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Variation in the education
gradient of body weight in
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Abstract

Using data from the 1991–2009 China Health and Nutrition Surveys, this paper exam-

ines the temporal–spatial variation in the education gradient of body weight relative

to height among Chinese adults, and how the variation is associated with levels of

economic development. We find different variation patterns for men and women.

For women, the education gradient in body weight shifted from being positive to

being negative over time for China as a whole, as well as across regions with different

levels of economic development. In contrast, for men, higher education remained con-

sistently associated with higher body weight over the 18-year period studied in China as

a whole, as well as across regions with different levels of economic development.
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Introduction

The ‘obesity epidemic’, as many public health experts call it, initially occurring
in the United States and other developed countries, has spread to many develop-
ing countries (Caballero, 2007; Prentice, 2006), including China (Gordon-Larsen

1Institute of Population Research, Fudan University, Shanghai, People’s Republic of China
2Department of Sociology, Princeton University, NJ, USA
3Center for Social Research, Peking University, Beijing, People’s Republic of China

Corresponding author:

Weixiang Luo, Institute of Population Research, Fudan University, 220 Handan Road, Shanghai, People’s

Republic of China 200433.

Email: wxluo@fudan.edu.cn

Chinese Journal of Sociology

2018, Vol. 4(3) 301–329

! The Author(s) 2018

Reprints and permissions:

sagepub.co.uk/journalsPermissions.nav

DOI: 10.1177/2057150X18782639

journals.sagepub.com/home/chs

https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/2057150X18782639
journals.sagepub.com/home/chs
http://crossmark.crossref.org/dialog/?doi=10.1177%2F2057150X18782639&domain=pdf&date_stamp=2018-07-27


et al., 2014; Xi et al., 2012). Despite its rise world-wide, obesity is not a phenom-
enon that affects all social groups in all countries. In a thorough review of studies
published between 1933 and 1988, Sobal and Stunkard (1989) summarize two dis-
tinct patterns in the socioeconomic patterning of weight: in developing countries,
the socioeconomic status (SES) gradient in body mass index (BMI) is generally
positive – that is, a higher body weight relative to height tends to be associated with
a person’s higher SES. In developed countries, on the other hand, this pattern is
typically reversed, particularly for women. McLaren’s (2007) updated review of
studies through 2004 arrived at essentially the same conclusion. The reversal pat-
tern highlights the importance of the broader socioeconomic context, particularly
the overall level of economic development, for determining the SES–BMI gradient
at the individual level.

To date, there have been only a few studies (Deuchert et al., 2014; Kinge et al.,
2015; Pampel et al., 2012) that comprehensively examined the transition of the
SES–BMI gradient from being positive to being negative with economic develop-
ment. While most of these studies found supporting evidence for the SES gradient
reversal proposition, they relied primarily on cross-sectional data from various
countries, consequently being subject to bias due to cross-border differences in
genetic, institutional, and cultural settings. In this article, we take a significant
step forward by investigating SES–BMI gradients among adults in a single large
country, that is, China, where economic growth has not only been sustained at high
levels but also been regionally uneven (Hauser and Xie, 2005). This context gives us
a unique research opportunity, as we may observe the transition from a positive
SES–BMI gradient to a negative SES–BMI gradient, as individual regions of China
have reached particular levels of economic development. If the gradient becomes
negative as a result of regional development level, is there a specific level of eco-
nomic development at which the gradient shifts from being positive to being
negative?

In this research, we focus specifically on education as a key component of SES
that may influence body weight in adulthood. Education is a simple yet powerful
measure of SES, because it: (1) can be measured for everyone, unlike occupation,
income, or wealth; (2) is highly correlated with other SES measures, such as occu-
pation and income; (3) is broadly stable across the life-course and thus may be
more accurately reported by survey respondents than the more variable measures
of income and wealth; and (4) is less likely than income and wealth to exhibit
reverse causality for adults – that is, abnormal body weight in adulthood is less
likely to cause lower education than to cause a loss in income, employment, or
occupational standing (Averett and Korenman, 1999; Finkelstein et al., 2005;
Morris, 2007; Shimokawa, 2008). Our empirical work is based on data from the
China Health and Nutrition Survey ((CHNS) 1991, 1993, 1997, 2000, 2004, 2006,
and 2009), a data set that is appropriate for our research. The CHNS offers a wide
range of variables, spans a long time period, and covers broad regions in China
that vary substantially in economic development. One study by Jones-Smith and
her colleagues (2012a) addressed the question of temporal variation in the
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education gradient in overweight among Chinese adults. Although their study
provided some evidence that educational disparities in overweight changed over
time, like previous studies, it still treated China as a homogeneous entity and dis-
regarded enormous regional variation in level of economic development at
any given time. Our study contributes to the existing body of literature by simul-
taneously evaluating temporal and spatial variations in education–BMI gradients
in China.

In the following sections, we first review theory and evidence about how eco-
nomic development shapes the education–BMI gradient in body weight, then set
out the conceptual framework underpinning our research. Next, we provide a
description of the Chinese context. We then introduce data from the CHNS and
our methodological approach. After this, we present our results concerning tem-
poral and spatial variations in the education–BMI gradient among Chinese adults.
Finally, we conclude with a discussion of our findings and their implications.

Theoretical background and previous studies

Economic development is a common goal pursued by policy-makers to improve
general standard of living and population health. However, economic development
can have unintended consequences, one of which may be an obesity epidemic and a
widening obesity disparity that disadvantages low-SES individuals. Two major
theoretical perspectives provide important explanations of why economic develop-
ment leads to a negative association between body weight and SES: economic cost;
and ideational change.

The economic cost perspective holds that the monetary costs of food consump-
tion and caloric expenditure, as well as the health cost of excess weight, usually
change with economic development, thereby creating changes in the educational
gradient of BMI (Pampel et al., 2012). When a society is in an early stage of
economic development, food shortages are common, work is mainly manual,
and higher BMI represents a healthier status. Compared to the less educated, the
more educated have easy access to adequate food (expensive processed food) and
sedentary lifestyles. As a result, more-educated groups tend to have higher BMIs.

As a society industrializes, foods, especially calorie-dense ones, become cheaper
through technological innovations in agriculture and food production (Cutler
et al., 2003; Philipson and Posner, 2008), and workers move from manual employ-
ment involving physical exertion to office and professional work that does not
require manual labor (Putnum et al., 2002). Therefore, people consume more
and expend fewer calories and, consequently, get heavier. As a result, body
weight has generally increased in most recent decades in many countries, especially
developed countries, and a high weight no longer represents good health. With
economic development, the health costs of obesity become more salient, particu-
larly to the more educated. Compared to the less educated, highly educated persons
have resources for avoiding overweight/obesity through better access to healthy
diets, physical exercise, high-quality health care, and information on the health

Luo and Xie 303



costs of unhealthy behaviors. Thus, a negative education–BMI gradient emerges as
a society becomes industrialized. We label the shift of the education gradient in
body weight from being positive to being negative resulting from economic devel-
opment, the ‘education gradient reversal’.

The ideational change perspective claims that the cultural schema of ideal body
type changes with economic development, giving rise to the shift of the education
gradient in body weight (McLaren, 2007; Sobal and Stunkard, 1989). This view-
point, to some extent, aligns with the propositions of the cultural model, ‘devel-
opmental idealism’ (Thornton, 2001, 2005). It assumes that, though at different
speeds, human societies develop along a relatively uniform pathway, the apex of
development being located in northwest Europe and its diasporas (particularly the
United States). Tacit in this cultural model is the proposition that family systems
in these areas are better and may, in fact, be causes (as well as consequences) of
development at both individual and societal levels. This model also implies that
such a system in northwest Europe could serve as a useful model for people in other
societies. A broad definition of developmental idealism can include almost every
dimension of life (Thornton, 2012). Except for marriage and family behaviors
(Thornton, 2001; Thornton and Philipov, 2009), studies of both developed and
developing countries show that many other dimensions of human behavior and
relationships (Kavas, 2015; Kavas and Thornton, 2013; Thornton et al., 2015),
including the maintaining of small body size in particular (Xu, 2016), have been
influenced by the forces of developmental idealism. Originating from and now
pervasive in the West, especially among women, is the new cultural perception
that thinness is healthy, beautiful, and good while fatness is bad (Dornbusch
et al., 1984; McLaren, 2007; Sobal and Stunkard, 1989). Through many different
channels, such as television programs, the internet, and travel, this particular prop-
osition of developmental idealism has been disseminated across and within societies
around the world. It is possible that it has been accepted more readily in more
developed areas than in less developed ones, given that economic development is
often positively identified with the West. Because the highly educated can mobilize
more resources and make their body weights conform to the socially or culturally
desirable type, the education gradient reversal in body weight is likely to occur
along with economic development.

Evidence on the relationship between economic level and education gradients in
body weight, however, has remained ambiguous. Most relevant studies use one
of the following two approaches: (1) cross-national (thus, spatial) comparison of
socioeconomic patterning in body weight; or (2) temporal comparisons of socio-
economic patterning in body weight in a single population.

Using the first approach, research has found evidence in support of the educa-
tion gradient reversal proposition (Martorell et al., 2000; Monteiro et al., 2004;
Pampel et al., 2012; Roskam et al., 2010). For example, Pampel et al. (2012)
described the associations of education with BMI, being overweight, and being
obese across countries, and explored the contribution of level of socioeconomic
development to cross-national differences in the associations of education with
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these outcomes. Cross-sectional data, based on self-reports, were derived from the
World Health Survey from 67 countries during the 2002 and 2003 survey period.
There is a positive relationship between education and BMI in low-income coun-
tries, but the relationship becomes negative in high-income countries. The patterns
differed for men and women, with the shift from a positive to a negative relation-
ship between education and weight occurring more clearly for women than for men
(Jones-Smith et al., 2011; Pampel et al., 2012).

After pooling national cross-sectional data gathered between 1992 and 2000 on
women of reproductive ages from 37 developing countries, Monteiro et al. (2004)
utilized multilevel models to explore how the social distribution of obesity was
modified by a country’s gross national product (GNP). Except for the shift of
obesity towards the less educated with economic development, they further
found that once a country’s GNP reached $2500 per capita, obesity began to be
more common among the less educated than among the more educated. Through
meta-analysis of studies between 2004 and 2010 on the obesity gradient, Dinsa
et al. (2012) reported that among women, the reversal of the obesity gradient
occurred at an even lower level of per capita income, a GNP per capita of about
US$1,000. No clear switch-over occurred among men.

Using the second approach, past studies also have found evidence in support of
the education gradient reversal proposition: the association of education with such
measures as BMI, being overweight, and being obese becomes more negative with
economic development. For example, Großschädl and Stronegger (2013) found
that in Austria, data from Microcensus 1973, 1983, 1991, 1999 and the Austrian
Health Interview Survey 2006–2007 revealed a progressive shifting in adults’ obes-
ity toward the less educated. In other countries, such as Egypt, the association of
education with body weight also became increasingly negative over time, especially
in the case of women (Aitsi-Selmi et al., 2012; Gutiérrez-Fisac et al., 1996).

Recently, a number of studies based on data for the US and other developed
countries have challenged the theoretical view that during periods of economic
development, higher body weight becomes more common among less educated
groups. Instead, they showed that obesity disparity by education narrows over
time (Cook and Daponte, 2008; Himes and Reynolds, 2005; Singh et al., 2011;
Zhang and Wang, 2004). Researchers attributed this narrowness to the gradual
spread of obesogenic environments (e.g., calorie dense foods, sedentary lifestyles,
and poor dietary habits), making it difficult for any education group to avoid
obesity (Himes and Reynolds, 2005; McLaren, 2007).

Previous studies, based on either cross-national data or temporal comparisons
are still inadequate for understanding whether and how the relationship between
education and body weight is affected by economic development. First of all, cross-
national comparisons suffer from lack of control for population-level genetic and
cultural influences, or other unobserved differences between countries. Dinsa et al.
(2012) claimed that the reversal of the obesity gradient for women may already take
place at a lower per capita income level, compared to the income level found
by Monteiro et al. (2004). Such a comparison may be not meaningful, due to
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several factors, including (1) inclusion of different countries, (2) reliance on differ-
ent methodologies, and (3) varying survey time. Further, temporal comparisons
based on repeated cross-sectional data in a single population typically suffer from a
limited variation in levels of economic development, making it impossible to
observe the education gradient in body weight to transition from being positive
at lower levels of economic development to being negative at higher levels of eco-
nomic development.

For these reasons, China provides a unique research opportunity for testing the
education gradient reversal proposition. China as a whole was relatively poor only
four decades ago, when incidences of overweight and obesity were relatively low,
and education was positively associated with body weight. Over the course of
China’s economic development, we should observe an increasing trend in inci-
dences of overweight and obesity. Do we also observe an education gradient rever-
sal in China, that is, a shift in the association between education and body weight
from positive to negative in the same process? Not only will we answer this ques-
tion through an analysis of data from repeated cross-sectional data, we will also
capitalize on the uneven paces of economic development by region and construct a
research design with contextual variation defined at both temporal and spatial
levels. We ask whether conclusions drawn from the temporal perspective are con-
sistent with those drawn from the spatial perspective. If they are, we can be more
confident in the generalizability of the findings as well as the robustness of com-
monly used research methods in the literature.

A word is in order about our use of the term ‘gradient’. We are interested in
systematic differences in body weight across different education groups. While we
share the prevailing view in the literature that the predominant causal direction is
likely for education to affect body weight (Brunello et al., 2013; Link and Phelan,
1995), we wish to take a more conservative approach in this study and focus on the
observed association between education as an indicator of SES and BMI as a
measure of body weight. Conceptually, education and BMI can potentially be
associated for reasons other than direct causation. For example, they both could
be caused by genetic traits or psychological traits. In this study, we are not able to
disentangle causal effects of education from non-causal effects. Thus, although
we ‘will report the coefficient of education in regression analysis as the ‘effect’ of
education, we do so in terms of a descriptive meaning, because it is better inter-
preted as an association rather than as direct causation.

Chinese contexts and hypotheses

Since the beginning of the economic reforms in 1978, China has experienced unpre-
cedented and continuous economic growth. From 1978 to 2010, its per capita gross
domestic product (GDP) increased from 381 RMB yuan to 5594 inflation-adjusted
RMB yuan, averaging an annual growth rate of 8.76% (National Bureau of
Statistics of People’s Republic of China, 2011). Accompanying the rapid economic
development has been the declining relative price of energy-dense foods (Lu and
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Goldman, 2010), the increasing penetration of physical inactivity environments
(Ng et al., 2009), and the spread of the Western ideal of body shape (Luo et al.,
2005; Xu, 2016). The prevailing dietary pattern in China is shifting away from
high-carbohydrate foods toward high-fat, high-calorie foods (Du et al., 2004;
Popkin and Du, 2003). In the meantime, with increased adoption of labor-saving
devices for work and leisure, as well as the spread of motorized transportation,
activities requiring physical exertion have also declined. For example, between 1991
and 2006, average weekly physical activity among Chinese adults fell by 32% (Ng
et al., 2009). As a result of these changes, there has been a remarkable upward shift
in population weight. The proportion of Chinese adults considered overweight or
obese more than tripled from 8.1% in 1982 to 26.4% in 2009 (Ge et al., 1994; Xi
et al., 2012).

Traditional Chinese culture favors large body size, as higher SES is perceived to
be linked to higher BMI. Nevertheless, traditional Chinese values and beliefs about
body image might have undergone changes as China has reopened to the outside
world since the economic reform in 1978 and its people have gradually become more
familiar with Western culture through transportation and telecommunication.
Chinese who accept developmental idealism may view the sociocultural and personal
tendencies in the West, including favoring a thin rather than a fat body, as the ideal
objectives for China. Beyond individual values and behaviors, the Chinese govern-
ment’s policies and propaganda may also facilitate the diffusion of the Western
worldview that thinness is good, healthy, and beautiful. For example, on 25
October 2016, the Central Committee of the Communist Party of China and the
State Council of China released the Blueprint of Healthy China 2030, and it clearly
states that various programs promoting healthy diets and active lifestyles will be
developed to slow the rise of overweight and obesity and reduce the health burden
they are associated with.1 Hence, in China, perceptions of thinness as a cultural
symbol of beauty, good health, self-discipline, and sexual attractiveness have
gained more and more acceptance (Luo et al., 2005). At present, the wording com-
monly used to describe fatness has gradually changed from ‘rich-like’ to ‘obesity,’
and this discrimination may reflect changes in the public’s attitudes toward fatness.

Along with these changes, economic development in China has been accompa-
nied by greater longevity, which makes obesity’s cost in potential years of life more
salient among large portions of the population, in particular the more educated. In
an increasingly obesogenic environment, the more educated in China are better
able to control their weight (Shimokawa et al., 2009) and achieve the Western ideal
for body shape. Drawing on the abovementioned literature and applying it to the
Chinese context, we derive the following hypothesis:

Hypothesis 1: The effect of education on body weight (relative to height) will become

increasingly negative over time in China.

Due to unbalanced economic-development policies and different endowments in
natural and human resources, however, the benefits of economic growth are not
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evenly distributed across different regions of China (Xie and Hannum, 1996).
Levels of economic development in the coastal and urban areas are far ahead
of those in the hinterland and rural areas. For example, in 2010, the GDP per
capita of Shanghai (on the coast), the richest province, was 5.8 times that of
Guizhou (in the hinterland), the poorest province (National Bureau of Statistics
of People’s Republic of China, 2011). Moreover, there is evidence indicating that in
China regional inequality keeps widening (Kanbur and Zhang, 2005; Zhang and
Zou, 2012). Given that the decline in the price of energy-dense foods, the degree of
penetration of obesogenic physical inactivity environments, and incentives to avoid
overweight/obesity are highly correlated with economic development, and that in
comparison to residents in rural and hinterland regions, those in urban and coastal
regions experience greater and earlier exposure to Western culture about the ideal
body image, we derive the following hypothesis:

Hypothesis 2: Along the regional dimension, the effect of education on body weight

(relative to height) will become increasingly negative at higher levels of economic devel-

opment in China.

The temporal–spatial variations in the education gradient of body weight might
also differ by gender. On the one hand, as a society develops, the increase in the
cost of caloric expenditure among women is greater than that among men
(Tafreschi, 2015). Historically, the overwhelming majority of Chinese worked in
subsistence agriculture, which was often physically demanding. As such, there
might be no significant difference between men and women in job-related physical
activity. As a society develops, changing from agricultural to industrial, women
always turn to physically less demanding jobs, while men are more likely than
women to remain in agriculture and blue-collar jobs, both of which require strenu-
ous labor. To put it simply, with further economic development in China, women
have experienced a larger decline than men in total physical activity (Ng et al.,
2009).

On the other hand, obesity is a source of stigma and bias, especially among
women. In Western countries, thinness is considered a key feature of beauty among
women but not among men (Haworth-Hoeppner, 2000). This Western sex-specific
body shape ideal might have been disseminated to China through such channels as
foreign media. Indeed, many recent studies in China have observed that thinness
is conducive to acquiring good things, such as employment (Pan et al., 2011)
and marriage entry (Xu, 2016), among women but not among men. Taken
together, we arrive at the following two hypotheses:

Hypothesis 3: The increasingly negative effect of education on body weight over time is

more pronounced among women than among men.

Hypothesis 4: Along the regional dimension, the increasingly negative effect of education

on body weight with levels of economic development is more pronounced among women

than among men.
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These recent and dramatic changes in contextual factors – the increasing
perpetuation of obesogenic environments and the cultural desirability of thin-
ness – provide a unique opportunity for us to analyze the contextual influences
of economic development on the relationship between education and weight in
China. Given China’s unevenness in economic development, we make creative
use of an existing data set and examine the relationship between economic devel-
opment and the education gradient in weight not only over time but also by region.

We are not the first to find the China case interesting. There are already a few
studies that document the relationship between education and body weight
in China. Taken as a whole, these studies have yielded inconsistent findings
(Table 1). For women, the majority of associations were negative, with lower edu-
cation being associated with larger body size (Du et al., 2002; Hou et al., 2008;
Kavikondala et al., 2009; Molarius et al., 2000; Paeratakul et al., 1998; Shimokawa
et al., 2009; Wang et al., 2012). In the case of men, the literature is ambiguous.
While some studies reported that better-educated men have a higher risk of obesity
(Du et al., 2002; Shimokawa et al., 2009; Wang et al., 2012), others showed that
men with more education have body weights comparable to those of their less-
educated counterparts (Hou et al., 2008; Kavikondala et al., 2009; Molarius et al.,
2000), and still other studies found that education was negatively associated with
the risk of obesity (Lee et al., 2008; Shimokawa et al., 2009).

To understand the inconsistencies of past findings, it is important to consider
two features of the existing literature. First, the data have been drawn from dif-
ferent parts of China, such as urban Shanghai, rural Shandong, and Taiwan,
characterized by different levels of economic development. Second, these studies
are all based on survey data conducted in different years. As we emphasized earlier,
the direction and strength of the education gradient in body weight may vary over
time and across regions.

Our study has three concrete aims. First, we examine the trend in the education
gradient in body weight for both men and women through a regression analysis.
Second, we further incorporate regional variation and evaluate how the education
gradient in body weight varies with the local level of economic development. Third,
for the different years we identify cross-over points, that is, specific levels of eco-
nomic development over which the education–BMI gradient shifts from positive to
negative.

Data, measures, and methods

Data

Our empirical analyses are based on the CHNS, an ongoing project conducted by
the Carolina Population Center at the University of North Carolina at Chapel Hill
and the National Institute of Nutrition and Food Safety at the Chinese Center for
Disease Control and Prevention. The CHNS is a panel survey, which has collected
eight waves of data (1989, 1991, 1993, 1997, 2000, 2004, 2006, and 2009) that are
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available to researchers. Although the CHNS data are not nationally representa-
tive, households were randomly selected from a set of provinces which are diverse
in terms of geographic location, economic-development level, and public resources.
The CHNS initially covered eight provinces in China: Liaoning; Jiangsu;
Shandong; Henan; Hubei; Hunan; Guangxi; and Guizhou. In 1997, Liaoning prov-
ince was replaced by Heilongjiang, a province similar to Liaoning in terms of
geographic and other characteristics. From 2000 on, Liaoning was included in
the survey again, along with Heilongjiang. A stratified multistage, cluster sampling
method was used to draw households. Counties and sub-cities in each province
were stratified by income (low, middle, and high) and a weighted sampling scheme
was used to randomly select four counties and two sub-cities in each province.
Villages and townships within the counties and urban/suburban neighborhoods
within sub-cities were selected randomly. In each community, 20 households
were randomly selected. The survey was not a true panel study, because it did
not follow up households that have moved to other neighborhoods not covered
by the survey. Instead, the CHNS included new households in each survey wave to
replace those that were lost to follow-up. As a result, due to the changing nature of
the sample over time, the data are better treated as repeated cross-sectional surveys.

For our study, we exclude the 1989 CHNS because it only surveyed preschoolers
and young adults aged 20–45 years. Beginning in 1991, each wave of the survey
included all members of the sampled households. Our analyses are limited to adults
aged 21 years or above, excluding women who were pregnant at the time of survey.
We use a lower limit of age 21 to ensure that most respondents will have completed
their education. After excluding invalid or incomplete cases, our analytical sample
consists of 7833 persons in 1991, 7427 in 1993, 7884 in 1997, 8613 in 2000, 8785 in
2004, 8783 in 2006, and 9212 in 2009.

Measures

We use BMI, defined as the ratio of weight (in kilograms) to the square of height
(in meters), as our outcome variable of interest. In the CHNS, weight and height
were measured objectively by trained health workers who followed standard proto-
cols and techniques. We focus on BMI, rather than discrete measures of obesity or
overweight, not only because cut-offs for them among the Chinese population are
controversial (Gu et al., 2006; WHO Expert Consultation, 2004), but also because
the relationship between education and weight is graded and gradual in nature
(Frank and Akresh, 2013).

The main independent variable, education, is treated as a continuous variable
and measured by years of schooling completed. An additional measure of educa-
tion is a three-category ordinal variable, including primary school or lower (less
than 7 years of schooling completed), junior high school (7 to 9 years of schooling
completed), and senior high school or higher (10 or more years of schooling).
Given the nearly identical results obtained from these two kinds of measures,
we use the years of schooling measure, which has more easily interpretable units.
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Covariates in our multivariate analyses include age, marital status, smoking,
drinking, and region. In light of past research on life course changes in body
weight (Ferraro et al., 2003; Schafer and Kwon, 2012), BMI likely rises with
increasing age through middle adulthood, and then declines somewhat at older
ages due to bone and muscle loss. Therefore, age and age-squared will be included
simultaneously to model the curvilinear relationship between age and BMI. Marital
status is binary, coded as 1 for currently married and 0 otherwise. Smoking meas-
ures whether one smoked in one’s lifetime to date. Drinking indicates whether the
respondent has ever drunk alcohol during the past year. To account for regional
variation, we first include dummy variables for differences in BMI across broad
regions: coastal (Shandong and Jiangsu); northeast (Liaoning and Heilongjiang);
inland (Henan, Hubei, and Hunan); and the southern mountain region (Guangxi
and Guizhou). Appendix Table A1 presents summary statistics of all variables used
in the analyses for each wave.

As we discussed earlier, economic development has been uneven regionally in
China. In the second step of the analyses, we incorporate regional variation in
economic development measured at the county level. Unfortunately, county-level
data, such as county name, are not available in the CHNS dataset. We thus cannot
link the counties in which CHNS respondents resided with external data.
We resolve this problem by measuring the county level of economic development
within the CHNS data. Specifically, we use the log of the median of the per-capita
household income within each county/sub-city at each wave. Household income
per capita was adjusted by consumer price index and was inflated to the 2009
purchasing value. Showing estimates of real family per-capita income of the coun-
ties surveyed in CHNS over time, Appendix Table A2 provides some descriptive
evidence about the extent of heterogeneity in economic development across
Chinese counties.

Analytic strategy

Our statistical analysis consists primarily of three steps. First, we use ordinary least
squares (OLS) models to estimate, in a statistical sense, the effect of education on
body weight for each wave. Omitting subscripts denoting the ith person in the tth
period, we have

BMI ¼ �0 þ �1eduþ �2ageþ �3age
2 þ �4marriage

þ �5smokeþ �6drinkþ �7regionþ "
ð1Þ

where BMI stands for body mass index; edu denotes years of schooling completed;
age and age2 denote age and age-squared, respectively; marriage denotes marital
status; smoke denotes ever smoking; drink denotes ever drinking alcohol; region
denotes regional dummy variables. �0 is the intercept; �1 . . .�7 are the corresponding
coefficients for each independent variable; and " represents the residual unexplained
by the baseline model. Note that in this specification, we estimate � separately for
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each survey wave, producing wave-specific estimates. This analysis reveals temporal
changes in the education–BMI gradient between 1991and 2009 for China.

Second, we estimate two-level hierarchical models to examine how the effect of
education on body weight depends on regional differences in economic develop-
ment. We borrow this methodology from Xie and Hannum (1996). For the ith
person in the jth county/sub-city, the model at the individual level is

BMIij ¼ �0j þ �1jeduij þ �2ageij þ �3age
2
ij þ �4marriageij

þ �5smokeij þ �6drinkij þ "ij
ð2Þ

At the county level, we assume

�0j ¼ �00 þ �01ðcounty incomeÞj þ �0j ð3aÞ

�1j ¼ �10 þ �11ðcounty incomeÞj þ �1j ð3bÞ

�2 ¼ �2 ð3cÞ

�3 ¼ �3 ð3dÞ

�4 ¼ �4 ð3eÞ

�5 ¼ �5 ð3fÞ

�6 ¼ �6 ð3gÞ

The county level variable county income represents the local level of economic
development. The model treats the intercept (�0j) and education effect (�1j) as
random, and the effects of the control variables as fixed. The error terms for equa-
tion (3a) and (3b) are assumed to be multivariate normally distributed, each with a
mean of zero, nonzero variances, and zero covariances. Combining equations (2),
and (3a)–(3g), we obtain the following function, in equation (4):

BMIij ¼ �00 þ �10eduij þ �2ageij þ �3age
2
ij þ �4marriageij þ �5smokeij þ �6drinkij

þ �01ðCounty incomeÞj þ �11eduijðCounty incomeÞj

þ �0j þ �1jeduij þ "ij ð4Þ

Our interest centers on testing the SES gradient reversal proposition, that is,
how the effect of education varies as a function of economic development. If the
reversal pattern, true for the temporal dimension, also holds true along the regional
dimension, we expect the education gradients to be positive (or less negative) at low
levels of economic development but to be negative (or less positive) at high levels of
economic development.
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Third, we derive from the two-level hierarchical models’ cross-over thresholds of
economic-development level beyond which the effect of education on body weight
shifts from positive to negative. We keep the analyses separate for men and women,
given that the education–BMI gradient is known to differ by gender.

Results

The first obvious finding in the data is that body weights have been steadily and
dramatically increasing in China from 1991 to 2009, the time period of our study.
Figure 1 displays the trend in BMI from 1991 to 2009 for women and men separ-
ately. Both women and men experienced weight gains over the period. Compared
to men, women had a significantly higher average BMI between 1991 and 2000.
However, men’s BMI grew at a faster rate, so the gender gap was no longer stat-
istically significant by 2004 and continued to decline afterwards.

Figure 1. Secular trend in body mass index by gender for Chinese adults age 21 and older,

1991–2009.

Note: error bars indicate 95% confidence intervals of observed values.

Source: China Health and Nutrition Survey (1991, 1993, 1997, 2000, 2004, 2006, and 2009).
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Trends in the education gradient in body weight

To systematically examine how the education gradient in body weight changes over
time, we estimated a series of OLS regression models described above for BMI with
social and demographic characteristics as determinants. The focus, of course, is the
estimated coefficient of education. For convenience, we will call the estimated coef-
ficient the ‘education effect’. We conducted separate analyses for Chinese women
and men. We present the regression results for women in Table 2, with the succes-
sive columns giving the estimates of the � vector for each wave. In the earlier
waves, say in 1993 and 1997, the estimated coefficient of education is positive.
Interestingly, the estimated coefficient of education is negative for the later
waves. For example, in 2009, a one-year increase in education is associated with

Table 2. Ordinary least squares regression models of education effects on body mass index for

Chinese females age 21 and older.

1991 1993 1997 2000 2004 2006 2009

Years of schooling 0.020 0.028* 0.046*** 0.012 �0.019 �0.014 �0.050***

(0.013) (0.014) (0.013) (0.013) (0.014) (0.013) (0.013)

Age 0.215*** 0.223*** 0.249*** 0.262*** 0.279*** 0.301*** 0.317***

(0.020) (0.021) (0.021) (0.021) (0.022) (0.021) (0.021)

Age2 �0.002*** �0.002*** �0.002*** �0.002*** �0.002*** �0.003*** �0.003***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Married (1¼ yes) 0.221 0.248þ 0.453** 0.568*** 0.414** 0.264þ 0.173

(0.145) (0.147) (0.145) (0.143) (0.149) (0.149) (0.149)

Smoking (1¼ yes) �0.476* �0.610** �0.474* �0.535* �0.929*** �0.281 �0.758**

(0.221) (0.223) (0.238) (0.231) (0.248) (0.253) (0.255)

Drinking (1¼ yes) 0.160 0.222 �0.095 0.027 �0.031 �0.167 0.136

(0.137) (0.147) (0.160) (0.161) (0.176) (0.176) (0.172)

Region (Southwest)

Northeast 1.430*** 1.373*** 1.556*** 1.647*** 1.772*** 1.637*** 1.376***

(0.169) (0.172) (0.175) (0.147) (0.151) (0.148) (0.153)

Coastal 1.652*** 1.327*** 1.785*** 1.726*** 1.765*** 1.757*** 1.368***

(0.128) (0.131) (0.133) (0.140) (0.145) (0.140) (0.144)

Inland 0.854*** 0.920*** 0.967*** 0.908*** 1.032*** 1.094*** 0.943***

(0.118) (0.120) (0.123) (0.131) (0.135) (0.130) (0.134)

Intercept 15.703*** 15.493*** 14.820*** 14.781*** 14.595*** 14.092*** 14.357***

(0.456) (0.469) (0.483) (0.492) (0.535) (0.533) (0.536)

R2 0.080 0.078 0.098 0.096 0.093 0.099 0.088

Note: standard errors in parentheses: ***p< 0.001; **p< 0.01; *p< 0.05; þp< 0.1.

Source: China Health and Nutrition Survey (1991, 1993, 1997, 2000, 2004, 2006, and 2009).
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a 0.050 unit reduction in BMI. Furthermore, the trend is such that the effect of
education on BMI becomes increasingly negative for women. Thus, results for
women are consistent with the education gradient reversal proposition, lending
support to our first hypothesis.

Results for men are different, as shown in Table 3. For men, the coefficient of
education remains a statistically significant and positive effect throughout the
18-year period. The more years of schooling, the higher the body weight (relative
to height). Moreover, the positive effect of education on BMI increases from 1991
to 1997 and stays flat afterwards. Specifically, in 1991, a one-year increase in edu-
cation is associated with a 0.044 unit increase in BMI. The association more than
doubled in later years, to 0.119 unit on 1997 and 0.098 in 2009. Clearly, against our
first hypothesis, results for men do not support the education gradient reversal
proposition.

Table 3. Ordinary least squares regression models of education effects on body mass index for

Chinese males age 21 and older.

1991 1993 1997 2000 2004 2006 2009

Years of schooling 0.044*** 0.057*** 0.119*** 0.100*** 0.115*** 0.098*** 0.098***

(0.012) (0.012) (0.013) (0.013) (0.014) (0.013) (0.014)

Age 0.124*** 0.117*** 0.120*** 0.132*** 0.124*** 0.109*** 0.174***

(0.019) (0.020) (0.020) (0.021) (0.021) (0.022) (0.022)

Age2 �0.001*** �0.001*** �0.001*** �0.001*** �0.001*** �0.001*** �0.002***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Married (1¼ yes) 0.334* 0.520*** 0.531*** 0.403** 0.440** 0.656*** 0.568***

(0.133) (0.137) (0.138) (0.139) (0.145) (0.160) (0.157)

Smoking (1¼ yes) �0.542*** �0.393*** �0.567*** �0.506*** �0.657*** �0.570*** �0.609***

(0.096) (0.094) (0.098) (0.099) (0.101) (0.103) (0.103)

Drinking (1¼ yes) 0.400*** 0.373*** 0.445*** 0.264** 0.329*** 0.036 0.148

(0.092) (0.092) (0.099) (0.099) (0.099) (0.102) (0.103)

Region (Southwest)

Northeast 1.528*** 1.291*** 1.217*** 1.860*** 1.765*** 1.683*** 1.457***

(0.149) (0.153) (0.156) (0.136) (0.139) (0.142) (0.147)

Coastal 1.662*** 1.382*** 1.711*** 1.996*** 1.962*** 1.888*** 1.888***

(0.115) (0.117) (0.127) (0.137) (0.139) (0.141) (0.144)

Inland 0.662*** 0.923*** 0.894*** 1.110*** 1.160*** 1.180*** 1.058***

(0.105) (0.107) (0.115) (0.126) (0.127) (0.130) (0.133)

Intercept 17.265*** 17.284*** 17.044*** 17.228*** 17.626*** 18.519*** 17.120***

(0.414) (0.424) (0.440) (0.462) (0.495) (0.538) (0.524)

R2 0.104 0.091 0.112 0.112 0.111 0.101 0.097

Note: standard errors in parentheses: ***p< 0.001; **p< 0.01; *p< 0.05; þp< 0.1.

Source: China Health and Nutrition Survey (1991, 1993, 1997, 2000, 2004, 2006, and 2009).
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To better interpret the results, we graphically show temporal changes in the
effect of education on body weight in Figure 2. We observe that the estimated
coefficient of education on the BMI shifts from positive to negative for women
but stays positive and becomes increasingly so from 1991 to 1997 for men. These
results for women confirm earlier work by Jones-Smith et al. (2012b), who suggest
that the education gradient in body weight should become more negative over time
as a country becomes more economically developed.

In line with previous research (e.g., Ferraro et al., 2003; Pampel et al., 2012;
Shimokawa et al., 2009), the age pattern of BMI follows an inverted ‘U’ shape, as it
rises early in the life course and then begins to fall toward the end. This pattern
holds true for both men and women. The positive coefficients for being married
mean that married persons weigh more than their unmarried counterparts.
Smoking has a negative association with body weight for both men and women.
Drinking alcohol has a positive association with men’s, but not women’s, body
weight. One plausible reason for the gender disparity in the effect of drinking is that
few women in China ever drink alcohol, which makes the estimation subject to
great fluctuations; another reason is that even if women do drink alcohol, they are

Figure 2. Education slope on body mass index by year for males and females age 21 and older.

Note: error bars indicate 95% confidence intervals of the predicted slope.

Source: China Health and Nutrition Survey (1991, 1993, 1997, 2000, 2004, 2006, and 2009).
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more likely than men to be light drinkers. From earlier research (Pampel et al.,
2012), we know that a higher level of economic development is associated with a
higher BMI. Not surprisingly, people living in China’s coastal areas have the high-
est BMIs on average, followed by those living in the northeast, inland, and south-
west areas.

Regional variation in the education gradient in body weight

Although the application of the baseline model in equation (1) provides us with a
crude picture of temporal changes in the education gradient in body weight, it
ignores the reality of regional variations in China. As mentioned above, the edu-
cation gradient in body weight may vary substantially in different parts of China,
due to a large regional variation in the level of economic development.

If we take regional heterogeneity to an extreme, we can saturate regional het-
erogeneity at the county/sub-city level by estimating full interactions between
county/sub-city dummy variables and the coefficients of equation. We then plot
the county/sub-city specific coefficients against a measure of local level of economic
development, per-capita income. Results from this exercise are presented in
Appendix Figure A1 for men and in Appendix Figure A2 for women. While we
gain insights by examining unconstrained county/sub-city specific estimated coef-
ficients, this strategy is unduly conservative and does not allow us to test interesting
hypotheses theoretically. Next, to test the education gradient reversal directly, we
model the regional variation in the effect of education on body weight as a function
of the regional variation in the level of economic development, using two-level
hierarchical linear models described above. We estimate the wave-specific multi-
level model of equation (4) and present the results separately in Table 4 for women
and in Table 5 for men.

Among women, in line with our second hypothesis, we find strong evidence for
the education gradient reversal proposition along the regional dimension.
Evaluating the second hypothesis requires attention to two coefficients: main
effect of education variable; and interaction between education and county-level
economic development. In 1991, the baseline effect of education on body weight
was 0.942 for women. The education effect on body weight is negatively related to
county-level economic development, as the estimated �11 is �0.120, with an esti-
mated standard error of 0.032. Within the observed range of variation, county-level
economic development contributes between �0.829 and �1.024 to the baseline
education effect of 0.942. When per-capita income in a county/sub-city is high
enough, the sign of the education effect is reversed. This threshold for crossover
was approximately 2640 RMB yuan per capita for women in 1991. This is an
important number, as it indicates the level of economic development at which
the education gradient changes from positive to negative. We refer to the
number as the ‘crossover income threshold’, measured by per capita income in
2009 RMB yuan. Among the 48 counties studied in 1991, about 42% surpassed
the crossover threshold.
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In the later waves (i.e., 1993, 1997, 2000, 2004, 2006, and 2009), we also find
similar interaction effects between education and economic development: �11 is
estimated to be negative. That is, although the education gradient reversal prop-
osition is supported for women, the crossover points shifted upwards in more
recent years. By 2009, the crossover point increased to nearly 6056 RMB yuan
per capita, 1.3 times greater than that in 1991. Thus, the results reported in the
last row of Table 4 suggest that there is no fixed crossover point of economic-
development level at which the effect of education on body weight shifts from
positive to negative. Instead, the crossover point is contingent on the relative
paces of nutrition transition and economic development. As the pace of economic
development has been faster than that of nutrition transition in China, the pre-
dicted crossover point keeps increasing over time. Even so, the share of the studied

Table 4. Two-level models of education effects on body mass index for Chinese females ages 21

and older, 1991–2009.

1991 1993 1997 2000 2004 2006 2009

Individual�level coefficients

Intercept 5.420þ 9.982*** 3.113 5.999* 3.888 2.663 2.934

(3.025) (2.692) (3.304) (2.790) (2.864) (2.964) (3.112)

Years of schooling 0.942*** 0.471* 0.666* 0.779** 1.003*** 1.287*** 1.207***

(0.252) (0.219) (0.272) (0.237) (0.236) (0.215) (0.246)

Age 0.226*** 0.236*** 0.249*** 0.265*** 0.285*** 0.307*** 0.317***

(0.020) (0.021) (0.021) (0.021) (0.021) (0.021) (0.021)

Age2 �0.002*** �0.002*** �0.002*** �0.002*** �0.003*** �0.003*** �0.003***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Married (1¼ yes) 0.154 0.184 0.415** 0.552*** 0.415** 0.252þ 0.120

(0.142) (0.144) (0.142) (0.142) (0.147) (0.146) (0.147)

Smoking (1¼ yes) �0.541* �0.657** �0.502* �0.541* �1.001*** �0.373 �0.793**

(0.218) (0.222) (0.235) (0.229) (0.245) (0.248) (0.252)

Drinking (1¼ yes) 0.079 0.120 �0.112 �0.061 �0.124 �0.154 0.070

(0.139) (0.153) (0.160) (0.166) (0.178) (0.175) (0.173)

Individual-county per-capita income interactive coefficients

Intercept 1.442*** 0.799* 1.614*** 1.196*** 1.384*** 1.437*** 1.377***

(0.387) (0.340) (0.407) (0.333) (0.332) (0.340) (0.342)

Years of schooling �0.120*** �0.057* �0.080* �0.093** �0.120*** �0.150*** �0.139***

(0.032) (0.028) (0.033) (0.028) (0.027) (0.025) (0.027)

Crossover income

threshold

(RMB yuan)

2640 3770 3998 4255 4238 5448 6056

Note: covariances among county-wave and county-level error terms are constrained to be zero. Standard

errors in parentheses. ***p< 0.001; **p< 0.01; *p< 0.05; þp< 0.1.

Source: China Health and Nutrition Survey (1991, 1993, 1997, 2000, 2004, 2006, and 2009).
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counties reaching the crossover point increases over time. In 2009, among the 54
counties studied, nearly 76% surpassed the crossover point.

Among men, contrary to our second hypothesis – a negative interaction between
education and county-level economic development – we find no support for the
education gradient reversal proposition along the regional dimension, which resem-
bles the results from the temporal trend at the national level. Generally, the effect
of schooling on body weight is also positive when level of economic development is
held at zero. However, the interaction effect between education and economic
development is not always statistically significant: the interaction effect is signifi-
cantly negative in waves 1993, 2000, 2004, and 2006, but insignificant in the remain-
ing waves. For the waves in which the effect of education on body weight changes
with county level of economic development, each estimated crossover point is so

Table 5. Two-level models of education effects on body mass index for Chinese males ages 21

and older, 1991–2009.

1991 1993 1997 2000 2004 2006 2009

Individual-level coefficients

Intercept 8.939** 10.291*** 7.968* 7.264* 4.642 9.455** 7.872*

(2.962) (2.620) (3.409) (3.228) (2.946) (3.154) (3.612)

Years of schooling 0.306 0.414* 0.281 0.814** 0.921*** 0.738** 0.471þ

(0.201) (0.192) (0.283) (0.251) (0.236) (0.234) (0.283)

Age 0.132*** 0.130*** 0.125*** 0.137*** 0.137*** 0.116*** 0.178***

(0.019) (0.019) (0.020) (0.020) (0.021) (0.022) (0.021)

Age2 �0.001*** �0.001*** �0.001*** �0.001*** �0.001*** �0.001*** �0.002***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Married (1¼ yes) 0.349** 0.440** 0.528*** 0.369** 0.423** 0.602*** 0.579***

(0.130) (0.135) (0.136) (0.139) (0.144) (0.159) (0.156)

Smoking (1¼ yes) �0.615*** �0.403*** �0.551*** �0.503*** �0.625*** �0.562*** �0.641***

(0.094) (0.093) (0.097) (0.099) (0.101) (0.102) (0.102)

Drinking (1 ¼ yes) 0.407*** 0.354*** 0.390*** 0.247* 0.337*** 0.025 0.101

(0.091) (0.091) (0.098) (0.100) (0.099) (0.102) (0.103)

Individual-county per-capita income interactive coefficients

Intercept 1.187** 0.993** 1.259** 1.351*** 1.643*** 1.177** 1.147**

(0.378) (0.329) (0.419) (0.387) (0.341) (0.361) (0.398)

Years of schooling �0.035 �0.046þ �0.023 �0.087** �0.095*** �0.074** �0.042

(0.026) (0.024) (0.035) (0.030) (0.027) (0.027) (0.031)

Crossover income

threshold

(RMB yuan)

— 7693 — 12,066 15,570 21,040 —

Note: covariances among county-wave and county-level error terms are constrained to be zero. Standard

errors in parentheses: ***p< 0.001; **p< 0.01; *p< 0.05; þp< 0.1.

Source: China Health and Nutrition Survey (1991, 1993, 1997, 2000, 2004, 2006, and 2009).
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high that none of the counties studied can reach it in terms of economic develop-
ment. For example, for 1993, the predicted crossover point is 7693 RMB yuan per
capita; of the 48 counties studied, however, the highest per-capita income was 7189
RMB yuan (Appendix Table A2).

In all, women in our analysis differed from men in their expression of the edu-
cation gradients across both time and geography. Among women, there was evi-
dence of an education reversal, while among men, few of the interactions between
education and county-level economic development were negative and statistically
significant. These results were clearly in line with our expectations, providing sup-
port for hypotheses 3 and 4. The gender differences in the relationship between
economic development and the effect of education on body weight underscore the
importance of studying men and women separately. Perhaps the negative relation-
ship becomes clearer (as has been the case among women) when economic devel-
opment is more advanced, but future data will be needed to assess this possibility.

One other important finding in Tables 4 and 5 concerns the baseline effect of
economic development on body weight. In our model, which allows coefficients to
vary by county/sub-city, the intercept has a structural component
(�01½County income�j) and a random component (�0j). The estimated �01 is signifi-
cantly positive for both men and women, throughout the 18-year period. This
result suggests that economic development increases the level of body weight.
This finding is consistent with past research studies (Pampel et al., 2012).

Conclusion and discussion

Taking advantage of the unique context in China – its economic growth has not
only been sustained at high levels but also been regionally uneven – we test the SES
gradient reversal proposition in this study by examining temporal and spatial vari-
ations in the education gradient in body weight among Chinese adults. Specifically,
we ask whether the education gradient in body weight changed direction from
positive to negative during the period studied, and whether the gradient varied
across regions from positive in less developed regions to negative in more devel-
oped regions. Our analysis of CHNS data from 1991 to 2009 reveals different
variation patterns for men and women in education gradient of body weight.

In line with the socioeconomic patterning of body weight indicated by cross-
national comparisons (Deuchert et al., 2014; Kinge et al., 2015; Pampel et al.,
2012), for women, the education gradient in body weight shifted from positive to
negative over time for China as a whole, as well as across regions with different
levels of economic development. Thus, for Chinese women, both the temporal and
the spatial analyses support the SES gradient reversal proposition. However, over
time, there is no constant crossover threshold measured by income per capita, at
which point the burden of higher body weight begins to shift towards the poorly
educated. Monteiro et al. (2004) had suggested that the reversal of the obesity
gradient for women takes place at about a gross national income per capita of
US$2500. Dinsa et al. (2012) showed that this switchover may occur already at a
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considerably lower per capita income level (US$1000). Our results suggest that this
threshold may be contingent on the specific social context. Possibly due to the
relative lag of nutrition transition and the diffusion of Western cultural ideals
concerning body type compared to the speed of economic growth in China, for
women, this threshold level changed upward over time.

For men, however, more education remained associated with higher body
weight over the 1991–2009 period for China as a whole, as well as across different
regions with different levels of economic development. Spatial analysis suggests
that the SES gradient reversal proposition may be at an early stage for men,
because we found the negative interaction effect between education and the local
level of economic development for some survey years. If this result is to be trusted,
we expect the SES gradient reversal proposition to be applicable to men in the
future, as it has been for women for a while, as China continues its economic
development.

Our research demonstrates the advantage of studying both temporal and spatial
variations in understanding how economic development may shape the SES gra-
dient in body weight. This is particularly important for China, because regional
variation in China is large, and China has been experiencing very rapid social
changes. Previous studies have reported inconsistent findings about the association
between education and body weight in China, in large part because these findings
are confounded by temporal and regional variations, as we have clearly shown in
this paper.

Not only do the temporal and spatial variations uncovered in our study help us
to understand how education and body weight are actually associated contingently
in China, they also advance our theoretical knowledge about the relationship
between economic development and an obesity epidemic in general. Although eco-
nomic development can improve health, it may also engender population health
risks through obesity, particularly for socially disadvantaged groups. We have
shown that in China, with economic development, the burden of overweight and
obesity are shifting to the poorly educated. These findings are enlightening to
policy-makers who are intent on improving population health and reducing
social inequality of health in China.

We would like to acknowledge a few caveats for this study. First, the CHNS is a
household survey and did not include a very large rural-to-urban migrant popula-
tion in China. In the past twenty years, the migrant population, the vast majority
being peasant workers, has increased to about 260 million. Studies that do not take
this large subpopulation into account necessarily suffer from an inability to gen-
eralize findings to the entire Chinese population. Second, our analysis treated BMI
as a continuously distributed variable to reflect its graded relationship with edu-
cation. In so doing, we are restricted to analyses of BMI variation but not of more
clinically relevant outcomes, such as obesity. To examine whether our results would
change with a categorized measure of BMI, we repeated our analyses with being
overweight (versus not overweight) as an outcome of interest. All substantive con-
clusions remained the same. Third, our study focused on education as an indicator
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of SES. Future studies could build on our work and examine additional measures
of SES, including occupation, income, and type of work unit. Finally, our study did
not address the causal relationship between education and body weight. If the effect
of education on body weight is causal, future research should uncover the actual
causal mechanisms that underlie the temporal and regional variations in the edu-
cation–BMI gradient that we have reported. We welcome future research to over-
come the limitations of this study so that we will attain a fuller and better
understanding of the relation between economic development and the SES gradient
in body weight, both in China and in other countries.
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Appendix

Table A1. Descriptive statistics for variables in the study, by year and gender.

1991 1993 1997 2000 2004 2006 2009

Female

Body mass index 21.952 22.099 22.533 22.994 23.196 23.247 23.372

Years of schooling 4.668 4.935 5.336 6.076 6.319 6.368 6.490

Age 43.052 43.718 44.964 46.377 49.203 50.357 51.366

Married (1¼ yes) 0.833 0.827 0.827 0.833 0.829 0.836 0.833

Smoking (1¼ yes) 0.050 0.050 0.047 0.048 0.044 0.040 0.041

Drinking (1¼ yes) 0.137 0.121 0.106 0.098 0.087 0.082 0.090

Region

Southwest (1¼ yes) 0.271 0.278 0.276 0.236 0.235 0.241 0.225

Northeast (1¼ yes) 0.113 0.112 0.115 0.222 0.218 0.213 0.208

Coastal (1¼ yes) 0.254 0.248 0.254 0.230 0.230 0.232 0.236

Inland (1¼ yes) 0.362 0.362 0.356 0.312 0.317 0.314 0.331

n 4104 3893 4049 4490 4604 4678 4837

Male

Body mass index 21.558 21.738 22.253 22.761 23.015 23.178 23.366

Years of schooling 6.737 7.087 7.392 7.996 8.306 8.331 8.307

Age 42.802 43.472 44.417 45.940 48.740 50.083 50.942

Married (1¼ yes) 0.850 0.847 0.831 0.842 0.857 0.879 0.866

Smoking (1¼ yes) 0.706 0.677 0.629 0.618 0.644 0.630 0.621

Drinking (1¼ yes) 0.671 0.635 0.644 0.626 0.599 0.593 0.596

Region

Southwest (1¼ yes) 0.276 0.280 0.274 0.240 0.243 0.244 0.230

Northeast (1¼ yes) 0.114 0.109 0.125 0.233 0.223 0.223 0.215

Coastal (1¼ yes) 0.249 0.244 0.244 0.220 0.219 0.223 0.231

Inland (1¼ yes) 0.361 0.368 0.357 0.307 0.315 0.310 0.324

n 3729 3534 3835 4123 4181 4105 4375

Source: China Health and Nutrition Survey (1991, 1993, 1997, 2000, 2004, 2006, and 2009).
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Figure A1. Education slope on body mass index by logged county per-capita income and year

for females.

Note: observed data smoothed by linear functions. Each panel has its own best-fitting linear

function.

Source: China Health and Nutrition Survey (1991, 1993, 1997, 2000, 2004, 2006, and 2009).

Table A2. Descriptive statistics for counties by year.

1991 1993 1997 2000 2004 2006 2009

County per-capita income

Mean 2410.96 2495.20 2828.24 3446.62 4276.38 5567.11 8920.26

Minimum 1003.99 1185.32 1658.23 1658.20 1798.00 2381.69 3322.37

Maximum 5095.91 7188.81 6597.48 9869.79 14908.40 16874.74 19769.53

Standard deviation 956.10 1273.32 1249.20 1809.17 2850.34 2960.65 3649.37

n counties 48 48 48 54 54 54 54

Source: China Health and Nutrition Survey (1991, 1993, 1997, 2000, 2004, 2006, and 2009).
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Figure A2. Education slope on body mass index by logged county per-capita income and year

for males.

Note: observed data smoothed by linear functions. Each panel has its own best-fitting linear

function.

Source: China Health and Nutrition Survey (1991, 1993, 1997, 2000, 2004, 2006, and 2009).
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