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Abstract

Introduction—Research on the shift in children's Body Mass Index (BMI) distribution is limited
and conditional mean models used in the previous research have limitations in capturing cross-
distribution variations in effects. The objectives are to analyze the shift in Chinese children’s BMI
distribution and to test the associations between BMI distribution and other factors.

Methods—We analyzed data collected from children 7-17 years old from the China Health and
Nutrition Survey (CHNS) conducted in 1997, 2000, 2004, 2006, 2009 and 2011, from 2,814
participants with 6,799 observations. Longitudinal quantile regression (QR) was used to explore
the effect of several factors on BMI trends in 2015.

Results—The BMI curves shift to the right in boys and girls, with the distributions becoming
wider, indicating a higher proportion of children have become overweight. The 5th, 15th, 50th,
85th and 95th BMI percentile curves all shifted upward from 1997 to 2011, and the higher
percentiles had greater increases. The prevalence of overweight and obesity increased in boys and
girls between 1997-2011, from 6.5% to 15.5% in boys and from 4.6% to 10.4% in girls. Energy
intake and parents’ BMI levels had a positive association with children’s BMI. Per capita income
was positively associated with changes in BMI only at the upper percentiles of the BMI
distributions in boys. Increased physical activity was associated with decreased BMI in girls.
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Conclusions—Children in China are becoming increasingly overweight. Energy intake, parental
BMI, physical activity and early menarche age in girls are associated with elevated BMI in
children.
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body mass index; obesity; overweight; adolescent; quantile regression

Introduction

In Chinese children and adolescents, it is common to see problems of underweight, stunting
and micronutrient deficiencies in parallel with an increasing prevalence of overweight and
obesity (1, 2). Childhood obesity has become an increasingly serious public health problem
because of the risk for both short-term health consequences and long-term carry-over of
obesity into adulthood (3, 4).

The increasing prevalence of childhood overweight and obesity in China has been well
documented by national data. National surveys on Chinese school-aged children and
adolescents show that in 2010, 15.0% of school-aged children were overweight or obese in
China (9.9% overweight; 5.1% obese), after having been < 3.0% in 1985. Nationwide,
19.0% of boys and 10.9% of girls were overweight or obese in 2010 (5).

Overweight and obesity are often defined based on Body Mass Index (BMI). A rightward
shift in BMI distribution has been observed among Chinese adults (6) and children(5). But
related research in children is still limited. The effect of an obesity covariate may reasonably
be hypothesized to vary across the BMI distribution (7, 8). Therefore, this study examined
the shifts over time in child and adolescent BMI distributions and assessed the relationships
between BMI and key covariates using data collected from a longitudinal survey.

Methods and Materials

Study Design and Study Population

We used data from the China Health and Nutrition Survey (CHNS), a prospective
household-based study, across nine rounds of surveys between 1989 and 2011 covering nine
provinces. Within each province, a multistage, stratified, random cluster sampling design
was used to ensure a suitable representation of the population (9, 10). Data were collected on
health, nutrition and socioeconomic variables at community, household and individual levels
by questionnaire, dietary survey and physical measurements methods. We have obtained
Institutional Review Board (IRB) clearance from UNC-Chapel Hill and from National
Institute for Nutrition and Health. Further information on survey procedures and the
rationale can be found in the cohort profile (10).

Our sample included children aged 7-17 years from nine provinces who were included in
the six rounds of survey data collected in 1997, 2000, 2004, 2006, 2009 and 2011,
participants with at least two measurements (N = 2,814) to assess temporal trends for these
individuals. Data from the 1989, 1991 and 1993 surveys were not included because some of
the covariates, such as physical activity and time of sedentary behaviors, were not collected.
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Observations were excluded from the analysis if a participant was missing weight or height.
The final analysis sample included 2,814 participants with 6,799 observations, for an
average of approximately 2.5 observations per subject.

Outcome variables

Covariates

The key outcome of interest was BMI (kg/m?2). Height was measured without shoes to the
nearest 0.2 cm using portable SECA206 wall-mounted metal tapes, weight was measured
without shoes and in light clothing to the nearest 0.1 kg on a calibrated beam SECA 880
scales. Identical anthropometric measurement techniques were used in all surveys.

Physical activity (PA) and sedentary behaviors—Using the CHNS survey data, the
average of metabolic equivalents of task (MET) hours per day in a week was estimated to
indicate the PA level, including four domains of PA: Occupational, Domestic, Active Leisure
and Travel. This measurement accounts for both the average intensity of each activity and
the time spent in each activity. Sedentary behavior was calculated as average of hours per
day in a week with low MET values due to sedentary activity.

Per capita family annual Income—Per capita income was based on reported gross
annual per capita household income, which was inflated to 2011 values using the Consumer
Price Index. (11)

Energy intake—Detailed dietary consumption data at both the household and individual
levels were collected over three consecutive days to determine the average daily energy
intake for each individual. (12, 13)

Parents’ education level—The parents’ education level was based on their formal
education years.

Urbanicity index—This index was calculated at the community level using a
multicomponent continuous scale. Communities could receive a maximum of 10 points for
each of 12 components including population density, economic activity, traditional markets,
modern markets, transportation infrastructure, sanitation, communications, housing,
education, diversity, health infrastructure, and social services.(14)

Survey time—Time was included as a continuous measure, defined as years since 1997.

First menstruate age—The girls were classified as earlier age at menarche, if their first
menstruate age were less than 13 years old.

Statistical analysis

First, we conducted descriptive analysis stratified by gender. As the distributions were not
normal distributions, we used the Kruskal-Wallis test and the chi-squared test to examine the
difference in means (or percentages) of these variables over time. These analyses were done
in 2015.
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Overweight and Obesity were classified using the IOTF age- and sex-specific BMI =
25kg/m?2 and BMI = 30kg/m? respectively. Chi-squared tests were used to test the
statistically significant differences in prevalence of overweight and obesity. Descriptive
analysis was done using SAS 9.3.

The BMI distribution and percentile curves were constructed for 1997 and 2011, by gender,
using the LMS (lambda, mu, and sigma) method. (15, 16) VGAM package in R version
2.15.1 was used in the LMS methods.

Longitudinal quantile regression was used to investigate changes in the BMI distribution
over time. Compared to traditional linear regression based on the conditional mean, this
method is more suitable in cases where the effect of covariates differs at different levels of
the response variable. Moreover, the technique allowed us to make better use of the
information provided by the repeated measurements collected on the same individual over
time and to handle the skewed distribution of the outcome variable to describe the full
distribution (17). We were interested in testing whether the noted changes in BMI
distribution over time were due to secular trends or other individual-level factors such as
age, physical activity, sedentary behavior, or household-level factors such as parents’
education level, parents’ BMI level, per capita family annual income level or the degree of
urbanicity of their community. For comparison, we also ran the least squared model to
estimate the mean regression to look at predictors of the mean BMI.

We fitted three models: Model 1 controlled for time only where the “time” serves as a
surrogate for time-dependent variables; so the coefficients tell us what change in BMI was
associated with each additional year at a particular percentile of the BMI distribution; Model
2 controlled for time, individual and household factors (i.e., age, PA, sedentary hours,
parents’ education level, parents’ BMI and per capita family annual income); and Model 3
controlled for time, individual and household characteristics, as well as the community
urbanization index. Longitudinal quantile regressions were conducted using R version
2.15.1.

Individual, household, and community factors changes

We also examined changes in individual, household, and community factors associated with
children’s and adolescents’ weight status. Summary statistics for all the variables examined
are presented in Table 1. From 2004 to 2011, the boy's PA levels decreased from 9.1 METs/d
to 7.1 METs/d, from 6.7 METs/d to 5.6 METs/d in girls, while the sedentary time out of
school, including watching TV and doing homework, remained relatively stable at 2 — 2.5
hours per day. The average of parents’ BMI, parents’ education years and per capita income
increased for both genders.

Trends of BMI distribution in boys and girls, 1997 to 2011

Figure 1 shows the smoothed distribution curves (using the LMS method) of BMI shifted
over time among boys and girls age 7-17 years, for select years. For both genders, the main
characteristics of the changes were the shift in the curves to the right, with the distributions
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becoming wider and with a higher proportion of the samples having a higher BMI. From
2006 to 2011, the distribution curve remained stable in boys and moved a little to left in
girls. The dispersion of the BMI distributions increased from 1997 to 2006 and from 1997 to
2011, but it was stable from 2006 to 2011. The standard deviation increased from 2.4 to 3.7
for boys and from 2.2 to 3.4 for girls.

Over-time shifts in the 5th, 15th, 50t", 85t" and 95th percentile BMI curves

Figure 2 shows the BMI percentile curves constructed using the LMS method for the years
1997 and 2011, by gender and age. All the percentile curves showed increasing trends from
1997 to 2011, with greater increases in the higher percentiles for all gender and age groups.
For each percentile curve, the increases for girls were less than for boys.

Yearly change in percentile BMI based on longitudinal quantile regression

Table 2 shows the yearly change in percentile BMI among boys and girls based on
longitudinal quantile regression. The results from Model 1 appear to suggest a significant
increase from the 5th percentile to the 95th percentiles for both boys and girls. The increases
were greater at the upper percentiles versus at the lower percentiles. For example, at the 85th
percentile BMI increased 0.54 kg/m?2 (95% CI: 0.50, 0.58) and 0.62 kg/m? (95% ClI: 0.58,
0.66) in boys and girls, respectively. At the 15th percentile, the increases were 0.41 kg/m?
(95% CI: 0.39, 0.43) and 0.48 kg/m? (95% CI: 0.44, 0.52) in boys and girls, respectively.
After controlling for individual- and household-level factors in Model 2 and for urbanicity in
Model 3, the time effect became insignificant at both the lower tail and the upper tail of the
BMI distribution.

The association between individual-, household-, and community-level factors and the 5t,
15t 50th, 85t and 95t BMI percentiles based on longitudinal quantile regression

Table 3 presents the estimated coefficients and standard errors for the quantile regression in
Model 3 and the least squared estimates of the mean regression for boys’ and girls’ BMI.
Among individual-level factors, energy intake was associated with increased BMI in boys,
with an additional 100kcal per day associated with a 0.02 kg/m? (95% CI: 0.01, 0.03)
increase in BMI per year at mean level. Among household-level factors, higher parents’
BMI levels and per capita income levels were associated with higher BMI in boys. At the
95t BMI percentile, an additional 1 unit increase of the father’s or mother’s BMI was
associated with a 0.28 kg/m? (95% CI: 0.23, 0.32) or a 0.22 kg/m? (95% CI: 0.28, 0.26) in
boys’ BMI. Although similar findings were observed at all BMI percentiles, the associations
became progressively weaker toward the lower BMI percentiles. The upper quantiles show a
positive effect larger than the least squared estimates, i.e., the mean estimates. At the 95t
BMI percentile, every 1000 RMB increase of per capita income was associated with a 0.03
kg/m?2 (95% CI: 0.01, 0.05) increase. Although similar findings were observed at BMI
percentiles higher than the 501, per capita income was not associated with changes in BMI
at lower percentiles.

Among girls, individual-level factors including age, energy intake, and early menarche were
associated with girls” BMI changes. An additional 100 kcal per day was associated with a
0.03 kg/m? (95% CI: 0.01, 0.05) increase above the 85™ percentiles of BMI distribution.
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Energy intake was not significantly associated with changes in BMI at percentiles lower than
the 85™ percentile. Earlier age at menarche was associated with higher BMI. Physical
activity was associated with decreased BMI in girls. An additional 1 MET hour per day was
associated with a 0.12 kg/m?2 (95% CI: —0.24, —0.006) BMI decrease; similar findings were
observed at all BMI percentiles. Among household-level factors, higher parents’ BMI levels
were associated with higher BMI in girls. At the 95! BMI percentile, every one-unit
increase of the father’s or mother’s BMI was associated with a 0.21 kg/m?2 (95% CI: 0.16,
0.27) or a 0.18 kg/m? (95% CI: 0.13, 0.24) BMI increase in girls.

Discussion

CHNS longitudinal data shows that Chinese children’s BMI has increased between 1997 and
2006 based on BMI distribution shifts, with the increases being greater at the higher
percentiles for all gender and age groups. The prevalence of overweight and obesity has also
increased. In line with the result of the national students’ constitution and health survey in
China that was conducted between 1985 and 2010, our results not only demonstrate a BMI
increase in Chinese children and adolescents, but also indicate that the increase occurred
mainly at the upper BMI percentiles. (5) This indicates that the BMI changes in China may
be similar to those in other countries. (18-20) In contrast with the BMI distribution shifts in
China, the distribution of BMI among US children and adolescents showed more changes in
terms of the shape of the BMI distributions, becoming more skewed to the left. The negative
effects of these secular changes for Chinese children and adolescents may be reflected in
years to come in major health problems, such as shifts in the prevalence of nutrition-related
non-communicable diseases (NR-NCDs) and increased medical care costs. (21-23)

Different definitions of overweight and obesity in children and adolescents have been used
in China and other countries, which add complexities to making comparisons across studies.
(24-26) However, the shifts of childhood BMI distribution in our study suggest that the
prevalence of childhood overweight and obesity has been increasing over time no matter
which classification is used for the analysis. Although the combined prevalence of childhood
overweight and obesity in China was lower than that in developed countries such as the US
(18, 27), the rates of increase were greater in China. According to the WGOC Chinese
classifications, from 1997 to 2011, the prevalence of overweight and obesity increased 9.2
and 5.6 percentage points, respectively, and the average annual increase rates were 0.66 and
0.40 percent in boys and girls, respectively. Our estimates of the prevalence of overweight
and obesity are lower than those based on the Chinese National Survey on Students
Constitution and Health (CNSSCH). Geographic variation may be the main reason, because
the CHNS covered only 9 provinces, while the CNSSCH surveyed 26 mainland provincial
capital cities and 4 municipalities. In China, in general the prevalence of overweight and
obesity is higher in urban areas than in rural areas. Due to China’s large population and
unequal regional development, it is intuitive that studies will observe differences at different
aggregate levels.

Compared with traditional linear regression analysis, the quantile regression method applied
in this study provides more useful information. In this study we found a significant time
effect on BMI, with a greater increase over time at the upper percentiles. The time variable
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included in the model captures the effects of time-varying variables such as policy,
environment, and other structural changes that are either unobservable or hard to
disentangle. Children with high BMI have proven themselves to be quite vulnerable to these
changes that are occurring with China’s rapid economic growth and social changes. Policies
and interventions should thus target these groups of children to improve their health and
ensure more cost-effective long-term outcomes.

Previously studies indicated that both genetic traits and household environments shared by
parents and children influence the intergenerational transmission of health capital (28). Our
study showed a positive association between parental and child BMI. The associations
became progressively weaker toward the lower BMI percentiles. The association with the
father’s BMI was stronger than with mother’s; the association was stronger for boys than for
girls. We do not foresee that genetic differences will be found to account for such differential
effects. Instead, behaviors, and the interactions between behaviors and environments, may
play more influential roles, i.e., parents and children with different BMIs may have
responded differently to rapid environmental changes. For example, children with high BMI
are usually from high SES families in China. Their parents are more likely to be exposed to
obesogenic environments such as more opportunities to eat out in restaurants, more access to
animal sources of food, and access to other high-energy-design foods. The shared
environment of the high SES and high BMI families, which is more self-selected, could have
led to a greater resemblance between parents’ and children’s BMI. This finding is in line
with findings based on the US national survey data for US children and parents’ BMI (29).
Due to traditional norms in China, boys are more likely share “good food” (i.e., food that is
high in energy and protein context) with their parents than are girls. Another important
factor is that girls are under stronger pressure from people around them to be thinner than
boys, especially in urban areas. Our findings indicate that changing parenting practices and
parents’ food behaviors, especially for wealthy families, could be an option to help reduce
childhood obesity.

A positive energy balance underlies the positive shift of BMI distribution. (30, 31) More
sedentary hours, (32-34) less physical activity (35) or increasing energy intake could
contribute to a positive energy balance. Although the average energy intake in these samples
decreased 160 kcal — 200 kcal per day, longer sedentary hours and less physical activity still
made for a positive energy balance. An additional 100 kcal per day was associated with a
0.02-0.03 kg/m? increase in BMI in boys and girls. The effect was about the same across the
BMI distribution. This finding suggests that promoting PA could be effective for all children.
This study has some limitations. First, using questionnaires can influence the results, For
example, PA and sedentary hours were collected using questionnaires, it may lead to biased
answer when compared to more objective measures. Second, the sample size in 2009 and
2011 were small, this may affect the stable of the BMI curves.

In conclusion, the CHNS longitudinal survey suggests right-shifting trends in BMI
distributions between 1997 and 2006 in China, with greater increases at higher percentiles,
for all gender and age groups. BMI distributions remained stable between 2006 and 2011.
The prevalence of childhood overweight and obesity has been increasing in the past 15
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years. Children with high BMI, their parents and their schools, which play important roles in

ch

ildren’s lives, should be target groups for interventions to curb childhood obesity in China.
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