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Abstract

Background: Obesity is a serious public health problem in China. The relationship between obesity and socio-economic
status (SES) is changing and affected by uncertainty, particularly, in developing countries. The sex-related differences in
body mass index (BMI) trajectories are controversial and require substantial empirical data for updating and enriching.

Methods: This study examined the relationship between SES and BMI in Chinese adults from a dynamic perspective
using longitudinal data (1991–2011) from the China Health and Nutrition Survey (CHNS). Then, sex-related differences
were determined. A hierarchical linear model was used.

Results: SES positively affected the male BMI changes, with faster BMI growth rates in the high-SES males over the past
20 years. By contrast, female BMI was only affected by BMI baseline and residential area. Specifically, greater BMI baseline
led to greater BMI growth rate and earlier BMI decline. In the past 20 years, the BMI growth rate has been greater in the
urban females than in the rural females.

Conclusions: The relationship between SES and obesity is complex in China, and a substantial sex-related difference
exists. We argue that this large sex-related difference is due to the rapid economic and social changes that have affected
national health and increased the gender inequality and social role restrictions in females. We provide insights for further
research and policy recommendations.

Keywords: Body mass index trajectories, Obesity and overweight, Chinese adults, Socio-economic status, China health
and nutrition survey, Hierarchical linear model

Background
Obesity is a pandemic. Given people’s diet changes
and reduced physical activities, obesity is no longer a
sole problem of developed countries but also of
developing countries, including China [1, 2]. With its
large population base and rapid growth rate, China
has the world’s largest population of obese people.
According to a study’s estimate, China had approxi-
mately 89.6 million obese people (43.2 million males,
46.4 million females) in 2014 [3].
The obesity and overweight epidemic is affected by

both environmental and personal factors. On one

hand, external socio-cultural factors, such as food
supply, diet culture, and behavioral patterns, affect a
person’s weight [4, 5]. Fast food diet and sedentary
behavior may lead to obesity and overweight status.
On the other hand, obesity and overweight are af-
fected by many factors, including genes, individual
choice [4], obesity self-awareness [6], and personal
dietary preferences [7]. Various factors jointly shape a
person’s way of life and hence affect the person’s
weight.
Serious obesity and overweight problems negatively

affect a person’s health. Overweight or obese people
manifest deteriorating physical indicators and suffer
from various high-risk diseases [8]. Overweight or obese
people are more prone to develop prehypertension and* Correspondence: njulucy66@163.com; njuccf@nju.edu.cn
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hyperglycemia [9, 10] than the general population. Re-
cent studies have shown that adult men with obesity and
overweight problems have a lower sleep quality than
those of adult men in other body mass index (BMI)
groups [11]. Obesity also worsens children’s cardio-
metabolic health in their adulthood [12] and increases
comorbidities [13]. Obesity or overweight status may
affect a person’s mental health. Researchers reviewed
medical papers on obesity and mental disorders from
1966 to 2003 and found possible associations between
the two [14]. An obese person tends to be stigmatized
and may hence perceive a low body image, hold a low
self-esteem, suffer from high stress and anxiety levels
[15], and possess an increased risk of depression and
other psychological problems [16]. Given the increasing
problem and the serious consequences of obesity,
China’s obesity problem must be further investigated.
The prevalence of obesity and overweight has resulted

in social disparity because of the effects of socio-
economic conditions. Socio-economic status (SES) fac-
tors, such as education, occupation, and income, most
commonly lead to the disparities in obesity and over-
weight issues [17, 18]. However, the effects differ among
countries of different developmental levels. The influ-
ence of SES on obesity and overweight is diminishing in
some developed countries [19]. For example, in the
United States, the influence of personal characteristics is
weakening, whereas that of social-environmental factors
is strengthening [20]. This correlation is becoming
increasingly complex in developing countries. As a
country’s economic development increases, obesity less
likely exclusively affects people of high SES [21].
The impact mechanism underlying the sex-related dif-

ferences in BMI changes is also complex. Chile, Brazil,
Peru, and other countries that have experienced “growth
miracles” similar to that of China reported an inverse
relationship between BMI and SES in females. However,
some East Asian countries, such as India, showed a
strong positive relationship between SES and BMI [22].
By contrast, 1993 data from China revealed a heightened
obesity likelihood among people of high SES [23]. In
another study based on surveys in 1997, a weakening
relationship between high SES and obesity in China was
observed [21]. Unfortunately, these data are relatively
outdated. China has achieved significant economic
development in the past few decades, and its society has
undergone tremendous changes. Thus, whether the
relationship between SES and obesity has changed over
time is worth exploring.
A dynamic perspective must be used when investigating

obesity and social disparity. BMI is generally used to
determine an individual’s obesity or overweight status.
Longitudinal data are useful for identifying the social
disparities in BMI trajectories. Analyzing these data to

obtain long-term information on BMI was proven benefi-
cial to our analysis of historical BMI changes and BMI
trend prediction. Longitudinal data have been used
extensively in analyzing BMI trajectories [17, 24].
Longitudinal study has been employed to explore the rela-
tionship between demographic characteristics and BMI.
For example, American researchers utilized the
National Health and Nutrition Examination Survey
data from 1971 to 2002 to analyze the BMI of differ-
ent races in the United States [25]. The relationship
between SES and BMI varied among different races.
However, the findings focusing on racial factors may
not apply to non-immigrant countries. Chinese re-
searchers adopted the China Health and Nutrition
Survey (CHNS) from 1989 to 2006 to study the
biomorphic trajectory of Chinese BMI; this study em-
phasized the significant disparity in females [18].
However, this research did not focus on the relation-
ship between SES and BMI. BMI inequality is slowly
being reflected by a developing social economy. This
phenomenon can be observed particularly in China,
which has experienced rapid economic development
and significant social change. Thus, the empirical data
for studying the impact factors of BMI must be up-
dated to determine the implications of or offer advice
as regards the national health problem, public health
decision-making, and medical resource allocations.
Sex-related differences in the relationship between SES

and obesity are substantial and must hence be given
close attention [19, 26–29]. In China, findings on sex-
related differences are inconsistent. A survey in 2007
showed that the prevalence of obesity was higher in
males (10.6%) than in females (8.8%) [29]. By contrast,
the 2014 global epidemiological data from China
revealed an opposite relationship, with 43.2 million
obese men and 46.4 million obese women [3]. The
females’ obesity status is prominent and fuels this health
inequality situation. In developing countries, such as
China, Brazil, and South Africa, the sex-related differ-
ences in the relationship between SES and BMI are
substantial (positive and inverse relationships in males
and females, respectively) [21]. However, the data used
in the above study were obtained from eight provinces
in China in 1997 and are relatively obsolete. Additional
epidemiological data are necessary to update the
findings.
Using longitudinal data from 1991 to 2011, this

study examined the effects of SES on people’s BMI
growth curves in the past 20 years and compared the
sex-related differences. This study not only aims to
re-examine the relationship between social status and
people’s obesity or overweight problems under China’s
rapid social changes background, but also to update
added empirical data from developing countries to
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the international arena. Finally, we hope that this
work can draw public attention toward the health
issue. The research results intend to provide useful
suggestions for public health decision-making or med-
ical resource allocation.

Methods
Data and measures
Data were collected from the China Health and
Nutrition Survey (CHNS), an international collabora-
tive project between the Carolina Population Center
at the University of North Carolina at Chapel Hill
and the National Institute for Nutrition and Health at the
Chinese Center for Disease Control and Prevention. The
CHNS was designed to examine how the social and eco-
nomic transformation of the Chinese society has affected
the health and nutritional status of its population. The
project description of CHNS and the survey procedures
have been described in detail in other studies [30, 31].
CHNS was conducted in 1989, 1991, 1993, 1997,

2000, 2004, 2006, 2009, and 2011. However, the 1989
survey did not use the same standardized procedures
or scales of the subsequent survey years. Thus, we
utilized the data from the later eight waves of obser-
vation and set the observation from 1991 as the base-
line. The people aged above 45 years old in 1991
were older than 65 years old in 2011. Their indices
also easily varied because of aging-related factors,
such as physiological degeneration, physical activity,
and basal metabolic rate, as well long-term diseases
[32]. More importantly, the respondents aged over
45 years old at baseline more likely dropped out from
the investigation than the younger respondents be-
cause of death and other reasons in subsequent years.
The sample loss caused by death was health-related
and should be avoided. To reduce the negative influ-
ence of this type of sample loss, we chose the individ-
uals aged between 18 and 45 years old at baseline.
Thus, the male age at 18–45 years old was set as the
baseline for the participants (2496 participants in
1991). We obtained 2496 male samples at baseline,
1811 in 1993, 1245 in 1997, 1237 in 2000, 999 in
2004, 938 in 2006, 956 in 2009, and 906 in 2011 for
a total of 10,588 observations. The number of repeat
measures for participants ranged from two to eight.
Female samples were also obtained from the CHNS
in 1991–2011. We obtained 2494 female samples in
1991, 1893 in 1993, 1243 in 1997, 1253 in 2000, 1012
in 2004, 944 in 2006, 855 in 2009, and 836 in 2011
for a total of 10,530 samples. The data of pregnant
women in their particular gestation periods were
removed.
The primary dependent variable BMI was calculated

as weight (kg) divided by height square (m2). For

every individual, all BMI measurements from 1991 to
2011 were utilized to estimate the BMI trajectory in
the past 20 years. Time (T) was measured by calendar
year, and the value of T is equal to the year of inter-
view minus 1991 (time point of baseline survey).
Thus, the T of the baseline is “0”. Socioeconomic sta-
tus (SES) was measured by education and “total net
individual income” at the baseline survey.1 Education
(the variable was named “Edu” in the models) was
recoded as 1 (>9 years of formal education) or 0
(≤9 years of formal education). Income (the variable
was named “income” in the models) was determined
by using logarithm. Considering the difference be-
tween and rural and urban areas, the type of house-
hold register in China could indicate people’s SESs to
some extent. We also used region (urban = 1,
rural = 0) as an indicator. The baseline BMI (BMI0)
was set as the control variable.

Statistical analysis
Every individual possesses a BMI trajectory, and this
study aimed to identify the effects of individual SES
on the person’s BMI trajectory. The BMI trajectory is
within the person, whereas the difference in SES
characteristic is among persons. Accordingly, we con-
ducted two-level hierarchical linear models (HLM) in
our study [33, 34]. Each individual involves one to
eight unequal observations, which are embedded in
the individual. Thus, we adopted HLM.
The BMI of each individual may change over time,

and the change is affected by individual characteris-
tics. The time-varying changes in BMI caused by un-
observed individual characteristics may be understood
as the random variances of the individual (our model
considered these changes as random effects). We also
assumed that the time-varying changes in the BMIs
of the individuals with similar SES characteristics are
fixed (our model consider these changes as fixed
effects). This study focused on whether the BMI
changes of different individuals would reflect the indi-
viduals’ SES differences.
The time-related variances in individuals’ BMIs are

inherent in the process of individual change, which
also differs because of different individual SES charac-
teristics. Therefore, using a two-level HLM analysis is
appropriate. The equations of levels 1 and 2 are indi-
cated below. Level 1 reflects how one’s BMI varies
over time, whereas level 2 shows the difference in
BMI changes between different individuals over time.
In level 1, the trajectory of weight gain not only

changes but may also accelerate over time. Therefore,
the trajectory model within a person is as follows:
Level 1: (within person)
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BMIjt ¼ β0 þ β1T þ β2T
2 þ r ð1Þ

In level 2, we added personal socioeconomic characteris-
tics to explain the coefficient variation of in the Eq. (1)
of level 1. We obtained the models as follows:
Level 2: (between persons)

β0 ¼ γ00 þ γ01 � ageþ γ02 � BMI0 þ γ03 � Edu
þ γ04 � incomeþ γ05 � urbanþ μ0

ð2Þ

β1 ¼ γ10 þ γ11 � ageþ γ12 � BMI0 þ γ13 � Edu
þ γ14 � Lnincome þ γ15 � urbanþ μ1

ð3Þ

β2 ¼ γ20 þ γ21 � ageþ γ22 � BMI0 þ γ23 � Edu
þ γ24 � incomeþ γ25 � urbanþ μ2

ð4Þ

where β0 is the average variances level in people’s
BMIs over time, β1 is the effect of time on the BMI
coefficient or the degree of change (rate) in people’s
BMIs over time, and β2 is the influence coefficient of
time square on BMI. In other words, the last variable
is the change in people’s BMIs with accumulative
time change.

Equations (2) and (3) take the coefficients in eq. (1) as
dependent variables and personal socioeconomic chara-
teristics as predictors to explain the BMI changes differ-
ences between individuals. Equation (3) was designed to
predict the variation of the speed (β1 in Eq. 1) of BMI
changes with time, and Eq. (4) was designed to predict
the cumulation (β2 in Eq. 1) of BMI changes with time.

Results
Sample characteristics
The descriptive statistics for variables at levels 1 and
2 are shown in Table 1. Table 1 shows that 2496 men
aged 18–45 years old were included in the study
since 1991, and the total number of years yielded
10,588 observations. The mean BMI was 22.34, and
22% of the population attained >9 years of formal
education. The mean income (logarithmic) was 8.04,
and 29% lived in urban areas. The average age of the
sample was 31.68 years old in the base period (1991).
By contrast, 2494 women aged 18–45 years old were
included, and the cumulative number of years yielded
10,530 observations. The mean BMI was 22.82, and
17% of the population attained >9 years of formal
education. The mean income (logarithmic) was 7.91,
and 28% lived in urban areas. The average age of the
sample was 31.82 years old in the base period (1991).
Before conducting multivariate analysis, we used

descriptive statistics to show how the BMI varied
over time in relation to socioeconomic characteris-
tics in selected age groups. The results are shown in

Table 1 descriptive statistics for variables at level 1 and level 2

Variable N Mean SD Minimum Maximum

Level-1 variables

Male BMI 10,588 22.34 2.91 12.68 57.01

T(time) 10,588 7.99 7.06 0.00 20.00

T2 10,588 113.74 135.41 0.00 400.00

Female BMI 10,530 22.82 3.18 9.03 51.93

T(time) 10,530 7.78 6.97 0.00 20.00

T2 10,530 109.08 132.47 0.00 400.00

Level-2 variables

Male age 2496 31.68 7.80 18.00 45.00

BMI0(baseline BMI) 2496 21.35 2.37 14.74 32.39

Edu 2496 0.22 0.42 0.00 1.00

Income 2496 8.04 0.93 0.99 11.10

urban/rural 2496 0.29 0.46 0.00 1.00

Female age 2494 31.82 7.69 18.00 45.00

BMI0(baseline BMI) 2494 21.69 2.66 13.95 40.34

Edu 2494 0.17 0.37 0.00 1.00

Income 2494 7.91 0.89 2.15 10.58

urban/rural 2494 0.28 0.45 0.00 1.00
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Tables 2 and 3. Among the male age groups born in
1946–1960, those with lower educational levels
(Edu = 0) achieved higher rates of BMI growth in
the last 20 years than those of the control of other
factors under the same age groups (Table 2). On the
contrary, the age groups born after 1961 with higher
educational levels reported higher BMI growth rates.
For the women, those with lower educational levels
displayed faster BMI growth rates in all the age
groups.
In all the age groups apart from those born in

1946–1950, BMI growth was faster in the urban men
than in the rural men (Table 3). A similar pattern
was observed in the female respondents.
The BMI of the middle-income earners was lower

than those of high-income and low-income earners,
and the low-income earners showed the highest BMI
(Table 4). The BMI growth rate did not considerably
differ between the low- and high-income males in the
1946–1961 age group. By contrast, a substantial
difference in BMI growth rate was noted between the
middle- and high-income males born after 1961. For
the women born in 1946–1950 and 1961–1965, the

middle-income earners achieved the greatest BMI in-
creases. For the women born in 1951–1955, the
middle-income earners showed the least BMI in-
creases. For the women born in 1956–1960, the high-
income earners achieved the smallest BMI increase.
For the women born in 1966–1973, high-income
earners reported the largest BMI increases.
Notably, the above-mentioned description did not ac-

count for the growth process of individual BMI curves
but only described the BMI changes over 20 years
(1991–2011), particularly, the difference between the
two time periods (2011 and 1991). This approach cannot
accurately describe the actual BMI trajectory. In fact, the
BMI trajectory is a quadratic function of time (Eq. (1));
hence, the time-related changes is an open downward
curve. People’s BMIs usually grow over time, but the rise
gradually slows down eventually [34]. Therefore, consid-
ering only the changes in two separate years may in-
accurately estimate people’s BMI changes over time. For
example, the BMI of the elderly may have experienced
rapid decline due to health degradation. Therefore, we
used the HLM method to examine individual BMI
trajectory changes over time.

Table 2 The changes of BMI over time vary with education for selected age groups

Male Edu** 1991 1993 1997 2000 2004 2006 2009 2011 Δ(%)*

1946–1950 1 22.64 22.52 23.39 23.65 23.43 23.52 24.78 23.98 5.92

0 21.68 21.91 22.17 22.59 22.64 22.57 22.88 23.09 6.51

1951–1955 1 22.34 22.66 23.73 24.25 24.01 23.99 24.05 23.68 6.04

0 21.64 21.89 22.19 22.31 22.61 22.63 23.06 23.38 8.01

1956–1960 1 21.92 22.18 22.66 23.22 23.75 24.14 23.74 23.61 7.73

0 21.48 21.61 22.06 22.7 22.92 23 23.64 23.91 11.28

1961–1965 1 21.36 21.66 22.72 23.5 23.25 23.35 24.54 24.52 14.82

0 21.27 21.54 21.81 22.48 23 23.23 23.67 24.04 13.03

1966–1973 1 21.05 21.86 22.27 23.09 23.19 23.24 24.01 24.80 17.82

0 20.48 20.82 21.32 21.79 22.38 22.48 22.98 23.19 13.22

Female Edu 1991 1993 1997 2000 2004 2006 2009 2011 Δ(%)

1946–1950 1 24.05 24.73 24.39 23.79 24.81 24.94 25.13 24.52 1.95

0 22.59 22.84 23.05 23.38 23.59 23.46 23.52 23.60 4.47

1951–1955 1 21.57 21.60 22.31 22.82 22.72 22.85 22.24 22.08 2.36

0 22.11 22.30 22.70 23.20 23.44 23.65 23.82 23.88 8.01

1956–1960 1 21.43 21.59 22.45 22.80 22.50 23.00 23.34 23.71 10.64

0 22.11 22.37 22.92 23.70 23.90 24.30 24.56 24.66 11.53

1961–1965 1 20.90 21.22 21.90 22.87 22.13 22.15 22.72 24.10 15.31

0 21.37 21.74 22.29 22.97 23.44 23.58 24.22 24.75 15.82

1966–1973 1 20.21 20.19 21.74 21.93 23.29 23.18 22.08 22.13 9.50

0 21.08 21.16 21.79 22.24 22.95 22.92 23.02 23.61 12.00

Note:
Δ ¼ BMI2011−BMI1991

BMI1991

�
100%.

* 1 to 2011 BMI growth rate
** Edu = 1 means more than 9 years of formal education, and Edu = 0 means 9 or less than 9 years of formal education
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HLM results
The study results described above are based on the
analysis of differences and changes in people’s BMI
with specific SES characteristics. In the following ana-
lysis, we used the HLM model to analyze how demo-
graphic characteristics affect people’s BMI changes.
The results are shown in Table 5.
Table 5 shows HLM results. Figures 1, 2, 3, 4 and 5

illustrates the effects of age, BMI0, education, and in-
come on the slope of time and time square in the
Level 1 model. Models 1 to 3 are for the men, and
models 4 to 6 are for the women. Models 1 and 4 in
Table 5 are mixed-effects models without predictors
on level 2. The fixed effects of these models indicate
the average changes in male/female BMI with time,
and the random effects of these models show that the
BMI changes with time varied between persons. We
explain the variances between persons as follows.
In models 2 and 4, age was taken as predictor, and

models 3 and 6 include all predictors on level 2.

(1)The following data are the results in the men. Model
2 and 3 results indicate the baseline age (baseline
mean age corresponds to the respondents’ birth
cohort). The base period age reaction, which is the
test birth cohort, or intergenerational differences

negatively affect the time slope (bate 1 in Eq. 1).
This observation means that the BMI growth
speed was faster in the younger group than in the
older in the recent 20 years. Furthermore, age did
not significantly affect the BMI growth
acceleration (Fig. 1). The baseline age did not
significantly influence the slope of time ^ 2.

(2)The BMI growth speed and growth deceleration of
the individuals with higher baseline BMI scores were
slower than those of the individuals with lower
baseline BMI scores. The plot at the upper left
corner of Fig. 2 illustrates the direct relationship of
the baseline BMI with the smoothness of the time
slope and the slope decline rate of time square.

(3)Education positively affected the BMI growth speed.
That is, the speed for the people with >9 years of
school education was faster than that of the people
with ≤9 years of school education. At edu = 1, the
time slope is more steep (Fig. 3, upper left corner).
However, the BMI growth deceleration is slower for
those with low educational attainment. At edu = 0,
the slope of time ^ 2 is more balanced, whereas at
edu = 1, the downward slope of time ^ 2 is more
steep (Fig. 3, upper right corner).

(4)Income positively affected the BMI growth speed
and negatively affected the BMI growth acceleration.

Table 3 The changes of BMI over time vary with urban/rural for selected age groups

Male 1991 1993 1997 2000 2004 2006 2009 2011 Δ(%)

1946–1950 rural 21.51 21.76 22.09 22.59 22.62 22.50 22.98 23.11 7.44

urban 22.65 22.69 23.13 23.54 23.53 23.89 24.07 23.84 5.25

1951–1955 rural 21.46 21.72 22.09 22.39 22.50 22.64 22.95 23.14 7.82

urban 22.49 22.82 23.89 24.26 25.32 24.46 25.07 24.91 10.77

1956–1960 rural 21.67 21.82 22.13 22.71 23.03 23.21 23.53 23.65 9.11

urban 21.51 21.76 22.64 23.42 24.20 24.48 24.31 24.58 14.25

1961–1965 rural 21.06 21.37 21.77 22.52 22.91 23.10 23.75 23.98 13.86

urban 21.78 22.11 23.08 23.89 23.80 24.19 24.85 25.01 14.83

1966–1973 rural 20.43 20.76 21.13 21.61 22.29 22.39 22.80 23.15 13.34

urban 21.01 21.74 23.00 24.28 24.28 24.08 25.08 25.86 23.07

Female 1991 1993 1997 2000 2004 2006 2009 2011 Δ(%)

1946–1950 rural 22.36 22.68 22.79 23.27 23.50 23.36 23.60 23.39 4.60

urban 23.60 23.84 24.49 24.28 24.76 24.81 23.39 25.59 8.41

1951–1955 rural 21.91 22.08 22.51 22.99 23.20 23.37 23.62 23.79 8.59

urban 22.38 22.59 23.23 23.93 24.34 24.59 24.07 23.11 3.24

1956–1960 rural 21.80 22.05 22.58 23.33 23.71 23.96 24.32 24.48 12.34

urban 22.29 22.58 23.63 24.45 23.38 24.56 24.41 24.48 9.86

1961–1965 rural 21.41 21.75 22.10 22.96 23.42 23.51 24.04 24.77 15.70

urban 20.92 21.25 22.50 22.90 21.77 22.17 23.84 23.81 13.83

1966–1973 rural 21.09 21.19 21.82 22.19 22.97 22.93 23.00 23.70 12.39

urban 20.57 20.42 21.64 22.38 23.03 23.02 22.44 22.41 8.99
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This finding suggests that higher incomes lead to
faster BMI growths and BMI growth
decelerations.

(5)The BMI growth speed was higher and the BMI
growth deceleration was faster in the urban areas
than in the rural areas. Furthermore, the time slope
was steeper for the respondents of urban areas than
those of rural areas (Fig. 5, upper left corner).

(6)For the women, the time-varying effects differed
from those of the men.
Age significantly influenced the intercept of the
female BMI growth curve but not the BMI change
speed with time. Several lines almost overlap at the
bottom left corner of Fig. 1. However, unlike in men,

age significantly affected the acceleration of female
BMI changes.
Model 6 shows that education and income did not
significantly influence the speed and acceleration of
female BMI changes. For the women, the BMI
change speed was mainly affected by the baseline
BMI and regional residence, whereas the BMI
change acceleration was affected by the age and
regional residence. The male BMI was more likely
affected by SES than the female BMI.

Discussion
Previous studies reported that people with different
demographic characteristics reflect different BMI patterns

Table 4 The changes of BMI over time vary with income for selected age groups

Male Income 1991 1993 1997 2000 2004 2006 2009 2011 Δ(%)

1946–1950 low 21.28 21.64 21.68 22.55 22.25 22.84 23.63 24.25 13.95

middle 22.25 22.26 22.53 22.50 22.57 22.49 22.44 23.37 5.03

high 22.10 22.77 22.52 23.26 23.47 22.90 23.40 23.01 4.13

1951–1955 low 21.42 21.89 22.17 22.22 22.38 22.03 23.38 23.11 7.87

middle 22.02 22.04 22.39 22.78 22.51 22.31 22.63 22.49 2.12

high 22.21 22.60 23.26 23.21 23.88 23.72 23.57 23.72 6.8

1956–1960 low 21.25 21.60 21.72 21.75 22.26 22.14 23.43 23.80 12

middle 21.80 21.95 22.47 22.69 22.39 23.31 22.73 23.05 5.73

high 22.61 22.00 22.47 23.47 24.42 23.88 23.92 23.95 5.89

1961–1965 low 21.19 21.64 21.58 21.42 22.47 22.68 23.88 24.87 17.38

middle 21.38 21.48 22.21 22.79 22.68 23.55 23.30 22.69 6.1

high 21.56 21.61 22.61 23.61 23.58 23.26 24.14 24.29 12.67

1966–1973 low 20.49 21.04 21.07 21.77 21.62 21.26 22.78 24.55 19.82

middle 20.90 20.83 21.61 21.81 22.73 22.14 22.58 22.94 9.79

high 20.42 21.25 22.31 22.64 23.11 23.13 23.31 23.46 14.87

Female income 1991 1993 1997 2000 2004 2006 2009 2011 Δ(%)

1946–1950 low 22.33 22.32 22.08 22.61 22.98 22.55 23.02 23.26 4.17

middle 22.70 23.18 23.00 23.51 23.12 23.62 23.90 24.39 7.47

high 22.82 23.11 23.66 23.72 24.24 24.07 23.72 23.51 3.03

1951–1955 low 21.78 21.83 22.23 22.86 23.26 23.46 23.40 23.82 9.35

middle 21.96 22.05 22.68 23.07 23.08 23.44 23.53 23.30 6.14

high 22.26 22.58 22.95 23.41 23.65 23.72 24.02 23.89 7.33

1956–1960 low 21.77 21.97 22.52 23.08 23.50 24.06 24.07 24.56 12.82

middle 22.00 22.31 22.88 23.61 23.39 24.08 24.68 24.48 11.28

high 22.01 22.24 22.94 23.84 24.17 24.01 24.24 24.41 10.88

1961–1965 low 21.02 21.25 22.20 22.78 22.93 23.56 23.71 24.47 16.37

middle 21.51 21.89 22.50 23.08 23.24 23.14 24.49 25.11 16.76

high 21.19 21.63 21.92 22.99 23.62 23.22 24.02 24.44 15.33

1966–1973 low 21.09 21.11 21.70 22.33 22.83 23.37 23.19 23.70 12.34

middle 20.95 21.00 21.94 22.21 23.11 22.75 23.09 23.51 12.20

high 20.52 20.77 21.79 21.97 23.18 22.21 22.28 23.22 13.16
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Fig. 1 The impact of age on the slop of TIME (left) and TIME^2 (right)

Fig. 2 The impact of BMI0 (BMI at baseline) on the slop of TIME (left) and TIME^2 (right)
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Fig. 3 The impact of education on the slop of TIME (left) and TIME^2 (right)

Fig. 4 The impact of income on the slop of TIME (left) and TIME^2 (right)
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[17, 18, 20]. BMI changes over time is also affected by SES,
and this relation is the focus of this study. This paper
sampled Chinese adults by using HLM to analyze the
corresponding BMI changes over the past 20 years. This
study also analyzed how BMI trajectory is affected by indi-
vidual demographic characteristics and compared between
the impact mechanisms underlying sex-related differences
in BMI trajectories.
The Chinese men with greater ages, higher education,

and rural residences recorded slower BMI growths in
the past 20 years. HLM results also indicated the posi-
tive effects of low educational level, high income, and
urban residence on BMI trajectory. People with low
baseline BMIs showed significantly higher BMI growth
rates than those with higher baseline BMIs. In terms of
socioeconomic variables, the Chinese men with higher
educational levels were found with slower BMI growths.
Traditionally, high SES is considered to correspond to a
high obesity likelihood because of ready access to
adequate food and the cultural preference for a fat body
shape [21]. A recent study indicated that obesity is no
longer considered as a disease associated solely with
high-SES populations [21]. Our study showed that differ-
ent SES indicators exert different effects on BMI growth,
although the prevalence of obesity and overweight status
decreases as educational level increases. Nevertheless,
the prevalence remains relatively high among the rich
people. With improved medical knowledge among the
public, obesity dangers are slowly being acknowledged.

Thus, men with high education pay additional attention
to their diet, engage in more physicalexercises, or pre-
vent obesity through medical service. With rapid eco-
nomic development, access to adequate food is easy for
the newly rich, who could then readily develop over-
weight or obesity problems if they lack knowledge and
good health habits.
Male BMI increased more slowly in the rural resi-

dences than in the urban residences. This result may be
explained by the higher physical labor working in rural
males than in most urban males. Another reason may be
related to the different social structures in China’s urban
and rural areas. With decades of rapid urbanization in
China, the economy has rapidly developed while gener-
ating some changes in people’s lifestyles, including phys-
ical activity and diet pattern [35, 36]. This phenomenon
is particularly apparent in urban areas. Therefore, males
become prone to increased obesity risk when they reside
in urban areas and lead an unhealthy lifestyle.
The relationship between the SES and BMI in the

women was complicated. This finding is inconsistent
with those of some developed countries, such as England
and Sweden, where SES is a social determinant of
obesity severity [37, 38]. First, education and income did
not significantly affect the female BMI changes. In devel-
oped countries, low educational level and occupational
status are obesity risk factors in women [38]. Economic
deprivation may lead to high obesity incidence among
low-SES women because of difficulty in acquiring

Fig. 5 The impact of urban/rural on the slop of TIME (left) and TIME^2 (right)
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overweight control practices and healthy diet advices
[39]. However, the present study, conducted in China,
does not support the above-mentioned relationship. This
result indicates that such characteristics do not apply to
developing countries. Second, the age and place of
residence significantly affected the female BMI change
rate. This observation may be related to the role restric-
tion of women in the Chinese family or society. Family
status is an important influence because married women
and mothers are more preoccupied than men or fathers
because of housework and maintaining family relation-
ships [40]. This social norm for women is relatively preva-
lent in undeveloped rural areas [41]. External
environmental factors, such as long-term exposure to so-
cial media (media images depicting a thin body as ideal),
could also shape a female’s perspective and control of her
body image [42]. SES affects women’s BMIs by influencing
their reproductive histories, unhealthy dietary habits, and
psychosocial stress levels (53% of the variances) [37].
These sex-related inequality and social roles contribute to
the differences in BMI changes between women and men.
Overall, this study identified the social disparities in

BMI trajectories among Chinese men by using 20 years of
longitudinal data. Different SES indicators revealed differ-
ent relationships with BMI growth in China. Globally,
people with higher SESs and living in developed countries
are generally considered to possess better access to social
or medical resources, as well as greater abilities to main-
tain a healthy diet or lifestyle, than those with lower SESs
and living in developing countries. However, this pattern
does not apply to China. The Chinese males with low
SESs in this study experienced rapid BMI changes because
of high work pressure, financial hardship, and less re-
sources to cope with their livelihood. Women’s health was
also limited by gender inequality and traditional social
roles. The present findings reveal that the relationship be-
tween BMI and SES is not a simple positive or negative
correlation.
Given these findings, this study suggests that public

health decision-making for alleviating obesity or over-
weight issues should include promoting knowledge on
obesity-related diseases in both high- and low-SES popu-
lations. Particularly, such educational campaign should
extend to the newly rich, who will then be assisted in
understanding the dangers of poor health behavior. The
women, who are vulnerable to the negative impact of so-
cial inequality, deserve substantial attention and support
[43, 44]. The special assistance policy provided by the
government or social organizations would be helpful to
ease their health issues hence improve their life quality
and well-being [45, 46].
This study involved some limitations. The effects of

the baseline on BMI growth were considered, but the
respondents were not grouped by different overweight

level. The SES measures were also diverse. Additional in-
dicators, such as occupation and household assets, merit
further attention. China must also address obesity and
overweight problems in the long term. Studies on health
burden and dynamic changes should be continued.
Finally, other biological, social, and psychological factors,
such as discrimination, self-esteem, functional limitation,
and dietary habits, must not be ignored when consider-
ing the impact factors for individual BMIs. These factors
may be due to obesity and overweight status, and unjust
treatment may further weaken the affected individuals’
intention to control weight and cause them to surrender
immediately. Future researchers can explore this topic
further.

Conclusion
Obesity in China is an urgent public health problem. With
the country’s rapid economic development and social
change, the BMI of the Chinese people has been affected
by social disparity. The relationship between obesity
and SES is also changing, and this relationship is be-
coming increasingly complex in developing countries.
Sex-related differences are also controversial. In this
study, we employed the HLM to examine the
relationship between SES and BMI trajectories in a
Chinese population under a dynamic perspective by
using longitudinal data (1991–2011) from CHNS.
The men with better economic situations revealed

faster BMI growths. This finding was likely due to the
more access to adequate food of the newly rich, who
could readily become overweight or obese if they lack
knowledge and good health habits. The urban residents
also showed greater BMI changes than those of the rural
residents. It might be related to the unhealthy dietary
style in urban areas. Age and place of residence signifi-
cantly affected the female BMI change rate. We specu-
late that this influence may be related to the role of
women in the Chinese family or society. Therefore, this
study emphasizes that public health policy should focus
not only on disadvantaged groups with low SES but
also on the newly rich population. Further research
attention and policy preference should be given to
the female population to reduce the negative impact
of social inequality on their health. Meanwhile, the
BMI growth of the younger population (especially
men) in the last 20 years was faster than that of the
older group. This finding may be related to China’s
economic development and shift from a low to a
middle/high gross domestic product, which have in-
fluenced the general average lifestyle of the
population.
This study provides up-to-date data on the relation-

ship between SES and BMI in developing countries. By
using longitudinal data, the study showed the dynamics
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of BMI trajectories in China over the past 20 years and
presented details on the social disparities. China is the
largest developing country with the greatest number of
obese people. Hence, the obesity problem among
Chinese adults and the historical changes can provide
other countries with useful insights into understanding
and coping with global public health problems.

Endnotes
1The data used were collected from individuals at

multiple time points. The SES, especially the occupa-
tional status, of each individual changes over time.
This feature is notable among young people. Under
data pre-inspection and processing, the data will be
missed if the occupation variable would be included.
Thus, this study excluded the occupation variable.
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