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INTRODUCTION 
 
Concern is growing over the increasing prevalence of 
childhood overweight or obesity worldwide during the 
past few decades [1, 2]. The Global Burden of Disease 
Study 2013 estimated the global prevalence of overweight 
or obesity in children and adolescents from developed 
countries at 23.8% in boys and 22.6% in girls, and from 
developing countries at 12.9% in boys and 13.4% in girls 
[3]. In China, national survey data indicated an increasing 
prevalence of childhood overweight or obesity from 
11.7% to 25.2% during 1991–2011 [4]. In view of the 
detrimental effects of childhood obesity on the cognitive,  

 

behavioral, and social–emotional development in children 
[5, 6], as well as on the subsequent disease burden of 
disability and premature death from cardiometabolic 
diseases, cancer, and musculoskeletal disorders in 
adulthood [7–10], more attention should be directed 
towards the epidemiologic risk profiling of childhood 
overweight or obesity, which might give us an insight into 
the development of preventive and intervention strategies 
to curb this global burden. 
 
In current medical literature, considerable interest 
remains in the identification of potential risk factors 
attributable to the development of overweight or obesity 
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ABSTRACT 
 
Objectives: We aimed to identify potential risk factors, both individually and interactively, associated with 
overweight and obesity among preschool–aged children, and further to create a risk prediction nomogram model. 
Results: After graded multivariable adjustment, maternal body mass index (BMI) (odds ratio, 95% confidence 
interval, P under China criteria: 1.07, 1.05 to 1.10, <0.001), maternal pre–pregnancy BMI (1.08, 1.05 to 1.10, 
<0.001), breastfeeding duration (0.86, 0.76 to 0.98, 0.019), and sleep duration (0.95, 0.90 to 1.00, 0.042) were 
found to be independently and consistently associated with the significant risk of childhood overweight or 
obesity under three different growth criteria. Further analyses revealed the four significant factors acted in an 
additive manner, especially for the interaction between maternal obesity, sleep duration, and breastfeeding. 
Finally, a risk prediction nomogram model was created for childhood overweight or obesity based on significant 
and conventional attributes under each criterion. 
Conclusions: Our findings provide evidence that the four significant factors are associated with the risk of 
childhood overweight or obesity in an additive manner. 
Methods: Using a stratified cluster random sampling strategy, 7222 preschool–aged children were analyzed. 
Childhood overweight and obesity are defined according to the China criteria and two widely–used 
international growth criteria. 
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in children. For example, some epidemiologic studies 
reported significant associations of higher maternal 
gestational weight gain with higher weight and 
consequent obesity risk in children [11, 12]. 
Additionally, Hills and colleagues have written an 
excellent review on childhood obesity, underscoring the 
important role of physical activity in the prevention of 
overweight and obesity in childhood and adolescence 
[13]. We recently, in a cross–sectional survey of 1333 
Chinese preschool–aged children from 5 kindergartens 
of Chaoyang District, Beijing, demonstrated that 
bedtime synergistically interacted with eating speed 
when predicting childhood overweight and obesity [14]. 
Despite many research endeavors, we are still facing 
challenges in predicting children who are more likely to 
be overweight or obese. The most compelling reason 
might be due to the complex processes underlying 
obesity etiology, on which it is unlikely that any one 
single predictor would have a dramatic impact. Given 
this complexity, it is of great importance to construct a 
robust prediction model via incorporating multiple 
established risk factors for childhood overweight or 
obesity. However, the available literature on this subject 
is scarce. 
 
To fill this gap in our knowledge and yield more 
information for future studies, we conducted a cross–
sectional investigation among preschool–aged children 
who were enrolled from 20 kindergartens in Beijing, 
aiming to identify potential risk factors, both in 
isolation and in combination, associated with childhood 
overweight and obesity. To further enhance the 
applicability of our findings, we herein prepared to 
create a risk prediction nomogram model on the basis of 
promising significant attributes. 
 
RESULTS 
 
Baseline characteristics 
 
Supplementary Table 1 shows the baseline characteristics 
of 7222 study children upon stratification by three 
different growth criteria. Children with overweight and 
obesity were combined because of small sample sizes. 
 
Identification of significant risk factors 
 
As shown in Table 1, eight factors, including maternal 
education, family income, maternal pre–pregnancy 
smoking, maternal BMI, maternal pre–pregnancy BMI, 
breastfeeding duration, GWG, and sleep duration were 
found to be associated with the significant risk of 
childhood overweight or obesity before adjustment at a 
significance level of 5% under three different growth 
criteria. After adjusting for age of children, sex, and 
region, statistical significance was retained for all eight 

factors except maternal pre–pregnancy smoking under 
all growth criteria. Further additional adjustment for 
birthweight, delivery mode, maternal age, paternal age, 
gestational diabetes mellitus, and gestational 
hypertension showed that only four factors were 
independently and consistently associated with the 
significant risk of childhood overweight or obesity 
under three different growth criteria, including maternal 
BMI (for example, OR, 95% CI, P under China criteria: 
1.07, 1.05 to 1.10, <0.001), maternal pre–pregnancy 
BMI (1.08, 1.05 to 1.10, <0.001), breastfeeding duration 
(0.86, 0.76 to 0.98, 0.019), and sleep duration (0.95, 
0.90 to 1.00, 0.042). 
 
Prediction accuracy assessment 
 
To assess the prediction accuracy of the four significant 
factors identified, two models were constructed, viz. the 
basic model and the full model. The full model included 
all variables under investigation in this survey, and the 
basic model included all variables except the four 
significant factors. Both calibration and discrimination 
statistics were used to assess the prediction accuracy 
gained by adding the four significant factors to the basic 
model under three different growth criteria (Table 2). 
Prediction accuracy was significantly improved in the 
full model relative to the basic model. For example, as 
revealed by the −2 log likelihood ratio test, both models 
differed significantly in prediction performance under 
three different growth criteria (all P <0.0001). 
 
Additionally, decision curve analysis indicated that the 
net benefits gained by adding the four significant factors 
to the basic model were obvious under three different 
growth criteria (Figure 1). 
 
Interaction explorations 
 
Given that childhood overweight or obesity 
development is a complex process, the effect of any risk 
factor may be small when assessed individually, and it 
may be more pronounced in the presence of other risk 
factors. To yield more information, pair–wise 
interactions of the four significant factors identified 
were explored, as shown in Table 3. To increase the 
power for detecting significant results, the four 
significant factors were divided into two or three 
groups. Specifically, both maternal BMI and maternal 
pre–pregnancy BMI were divided into the low (BMI 
<18.5 kg/m2), normal (BMI: 18.5–24 kg/m2), and high 
(BMI ≥24 kg/m2) groups [15]. Breastfeeding duration 
was binarized on the basis of its mean value (10 
months). Sleep duration was binarized on the basis of 
10 hours according to the consensus statement of the 
American Academy of Sleep Medicine, that is, children 
3 to 5 years of age should sleep 10 to 13 hours per 
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Table 1. Identification of potential risk factors for overweight or obesity in preschool–aged children under three 
different growth criteria. 

Variables 
China criteria WHO criteria IOTF criteria 

OR 95% CI P OR 95% CI P OR 95% CI P 

Unadjusted 
  Maternal education 1.25 1.15 to 1.37 <0.001 1.34 1.20 to 1.49 <0.001 1.33 1.20 to 1.48 <0.001 
  Family income 1.17 1.10 to 1.25 <0.001 1.20 1.12 to 1.30 <0.001 1.23 1.14 to 1.32 <0.001 
  Maternal pre–pregnancy 

smoking 
1.46 1.03 to 2.08 0.034 1.52 1.00 to 2.30 0.050 1.61 1.08 to 2.39 0.019 

  Maternal BMI 1.09 1.07 to 1.11 <0.001 1.09 1.06 to 1.11 <0.001 1.09 1.07 to 1.12 <0.001 
  Maternal pre–pregnancy BMI 1.09 1.07 to 1.11 <0.001 1.08 1.06 to 1.10 <0.001 1.09 1.07 to 1.12 <0.001 
  Breastfeeding duration 0.82 0.74 to 0.92 0.001 0.80 0.70 to 0.92 0.002 0.78 0.68 to 0.89 <0.001 
  Gestational weight gain 1.36 1.20 to 1.54 <0.001 1.33 1.14 to 1.56 <0.001 1.39 1.20 to 1.61 <0.001 
  Sleep duration 0.92 0.88 to 0.97 0.001 0.86 0.81 to 0.91 <0.001 0.89 0.84 to 0.94 <0.001 
Age–, gender–, and region–adjusted 
  Maternal education 1.19 1.09 to 1.31 <0.001 1.25 1.11 to 1.40 <0.001 1.26 1.13 to 1.40 <0.001 
  Family income 1.13 1.06 to 1.20 <0.001 1.13 1.04 to 1.23 0.003 1.16 1.08 to 1.26 <0.001 
  Maternal pre–pregnancy 

smoking 
1.46 1.02 to 2.09 0.036 1.51 0.99 to 2.32 0.058 1.65 1.11 to 2.46 0.014 

  Maternal BMI 1.09 1.07 to 1.11 <0.001 1.08 1.06 to 1.11 <0.001 1.09 1.07 to 1.11 <0.001 
  Maternal pre–pregnancy BMI 1.09 1.07 to 1.11 <0.001 1.08 1.06 to 1.11 <0.001 1.09 1.07 to 1.11 <0.001 
  Breastfeeding duration 0.83 0.74 to 0.93 0.001 0.84 0.73 to 0.96 0.013 0.79 0.69 to 0.90 0.001 
  Gestational weight gain 1.30 1.15 to 1.48 <0.001 1.24 1.06 to 1.45 0.008 1.32 1.13 to 1.53 <0.001 
  Sleep duration 0.94 0.90 to 0.98 0.009 0.94 0.88 to 1.00 0.035 0.91 0.86 to 0.97 0.002 
Multivariable adjusted 
  Maternal education 1.07 0.94 to 1.22 0.315 1.20 1.06 to 1.36 0.005 1.02 0.87 to 1.19 0.807 
  Family income 1.06 0.99 to 1.15 0.114 1.12 1.02 to 1.22 0.013 1.06 0.97 to 1.16 0.212 
  Maternal pre–pregnancy 

smoking 
1.41 0.94 to 2.10 0.094 1.39 0.87 to 2.22 0.174 1.49 0.95 to 2.34 0.084 

  Maternal BMI 1.07 1.05 to 1.10 <0.001 1.08 1.06 to 1.11 <0.001 1.07 1.05 to 1.10 <0.001 
  Maternal pre–pregnancy BMI 1.08 1.05 to 1.10 <0.001 1.08 1.06 to 1.11 <0.001 1.07 1.05 to 1.10 <0.001 
  Breastfeeding duration 0.86 0.76 to 0.98 0.019 0.83 0.71 to 0.96 0.015 0.80 0.69 to 0.92 0.002 
  Gestational weight gain 1.14 1.00 to 1.31 0.059 1.13 0.95 to 1.34 0.165 1.14 0.97 to 1.34 0.116 
  Sleep duration 0.95 0.90 to 1.00 0.042 0.94 0.89 to 0.98 0.048 0.94 0.88 to 0.99 0.029 

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; BMI, body mass index; WHO, World Health Organization; 
IOTF, International Obesity Task Force. P values were calculated after adjusting for age of children, sex, region, birthweight, 
delivery mode, maternal age, paternal age, gestational diabetes mellitus and gestational hypertension. 
 

24 hours (including naps) on a regular basis to promote 
optimal health [16]. 
 
Low (versus normal) maternal BMI was associated with 
a significantly reduced risk of childhood overweight or 
obesity under the China criteria (OR, 95% CI, P: 0.70, 
0.53 to 0.92, 0.010), whereas in the presence of short 
(versus long) sleep duration or short (versus long) 
breastfeeding this risk was weakened or reversed, albeit 
without statistical significance. The scenario was the 
same for low maternal pre–pregnancy BMI. High 
(versus normal) maternal BMI was significantly 
associated with the risk of childhood overweight or 
obesity under three different growth criteria, especially 
in the presence of short (versus long) sleep duration or 

short (versus long) breastfeeding. By contrast, although 
high (versus normal) maternal pre–pregnancy BMI was 
associated with a significantly increased risk of 
childhood overweight or obesity, the magnitude of risk 
was relatively weak in the presence of short (versus 
long) sleep duration or short (versus long) breastfeeding 
under three different growth criteria. 
 
As for the interaction between sleep duration and 
breastfeeding duration, relative to the coexistence of 
long sleep duration and long breastfeeding, preschool–
aged children with both short sleep duration and short 
breastfeeding were about 1.5 times more likely to 
become overweight or obese (OR, 95% CI, P: 1.51, 1.23 
to 1.86, <0.001 under China criteria, 1.41, 1.11 to 1.81, 
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Table 2. Prediction accuracy gained by adding the four significant factors identified for overweight or obesity in 
preschool–aged children under three different growth criteria. 

Statistics China criteria WHO criteria IOTF criteria 
Basic model Full model Basic model Full model  Basic model  Full model  

Calibration 
AIC 5236 4994 3665 3515 4062 3876 
BIC 5418 5201 3847 3721 4244 4083 
LR test (χ2) Ref. 48.18 Ref. 27.55 Ref. 36.14 
LR test (P value) Ref. <0.0001 Ref. <0.0001 Ref. <0.0001 

Discrimination 
NRI (P value) Ref. 0.0111 Ref. 0.0093 Ref. 0.0062 
IDI (P value) Ref. <0.0001 Ref. 0.0006 Ref. <0.0001 
AUROC (P value) 0.0350 0.0382 0.0352 

Abbreviations: AIC, Akaike information criterion; BIC, Bayesian information criterion; LR, likelihood ratio; NRI, net 
reclassification improvement; IDI, integrated discrimination improvement; AUROC, area under the receiver operating 
characteristic; Ref., reference; WHO, World Health Organization; IOTF, International Obesity Task Force. 
 

0.006 under WHO criteria, and 1.63, 1.29 to 2.06, 
<0.001 under IOTF criteria), but no significance was 
noticed for unilateral existence of short sleep duration 
or short breastfeeding, indicating a synergistic 
interaction between sleep duration and breastfeeding 
duration in predicting childhood overweight or obesity. 
 
Risk prediction nomogram model 
 
To enhance practical application, a risk prediction 
nomogram model was created for overweight or obesity 
in preschool–aged children on the basis of the four 
significant factors identified and some conventional risk 
factors under three different growth criteria (Figure 2). 
The predictive accuracy was good, as reflected by both 
C–indexes which were over 80% under three different 
growth criteria (all P <0.001) and calibration curves 
(Supplementary Figure 1). 
 
Taking the risk prediction nomogram model under the 
China criteria as an example: assuming a boy (17 
points) aged 60 months (5 points), with maternal 
education of high school (12 points), GWG of 30 kg (28 
points), sleeping duration of 11 hours (7.5 points), 
breastfeeding duration of 5 months (23 points), maternal 
BMI of 30 kg/m2 (22.5 points), and maternal pre–
pregnancy BMI of 28 kg/m2 (44 points), the probability 
of childhood overweight and obesity was estimated to 
be 64%. 
 
DISCUSSION 
 
In this large–scale cross–sectional study, we aimed to 
identify potential risk factors for overweight and obesity 
among 7222 preschool–aged children. The key finding 
of this study is that four significant risk factors - high 
maternal BMI, high maternal pre–pregnancy BMI, short 

breastfeeding duration, and short sleep duration, were 
found to be independently and consistently associated 
with the risk of childhood overweight or obesity under 
one national growth criterion from China and two 
widely–used international growth criteria (WHO and 
IOTF). Importantly, our interaction analyses revealed 
that the four risk factors might act in an additive 
manner, especially for the interaction between maternal 
obesity, sleep duration, and breastfeeding duration. To 
our knowledge, this is the first study that has 
interrogated the possibly interactive risk profiling of 
childhood overweight or obesity. 
 
As childhood obesity is of epidemic proportions 
globally and impacts on the future risk of many 
common diseases, a great deal of attention has been 
paid to prevent the development of obesity, especially 
among preschool–aged children [17, 18]. The causes for 
childhood obesity have been exhaustively investigated, 
yet the results are not often reproducible. For example, 
some studies have showed that exclusive breastfeeding 
was a significant protective factor against overweight 
and obesity in children [19, 20], whereas others failed to 
support this claim [21–24]. Several possible reasons 
could account for these inconsistent findings. First, 
childhood obesity is a multifactorial chronic disease 
[25]. Besides related parental factors (such as smoking 
and family income), eating behaviors and dietary intake 
habits in infancy and childhood, as well as inherited 
factors, are likewise no less important [26, 27]. As the 
majority of epidemiological evidence currently is from 
cross–sectional studies, longitudinal cohorts with a 
comprehensive coverage of potential risk factors are 
encouraged. Second, residual confounding due to 
incomplete adjustment of measured or unmeasured 
covariates might exist [28, 29]. To partly address this 
issue, we undertook a hierarchical degree of adjustment 
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Figure 1. Net benefits gained by the four significant factors identified for childhood overweight or obesity in decision curve 
analysis under three different growth criteria. Abbreviations: WHO, World Health Organization; IOTF, International Obesity Task Force. 
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Table 3. The interaction of the four significant factors identified for overweight or obesity in preschool–aged children 
under three different growth criteria. 

Interaction items 
China criteria WHO criteria IOTF criteria 

OR 95% CI P OR 95% CI P OR 95% CI P 
Normal maternal BMI / 
Sleep duration ≥10 h Ref. Ref. Ref. 
Normal maternal BMI / 
Sleep duration <10 h 1.19 1.01 to 1.41 0.041 1.18 0.96 to 1.45 0.116 1.17 0.95 to 1.43 0.134 
Low maternal BMI / Sleep 
duration ≥10 h 0.70 0.53 to 0.92 0.010 0.66 0.45 to 0.96 0.028 0.76 0.54 to 1.06 0.111 
Low maternal BMI / Sleep 
duration <10 h 1.22 0.84 to 1.78 0.288 1.08 0.68 to 1.73 0.744 1.20 0.77 to 1.88 0.419 
High maternal BMI / Sleep 
duration ≥10 h 1.41 1.20 to 1.67 <0.001 1.48 1.20 to 1.83 <0.001 1.45 1.19 to 1.76 <0.001 
High maternal BMI / Sleep 
duration <10 h 1.79 1.39 to 2.32 <0.001 1.85 1.38 to 2.49 <0.001 2.18 1.64 to 2.88 <0.001 
Normal maternal BMI / 
Breastfeeding ≥10 m Ref. Ref. Ref. 
Normal maternal BMI / 
Breastfeeding <10 m 1.18 1.01 to 1.38 0.033 1.17 0.96 to 1.42 0.117 1.31 1.09 to 1.57 0.004 
Low maternal BMI / 
Breastfeeding ≥10 m 0.69 0.52 to 0.93 0.014 0.75 0.51 to 1.10 0.139 0.82 0.57 to 1.17 0.276 
Low maternal BMI / 
Breastfeeding <10 m 1.06 0.77 to 1.46 0.706 0.86 0.56 to 1.32 0.482 1.06 0.71 to 1.56 0.792 
High maternal BMI / 
Breastfeeding ≥10 m 1.52 1.28 to 1.81 <0.001 1.52 1.22 to 1.88 <0.001 1.62 1.32 to 1.99 <0.001 
High maternal BMI / 
Breastfeeding <10 m 1.57 1.26 to 1.96 <0.001 1.78 1.37 to 2.31 <0.001 1.89 1.48 to 2.43 <0.001 
Normal maternal pre–
pregnancy BMI / Sleep 
duration ≥10 h 

Ref. Ref. Ref. 

Normal maternal pre–
pregnancy BMI / Sleep 
duration <10 h 

1.24 1.05 to 1.46 0.010 1.19 0.97 to 1.45 0.097 1.19 0.98 to 1.45 0.082 

Low maternal pre–
pregnancy BMI / Sleep 
duration ≥10 h 

0.70 0.57 to 0.85 0.001 0.66 0.50 to 0.87 0.003 0.67 0.52 to 0.87 0.002 

Low maternal pre–
pregnancy BMI / Sleep 
duration <10 h 

1.28 0.95 to 1.72 0.101 1.32 0.94 to 1.87 0.113 1.37 0.98 to 1.92 0.066 

High maternal pre–
pregnancy BMI / Sleep 
duration ≥10 h 

1.57 1.30 to 1.90 <0.001 1.57 1.24 to 1.99 <0.001 1.42 1.14 to 1.77 0.002 

High maternal pre–
pregnancy BMI / Sleep 
duration <10 h 

1.40 1.00 to 1.95 0.050 1.39 0.94 to 2.06 0.099 1.58 1.09 to 2.28 0.015 

Normal maternal pre–
pregnancy BMI / 
Breastfeeding ≥10 m 

Ref. Ref. Ref. 

Normal maternal pre–
pregnancy BMI / 
Breastfeeding <10 m 

1.19 1.03 to 1.39 0.021 1.19 0.99 to 1.44 0.063 1.29 1.08 to 1.54 0.005 

Low maternal pre–
pregnancy BMI / 
Breastfeeding ≥10 m 

0.74 0.60 to 0.91 0.005 0.75 0.57 to 1.00 0.047 0.72 0.55 to 0.94 0.017 

Low maternal pre–
pregnancy BMI / 
Breastfeeding <10 m 

0.97 0.75 to 1.26 0.828 0.97 0.70 to 1.34 0.835 1.09 0.81 to 1.49 0.547 

High maternal pre–
pregnancy BMI / 
Breastfeeding ≥10 m 

1.58 1.29 to 1.93 <0.001 1.60 1.25 to 2.06 <0.001 1.52 1.21 to 1.93 <0.001 

High maternal pre–
pregnancy BMI / 
Breastfeeding <10 m 

1.50 1.15 to 1.95 0.003 1.56 1.13 to 2.14 0.007 1.55 1.15 to 2.10 0.004 

Sleep duration ≥10 h / Ref. Ref. Ref. 
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Breastfeeding ≥10 m 
Sleep duration <10 h / 
Breastfeeding ≥10 m 1.14 0.95 to 1.35 0.155 1.16 0.94 to 1.44 0.168 1.17 0.95 to 1.45 0.131 
Sleep duration ≥10 h / 
Breastfeeding <10 m 1.06 0.91 to 1.23 0.434 1.10 0.91 to 1.33 0.319 1.17 0.98 to 1.40 0.080 
Sleep duration <10 h / 
Breastfeeding <10 m 1.51 1.23 to 1.86 <0.001 1.41 1.11 to 1.81 0.006 1.63 1.29 to 2.06 <0.001 

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; BMI, body mass index; Ref., reference; WHO, World Health 
Organization; IOTF, International Obesity Task Force. P values were calculated after adjusting for age of children, sex, region, 
birthweight, delivery mode, maternal age, paternal age, gestational diabetes mellitus and gestational hypertension. 
 

for possible covariates, and identified four promising 
factors that were independently and consistently 
associated with the risk of childhood overweight or 
obesity under three different growth criteria, in line with 
the results of some previous studies [28–38]. 
Nonetheless, it seems unlikely that our findings might 
be interpreted by confounding. Third, it is commonly 
recognized that the effect of any risk factor may be 
small when assessed individually, and it may be more 
pronounced in the presence of other risk factors. Thus 
far, most association studies focused on risk factors 
individually, while disregarding other factors with small 
effects and overlooking possible factor–to–factor 
interactions. Extending the results of previous studies, 
we further explored the interactions between the four 
significant factors identified, and observed a synergistic 
interaction between maternal obesity, sleep duration, 
and breastfeeding duration in predicting the risk of 
overweight or obesity among preschool–aged children. 
 
The findings of this study underscore the importance of 
maternal impact on offspring obesity. In fact, mothers 
usually act as the primary caregivers for their children 
and affect their behaviors and attitudes towards future 
life [21]. There is evidence that lower maternal 
education level and lower socio–economic level may 
lead to a worse understanding of the unhealthy weight 
status of children and the awareness of risk linked to 
obesity [30]. Maternal pre–pregnancy obesity, maternal 
pre–pregnancy smoking, and GWG may affect the fetus 
in the intrauterine environment with the ‘fuel–mediated 
teratogenesis’ and ‘developmental origin of health and 
disease’ hypotheses [39–41]. Some studies also 
demonstrated that relative to paternal obesity, the 
impact of maternal obesity on offspring obesity was 
remarkably strong [42–44], consistent with the findings 
of this present study. Besides maternal BMI, we also 
confirmed the significant contribution of maternal pre–
pregnancy BMI to the risk of childhood overweight or 
obesity. 
 
Moreover, children’s lifestyle habits also play a 
contributory role in the development of overweight or 
obesity [45]. As reported by Beebe and colleagues [45], 

sleep restriction in adolescents may cause increased 
consumption of foods with a high glycemic index, 
particularly desserts and sweets. Likewise, our findings 
indicated that per hour increase in sleep duration was 
significantly associated with a 5–6% decreased risk of 
childhood overweight or obesity, in agreement with the 
results of some studies [35, 46, 47]. The relation 
between sleep duration and childhood obesity is 
biologically plausible. On one hand, sleep deprivation 
was reported to be associated with various hormonal 
responses including low leptin and high 
endocannabinoids [48–50], and these responses may 
cause appetite dysregulation and further affect hunger 
and satiety. On the other hand, short sleep duration can 
activate inflammatory pathways, which can regulate the 
expression of genes involved in oxidative stress and 
metabolism [51], and further increase food and total 
energy intake without compensation by changes in 
resting metabolic rate or physical activity [52]. As an 
extension of previous studies, we, in this study, noticed 
that short sleep duration, in the presence of short 
breastfeeding were significantly associated with a 41–
63% increased risk of childhood overweight or obesity, 
and this association was reinforced in the presence of 
high maternal BMI or high maternal pre–pregnancy 
BMI, indicating the joint contribution of maternal 
factors and offspring habits to the risk of overweight or 
obesity in children. 
 
Finally, to enhance the practical application of our 
findings, we created a risk prediction nomogram model 
for childhood overweight or obesity based on 
statistically significant and conventional attributes 
under each growth criterion, and importantly this model 
has a decent prediction accuracy. Nonetheless, in view 
of multiple tests and wide confidence intervals for some 
comparisons, we agree that our findings should be 
regarded preliminary and validation in other 
independent groups is critical. 
 
Despite the clear strengths of this study, including a 
relatively large, population–based survey on preschool–
aged children, adoption of three different growth 
criteria, implementation of graded multivariable
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Figure 2. The risk prediction nomogram models under three different growth criteria. Abbreviations: WHO, World Health 
Organization; IOTF, International Obesity Task Force 
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adjustment, and interaction explorations, several 
possible limitations merit special consideration. First, 
this study is cross–sectional in nature, precluding 
further comments on the cause–effect relationship. 
Second, only dietary–related information on the weekly 
intake frequencies of high-calorie foods and dining 
types was surveyed from study children, and it is of 
added interest to incorporate more dietary data such as 
dietary phytochemical index (DPI) [53]. Third, the data 
on breastfeeding and sleep duration were self–reported 
by parents or guardians, and hence a recall bias cannot 
be ruled out. Fourth, all study children are of Chinese 
descent and from Beijing, and thus external replication 
of our findings is needed. 
 
Taken together, via an analysis of survey data from 
7222 preschool–aged children and their parents or 
guardians, we have identified four risk factors that were 
independently and consistently associated with the 
significant risk of childhood overweight or obesity 
under three different growth criteria. Importantly, the 
four risk factors might act in an additive manner in 
predisposition to childhood overweight or obesity. For 
practical reasons, we hope the present study will not 
remain just another endpoint of research instead of a 
beginning to establish background data to further 
explore potential risk factors, both individually and 
interactively, of childhood overweight or obesity, and 
the possible molecular mechanisms. 
 
MATERIALS AND METHODS 
 
Study design and ethical aspects 
 
This is a cross–sectional survey done in Beijing from 
September to November 2019. The conduct of this 
survey was reviewed and approved by the Ethics 
Committee of China–Japan Friendship Hospital, and 
was in compliance with the principles of the Declaration 
of Helsinki. Parents or guardians of all involved 
children read and signed informed consent form prior to 
participation. 
 
Study subjects 
 
All study subjects were preschool–aged children who 
attended junior to senior kindergarten classes at the time 
this survey was conducted. Utilizing a stratified cluster 
random sampling strategy, out of 16 districts in Beijing, 
4 districts, including 2 urban and 2 suburban ones, were 
selected, and within each district, 5 public or private 
kindergartens were selected. Self–designed 
questionnaires were sent to the parents or guardians of 
7524 children in total, and 99.3% of them (n=7469) 
returned the questionnaires within the stipulated time. 
Children in unhealthy conditions including chronic 

kidney disease, hypothyroidism, congenital heart 
disease, or chronic respiratory diseases were excluded 
from the present analysis. Completed questionnaires 
were carefully reviewed by trained staff, and 7222 of 
them were deemed eligible for inclusion. 
 
Data collection and quality control 
 
Questionnaires were designed to collect data from both 
children and their parents on the possible risk profiling of 
childhood obesity. From children, the data extracted 
included sex, date of birth, birth weight, delivery mode, 
breastfeeding duration, region, as well as the weekly 
intake frequencies of sugared beverages, sweet foods, 
dining out, takeout eating, cooking at home, and night 
meals, time of adding complementary foods, eating 
speed, and daily sleep duration. Body weight (to the 
nearest 0.1 kg) and height (to the nearest 0.1 cm) of 
children were measured by trained health physicians. 
From their parents, self–reported data on age, sex, 
weight, height, maternal pre–pregnancy weight, 
gestational weight gain, education, family income, 
cigarette smoking, gestational diabetes mellitus, 
gestational hypertension, and medical history before and 
during pregnancy were recorded. 
 
Kindergarten teachers were responsible for sending the 
self–designed questionnaires to the parents or guardians 
of all children, and completed questionnaires were 
collected online. Data were exported from electronic 
questionnaires to a Microsoft Office ExcelTM 
spreadsheet, and were cross checked by trained staff. In 
case of missing or uncertain records, kindergarten 
teachers contacted parents or guardians for clarity. 
 
Overweight and obesity definition 
 
In this study, one national growth criterion and two 
widely–used international growth criteria were 
employed to define childhood overweight and obesity, 
including the China criteria (2009), the World Health 
Origination (WHO) criteria (2006), and the 
International Obesity Task Force (IOTF) criteria (2000). 
 
Under the China criteria [54], overweight and obesity in 
preschool–aged children are based on the age– and  
sex–specific measures, as is the case with the IOTF 
criteria [55]. 
 
Under the WHO criteria, overweight and obesity are 
defined based on body mass index (BMI) z–scores at a 
cutoff of 5 years old. BMI is calculated as weight 
divided by height squared (kg/m2). In detail, before 5 
years old, overweight and obesity are separately defined 
as a BMI z–score >2 standard deviation (SD) and a BMI 
z–score >3 SD [56]. After 5 years old, overweight and 
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obesity are separately defined as a BMI z–score >1 SD 
and a BMI z–score >2 SD [57]. 
 
Definitions of the other characteristics 
 
Dietary–related information from study children 
included the weekly intake frequencies of sugared 
beverages, sweet foods, dining out, takeout eating, 
cooking at home, and night meals, as well as eating 
speed. Sugared beverages included drinks with high 
amounts of added sugar (e.g. Coca–Cola, carbonated 
drinks, milk tea, and black tea). Sweet foods covered 
foods containing high sugar (e.g. cakes, sugars, desserts, 
and chocolates). Dining out referred to eating in 
restaurants or snack bars. Takeout eating meant eating 
at home the foods cooked by restaurants or snack bars. 
Night meals were the same as the extra meals in a day, 
defined as eating some foods within 2 hours before 
bedtime. Weekly intake frequency was graded as every 
day, often (3–5 times), occasional (1–2 times) or none 
or once in a while. Eating speed was calculated as the 
average time of breakfast, lunch, and supper. 
 
For children, sleep duration was calculated as the sum 
of both sleep time on work days × 5 and sleep time on 
weekends × 2 divided by 7. Breastfeeding duration and 
time of adding complementary foods were recorded in 
months. 
 
Parental BMI and maternal pre–pregnancy BMI were 
derived from self–reported height and weight. Based on 
pre–pregnancy BMI, mothers were classified as 
underweight (<18.5 kg/m2), normal weight (18.5–24 
kg/m2), and overweight/obesity (≥24 kg/m2) [15]. 
Gestational weight gain (GWG) was calculated by 
subtracting maternal pre–pregnancy weight from maternal 
weight at delivery, and it was grouped into inadequate, 
adequate, and excessive GWG according to the 
recommendations of the Institute of Medicine (2009) [58]. 
Specifically, adequate GWG is defined as a weight gain of 
12.5–18.0 kg in underweight mothers, 11.5–16.0 kg in 
normal–weight mothers, 7.0–11.5 kg in overweight 
mothers, and 5.0–9.0 kg in obese mothers. Within–group 
weight gains less than the lower limits and greater than 
the upper limits of above ranges are defined as inadequate 
GWG and excessive GWG, respectively. 
 
Education level was categorized as graduate degree or 
above, college (or equivalent) degree, high school (or 
equivalent) degree, or middle school degree or below. 
Family income level (RMB per year) was categorized as 
≥500,000, 200,000–500,000, 100,000–200,000 or 
<100,000. Gestational diabetes mellitus and gestational 
hypertension, diagnosed by doctors from second–class 
or above hospitals, were recorded. Maternal pregnancy 
smoking was defined as smoking and non–smoking. 

Maternal pre–pregnancy smoking and paternal smoking 
were grouped into never smoking and ever (current or 
former) smoking. Delivery mode included natural birth 
and caesarean section. 
 
Statistical analysis 
 
All study children were grouped into the non–overweight 
group and the overweight/obesity group according to 
three different growth criteria for childhood overweight 
and obesity definition. The distributions of continuous 
variables were assessed for normality by use of the 
skewness and kurtosis test. Skewed continuous variables 
are expressed as median (interquartile range), and 
normally-distributed variables as mean (SD). Categorical 
variables are expressed as count (percentage). Between-
group comparisons of baseline characteristics were 
performed using the χ2 test, t test, or rank–sum test, where 
appropriate. To identify statistically significant risk factors 
for childhood overweight or obesity, Logistic regression 
analyses were first done without considering any 
confounders, and then adjusting for age of children, sex, 
and region, and additionally for birthweight, delivery 
mode, maternal age, paternal age, gestational diabetes 
mellitus, and gestational hypertension in multivariable 
adjustment models under three different growth criteria. 
Effect–size estimates are expressed as odds ratio (OR) and 
95% confidence interval (95% CI). Finally, four risk 
factors, including high maternal BMI, high maternal pre–
pregnancy BMI, short breastfeeding duration, and short 
sleep duration were significantly and independently 
associated with the risk of childhood overweight or 
obesity, and importantly significance persisted under three 
different growth criteria. 
 
Predictive accuracy gained by adding the four significant 
risk factors to the basic model (including age of children, 
sex, region, birthweight, time of adding complementary 
foods, and the weekly intake frequencies of sugared 
beverages, sweet foods, dining out, takeout eating, 
cooking at home and night meals, as well as eating speed, 
maternal age, paternal age, paternal BMI, gestational 
weight gain, paternal education, maternal education, 
family income, gestational diabetes mellitus, gestational 
hypertension, maternal pre–pregnancy smoking, maternal 
pregnancy smoking, paternal smoking and delivery 
mode) was appraised from both calibration and 
discrimination aspects. From the calibration aspect, 
Akaike information criterion (AIC) and Bayesian 
information criterion (BIC), as well as the −2 log 
likelihood ratio test were used to appraise how closely the 
prediction probability by adding the four significant risk 
factors reflected the actual observed risk and global fit of 
modified risk model. From the discrimination aspect, net 
reclassification improvement (NRI) and integrated 
discrimination improvement (IDI) [59, 60] were used to 
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see whether the addition of the four significant risk 
factors can differentiate preschool–aged children in the 
non–overweight group or the overweight/obesity group. 
Moreover, the net benefits for the addition of the four 
significant risk factors were also inspected by decision 
curve analysis [61]. 
 
Finally, a risk prediction nomogram model for 
childhood overweight or obesity was created under 
three different growth criteria, and predictive accuracy 
was reflected by concordance index (C–index), defined 
as the area under the receiver operating characteristics 
curve. The nomogram and accuracy assessment were 
implemented by the R programming environment 
(version 3.5.2) “rms” package. 
 
Statistical analyses were completed using the STATA 
software (version 14.0, Stata Corp, TX) unless 
otherwise indicated. Two–sided P value less than 0.05 
was considered statistically significant. 
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SUPPLEMENTARY MATERIALS 
 
Supplementary Figure 

 
 
 

 
 

 

 
 

Supplementary Figure 1. The calibration curve for each nomogram model under three different growth criteria. 
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Supplementary Table 
 
 
Please browse Full Text version to see the data of Supplementary Table 1. 
 
Supplementary Table 1. The baseline characteristics of study children under three different growth criteria. 


