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Background and Objectives: Over the past two decades, food environment has changed, and the obesity and
overweight rates have increased dramatically in China. Previous studies have suggested an association between
food environment and obesity, while most studies were based on the data from developed countries, and few were
conducted in developing countries. Methods and Study Design: The current study evaluated the influence of
food establishments (distance to and types of grocery store, free market, restaurant, and food stall) on body mass
index (BMI) in 348 children aged 6-17 years, surveyed in the 2009 and 2011 China Health and Nutrition Survey
in nine provinces. Food establishments were assessed using geographic information system (GIS) data. Weight
and height of children were directly measured. Results: Our longitudinal analysis suggested boys in the 2™ quar-
tile of the proximity to the nearest grocery store had higher BMI (by 1.6 kg/m? 95% CI, 0.07 to 3.24) as com-
pared to those in the 1% quartile, while girls in higher quartiles had lower BMI (-1.78 kg/m” 95% CI: -3.38 to -
0.18, 2™ quartile; -1.62 kg/m?, 95%: -3.22 to -0.01, 3" quartile) as compared to those in the 1% quartile. Boys and
girls in the 2™ quartile of the proximity to the nearest Chinese restaurant had lower BMI (-1.69 kg/m?, 95% CI: -
3.27 to -0.12; -1.76 kg/m?, 95% CI: -3.26, -0.27, respectively) as compared to those in the 1% quartile. Conclu-
sions: Food environment may affect children’s BMI in China, while the association is inconsistent with previous

studies. Further research is needed.
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INTRODUCTION
The increasing global prevalence of childhood over-
weight and obesity has become a major public health cri-
sis." In China, childhood obesity has become a severe
social problem growing since the 1980s.” In1985, less
than 3% of Chinese children and adolescents were over-
weight or obese, but by 2010, the combined prevalence
reached approximately 15%.** According to the China
Health and Nutrition Survey (CHNS), the mean body
mass index (BMI) of Chinese children and adolescents
increased from 17.4 kg/m* in 1991 to 18.3 kg/m” in 2006.
By 2030, the number of obese adults in China was pro-
jected to exceed 141 million.” Many of these obese adults
may be overweight or obese during childhood, as over-
weight or obese children have a higher risk to become
overweight or obese adults as compared to normal-weight
children.®” A growing body of research has explored fac-
tors that increase childhood obesity risks at individual,
household and community levels, which would help de-
velop effective intervention policies.

Recent studies suggest that community food environ-
ment can be associated with health-related behaviours
such as food consumption and physical activity.® Distance

to and density of food outlets are both reported to be as-
sociated with children’s food choice such as consumption
of fresh fruit and vegetables, and in turn, have an influ-
ence on their weight status.” Also, it was demonstrated
that fewer convenience stores and fewer supermarkets in
the living communities were associated with greater BMI
z-score reduction in a group of 8-12 years old children.'’
Miller et al reported an association between increasing
number of healthy food establishments and reduced risk
of overweight and obesity among 1850 Australian chil-
dren aged 5-15 years, and they reported that the local
food environment around children’s homes had an inde-
pendent effect on children’s weight status.'' However,
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many other studies failed to find significant association
between food environment and childhood obesity,'*"
including a meta-analysis."* Therefore, although some
research support the influence of built environment on
childhood obesity, the impact still appears to be mixed
and complex.

The proximity to food establishments and availability
of food are two main aspects of a community food envi-
ronment.” The relationship between the prevalence of
childhood obesity and the community food environment
has been examined by an increasing number of scientists
all over the world.>"> However, most of the studies fo-
cused on the associations between food environment and
weight status of adults,'> and between children’s weight
status and the food environment around -children’s
schools.'*!® In addition, few studies have assessed the
influences of food environment on the weight status of
school-aged children, especially in developing countries,
such as China, that have experienced fast food environ-
ment changes. Furthermore, in developing countries, ob-
jective measures such as geographic information system
(GIS) data on food environment are rarely available. To
fill these gaps in the literature, the present study aimed to
explore the association of proximities to food establish-
ments and BMI of children in China using rich longitudi-
nal data including GIS data collected in a nationwide
study.

METHODS

Study population

The data were drawn from CHNS'” an ongoing multi-
wave longitudinal survey started from 1989. It employed
a multistage random cluster sampling process to draw
households from urban and rural areas. The nine provinc-
es were located in the northern, middle, and southern part
of China. The survey was distributed every two or three
years. All waves of CHNS collected identical data from
same communities and households. The aims and details
of the study design can be found on the CHNS website
(http://www.cpc.unc.edu/projects/china).

The population of current study consisted of children
aged 6-17 years old investigated in both 2009 and 2011.
348 children (175 boys and 173 girls) were included in
the final analysis, after excluding observations with miss-
ing outcome or predictor variables. Children being ex-
cluded from analysis were not significantly different from
those being included in terms of socio-demographic char-
acteristics.

Outcome variables

Anthropometric measurements were conducted in both
years. Children’s height (without shoes) in meters and
weight (without heavy clothes) in kilograms were meas-
ured using standard techniques and equipment in order to
calculate BMI (kg/m®). Repeated measured BMI of each
individual was used as the outcome variables to examine
the influence of the proximities to food establishments.

Exposure variables

The proximities to four main kinds of food establishments
(grocery store, free market, restaurant, and food stall)
from surveyed children’s home were analyzed. The food

environment-related information was provided by a
community administrator or representative, who was fa-
miliar with the community. Proximity was defined as the
Euclidean distance from home to the nearest correspond-
ing food establishment. The proximities were calculated
using GIS data after geocoding each child’s residential
address and food establishments in their communities.
Considering that the proximities may have nonlinear ef-
fects on BMI, the proximity to each food establishment
was categorized into quartiles. Children in the first quar-
tile of proximity were served as the reference group.

Grocery store was defined as indoor stores selling all
types of food, including processed and packed food, fro-
zen food, fresh meat and dairy products, aquatic product,
fruits and vegetables. Compared with free markets, gro-
cery stores usually had more brands of packed food and
less varieties of fresh food. Free markets mainly sold
fresh foods like meat, fish, eggs, fruits and vegetables.
Foods that need special preservations and packed foods
could rarely be seen in free markets. Chinese restaurants
refer to the indoor restaurants serving cold and hot Chi-
nese dishes, as well as sweet beverages and alcohol. They
typically operated indoors, or inside an enclosed structure
having a roof and well-covered walls. Outdoor food stalls
were operated outdoors at a fixed place. They may have a
roof, but have no wall. Both cooking and eating were
done outside. They typically sold staple food, such as
pancakes, noodles, and dumplings.

Covariates

The following individual level variables were included in
the analyses: age (years), gender, household income per
capita (yuan/year), and average daily energy intake
(kcal/day). Average daily energy intake was calculated
based on the results of three consecutive 24-hour dietary
recalls. The surveyed children provided the data for them-
selves, with the assistance of their parents or care provid-
ers.

At community level, urbanicity index and densities of
food establishments were included in the analyses. The
density of a certain food establishment in a community
was calculated as the number of that type of food estab-
lishments divided by the area of the community (m?).
Urbanicity index'® was a multidimensional index devel-
oped specifically for CHNS to capture urbanization level
of Chinese communities. The index consisted of twelve
components, of which, each was assigned ten points and
summed up to a maximum value of 120 points. These
components included population density, transportation
infrastructure, housing infrastructure, sanitation, health
infrastructure, availability of social services, communica-
tion infrastructure, education level, economic activity,
variance in education and income level, presence of tradi-
tional food markets and presence of western food estab-
lishments. A higher index score indicated a higher degree
of urbanization.

Statistical analysis

Descriptive analysis was first conducted, to examine the
characteristics of the sampled children and their living
communities. Generalized Estimating Equation (GEE)
models'® were built to assess the association of proximity
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to each food establishment with repeated measures of
BMI in boys and girls, respectively. Unadjusted and fully
adjusted models were fitted for each gender. Full models
adjusted for age, individual daily energy intake, house-
hold income per capita, urbanicity index, and densities of
interested food establishments. For all analyses we used
SAS (version 9.2, SAS Institute Inc. NC).

RESULTS

Descriptive statistics of the study sample are presented in
Table 1. The children’s average age was 10.9 years in
2009. Average household income per capita was around
10,000 Yuan (about US$1600) in 2009, and the families
with girls had relatively lower household income when
compared to the families with boys (p<0.05). From 2009
to 2011, boys’ average BMI increased from 17.8 kg/m’to
19.0 kg/m?, and that of girls increased from 16.9 kg/m’to
18.1 kg/m?.

The mean and standard deviation of community-level
variables, including urbanicity index, density of each food
establishment in the community, and measure of proximi-
ties to each food establishment, are presented in Table 2.
The density of free markets was remarkably lower than
that of any other food establishments. It was also shown
that boys and girls were exposed to the similar food envi-
ronment at baseline. For example, the average distance to
the nearest grocery store was 0.83 (£1.16) and 0.83
(+1.09) km, and the average distance to the nearest Chi-
nese restaurant was 0.68 (£0.90) and 0.69 (+0.88) km, in
boys and girls respectively. However, from 2009 to 2011,
the average daily energy intake (shown in Table 1) in-
creased more in girls than that in boys, with an increase
from 1531 kcal to 1719 kcal in girls and from 1896 kcal
to 1960 kcal in boys.

Table 3 shows the result of the regression analysis. The

results show some significant association between prox-
imity to food stores and BMI in boys and girls, but the
results are mixed. In the unadjusted model (model 1), the
interceptions represented the average BMI of boys and
girls in the reference group. In all these models, although
they were not statistically significant, children, both boys
and girls, who lived second nearest to Chinese restaurant
(2™ quartile), had lower BMI than those who lived near-
est to Chinese restaurants (1% quartile). The BMI of chil-
dren who lived in a moderate distance to Chinese restau-
rant (3" quartile) was lower than that of children in the
2" quartile of proximity to Chinese restaurants, and was
significantly lower than the BMI of children in the 1%
quartile. Children in the 4" quartile to Chinese restaurants,
however, showed a different pattern.

In the fully adjusted model (model 2), boys in the 2™
quartile of proximity to grocery stores had significantly
increased BMIs (1.6 kg/m?, 95% CI: 0.07 to 3.24) than
those in the 1% quartile. Girls in higher quartiles of the
proximity to the nearest grocery store had lower BMI (-
1.78 kg/m?, 95% CI: -3.38 to -0.18, 2™ quartile; -1.62
kg/m?®, 95% CI: -3.22 to -0.01, 3™ quartile) compared to
those in the 1% quartile. Boys who were in the 2™ Quartile
of proximity to free markets had a significantly decreased
BMI than boys in the 1* quartile (-2.10 kg/m?, 95% CI: -
3.44 to -0.77). The same association was also recorded
among girls, but was not significant. Chinese restaurants
seemed to have protective effects, with boys and girls in
the 2™ quartile of the proximity to the nearest Chinese
restaurant having lower BMI (-1.69 kg/m?, 95% CI: -3.27
to -0.12; -1.76 kg/m?, 95% CI: -3.26, -0.27, respectively)
compared to those in the 1% quartile. For food stalls, girls
who were in the 2™ quartile and 3™ quartile of proximity
to food stalls had a significantly increased BMI (2.24
kg/m?®, 95% CI: 0.77 to 3.70, 2™ quartile; 1.75 kg/m?,

Table 1. Characteristics of surveyed children in China, 2009 and 2011 China Health and Nutrition Survey

Variables Survey year Men Women

N 175 173

Age (years) 2009 10.9£2.8 10.9£2.8
2011 12.8+2.8 12.8+2.8

BMI (kg/m®) 2009 17.8+3.90 16.9+£3.50
2011 19.0+4.31 18.1+3.64

Daily energy intake (kcal/day) 2009 1896+591 1531+444
2011 1960+738 1719+728

Household income per capita in 2009 (yuan) 10807+13432 8465+8561

Table 2. Community characteristics of the surveyed children in China, the 2009 China Health and Nutrition Survey

Variables Men Women
Sample size 175 173
Urbanicity index’ 68.3£19.9 69.1£19.2
Grocery store density (number /km?) 30.8+50.3 25.9+41.9
Free market density (number/km?) 1.85+2.25 2.00+2.48
Chinese restaurant density (number/km?) 70.1+157 83.8+179
Food stall density (number /km®) 72.3+151 85.1+189
Distance to the nearest grocery store (km) 0.83+1.16 0.83+1.09
Distance to the nearest free market (km) 0.75£1.09 0.71£0.79
Distance to the nearest Chinese restaurant (km) 0.68+0.90 0.69+0.88
Distance to the nearest food stall (km) 0.61+0.89 0.65+0.91

TUrbanicity index consisted of twelve components where each was assigned ten points and summed up to a maximum value of 120 points,

and a higher index score indicates a higher degree of urbanization.
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Table 3. Association between distance (quartiles) to the nearest food establishments and BMI among Chinese children in China Health and Nutrition Survey, by gender: regression
coefficients (95% CI)'

Proximities Men Women
Model 1 Model 2 Model 1 Model 2

Intercept 19.5(17.7,21.3) 15.5(8.99, 22.0)° 18.0 (16.6, 19.3) 9.61 (3.61, 15.6)°
Grocery store Q1 (ref)

Q2 2.63(1.14, 4.13) 1.66 (0.07, 3.24)" -1.23 (-3.13, 0.66) -1.78 (-3.38, -0.18)"

Q3 0.79 (-0.98, 2.56) 0.51(-1.16, 2.17) -1.34 (-3.05, 0.37) -1.62 (-3.22, -0.01)"

Q4 -0.72 (-2.55, 1.11) 0.02 (-1.67, 1.70) -0.25 (-1.96, 1.46) -1.23 (-2.88, 0.43)
Free market Q1 (ref)

Q2 2.10 (-3.51, -0.69) 2.10 (-3.44, -0.77)" -1.39 (-3.30, 0.52) -0.36 (-1.98, 1.27)

Q3 0.80 (-0.91, 2.50) 0.63 (-0.96, 2.22) 0.06 (-1.48, 1.61) 0.08 (-1.38, 1.55)

Q4 -0.71 (2,97, 1.54) -0.24 (-2.22, 1.73) -3.02 (-5.13, -0.90)" -1.57 (-4.03, 0.90)
Chinese restaurant Q1 (ref)

Q2 -1.73 (-3.56, 0.10) -1.2(-2.98,0.57) -1.21 (-2.77, 0.34) -1.09 (-2.48, 0.30)

Q3 276 (-4.61,-0.91)" -1.69 (-3.27, -0.12)" -2.54(-4.29, -0.8)" -1.76 (-3.26, -0.27)"

Q4 -0.76 (-3.61, 2.09) -1.97 (-4.00, 0.05) 0.88 (-1.23, 2.99) 1.70 (-0.90, 4.29)
Food stall QI (ref)

Q2 0.17 (-1.52, 1.85) -0.73 (-2.18, 0.72) 3.05(1.33, 4.77) 2.24(0.77, 3.70)°

Q3 0.13 (-1.84, 2.10) 0.08 (-1.60, 1.75) 2.67 (1.05, 4.28) 1.75 (025, 3.25)"

Q4 0.04 (-2.30, 2.38) 0.15 (-2.07, 1.77) 2.49 (0.84, 4.13)° 1.19 (-0.37, 2.76)

"Based on analysis of Generalized Estimating Equation (GEE) analysis.
Model 1: Unadjusted for those covariates included in model 2.

Model 2: Adjusted for age, daily energy intake, household income per capita, urbanicity index and density of food establishments.

Distance to food establishments was divided into quartiles: Q1 represents the minimum distance to food establishments as the reference group in models, while Q4 represents the maximum distance.

"Significant at p<0.05.
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95% CI: 0.25 to 3.25, 3" quartile) compared to the girls in
the 1% quartile of proximity, while a similar association
was not found in boys.

DISCUSSION

We examined the influence of proximity to different food
establishments on the BMI of a panel of Chinese children
during a two-year period. Given that proximities may
have nonlinear impacts on BMI, the proximities were
categorized into quartiles. Both unadjusted and fully ad-
justed models were included in the regression analysis.
Separate models were fitted for both genders as boys and
girls may experience different susceptibilities and physio-
logical adaptations in relation to food environment.”” We
adjusted for age, daily energy intake, household income,
urbanicity index and density of each food establishment
in the fully adjusted models. The regression results
showed that the proximity to food establishments had a
complex influence on children’s BMI. Different food
establishments had diverse influence on children, and
boys and girls might react differently on the same food
establishment.

The participants’ BMI was negatively associated with
the proximity to Chinese restaurants—children had a
lower BMI when they lived farther from a Chinese restau-
rant. A previous study has shown an association between
eating away from home and increased risk of obesity in
Brazilian males.’ Another group also reported that stu-
dents who lived near fast food restaurants had higher BMI
values than those who lived far from fast food
restaurants.”” Despite the different features between fast
food restaurants and Chinese restaurants, foods in these
two kinds of restaurants shared similar nutritional charac-
teristics and may also pose similar health risks when
compared with homemade meals. In addition, Chinese
restaurants were commonly seen and visited by the sur-
veyed population, and were the major source of eating
away from home. The association found in this study is in
line with the findings of previous studies; it supports the
argument that eating away from home may be a promot-
ing factor of childhood obesity.

Free markets, where a variety of fresh foods were sold,
were not actually protecting this group of children from
obesity. In contrast to findings from developed countries,
boys who lived slightly far away from free markets had a
significantly decreased BMI compared with the boys in
the reference group. In developed countries, poor access
to fresh food is an important risk factor of overweight and
obesity because of the replacement with less-healthy pro-
cessed food. On the other hand, in developing countries
or regions, limited access to free market may increase the
consumption of family-grown vegetables in rural resi-
dents, which may contribute to decreased BMI. In addi-
tion, although free markets mainly served fresh food,
there were an increasing number of snacks and packed
foods available in free markets, especially in rural China.
Living close to a free market might have promoted con-
sumption of unhealthy snacks including fried foods and
sugar-sweetened beverages. The associations may follow
the same mechanisms as convenient stores, which pro-
mote childhood overweight and obesity in developed
countries, such as the United States.”> However, given

that there were less free markets available compared to
other food establishments (see table 2) in terms of density,
free market may play a less influential role in promoting
healthy eating behaviours.

It is notable that opposite associations were found in
boys and girls when assessing the relationship between
proximity to grocery stores and BMI. Boys living closer
to the grocery stores had lower BMI although there was
no evident gradient effect as the distance increased. On
the other hand, girls who lived farther from grocery stores
had lower BMI. Previously reported evidence suggests
that boys and girls significantly differ in eating habits and
activity behaviors,”***** which may support our finding.
Considering the rapid development of food market in
both urban and rural China, gender-related food choices
that lead to differential shopping behaviours in grocery
stores may also be one of the explanations for the oppo-
site associations. However, no previous studies reported
similar associations. Therefore, further research with a
larger sample size is needed to explore the behavioural
and biological modifiers and confounders of the relation-
ship between proximity to grocery stores and weight sta-
tus among boys and girls.

Girls who lived farther from food stalls had higher
BMI than those who lived closer. Food stalls often sold
staple foods, such as pancakes and noodles, which mainly
serve as breakfast in China. For children who were not
able to eat at home, food stalls were the primary providers
of breakfast. Previous research has demonstrated an asso-
ciation between skipping breakfast and the increased risks
of obesity.”® Living closer to food stalls may reduce the
possibility of skipping breakfast. We did not find signifi-
cant association between proximity to food stalls and
BMI in boys. Boys reported lower rates of skipping
breakfast than girls, making them less influenced by food
stalls.”

Conclusively, our findings identified and explained
some of the relationships between proximity to food es-
tablishments and weight status of Chinese children. We
found higher BMI was inversely related with proximity to
a Chinese restaurant, and positively with proximity to a
free market. Gender differences were also found as when
the effects of proximities to grocery store and food stall.
However, the association between the food environment
and BMI still appears inconsistent between studies. Cur-
rent results also raised questions about the commonly
held perception that easy access to grocery stores and free
markets are protective factors of obesity.

Relatively small sample size limited the generaliza-
bility of our results. Additionally, household income was
only measured in 2009, creating another limitation to
capture the income dynamics as an important confounder
in our study question. Despite these limitations, our
findings add evidence to the viewpoint that community
food environment may affect children’s food choice so as
to change their weight status. This suggests that
intervention policies for childhood obesity should target
the food environment, not only at a school level, but also
at the community level as well. Different mechanisms or
potential modifiers and confounders may exist in our
country than those that exist in developed countries.
Therefore, we call for further research on a larger group
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of Chinese children and their respective food environment.
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