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We used a new conceptual framework that integrates tenets from health
economics, social epidemiology, and health behavior to analyze the impact of
socioeconomic forces on the temporal changes in the socioeconomic status
(SES) gap in childhood overweight and obesity in China. In data from the China
Health and Nutrition Survey for 1991 to 2006, we found increased prevalence of
childhood overweight and obesity across all SES groups, but a greater increase
among higher-SES children, especially after 1997, when income inequality
dramatically increased. Our findings suggest that for China, the increasing
SES gap in purchasing power for obesogenic goods, associated with rising
income inequality, played a prominent role in the country’s increasing SES gap
in childhood obesity and overweight. (Am J Public Health. 2014;104:e14–e22.
doi:10.2105/AJPH.2013.301669)

It is well documented that family socioeconomic status (SES) is associated with childhood
overweight and obesity1---3; however, the pathways linking SES with overweight and obesity
may be strongly conditioned by a country’s
stage of economic development. For example,
an inverse relationship between SES and obesity is typically observed among children in
developed countries,2,4 whereas in many developing countries, overweight and obesity are
more common among socioeconomic elites.1,5,6
Several questions are unanswered: What contextual factors connect the stage of economic
development with the sign and strength of the
association between SES and childhood overweight and obesity? What is the relative importance of these factors? What happens when
these contextual factors exert contradictory
effects on risk for childhood obesity and overweight? The dramatic social and economic
changes in China that took place after 1997
provided a unique opportunity to explore these
questions.
Until now, the only study of the change in
the SES---overweight and obesity association
among Chinese children focused on the annual
change in overweight prevalence by income.7
This study found that overweight prevalence
increased fastest among high-income children
between 1991 and 2004. To date, however,
no study has thoroughly explored the contextual factors contributing to the changing

relationship between SES and overweight
and obesity in children and adolescents, in
China or in any other developing country.
The direction of causality between SES
and obesity for children is relatively easy to
discern, because their SES is predetermined by
that of their parents; hence, their obesity status
is unlikely to affect their childhood SES.1 We
developed a conceptual framework to address
speciﬁc contextual factors that could shape
the SES---childhood overweight and obesity
relationship. We test several major tenets of
this framework in data collected from 1991
to 2006 by the China Health and Nutrition
Survey (CHNS).8

CONCEPTUAL FRAMEWORK
Previous literature on the SES---overweight and obesity relationship suggests that
a country’s stage of economic development
is key to understanding how this relationship
is manifested among its children and
adults.6,9,10 We derived a conceptual framework from this literature (Figure 1). The
contextual factors we incorporated were (1)
the price of energy-dense (obesogenic) foods,
(2) the degree of penetration of obesogenic
physical inactivity environments, and (3)
general awareness of, and incentives to prevent, overweight and obesity. We also considered how income inequality interacted
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with these 3 factors to affect the magnitude
of the SES gap.
In highly developed countries, energy-dense
foods are more widely accessible than are fruit
and vegetables. This is largely attributable to
the relatively low price of mass-produced dairy
products, meat, and processed foods,11,12 made
possible by economy-of-scale production,
technological innovations in processing and
storing foods, and government subsidies.13---15
For example, in the United States, the relative
price of sweets and soft drinks decreased much
more than the price of fresh vegetables and
fruit between 1985 and 2000.11 Low-income
people who cope with food insecurity by
consuming more energy-dense foods because
they are available at low prices have an increased risk of becoming overweight.12,16 In
Brazil, a country whose gross national income
per capita is among the highest in the developing world, studies found that food insecurity contributed to higher obesity rates
among female adolescents and adults.17,18
However, when a country is in an early stage of
development, general population access to
energy-dense foods tends to be low, because
these foods are much more expensive than
vegetables, grains, and meals made at home
from simple ingredients.19---22 Food scarcity
among the poor, when coupled with the greater
capacity of higher-SES groups to purchase
energy-dense foods, might signiﬁcantly contribute to a positive association between SES
and overweight.21
Income inequality can also shape the SES--overweight and obesity proﬁle by interacting
with the price of energy-dense diets to inﬂuence societal patterns of body weight. If per
capita gross national product is held constant,
when the price of energy-dense foods is high,
higher income inequality should predict
a larger gap between higher-and lower-SES
groups in access to expensive foods. Moreover,
if the general population lacks knowledge of
the health consequences of overweight and
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FIGURE 1—Framework for understanding childhood overweight and obesity.

obesity, the growing advantage in purchasing
power among the high-SES group can more
easily be converted into a consumption gap,
which, in turn, can lead to an increasing SES
gap in overweight and obesity. Consistent
with this formulation, Subramanian et al., in
a study in India, found that great income
inequality was associated with both overconsumption among privileged groups and food
insecurity among the poor.22 Another study
found that in developing countries with great
income inequality, overweight increased more
rapidly among the wealthy than among
the poor, whereas in developing countries
with less income inequality, overweight and
obesity increased more among lower-income
individuals.6
Obesogenic physical inactivity environments
discourage or restrict activities requiring high
expenditures of energy.23 The penetration of
obesogenic environments is highly correlated
with a country’s level of urbanization, transportation infrastructure, and rate of acquisition of new technologies.24 When a country is
in the early stages of urbanization, only urban,
higher-SES groups are able to take full advantage of the new transportation infrastructure and other labor-saving devices. The
resulting reduced daily physical activity puts
them at greater risk than the poor of becoming overweight.6

Many underdeveloped countries have a cultural norm that favors larger body sizes.10,21,25
Knowledge about the health risks associated
with overweight and obesity have been slow
to reach many developing countries,26,27 but
those at more advanced stages of development
appear to beneﬁt from well-designed intervention programs that increase health-related
knowledge and promote widespread changes
in the physical activity and food environments.28---32 Brazil has used mass media to
deliver public health messages designed to
combat sedentary lifestyles and promote better eating habits,17 but such large-scale interventions have yet to be implemented in
countries at earlier stages of development,
such as China. Phelan et al. plausibly argue
that the widespread and persistent inverse
SES---health gradient in developed societies
results, in part, from the higher-SES groups’
greater access to health-related knowledge33;
however, the inclination of afﬂuent families
in developing countries to indulge children’s
natural preference for sweet and fatty
foods34 could render anti-obesity educational efforts, if unaccompanied by other
strategies, ineffective.35 Thus, whether
SES-related parental advantages in health
knowledge lead to anti-obesity health behaviors in children in developing countries
is an open question.
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In economically advanced societies, such as
the United States, the greater health knowledge and access to healthy food and physical
activity environments among higher-SES
groups undoubtedly explains much of the
well-known inverse association between SES
and overweight and obesity.12,23 Under these
conditions, it is difﬁcult to determine the
relative importance of willpower derived from
knowledge and access to healthy food and
physical activity environments in shaping risk
for overweight and obesity. By contrast, when
a country is in an early stage of economic
development, only higher-SES groups have
easy access to sedentary lifestyles and expensive, highly processed foods, the primary risk
factors for becoming obese or overweight.
Thus, for a limited time, the poor are largely
protected from becoming overweight or obese,
and they do not have to take special preventive actions to remain thin. During this
early, transitional phase of economic development, the higher-SES groups’ greater
health-related knowledge and access to obesogenic goods and environment could exert
contradictory inﬂuences on risk for overweight and obesity.
The Ecological Obesity Framework23 posits
that willpower arising from knowledge may
have only a minor effect on obesity-related
health behaviors, relative to environmental
inﬂuences. The set point of an individual’s
body fat is determined not only by energy
intake and expenditure, but also by physiological adjustment—mechanisms to maintain
a constant volume of body fat.23 Only after
an individual is exposed to a change of
environment for a sufﬁcient time will this set
point change in response.23 This framework
treats obesity as a normal response to an
abnormal environment, rather than a personal disorder requiring treatment.23 It
posits that individual-level approaches have
only limited efﬁcacy and that understanding,
measuring, and altering the obesogenic environment is critical to success.23 From this
perspective, the power of knowledge alone
to inﬂuence body weight may have only
limited impact on social patterns of overweight and obesity in a given society.
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CHINA
With the newly developed framework as
a guide, we explored how the SES---childhood
overweight and obesity gap in China changed
over time in response to changes in selected
contextual factors. Along with rapid economic
growth, China experienced a declining relative
price of energy-dense foods (except for oil and
dairy products, which remained more expensive),19,20 the spread of Western ideals of body
shape,27 and increasing penetration of obesogenic physical inactivity environments with urbanization and adoption of labor-saving devices.
Since 1997, China has experienced a sharp
increase in income inequality as a result of the
deepening of market reforms, especially in
urban areas. These reforms have featured
large-scale privatization of state-owned enterprises, massive layoffs of urban workers, dismantling of the Mao-era social welfare system,
restructuring of the banking system, and, in
preparation for China’s entry into the World
Trade Organization in 2001, reduction of
tariffs, trade barriers, and regulations.36---43
These reforms triggered rapid growth in earnings for the better educated, widening urban--rural income disparity,43 and advantages for
administrative and political elites in managerial
positions in various levels of government.37
After ﬂuctuating between 0.35 in 1991 and
0.37 in 1997, the Gini coefﬁcient, a widely
used measure of income inequality, increased
from 0.38 in 1998 to 0.44 in 2004, where it
stayed through 2006.38 These ﬁgures may
underestimate the true magnitude of income
inequality in China because they do not account for grey income, the fraction of income
that is unreported and is primarily acquired
by high-income groups.44
During this same period, physical activity
in higher-SES families declined with urbanization, increased access to television and video
games,14,45 and increased use of motorized
vehicles to transport adults to work and children to school.46 Collectively, these developments made China an ideal setting to examine
how the contextual factors outlined in Figure 1
affect the changing association between SES
and childhood obesity and overweight.
The declining cost of energy-dense
foods,19,20 the spread of obesity-related health

knowledge, and the idealization of the Western
body shape among higher-SES groups27 suggest that the SES---obesity gap should narrow
over time. However, increasing income disparity and the subsequent gaps in purchasing
power, along with the relatively high price of
energy-dense foods and labor-saving devices,
augur a widening of the SES---obesity gap over
time. According to the Ecological Obesity
Framework,23 purchasing power is the most
important constraint on access to obesogenic
goods and environment, and because this
constraint was relaxed for higher-SES groups
after 1997, the positive SES gap of childhood
overweight and obesity in China should have
increased after 1997 when income inequality
in China accelerated.

METHODS
To test our research questions, we used data
from the 1991, 1993, 1997, 2000, 2002,
2004, and 2006 waves of the CHNS. This
survey uses a multistage, random-cluster process to create samples in 9 provinces that vary
substantially in geography, economic development, public resources, and health indicators.
Details on the survey methods are available
elsewhere.47 Like many longitudinal data sets,
CHNS data are vulnerable to attrition. Our
analyses showed that, conditional on the set
of observed variables, overweight status in
the previous wave was not related to attrition
status, indicating that attrition was conditionally at random (Appendix A, available as
a supplement to this article at http://www.ajph.
org). After listwise deletion of all the missing
data, our analytic sample comprised 10 186
children and adolescents, aged 2 to 18 years.

Measurement
The dependent variable was childhood
overweight and obesity, a binary variable (1 =
overweight and obesity; 0 = other) derived
from weight and height measured by trained
survey team members. We deﬁned childhood
overweight and obesity according to a composite scale derived from the Working Group
of Obesity in China reference48 and the International Obesity Task Force reference.49
For children and adolescents aged 7 to 18
years, we used the Chinese body mass index
(BMI; deﬁned as weight in kilograms divided
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by the square of height in meters) cutoff.
For children aged 2 to 6 years, we used the
international BMI categories, because the
Chinese reference did not encompass the
younger ages. The international reference deﬁnes overweight according to data from 6
countries or regions, including Singapore and
Hong Kong. The Chinese reference is derived
from data on Chinese children and adolescents. Previous studies50,51 indicated that the
Chinese reference is the most relevant for
detecting metabolic syndrome among Chinese
children and adolescents.
Independent variables were gender (1 =
boy; 0 = girl); age; survey period (1 = after
1997; 0 = 1997 or earlier); residence (1 =
urban; 0 = rural); daily energy, fat, and protein
intake; active commuting; per capita household
income (adjusted according to the 2006 Consumer Price Index); parental education (1 = ‡
high school; 0 = < high school); parental political elite status, deﬁned as a political ofﬁcial or
manager in the state-owned economic sector
(1 = political elite; 0 = other); and parental
height. We obtained parental variables from
the linked data of parents. Wave 2000 and
beyond represented the period when market
reforms intensiﬁed.
The survey measured children’s and adolescents’ eating behavior and physical activity
with a set of questions responded to by children or adolescents themselves if they were
aged 10 years or older. Parents assisted with
younger children. The CHNS research team
constructed several measures of energy intake
derived from eating behavior responses. More
information on the measurement of nutrition
intake in the CHNS is provided in Appendix B
(available as a supplement to this article at
http://www.ajph.org). Daily intake of energy
(in kilocalories), fat (in grams), and protein
(in grams) were all 3-day averages. Because the
majority of respondents lacked a direct measure of energy expenditure, and because commuting to school has been identiﬁed as an
important indicator of energy expenditure in
China,52,53 we used mode of commuting to
school (by foot, bike, bus, or car) as a proxy for
energy expenditure. We deﬁned active commuting as traveling by foot or bike and nonactive commuting as traveling by bus or car.
We measured obesity-related health knowledge by the following questions, asked of
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anyone aged 12 years or older in the household: “Do you agree that lots of fruits/vegetables are better?” “Do you agree that lots of
sugar is better?” “Do you agree that a diet high
in fat is better?” “Do you agree that lots of
staple food is better?” “Do you agree that lots of
animal foods are better?” “Do you agree that being
heavier is better?” Responses to these questions
were “strongly disagree,” “disagree,” “neutral,”
“agree,” “strongly agree,” and “don’t know.”

fraction of boys also increased, probably because of a strong son preference among Chinese parents and an increasing gender imbalance in births. This imbalance could be
attributable to selective abortion of female
fetuses, underreporting of female births,55---57
and higher attrition among girls (Appendix A,
available as an online supplement).

Statistical Analysis

As shown in Figure 2, the prevalence of
overweight and obesity increased among all
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Appendix C (available as a supplement to
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We ﬁrst calculated the prevalence of childhood overweight and obesity for higher- and
lower-SES groups deﬁned by parental education, parental political elite status, per capita
family income, and residence type from 1991
to 2006. We age-adjusted childhood prevalence with the 2000 census age distribution.
To identify SES gaps in childhood overweight
and obesity and changes in these gaps before
and after 1997, we used generalized estimating
equations (GEEs), with controls for children’s
demographic characteristics, parental height,
and province ﬁxed effects. We adjusted for
province ﬁxed effects with province-speciﬁc
dummies to mitigate unobserved heterogeneity
among provinces that could affect correlations
between SES and childhood overweight and
obesity.
We used GEE models because the timevarying error terms within each unit (child)
were correlated, violating the independence
assumptions of traditional regression procedures. GEE estimators adjusted for the correlation among repeated measures. The advantage of this approach is that, under the
assumption of missing at random and with a
number of clusters (number of repeated individuals in this case) larger than 40, it provides
consistent parameter estimation even if the
correlation structure is misspeciﬁed.54 We
treated the correlation structure as unstructured.
Because the outcome variable was binary, we
used the logistic speciﬁcation of the GEE model.

groups between 1991 and 2006, but the rate
of increase was greater among higher-SES
groups (i.e., children of more educated fathers,
children of members of the political elite,
and children living in urban areas) than
lower-SES groups. This was especially true
after 1997, resulting in a widening gap in
overweight and obesity by SES. These increased gaps were also in line with the rapid
increase in the income gap by SES (Figure 3).
Before 1997, the income gap for each indicator was relatively small, but after 1997
the gap increased dramatically.
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Year

Year

FIGURE 2—Trend of overweight and obesity density among children and adolescents aged 2
to 18 years by (a) father’s education attainment, (b) father’s political elite status, (c)
mother’s political elite status, and (d) urban or rural residence: China Health and Nutrition
Survey, 1991–2006.
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FIGURE 3—Mean difference in per capita family income for children and adolescents aged 2 to 18 years between higher and lower socioeconomic
groups: China Health and Nutrition Survey, 1991–2006.

To identify the most robust socioeconomic
predictors of childhood overweight and obesity
and the magnitude of the increased SES gap
after 1997, we estimated a set of GEE models.
In model 1 (Table 1), we only controlled for
children’s age, gender, parental height, logged
per capita family income, post-1997 period,
parents’ highest degree and political elite status,
urban or rural residence, and province ﬁxed
effects. As expected, logged per capita family
income was positively associated with risk of
overweight and obesity. Being an urban resident increased the risk of becoming overweight
or obese; risk of overweight and obesity also
increased after 1997.
In model 2, we added the interaction
terms of the socioeconomic indicators with the
post-1997 period. Compared with 1997 and
earlier, having a father with a high school
degree or more had a stronger positive effect
on the likelihood of being overweight or obese.
In fact, the upper tail of the BMI distribution

moved to the right after 1997 only for
children whose fathers earned a high school
diploma (Appendix D, available as a supplement to this article at http://www.ajph.org),
conﬁrming a pronounced effect of father’s
education in elevating risk of overweight
and obesity following the intensiﬁcation of
market reforms and the concomitant rise in
income inequality.

Energy Intake and Expenditure
To identify proximate mechanisms contributing to the widening gap in childhood overweight and obesity by father’s education, we
ﬁrst examined trends in energy intake. Gaps in
total daily energy, protein, and fat intake by
father’s education increased, especially after
1997 (Appendix E, available as a supplement
to this article at http://www.ajph.org). In model
3 (Table 1), control for energy intake reduced
the coefﬁcient and the signiﬁcance level of
father’s education by post-1997 period.

e18 | Framing Health Matters | Peer Reviewed | He et al.

We next controlled for energy expenditure,
for which commuting mode was the proxy.
Because information on commuting was collected only for children and adolescents aged 6
to 18 years surveyed in waves 1997, 2000,
2004, and 2006, we ﬁrst estimated models
with and without controls for energy intake,
separately for children and adolescents aged
6 to 18 years (Table 1, models 4 and 5). Except
for gender differences in overweight and
obesity among children and adolescents aged
6 to 18 years, we found a similar set of
coefﬁcients as in the models that incorporated
children and adolescents aged 2 to 18 years.
Boys were more likely to be overweight or
obese in the older age group (6---18 years),
consistent with ﬁndings by Hsu et al.58
We then restricted the sample to waves from
1997 onward with and without controls for
commuting mode (Table 1, models 6 and 7).
Active commuting by foot or bicycle reduced
the risk of overweight and obesity among
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TABLE 1—Unstandardized Coefficients of Childhood Overweight or Obesity From Generalized Estimating Equation Models: China Health and Nutrition Survey 1991–2006
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children and adolescents aged 6 to 18 years.
Interestingly, for this subsample, after we controlled for active commuting mode, the interaction effect of father’s education and
post-1997 period was no longer statistically
signiﬁcant.

Effects of Gender and Health Knowledge
Gender-speciﬁc analyses (Appendix F, available as a supplement to this article at http://
www.ajph.org) revealed that the ﬁndings observed for the entire sample were mainly
driven by data for boys. For boys, income
was positively associated with overweight
and obesity, after control for other covariates. For girls, income was no longer a risk
factor. After 1997, the risk of being overweight or obese increased for boys but not
for girls. The increase in the effect of father’s
education level on overweight and obesity
after 1997 was signiﬁcant for boys, but only
approached signiﬁcance for girls. Energy intake did not explain the observed associations between the SES indicators and overweight and obesity.
We compared obesity-related health
knowledge by SES and gender in CHNS 2004
and 2006 survey data, which included indicators of health knowledge for respondents
aged 12 years and older. Results indicated
that many adolescents understood diet concepts concerning obesity (Appendix G, available as a supplement to this article at http://
www.ajph.org). We observed signiﬁcant SES
gaps: higher-SES groups were more likely to
disagree or strongly disagree that “heavier is
better,” “more high-fat food is good for your
health,” and “more sugar is good for your
health,” despite a larger increase in childhood
overweight and obesity during 2004 and
2006 among the higher- than the lower-SES
groups.

DISCUSSION
We developed a conceptual framework
highlighting contextual factors that may underlie changes over time in the relationship
between parental SES and childhood overweight and obesity in developing countries. We
took advantage of social processes in China that
were set in motion by the deepening of market
reforms after 1997 to test several major tenets

of the Ecological Obesity Framework.29 Our
analysis of CHNS data from 1991 to 2006
revealed an increasing prevalence of overweight and obesity among children and
adolescents across all socioeconomic groups,
but with a faster acceleration among
higher-SES groups. This led to an increasing
SES gap in childhood overweight and obesity, especially after 1997. We also found
a widening gap in per capita family income
after 1997, a result of the intensiﬁcation of
market reforms. The resulting increasing SES
income gap increased the purchasing power
of high-SES families for obesogenic goods,
which ampliﬁed their children’s risk for
overweight and obesity despite those children’s documented greater obesity-related
health knowledge. Although this general
pattern held for both boys and girls, it only
approached signiﬁcance for girls. This modest gender difference could be attributable
to the fact that girls are generally more
attuned to information about healthy diets
and lifestyles, a tendency that may be
strengthened by the emerging family and
societal norms of an extremely slim body
ideal for girls, but not boys, in China.27
Overall, our results conﬁrmed key tenets of
the Ecological Obesity Framework23; namely,
compared with environmental factors, willpower derived from knowledge has only
minor effects on obesity-related health behaviors, at least for children and adolescents in
post-1997 China. That the observed positive
relationship between parental SES and childhood overweight and obesity in China may
eventually become an inverse one, as economic development continues and as predicted by Phelan et al.’s fundamental social
cause of diseases perspective,33 is a distinct
possibility.
Indeed, such a shift in the SES---obesity
relationship may already be under way in
China, at least among adults. For example,
Dearth-Wesley et al. found that between 1991
and 2004, the prevalence of overweight increased faster among low-income than highincome Chinese adults.7 These different trends
for adults and children could stem from a shift
in the control of children’s and adolescents’
food choices, from parents to their children.
Children have a strong preference for sweet
and fatty foods.59 One recent study concluded
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that in Chinese families, children could inﬂuence as much as 70% of their parents’ spending
decisions, by contrast with just 40% in the
United States.59
Our ﬁndings show that public policies are
urgently needed to limit the availability of
obesogenic foods and alter obesogenic environments to protect China’s youths from becoming overweight or obese. Such policies
could include raising taxes on obesogenic
foods. In addition, China’s Ministry of Education could take action to increase awareness
among school-aged children of the health
consequences of obesity and the beneﬁts of
regular exercise. Incorporation of regular
physical activity into the school days of Chinese children would improve not only their
body weight status but also their academic
achievement.60 The Chinese government
should also assist consumers to make wiser
food choices by strengthening regulations on
nutrition content labeling. Currently, the
power of consumers in China to make informed food decisions is severely limited by
inadequate labeling.61
A limitation of our study was that the survey
data covered only 9 of China’s 34 provinces.
The data were not representative of the poorest
provinces or the richest, most urbanized regions. The inclusion of the richest and poorest
areas could have strengthened the validity of
the framework by exploiting the cross-sectional
variation of stage of economic development to
assess the relationship between SES and overweight and obesity.
Our study provides a useful framework to
examine how contextual factors relating to
a country’s stage of economic development
can shape pathways through which SES
affects childhood overweight and obesity. It
also contributes to the literature on how
income inequality affects population health
by illuminating how income inequality interacts with other contextual factors to alter
the relationship between SES and overweight and obesity. Our ﬁndings for children
and adolescents in China may have important implications for understanding similar
processes under way in other rapidly developing countries, which, like China, may
be following paths to development that differ
from those taken by today’s high-income
countries. j
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