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Abstract

Purpose—Childhood overweight and obesity is on the rise in China and in Chinese cities in 

particular. The aim of this study is to explore the extent of income differences in childhood 

overweight in Shanghai, China, and examine demographic, social, and behavioral explanations for 

these differences.

Methods—Using the 2014 Child Well-Being Study of Shanghai, China—a survey that included 

extensive contextual information on children and their families in China’s most populous city, 

prevalence rates and adjusted odds ratios of child overweight and obesity at age 7 were calculated 

by income tercile controlling for a wide variety of sociodemographic variables.

Results—District aggregate income increases the odds of child overweight/obesity, but only for 

boys. In contrast, rural hukou status was associated with lower odds of overweight/obesity for 

girls.

Conclusions—Boys at age 7 are more likely to be overweight and obese than girls. District 

income further increases this likelihood for boys, while rural hukou status decreases this likelihood 

for girls, suggesting that preferences for boys and thinness ideals for girls may play a role in the 

income patterning of childhood overweight and obesity.
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Introduction

Child overweight and obesity is a global health epidemic that has long-term consequences 

for healthcare costs and society’s overall well-being and productivity [1–3]. Overweight and 

obesity is commonly thought to be a public health concern for wealthy nations, and in 

particular, the well-documented case of the United States (U.S.) has led the way in the 

international obesity crisis. Yet, despite the fact that wealthy countries such as the U.S. and 

its peers have experienced stagnation or declines in the growth of child overweight and 

obesity in recent years [4], research on this global public health issue remains largely 

focused on these countries.

However, obesity is no longer a health concern reserved for wealthy nations. Childhood 

obesity is also becoming a substantial public health issue in middle-income countries such as 

China [5]—where historically, undernourishment has been a concern. Less is known about 

patterns in these middle-income countries as compared to wealthy nations. For example, 

recent studies suggest that rates of childhood overweight and obesity in China have been on 

a rapid incline in the past 15 years [6–9], with variation in patterns across rural and urban 

settings [9]. This documented increase in overweight/obesity coincides with the nutrition 

transition in developing low- and middle-income countries, where in recent decades, the 

transition from nutrition deficits to nutrition surpluses is at different stages [10]. Due to 

mixed development in these middle-income countries, and China in particular, it is difficult 

to establish exactly where Chinese children fit along the nutrition transition spectrum [11].

Thus, the accelerating increase in childhood overweight and obesity in China today is 

complicated by the current stage of the nutritional transition in this diverse country. 

Developing countries at earlier stages of the nutritional transition are more likely to have 

higher rates of overweight/obesity among high-income families than low-income families, as 

these families have access to high-calorie foods [12]. In countries at later stages of 

development, for example Mexico or Brazil, the socioeconomic (SES) pattern in overweight/

obesity looks more like that of wealthy countries, where high-calorie foods are inexpensive 

and more likely to be available to low-income families [12]. In China, it is quite likely that 

these patterns are variable by the region of the country, so studies focusing on the whole 

country may exclude detail on important regional differences [13]. Complicating this picture 

is the variation between urban and rural settings in China, where residents of a city such as 

Shanghai are likely to have greater access to high-calorie foods. Rural areas of the country 

have lower incomes than urban areas—particularly as compared to Shanghai—with less 

variation in SES. Evidence also suggests that childhood overweight/obesity has increased 

more rapidly among high-SES families than low-SES families between 1991 and 2006, 

particularly in urban areas [11], yet little is known about the factors associated with SES 

differences in overweight and obesity among children in China today.

The increase in childhood obesity and the resulting chronic health conditions such as heart 

disease and diabetes coincides with the dramatic rise in the Chinese economic development 

[14]. Much of the country’s economic development has been concentrated in large urban 

cities [15], and importantly, these cities are also where the highest rates of childhood obesity 

have been concentrated [6, 7, 9, 16–20]. Due to the increase in overweight and obesity rates 
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in urban areas, studies that focus on the determinants of childhood overweight and obesity in 

cities are warranted to understand the burgeoning obesity epidemic in China.

Due to the availability of body mass index measures in general public health data, many of 

the prominent studies on childhood overweight and obesity in China have focused on broad 

trends over time and general prevalence rates. In addition, often these studies provide only 

bivariate (e.g., bivariate relationship between urban and overweight/obesity or between 

gender and overweight obesity) rather than multivariate analysis, which limits the thorough 

examination of the different sociodemographic predictors of child overweight and obesity. 

Most studies also use data that is now almost a decade old. This study takes advantage of the 

new 2014 Child Well-Being Study of Shanghai, China—a survey that included extensive 

contextual information on children and their families in China’s most populous city—to 

systematically examine the disparities in and determinants of childhood overweight and 

obesity in this rapidly changing city in this developing country. The focus on a specific city 

is the strength of this study, as the different stages of the nutrition transition throughout 

China do not complicate our analysis. Our primary research questions are as follows: (1) To 

what extent are socioeconomic differences in childhood overweight and obesity in early 

childhood present in Shanghai in 2014, and (2) What are the demographic, social, and 

behavioral factors that are related to overweight and obesity for these children?

Methods

Data

In this study, we used the 2014 Child Well-Being Study of Shanghai, China—a study 

modeled on child cohort studies in the United States. The Child Well-Being Survey was 

collected and managed by the New York University-East ChinaNormal University (NYU-

ECNU) Institute for Social Development at NYU Shanghai and received appropriate ethics 

approval through NYU [21]. Using a convenience sampling design, in the spring of 2014, 

we sampled seven districts in Shanghai, China. The selection of these specific seven districts 

was to ensure the data would include equal representation of children from a range of 

socioeconomic (SES) backgrounds. We used a convenience sampling strategy to sample 

between one to five schools from each of the seven districts totaling 17 schools and 73 

classrooms with a total sample of 2280 first-grade children (average age, 7). Questionnaires 

were distributed through schools with permission from school administrators and parents. 

Parents, classroom teachers, and school administrators filled out different sets of 

questionnaires collecting detailed information on family background, family and school 

environments, parenting/children behaviors, and parent/children health status [21]. The 

response rate was 96% for parents and 100% for teachers and school administrators. All 

variables in our analysis are primary parent’s reports. Our outcome variable of interest, body 

mass index (BMI) was measured for 1629 children. Our final sample sizes for complete case 

(dropping cases with missing values on all independent and dependent variables) was 965 

and was 1629 using multiple imputation ((MI) detailed below).
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Measures

Body Mass Index—BMI was measured by child weight in kilograms divided by the 

square of height in centimeters. We used the International Obesity Task Force measure for 

Asia (IOTFA) as the primary measurement of childhood overweight and obesity [22]. The 

IOTFA measure specifies cutoff points for overweight and obesity based on cross-national 

BMI data, and this measure is useful for the purpose of country-level and cross-national 

comparisons focusing on Asian countries [23]. For the analysis, we focused on children 

designated overweight or obese. We also conducted sensitivity analyses using the measure 

established by the Centers for Disease Control and Prevention (CDC) using the 85th and 

95th BMI percentiles to define childhood overweight and obesity, as well as the measure 

developed by the Working Group on Obesity in China (WGOC) based on Chinese samples 

aged 7 to 18 years [24, 25].

Socioeconomic Status—Our primary measure of SES was family income in terciles. 

Total family income was first adjusted by family size using the Organisation for Economic 

Co-operation and Development (OECD) square root equivalency scale [26]. Then the 

adjusted annual family income was categorized into low-, middle-, and high-income groups 

according to the cutoff points of the income distribution. These cut points were as follows: 

(1) low income: less than 50,000 renminbi (RMB) or (≈ US$7580); (2) middle income: 

between 50,000 and 92,376 RMB (≈ US$14,000); and (3) high income: more than 92,376 

RMB. Parental education was measured by parents’ highest level of education (whether it is 

the mother or the father), classified into four groups: less than high school, high school 

degree, some college, and college or higher.

China uses an official household registration system to document household geographic 

information. This registration is called hukou status and is used to distinguish between urban 

and rural origins, as those with rural hukou status living in Chinese cities do not have full 

access to resources that are available only to residents holding urban hukou status—

including education [27]. Our first-grade cohort, however, had access to schools because 

Shanghai has implemented a policy reform that incorporates migrant children into the public 

school system since 2008 [28]. We used a dichotomous variable indicating whether a 

family’s original residential area was urban or rural. Finally, school district SES was 

included to account for resource availability that may vary by districts/neighborhoods [29]. 

We categorized the school districts into high-, middle-, and low-income district terciles 

based on the sample distribution (bottom-third of the sample distribution, middle-third of 

sample distribution, and top-third of sample distribution).

Covariates—We included a dichotomous measure of child sex. Birth order was 

characterized as first-versus higher-order birth. We included a measure of whether or not a 

grandparent resides in the home. Childcare arrangements before first-grade included the 

following categories: parent care, grandparent care, formal childcare, or other type of 

childcare. Health insurance was dichotomized as having any or no insurance. Child overall 

health status was based on a 5-point scale. We coded excellent, very good, and good health 

as good overall health and fair or poor health as poor overall health. We included a measure 

of unhealthy eating that added up the frequencies of consuming different types of unhealthy 

Martinson et al. Page 4

Int J Behav Med. Author manuscript; available in PMC 2020 June 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



foods (including sweetened beverages, French fries, fast food, and candy, sweets, or salty 

snacks) during the past week of the interview. A high score indicates a high frequency of 

unhealthy food consumption. Finally, we categorized mother’s work schedule into not 

working, working standard daytime hours, and working nonstandard hours.

Analysis Plan

We used Stata SE 14 to calculate overweight and obesity prevalence based on the covariates 

of interest. Although our response rate was over 95% overall, missing information on certain 

variables was still high. Only a few covariates had more than 10% of respondents with 

missing values, with the exception of family annual income (39%). We used multiple 

imputation (MI) with 20 multiple imputed datasets using the chained equation (mi impute 

chained) command in Stata to address the issue of missing data on independent variables 

[30, 31]. Our multiple imputation model considers all analyzed variables in addition to all 

outcome variables. We used original unimputed values for our outcome variables, as 

suggested by the literature [32].

We then estimated models using logistic regression to calculate odds ratios for overweight 

and obesity by family income level and stratified by gender (presented as models 1–3 for 

girls and boys in Table 3). Previous research on childhood overweight and obesity has shown 

different patterns by gender, and China is no exception [4, 8]. We estimated all logistic 

regression models using clustered robust standard errors and multilevel modeling 

respectively, two approaches to adjusting standard errors by accounting for the correlation 

between observations in the same group [33]. In our study, children from the same district 

were likely to be more alike on a variety of characteristics than those from different districts. 

For example, children in districts further from central Shanghai were more likely to be from 

low-income, rural migrant families. We reported findings from the clustered robust standard 

errors instead of those from the multilevel modeling because the small number of districts 

(N = 7) may produce bias and inaccurate estimates in multilevel logistic regression models 

[34]. We present these results using multiply imputed data in Table 3.

Results

Table 1 presents the descriptive characteristics of the nonmissing sample. More boys than 

girls were in our sample (54 vs. 46%). We found a very high prevalence of overweight and 

obesity in first-grade children in Shanghai, 45 and 19%, respectively. Contextually, when 

using the official CDC cut points, the overweight and obesity rates (33 and 15%, 

respectively, shown in Appendix Table 4) were on par with childhood averages in the United 

States [35]. About 29% of children were from a family with annual income less than 50,000 

RMB. Since district income was categorized into terciles, the sample was evenly distributed 

across low-, middle-, and high-income school districts in Shanghai, though slightly more 

children lived in high-income school districts. Parents were relatively well-educated in the 

sample, and 48% of children had at least one parent with a college degree. Notably, about 

28% of children were originally from rural areas. This is important for social benefits 

qualification and economic mobility as children living in Shanghai with rural hukou status 

may have limited access to social benefits. About 47% of children co-resided with their 
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grandparents. The majority of children were the firstborn in family (89%), had health 

insurance coverage (81%), were in good health condition (87%), and had a mother with a 

standard daytime work schedule (69%). Children in the sample, on average, consumed 

unhealthy foods eight times during the past week of the interview.

Table 2 presents overweight and obesity rates by gender and socioeconomic/behavioral 

characteristics. Girls were less likely to be overweight and obese than boys (40 and 49%, 

respectively). The prevalence of overweight was notably high among boys from high-income 

and middle-income families (50 and 51%) and high-income districts (56%). We also found 

gender differences in the prevalence of overweight and obesity by hukou status, general 

health status, and health insurance. For example, girls from urban areas were more likely to 

be overweight and obese than their rural counterparts, whereas boys showed a reverse 

pattern.

Table 3 presents results from the logistic regression analysis. The first model estimated odds 

ratios of overweight by considering family income only (model 1). The second model 

adjusted for hukou status and all the other family and individual covariates (model 2). The 

third model also included district income level in addition to the clustered standard error 

specified in all models. Odds ratios of the full models (Table 3, model 3) show that rural 

hukou status was significantly associated with lower likelihood of being overweight for girls 

(0.66, p < .05). For boys, the odds ratios of being overweight and obese were lower for 

children from low- or middle- income districts than for those from high-income districts 

(0.64,p < .001 and 0.80,p < .05, respectively). It is also worth noting that health insurance 

and parent-rated poor child health reduced the odds of being overweight or obese for boys.

We conducted multilevel logistic regression models to check the robustness of our findings 

from logistic regression models with clustered standard errors, and the results showed 

similar patterns. We ran sensitivity analyses using different cut points for overweight and 

obesity, and the results were similar (available upon request). We also tested interaction 

models with gender-district income and gender- hukou status. The results from the stratified 

models mirrored those from full sample models.

Discussion

Previous research has used public health data to highlight increasing rates of child 

overweight and obesity in China and includes some contextualization of these patterns. This 

paper used a new dataset, rich in covariates, to draw out the importance of SES patterns in 

Chinese child overweight and obesity in Shanghai. This study found that income at the 

district level mattered to childhood obesity in Shanghai, China—but only for boys. Boys 

from high-income districts were more likely to be overweight or obese than boys from low- 

or middle-income district families. The relationship between the district income and 

overweight and obesity for boys was statistically significant in all specified models and 

likely reflects the importance of the availability of high-calorie, and often fast food, diets 

available to families living in high-income areas in Shanghai. This finding is novel and 

warrants further investigation.
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For girls, family and district income was not associated with overweight or obesity, though 

rural hukou status was associated with a lower risk of overweight/obesity. For girls in these 

families, lower body weight may reflect patterns found in rural parts of the country, where 

the nutritional transition may not be as advanced as it is in Shanghai [36]. The importance of 

hukou status may also be a proxy for a variety of other unobserved variables, for example, 

access to social and economic resources, which may matter for child weight.

Gender differences in overweight and obesity prevalence have been established in previous 

research, but less was understood about factors that may be driving these differences. China 

is one of a handful of countries with a growing obesity crisis, where there is a markedly 

higher rate of overweight and obesity among boys compared to girls [4]. The gender 

differences in the influence of district income on childhood overweight/obesity may be an 

artifact of boys’ higher overall likelihood of being overweight. Boys are more likely than 

girls to be overweight at all income levels, but the differences are largest for those in high-

income districts. Alternatively, Chinese families may hold tight to traditional ideas about 

well- fed children representing wealth and health, and due to traditional gender preferences 

for boys, may only apply to families with male children [37]. Likewise, traditional ideas 

about slender girls may reach across the income spectrum, resulting in the lack of an income 

differential in overweight and obesity among girls in Shanghai. In fact, there is evidence that 

thinness ideals for females are more pronounced among those with high SES than those with 

low SES in China [38], and these attitudes may be driving some of the gender differences in 

childhood overweight and obesity.

In this study, a number of factors that have shown to be predictive of overweight and obesity 

in countries such as the United States, were not statistically significant in our Chinese 

sample. The factors that were important, such as district income, hukou status, and child 

health status, were variable by gender. These contextual factors are important to understand, 

and future research into the cultural norms shaping childhood overweight and obesity in 

Chinese cities would be an important development in the literature.

The finding that income—at the district level—increases the risk of overweight among boys 

in Shanghai, China suggests that despite high rates of childhood overweight and obesity, the 

patterning of overweight/obesity by SES in this sample reflects that of a low-GDP country 

[39]. Research shows that more developed countries show a reversal in the positive 

association between SES and overweight/obesity, which has not yet happened for children in 

Shanghai, China. This finding is important, given the rapid economic growth found in 

China’s most populous city.

In light of the contribution of this study, some discussion of limitations is necessary. While 

our data are innovative and include many contextual factors that have not been examined in 

relation to childhood obesity in China, it lacks the large sample size of public health data, so 

we are unable to stratify the sample beyond gender differences. We also had missingness on 

several of the variables of interest, namely family income. Yet, the results in both the 

complete case sensitivity analyses and multiple imputation analyses presented in Table 3 

demonstrate that income, particularly measured at the district level, is an important predictor 

of childhood overweight and obesity for boys. Additionally, we were unable to control for 
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parental BMI which may have important influence on the likelihood of children being 

overweight or obese. We did conduct sensitivity analysis to control for child’s low 

birthweight and the results were the same as those presented here. Our study provides an in-

depth exploration of the determinants of childhood overweight and obesity in Shanghai—the 

largest and the fastest-growing city in China—but we cannot draw conclusions about rural 

regions of the country based on our findings. These results do warrant exploration of the 

determinants of childhood overweight and obesity in other Chinese cities, to confirm 

whether our results are generalizable across urban areas. Finally, we are focusing on a 

specific time in childhood, primary school entry at age 7, so we are unable to examine 

different patterns across childhood. As these children develop and become more influenced 

by school contexts and peers, future studies on these childhood contexts will be important in 

addressing this emerging public health concern.

Childhood overweight and obesity are rapidly increasing in China, and the rates in Shanghai 

appear to be on par with those found throughout the United States. Future research is needed 

to develop an understanding of the determinants of childhood overweight across the early 

life course and to parse out regional differences to understand this growing public health 

concern. As Chinese economic development continues expanding throughout the country, 

health and educational interventions for increasing childhood obesity are warranted.

Appendix

Table 4

Overweight and obesity rates

Overweight or obese (%) Obese (%)

IOTFA CDC WGOC IOTFA CDC WGOC

Total 44.77 32.64 32.68 18.96 15.34 17.22

Girls 40.18 24.33 30.13 17.63 11.61 15.18

Boys 48.74 39.85 34.88 20.12 18.57 18.99
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Table 1

Descriptive characteristics

% Frequencies
n = 1629

Gender

 Boys 52.85 861

 Girls 47.15 768

Body weight status

 Overweight IOTF23 45.30 738

 Obese IOTF27 29.47 480

Family income

 Low income (< 50,000 RMB) 30.96 357

 Middle income (50,000–92,376 RMB) 36.17 417

 High income (> 92,376 RMB) 32.87 379

District income

 Low income 29.16 475

 Middle income 31.31 510

 High income 39.53 644

Parental education

 <HS 19.26 306

 HS diploma 13.66 217

 Some college 22.59 359

 BA + 44.49 707

Hukou status

 Urban 69.12 1119

 Rural 30.88 500

Birth order

 First birth 87.42 1418

 Higher order birth 12.58 204

Grandparents in household 42.48 692

Care arrangement

 Parent 47.07 730

 Grandparent 24.76 384

 Formal care 26.95 418

 Others 1.23 19

Health insurance 79.94 1156

Child general health

 Good 86.68 1399

 Poor 13.32 215

Mother’s work schedule

 Not-working 21.55 344

 Standard daytime hours 62.09 991

 Nonstandard hours 16.35 261

Int J Behav Med. Author manuscript; available in PMC 2020 June 10.
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Note: Descriptive statistics are shown for the full sample
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