 (0.343–0.610) <0.001 0.331 (0.242–0.452)
Maternal obesity 0.003 1.495 (1.150–1.943) <0.001 1.686 (1.269–2.240)
Sleeping time

<6 h 0.023 2.091 (1.106–3.952) 0.006 2.605 (1.307–5.191)
6–8 h 0.020 1.626 (1.081–2.447) 0.018 1.688 (1.092–2.608)

>8 h ref ref ref ref
Age 0.170 1.127 (0.095–1.337)
Ethnicity 0.477 0.855 (0.555–1.317)
Medical history 0.771 0.938 (0.612–1.438)
Breakfast free 0.495 1.308 (0.605–2.832)
Vegetables intake 0.718 1.073 (0.733–1.569)

ref, reference; OR, odds ratio; CI, confidence interval.

Table 3. Unadjusted odds ratios and multivariate adjusted odds ratios for development of obesity (BMI ≥28 
vs. BMI <28)

Univariate model Multivariate model

p OR (95% CI) p OR (95% CI)

Female (vs. male) <0.001 0.175 (0.098–0.310) <0.001 0.149 (0.083–0.268)
Diet control 0.003 0.410 (0.228–0.738) <0.001 0.322 (0.177–0.585)
Maternal obesity 0.361 1.259 (0.768–2.066) 0.247 1.353 (0.811–2.258)
Sleeping time

<6 h 0.401 1.861 (0.437–7.925) 0.275 2.270 (0.521–9.894)
6–8 h 0.077 2.302 (0.914–5.798) 0.082 2.289 (0.900–5.825)

>8 h ref ref ref ref
Age 0.822 0.999 (0.987–1.010)
Ethnicity 0.646 0.873 (0.490–1.556)
Medical history 0.391 1.886 (0.442–8.051)
Breakfast free 0.099 0.869 (0.736–1.027)
Vegetables intake 0.718 0.929 (0.625–1.382)

ref, reference; OR, odds ratio; CI, confidence interval.
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2.447), respectively. After adjustment for the known covariates in multivariate model, there 
were substantial changes of p values and ORs in the estimate of sex, diet control, maternal 
obesity, and sleeping time. The corresponding ORs for sex, diet control, and maternal obesity 
became OR = 0.164 (95% CI: 0.122–0.221), OR = 0.331 (95% CI: 0.242–0.452), and OR = 1.686 
(95% CI: 1.269–2.240), respectively. The p value of sleeping time < 6 h changed to < 0.01, while 
the corresponding ORs for sleeping time < 6 and 6–8 h changed to OR = 2.605 (95% CI: 1.307–
5.191) and OR = 1.688 (95% CI: 1.092–2.608). In the univariate and multivariate model of 
Table 3, sex and diet control were still significantly associated with BMI (p < 0.01), but 
maternal obesity and sleeping time were no longer statistically significant. As detailed in 
Table 4, variables of sex, diet control, and maternal obesity were observed to have similar 
relation with body fat percentage independent of the adjustment used (p < 0.01). There was 
a significant difference between sleeping time < 6 and > 8 h both in the univariate model and 
the multivariate model (p < 0.05), but no significant difference was found between sleeping 
time 6–8 and > 8 h in the two models.

Discussion

The prevalence of overweight and obesity has reached epidemic proportions in Western 
nations and has been increasing in developing nations as well. The growing rates of obesity 
have important health consequences, including increasing the risk of a host of diseases 
including degenerative joint disease, type 2 diabetes, cardiovascular disease, and obesity-
associated malignancies. Obesity in children and adolescent appears to be predominantly a 
problem of the rich in low- and middle-income countries.

Body weight is influenced by an interaction of factors including dietary behaviors, 
physical activity, sedentary behaviors, and genetic predisposition, among others. These 
determinants are themselves affected by complex multilevel interacting determinants at the 
individual, interpersonal, and societal levels [43]. As economic transition advances, it is 
predicted that the current mean BMI trends depicted in developing nations will surpass even 
the maximum mean BMI values reported in developed countries. Such an increase in over-

Table 4. Unadjusted odds ratios and multivariate adjusted odds ratios for body fat percentage tertile 3 versus 
tertiles 1 and 2

Univariate model Multivariate model

p OR (95% CI) p OR (95% CI)

Female (vs. male) 0.000 3.687 (2.929–4.642) <0.001 3.258 (2.561–4.145)
Diet control 0.000 0.385 (0.313–0.473) <0.001 0.423 (0.340–0.526)
Maternal obesity 0.001 1.359 (1.125–1.641) 0.001 1.387 (1.134–1.697)
Sleeping time

<6 h 0.016 1.754 (1.111–2.768) 0.011 1.899 (1.159–3.111)
6–8 h 0.554 1.082 (0.833–1.407) 0.471 1.110 (0.835–1.476)

>8 h ref ref ref ref
Age 0.277 0.932 (0.820–1.058)
Ethnicity 0.299 1.196 (0.854–1.674)
Medical history 0.530 0.905 (0.664–1.235)
Breakfast free 0.616 1.168 (0.637–2.141)
Vegetables intake 0.443 1.115 (0.844–1.303)

ref, reference; OR, odds ratio; CI, confidence interval.
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weight can be attributed to significant alterations in eating habits and physical activity level 
caused by socioeconomic influences [44]. The literature documents socioeconomic gradients 
in dietary behaviors [45, 46] and sedentary behaviors [47, 48], with youths from a low socio-
economic background generally displaying more unfavorable behaviors. Besides this, recent 
data suggests that poor sleep habits may contribute to the risk of obesity, opening a new 
avenue for potential intervention [49]. In this paper, we describe the characteristics of 
sleeping time, BMI, and fat mass in Chinese freshmen and indicate the relationship among 
them.

Freshmen recruited in the current survey comprise a variety of multiethnic and socioeco-
nomically diverse samples. As in our study, it seems that Chinese freshmen have a thinner 
body shape with mean BMI 20.9 ± 3.1 and body fat percentage 20.9 ± 5.9% compared to their 
corresponding partners [33]. Most of freshmen sleep for a moderate amount of time, 6–8 h, 
in accordance with previous studies [25], while the least sleep < 6 h. Females seem more likely 
to be obese than males. Similarly, females tend to contain higher body fat percentage. There 
is no significant difference in sleeping time across sexes.

The present results are generally consistent with inverse association between sleeping 
time and BMI, body fat percentage across different categories regarding populations of youths 
[27], which does not corroborate a U-shaped association as shown in several previous studies 
[26]. The significant differences of confounders including sex, diet control, and maternal 
obesity in BMI and body fat percentage persist despite of the adjustment used. It should be 
noted that the association between BMI, body fat percentage, and sleeping time. The differ-
ences between sleeping time < 6 and > 8 h are significant in both BMI categories based on 
overweight and body fat percentage categories, independent of the adjustment used. The 
significant difference between sleeping time 6–8 and > 8 h only exists in BMI categories based 
on overweight in the univariate and multivariate analyses. Irrelevant relation between either 
< 6 and > 8 h or 6–8 and > 8 h are observed in BMI categories based on obesity. This suggests 
that the overweight stage is a critical period of weight management intervention by changing 
sleeping time. If adolescents have entered the obesity stage, the effect size of lifestyle inter-
vention might be significantly reduced.

The mechanisms underlying the relationship between sleeping and obesity or BMI 
remain incompletely understood. Proposed mechanisms explaining the shortened sleep 
associated with higher BMI and body fat percentage include (i) added time awake provides 
more opportunity to eat; (ii) increased hunger from hormones signaling appetite and reduced 
satiety from hormones promoting satiation; (iii) altered thermoregulation; and (iv) increased 
fatigue, implying lower physical activity level [50–53]. Experiments have suggested that sleep 
curtailment seems to increase sympathetic nervous system activity. Meanwhile, various 
changes of hormones have resulted from insufficient sleep, such as increased evening cortisol, 
growth hormone and ghrelin level, reduced thyroid-stimulating hormone and leptin [54]. 
Accumulating evidence has indicated that sleep curtailment could also promote cytokine 
secretion in the adipose tissue and systemically, like increasing C-reactive protein, IL-6, and 
TNF-α [55]. Not only physical changes may increase appetite especially for energy-rich food 
like snacks [56], but also sleep deprivation itself may offer more opportunities to eat [57]. 
Another plausible explanation is that individuals who get insufficient sleep are more likely to 
experience fatigue, which could make them prefer to engage in sedentary behaviors rather 
than physical activity [57].

The strengths of our study include a large sample size, the use of well-trained inter-
viewers, and the valuable data pool. This study is a cluster sampling study from the real-world 
evidence. We collected data of all freshmen in this multidisciplinary university and described 
the characteristics of BMI, body fat percentage, and sleeping time. Although the present study 
was conducted in Shanghai alone, it incorporated 23 provinces, 4 municipalities of China 
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including Han and minority, which could be crudely representative of the national data. 
Moreover, the body composition was considered in the present survey, which made up for 
the limitation of BMI as the only assessment of body weight state. Adjustment for multiple 
confounders mitigates the potential effects on statistics of variables. Our results support the 
conclusion that sleeping time is associated with BMI and body composition in Asian young 
adults.

However, there are several limitations in our study as well. First, use of self-reports of 
sleeping time may lead to systematic bias as previous studies have shown that sleeping time 
by self-reports seems longer than objective measurements. However, it has been shown that 
there is reasonably close agreement between self-reports and objective measurements of 
sleeping time [58]. Secondly, BMI and body fat percentage are not representative of whole sex 
differences; it is not clear whether we would have observed other measures, such as waist 
circumference. Thirdly, not all essential parameters are included in our study, such as physical 
activity, sedentary behavior [16], and depression as such. Last but not least, cross-sectional 
research is capable of discovering the possible association between multiple variables but 
cannot validate their interrelation. Most of the literature has paid attention to the effects of 
sleep on obesity [24, 25], but the reverse directionality is also a possible scenario, which 
requires more prospective longitudinal and intervention studies to provide clearer insights 
into causality.

In conclusion, the medical, financial, and social consequences of the emerging epidemic 
of obesity in adolescents are substantial and demand an urgent response from health profes-
sionals and policymakers. Prevention in high-risk groups seems to be a promising strategy in 
addition to changing the obesogenic environment to create an environment in which healthy 
behavior is not only possible but also rewarded [59]. Although sex and maternal obesity have 
important effects on overweight and obesity in adolescents, these factors cannot be clinically 
intervened, so diet control and sleep intervention are more significant to clinicians. To our 
best knowledge, it is the first study to investigate the characteristics of BMI and body fat 
percentage and their relationship with sleeping time in Chinese Mainland freshmen. Sleep 
seems to be an important factor of body weight status in freshmen even after controlling for 
multiple confounders. Therefore, appropriate sleep habits should be encouraged to benefit 
public health. Whether improvement of sleep habits is capable of impacting favorably on 
body weight and other health outcomes remains to be seen.
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