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Abstract: The prevalence of obesity among preschool children has risen dramatically due to the
influx of Western fast food in China. In this study, we aimed to provide clear evidence on the
associations between fast-food restaurants and childhood obesity. We collected and combined three
unique cross-sectional datasets: physical fitness data, geographic information, and the financial data
of each kindergarten. The two-stage least squares were used for empirical analyses. The final data
including 75,730 children were from 785 kindergartens in 82 cities and 23 provinces in China in 2018.
The mean age of participants was 4.94 ± 0.87; 34,249 (45.2%) females and 41,481 (54.8%) males. The
number of fast-food restaurants within 1, 2, and 3 km radii had a significant and positive correlation
with obesity, and this correlation decreased as the radius increased. Furthermore, the distance to the
nearest fast-food restaurant had a significant and negative correlation with obesity. Western fast-food
restaurants contributed more to obesity than the broader definition of fast-food restaurants. There
was marked heterogeneity between urban and rural areas. Our findings documented that fast-food
restaurants had a significant and positive association with childhood obesity, thus the restriction of
fast-food restaurants surrounding kindergartens might be considered.

Keywords: childhood obesity; fast-food restaurants; instrumental variable; preschool

1. Introduction

Childhood obesity is one of the most serious public health challenges of the 21st
century worldwide. The prevalence of obesity and overweight among children, which
is not a unique issue in Western developed countries, has risen dramatically in some
developing countries, especially China [1]. According to the China Chronic Disease and
Nutrition Surveillance 2015–19 survey, the rates of obesity and overweight among children
under 6 years old are 3.6% and 6.8%, respectively [2]. As the most populous country in
the world, the total number of children younger than 6 years old is enormous in China.
Many studies have shown that obesity or overweight in childhood is likely to persist into
adulthood [3–7]. Childhood obesity can lead to various health problems, even premature
death [8–10]. Obesity and overweight have imposed a heavy economic burden on China
and induces considerable medical expenditures each year [11–13].

Many studies have indicated that the influx of Western fast food in recent decade
conveyed health consequences, especially obesity and overweight [14–19]. Since the re-
form and opening-up, China’s economic growth has achieved miraculous levels. With the
vigorous development of the market economy, the catering industry has developed rapidly.
In addition, income levels and requirements for quality of life have gradually improved.
Food-away-from-home has become an intensely popular trend [20–22]. Influenced by so-
cioeconomic development and changes in people’s lifestyle, the Chinese food environment
has undergone tremendous changes in recent decades. The food environment has a marked
influence on individuals’ dietary habits and food consumption, and it is considered to
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be an important contributor to obesity [23–31]. Among all types of restaurants, fast-food
restaurants are favored by most people because of their delicious food, convenience, and
relatively low prices. On the other hand, fast-food restaurants have received the most
criticism. Many children start eating fast food during preschool in China. With exposure
to fast-food restaurants, preschool children and their parents are more likely to increase
the frequency of eating fast food due to immediate gratification and convenience, leading
to obesity and other health problems [32,33]. The plasticity of childhood is great, so early
intervention by family and government can prevent the occurrence of obesity and other
chronic diseases with time. Therefore, it is crucial to determine the associations between
fast-food restaurants and childhood obesity.

Although there are a large number of studies concerning the associations between
fast-food restaurants and obesity, they have not all reached the same conclusions [34–37].
However, many studies have reached the consensus that by using the number and the
distance as proxies of the proximity of fast-food restaurants, it may be difficult to avoid the
challenge of endogeneity. They typically utilize a feature of the environment, specifically
proximity to highways or highway exits, as an instrument. The number and distance are
generally measurements of the availability of highways or highway exits. Highway exits
are a determinant of the locations of fast-food restaurants; thus, the number of highway
exits per county has been used as an instrument [38,39]. Nevertheless, there are some
limitations to this method; for instance, some counties do not have any highway exits.
Thus, the locations of fast-food restaurants are not determined by highway exits in these
counties, and this instrument did not provide any information. Additional studies have
used the straight-line distance to the nearest highway as an instrument [4,40–42].

An instrument that is valid in one environment may not be valid in others [39]. Em-
ploying the proximity of highways as an instrumental variable is reasonable for American
studies because the placements of fast-food restaurants are usually around highways. How-
ever, the Chinese fast-food industry is entirely different, and the placement of fast-food
restaurants is not based on accessibility to the highway. Fast-food restaurants tend to be
located in densely populated areas with convenient public transportation. In addition,
China has a completely developed public transport system that is convenient for both
urban and rural residents. Many people choose to commute by bus because of traditional
habits and the low cost of the bus system. Therefore, it is more appropriate to consider the
availability of the bus when choosing the instrument in our study. Specifically, we chose
the straight-line distance from a kindergarten to the nearest bus stop as an instrumental
variable. This instrumental variable is in line with the socioeconomic situation in China.
More importantly, it is highly associated with the availability of fast-food restaurants and
does not affect other factors that might contribute to obesity. At the same time, we expect
that the distance from a kindergarten to the nearest bus stop negatively correlates with the
number of fast-food restaurants within a specific radius and positively correlates with the
distance to the nearest fast-food restaurant.

There has been some research regarding the associations between the food environ-
ment and obesity in different countries, especially focusing on preschool children. Koleilat
et al. found that both the number of convenience stores and the number of supermar-
kets had significant and positive associations with obesity in children 3–4 years of age
in Los Angeles County [43]. Salois concluded that the environmental infrastructure was
significantly associated with obesity in low-income children 2–4 years of age in the United
States (U.S.), and there was heterogeneity between urban and rural areas [44]. Lakes and
Burkart demonstrated a positive association between the density of fast-food restaurants
and obesity using survey data from children 5–6 years of age in Berlin [45]. There were
many samples in additional studies as well, including preschool children [46–49]. Nev-
ertheless, most studies from China involve children greater than 7 years old, adolescents
or adults. Xu et al. found that community exposure to Western fast-food restaurants was
positively associated with adults’ body weight status in the rural population, and this
association was temporally dynamic [50]. Using cross-sectional data in 2019 and adjusted
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multiple linear regression, Zhang et al. identified some significant associations between
the neighborhood food environment and obesity in older Chinese adults 65 to 80 years of
age [51]. In summary, we found no evidence in China on the associations between fast-food
restaurants and obesity specifically in preschool children.

Based on the above analysis, there are limitations from three aspects in the existing
literature. First, possibly due to a lack of data, there has been little evidence about the
associations between fast-food restaurants and obesity in preschool children in China.
Second, the challenge of endogeneity is often ignored when the multivariate linear model
is exploited in many studies. Third, the samples from China used in most studies come
from a given region and are not representative of China as a whole. We filled these gaps
and contributed to the existing literature in three aspects. First, we combined three unique
cross-sectional datasets from 2018, physical fitness data of 75,730 preschool children, the
availability of fast-food restaurants from the Gaode map application programming interface
(API), and the financial data of each kindergarten from the Center for Education Economics
and Statistics of China to estimate the associations between fast-food restaurant proximity
surrounding kindergartens and obesity. Second, combining with the socioeconomic situ-
ation in China, we chose the distance from a kindergarten to the nearest bus stop as an
instrumental variable to validly address the possible endogeneity problem. Finally, our
sample at the individual level comes from 785 kindergartens in 82 cities and 23 provinces
in China. These kindergartens are located in the eastern, central, and western regions of
China, including areas at all levels of economic development. Therefore, it reflects the
general situation in China.

In this study, we estimated the associations between the availability of fast-food
restaurants and preschool childhood obesity using two-stage least squares (2SLS). We also
analyzed the heterogeneity between urban and rural kindergartens and between females
and males. Before this empirical analysis, three hypotheses are proposed:

Hypothesis 1 (H1). The number of fast-food restaurants surrounding kindergartens has a positive
correlation with childhood obesity.

Hypothesis 2 (H2). The straight-line distance from a kindergarten to the nearest fast-food restau-
rant has a negative correlation with childhood obesity.

Hypothesis 3 (H3). The correlations between fast-food restaurants differ between urban and rural
kindergartens and between females and males.

2. Materials and Methods
2.1. Data Collection

We combined three unique data sources. The first one at the individual level came
from the College of Physical Education and Sports, Beijing Normal University. The personal
characteristics included the height, weight, age and gender of each child. In our sample,
height and weight were all measured by professionals, ensuring objectivity and accuracy.
The second dataset, including geographic information, was from the Gaode map. The
Gaode map provides API on its open platform so that anyone can register an account
and use its abundant functions. It contains very comprehensive geographic information,
and it is convenient and easy to obtain data. The last data source at the kindergarten
level, covering the type, total educational expenditure, building area, number of students,
number of teachers and other financial information of each kindergarten, was derived from
the Center for Education Economics and Statistics of China. Eventually, we obtained the
final cross-sectional data, including 75,730 children 3–6 years of age from 785 kindergartens
in 82 cities and 23 provinces in China in 2018 for this study.
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2.2. Obesity Outcomes

Although there are many techniques for measuring obesity, body mass index (BMI) is
widely used [52]. BMI is calculated using the following formula: BMI = weight (kg)/height2

(m2). Different organizations have different definitions of obesity and overweight. Cutoffs
from the World Health Organization (WHO), International Obesity Task Force (IOTF) and
the Centers for Disease Control and Prevention (CDC) are generally used [53,54]. In the
subsequent empirical analysis, we defined childhood obesity for each child using cutoffs
from the WHO. Whether a child is considered obese or overweight is always determined
by the Child Growth Standards according to different organizations. For instance, a child
over 5 years, with a BMI value greater than 2 standard deviations (SDs) above the WHO
Child Growth Standards median, is considered obese [55]. For the explained variable, we
set a dummy variable representing whether a child was obese according to cutoffs from
the WHO. Subsequently, we used the standard developed by the IOTF and CDC to test the
robustness of the models.

2.3. The Definitions of Fast-Food Restaurants

Defining fast-food restaurants and the proximity of fast-food restaurants is crucial
before estimating the associations between fast-food restaurants and obesity. There are
no strict definitions of fast-food restaurants in China, which are generally divided into
Western fast-food restaurants and Chinese fast-food restaurants [22,56]. Western fast-
food restaurants generally sell hamburgers, pizzas, fried chicken, and other food that
can be prepared and served quickly. Western fast-food chains with brands are the most
popular in China and predominantly come from the U.S., such as Kentucky Fried Chicken
(KFC), McDonald’s and Pizza Hut. The Chinese fast-food restaurant is a relative concept
to the Western fast-food restaurant. Based on Chinese dietary habits, Chinese fast-food
restaurants usually serve a wider variety of foods, such as rice, noodles or rice noodles,
and pastries, such as pancakes and dumplings. Influenced by the rapid growth of China’s
economy and the astonishing success of the Western fast-food industry, the Chinese fast-
food industry has grown rapidly due to its low cost of establishment and flexible operating
mode. Different from Western fast-food restaurants, most Chinese fast-food restaurants are
self-employment businesses.

There are generally two strategies for defining which establishments to categorize
as fast-food restaurants that have been used in previous studies. The first is selecting
several specific fast-food brands. A number of studies followed Currie et al. [57], choosing
the top 10 chains from Dun and Bradstreet according to popularity or from Wikipedia
according to the total number. The second strategy uses a broader definition that includes
several types of restaurants, including the first definition of fast-food restaurants. For
example, Anderson and Matsa adopted the definition from the United States Census Zip
Code Business Patterns for the classification of restaurants [40]. They defined fast-food
restaurants as both full-service and limited-service restaurants. Asirvatham et al. directly
defined fast-food restaurants as hamburger fast-food restaurants, sandwich places, and
pizzerias [42]. Based on the definitions of the existing literature, we also defined fast-food
restaurants in two ways. First, following Currie et al. [57], we used the top 10 western
fast-food brands, denoted as Top, with the largest total number of locations in China. We
collected the data from the official websites of each brand. The final list was Wallace, KFC,
McDonald’s, Pizza Hut, Dicos, Champion Pizza, Burger King, Subway, Domino’s Pizza,
and Papa John’s. Second, following Anderson and Matsa and considering the specific
situation of the fast-food industry in China, we used a broader definition that includes all
types of fast food, denoted as FF. In the subsequent empirical analyses, we compared the
results using two definitions (Top and FF).

Defining a proxy of the proximity of fast-food restaurants is also an essential premise
for studying the associations between fast-food restaurants and obesity. In summary, there
are two main types of proxies: the total number within a specific radius and the distance to
the nearest fast-food restaurant [40–42,50,57]. Theoretically, the choice of the measurement
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of the proximity of fast-food restaurants should not influence the results of our study. Thus,
we used the two measurements in our major empirical analyses.

2.4. Control Variables

We controlled for factors at the kindergarten level of each child in our models. The
final dataset had a total of 785 kindergartens’ information. All kindergartens in the sample
are divided into two types, those located in the city and those located in the countryside.
Given the unique dual economic structure in China, children in urban and rural areas
might differ dramatically. Therefore, we controlled the type of kindergarten in our models.
To avoid omitting factors as much as possible, we also controlled the total education
expenditure per student, the building area per student, and the number of teachers for each
kindergarten. We did not have information about each child’s parents or family status, and
these kindergarten level control variables may reflect the children’s family socioeconomic
status to some extent.

2.5. Analysis
2.5.1. Ordinary Least Squares

In our primary analysis, we tested the first two hypotheses raised in the prior section
using the entire sample. We first examined the associations between the proximity of
fast-food restaurants and childhood obesity using ordinary least squares (OLS). Based on
the cross-sectional data at the individual level in 2018, the model is as follows:

Obesityijc = α0 + α1 FastFoodjc + α2 Xijc + α3 Kjc + µc + εijc (1)

where Obesity is the dependent variable representing preschool childhood obesity outcome.
According to the cutoffs from the WHO, Obesity is a dummy variable representing whether
the child is obese. FastFood is the key independent variable, representing the proximity of
fast-food restaurants to each kindergarten. As mentioned in the previous section, the fast-
food restaurant here includes two definitions, Top and FF. The first proxy of the proximity
of Top and FF is the number within 1, 2, and 3 km radii (Top1 km, Top2 km, Top3 km, FF1
km, FF2 km, and FF3 km). The second is the straight-line distance from a kindergarten
to the nearest Top and FF (disTop, disFF). X and K are control variables. X is a vector of
each child’s demographic variables, including age and gender. K is a vector representing
kindergarten-level information, including the type of each kindergarten, the total education
expenditure per student, the building area per student, and the number of teachers at each
kindergarten. We set a dummy variable representing a kindergarten in urban or rural
areas. In addition, we controlled the county fixed effects, µc. εijc are error terms, which
are clustered at the kindergarten level. To reduce problems due to heteroscedasticity we
used natural logarithms for all key explanatory variables, total educational expenditure per
student, building area per student and number of teachers. Subscripts i, j, and c represent
child (i), kindergarten (j), and county (c).

2.5.2. 2SLS

The challenge of endogeneity problems is inescapable in Equation (1). The endo-
geneity in our study possibly comes from two sources. (1) Missing variables; Obesity is
comprehensively determined by many complicated determinants. However, due to the
lack of data, we do not have information on each child’s parents and families, such as
family income, parents’ education level and eating patterns and habits. (2) Self-selection
problem: Obese or overweight children may be more predisposed to fast-food than others.
Instrumental variable methods are valid and common to solve this endogeneity problem.
As mentioned before, keeping the control variables unchanged, we exploited 2SLS to
estimate the adjusted model. The final models of two stages are as follows:

FastFoodjc = β0 + β1 disbusjc + β2 Xijc + β3 Kjc + µc + δijc, (2)
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Obesityijc = γ0 + γ1 ˆFastFoodjc + γ2 Xijc + γ3 Kjc + µc + σijc, (3)

where disbus is the straight-line distance from a kindergarten to the nearest bus stop and
is taken as the natural logarithm. ˆFastFood is the fitted value of the first stage. The other
variables have the same meaning as in Equation (1) and county fixed effects are controlled.
δijc and σijc are error terms of the first and second stages, respectively. They are both
clustered at the kindergarten level.

3. Results
3.1. Descriptive Statistics

The final cross-sectional sample included a total of 75,730 children from 785 kinder-
gartens, 224 counties, 85 cities, and 23 provinces. The descriptive statistical analysis is
shown in Table 1. The obesity rate of the sample was as high as 7.08%, and 45.23% of the
children were girls. The mean age of the children was 4.94 years, and they were predomi-
nately from urban kindergartens (94.40%). Panel (a) and (b) of Figure 1 show the kernel
density curves of urban and rural, female and male subsamples, respectively. In terms of
overall distribution, children in the urban sample were fatter than those in the rural sample,
and males were fatter than females. The minimums of the number of fast-food restaurants
were all 0.

Table 1. Descriptive statistics.

Variables N (%) Mean (S.D.) Min Max

Obesity
Yes 5365 (7.08)
No 70,365 (92.92)

Gender
Female 34,249 (45.23)
Male 41,481 (54.77)

Type of each kindergarten
Urban 71,490 (94.40)
Rural 4240 (5.60)

BMI (kg/m2) 16.14 (2.08) 5.30 35.48

Age (year) 4.94 (0.87) 3 6.92

Number of Top within 1 km 2.17 (2.66) 0 16

Number of Top within 2 km 7.12 (11.16) 0 129

Number of Top within 3 km 13.83 (24.37) 0 274

Distance to the nearest Top (m) 2652.14 (5566.40) 23 50,001

Number of FF within 1 km 59.95 (59.76) 0 347

Number of FF within 2 km 230.33 (205.67) 0 879

Number of FF within 3 km 404.70 (310.16) 0 893

Distance to the nearest FF (m) 240.93 (463.45) 2 7619

Building area per student (m2) 11.07 (11.97) 1.83 137.89

Total education expenditure per student (yuan) 8202.59 (11,507.51) 721.56 150,301.30

Number of teachers 140.43 (332.26) 10 3465
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3.2. OLS and 2SLS

The OLS results are shown in Table 2. As shown in columns 5–7 in Table 2, the
estimated coefficients of the number of FFs within 1, 2, and 3 km were all statistically
significant at the 5% level. However, the values of the estimated coefficients, likely biased,
were very small. Nevertheless, all the key independent variables in the other models were
insignificant. In general, there was no solid evidence that the proximity of Top or FF had a
positive correlation with childhood obesity. The results of OLS were not in line with our
prior expectations.

Table 2. Results of OLS.

(1) (2) (3) (4) (5) (6) (7) (8)

Dependent Obesity Obesity Obesity Obesity Obesity Obesity Obesity Obesity
Independent Top1 km Top2 km Top3 km disTop FF1 km FF2 km FF3 km disFF

0.004 0.004 0.003 −0.002 0.006 *** 0.005 ** 0.004 ** −0.003
(0.004) (0.003) (0.003) (0.002) (0.002) (0.002) (0.002) (0.002)

Control variable Yes Yes Yes Yes Yes Yes Yes Yes
County fixed effect Yes Yes Yes Yes Yes Yes Yes Yes

N 75,730 75,730 75,730 75,730 75,730 75,730 75,730 75,730

Note: Significance levels *** p < 0.01, ** p < 0.05, All key independent variables were taken natural logarithms, and robust standard errors
clustered at the kindergarten level appeared in parentheses.

In contrast, the 2SLS results were completely different. As shown in Table 3. the
estimated coefficients of the number of Tops and FFs within 1, 2, and 3 km and the distance
to the nearest Top and FF were all statistically significant at the 1% level. The estimated
coefficients of the number of Tops and FFs within 1, 2, and 3 km are plotted in Figure 2.
Interestingly, in Figure 2, the estimated coefficients of the number of Tops decreased when
the radius increased, and the values of the estimated coefficients of the number of FFs
showed the same pattern. Furthermore, the values of the estimated coefficients of the
number of Tops were always much larger than the number of FFs when the radius was
the same. Our findings demonstrate that fast-food restaurants have an association with
childhood obesity and that this association wanes as the distance increases. In addition,
Western fast-food restaurants contribute more to childhood obesity.
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Table 3. Results of 2SLS.

(1) (2) (3) (4) (5) (6) (7) (8)

Dependent Obesity Obesity Obesity Obesity Obesity Obesity Obesity Obesity
Independent Top1 km Top2 km Top3 km disTop FF1 km FF2 km FF3 km disFF

0.078 *** 0.037 *** 0.033 *** −0.023 *** 0.022 *** 0.016 *** 0.015 *** −0.033 ***
(0.028) (0.011) (0.010) (0.007) (0.006) (0.004) (0.004) (0.010)

Control variable Yes Yes Yes Yes Yes Yes Yes Yes
County fixed effect Yes Yes Yes Yes Yes Yes Yes Yes

N 75,730 75,730 75,730 75,730 75,730 75,730 75,730 75,730

Note: Significance levels *** p < 0.01, All key independent variables were taken natural logarithms, and robust standard errors clustered at
the kindergarten level appeared in parentheses.
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Figure 2. Estimated coefficients of the number of Tops and FFs within 1, 2, 3 km by 2SLS.

As described in the previous section, there were potential endogeneity problems. The
comparison between the results of OLS and 2SLS confirmed this hypothesis. Employing the
distance from each kindergarten to the nearest bus stop as an instrument, we theoretically
addressed endogeneity problems. Using 2SLS to estimate the coefficients of all models,
we separated out the exogenous parts caused by the instrumental variable to acquire
consistent estimates. The results of the first stage are shown in Table 4. We tested the
endogeneity of the instrument using the Durbin–Wu–Hausman test (DWH). The third row
from the bottom in Table 4 shows the p-values of DWH, which were all less than 1%. This
indicated that the two proxies of the proximity of fast-food restaurants we used in this
study exhibited endogeneity. The second row from the bottom in Table 4 shows that the F-
statistics in the first stages of all models were larger than 16, which was indicative of a high
correlation between the proximity of fast-food restaurants and the instrument. Specifically,
the instrument was negatively correlated with the number of fast-food restaurants and
positively correlated with the distance to the nearest fast-food restaurant at the 1% level. In
summary, the results of 2SLS were consistent with our expectations, and the instrument
passed all tests.

Table 4. Results of the first stage.

(1) (2) (3) (4) (5) (6) (7) (8)

Dependent Top1 km Top2 km Top3 km disTop FF1 km FF2 km FF3 km disFF
Independent disbus disbus disbus disbus disbus disbus disbus disbus

−0.103 *** −0.217 *** −0.246 *** 0.350 *** −0.369 *** −0.513 *** −0.527 *** 0.245 ***
(0.025) (0.037) (0.043) (0.056) (0.060) (0.066) (0.064) (0.050)

Control variable Yes Yes Yes Yes Yes Yes Yes Yes
County fixed effect Yes Yes Yes Yes Yes Yes Yes Yes
Endogeneity test 0.001 0.001 0.001 0.000 0.000 0.000 0.006 0.000

F-statistics 16.864 34.757 32.495 39.190 38.351 59.574 67.322 24.008
N 75,730 75,730 75,730 75,730 75,730 75,730 75,730 75,730

Note: Significance levels *** p < 0.01, All dependent variables and the instrument were taken natural logarithms, and robust standard errors
clustered at the kindergarten level appeared in parentheses.
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3.3. Robustness

We used two methods to determine robustness. First, for the dependent variable, we
reset a dummy variable according to the criteria of overweight defined by the WHO. That
is, the dependent variable (overw) is equal to 1 when the child is overweight. The results
of the second stage are shown in Table 5. A second robustness test executed the different
cutoffs of obesity. We used criteria published by IOTF and CDC to set a dummy as the
dependent variable (obIOTF and obCDC). Theoretically, the criteria of obesity should not
impact the conclusions. The second results are shown in Table 5.

Table 5. Robustness.

(1) (2) (3) (4) (5) (6) (7) (8)

Dependent overw overw overw overw overw overw overw overw
Independent Top1 km Top2 km Top3 km disTop FF1 km FF2 km FF3 km disFF

0.119 ** 0.056 *** 0.050 *** −0.035 *** 0.033 *** 0.024 *** 0.023 *** −0.050 ***
(0.046) (0.019) (0.017) (0.012) (0.011) (0.008) (0.007) (0.018)

Control variable Yes Yes Yes Yes Yes Yes Yes Yes
County fixed effect Yes Yes Yes Yes Yes Yes Yes Yes

N 75,730 75,730 75,730 75,730 75,730 75,730 75,730 75,730

Dependent obIOTF obIOTF obIOTF obIOTF obIOTF obIOTF obIOTF obIOTF
Independent Top1 km Top2 km Top3 km disTop FF1 km FF2 km FF3 km disFF

0.054 ** 0.025 *** 0.023 *** −0.160 ** 0.015 *** 0.011 *** 0.011 *** −0.023 **
(0.024) (0.010) (0.009) (0.006) (0.006) (0.004) (0.004) (0.009)

Control variable Yes Yes Yes Yes Yes Yes Yes Yes
County fixed effect Yes Yes Yes Yes Yes Yes Yes Yes

N 75,730 75,730 75,730 75,730 75,730 75,730 75,730 75,730

Dependent obCDC obCDC obCDC obCDC obCDC obCDC obCDC obCDC
Independent Top1 km Top2 km Top3 km disTop FF1 km FF2 km FF3 km disFF

0.083 ** 0.040 *** 0.035 *** −0.024 ** 0.023 *** 0.017 *** 0.016 *** −0.035 **
(0.036) (0.015) (0.013) (0.010) (0.008) (0.006) (0.006) (0.014)

Control variable Yes Yes Yes Yes Yes Yes Yes Yes
County fixed effect Yes Yes Yes Yes Yes Yes Yes Yes

N 75,730 75,730 75,730 75,730 75,730 75,730 75,730 75,730

Note: Significance levels *** p < 0.01, ** p < 0.05, All key independent variables were taken natural logarithms, and robust standard errors
clustered at the kindergarten level appeared in parentheses.

As shown in Table 5, the three main conclusions hold. (1) Fast-food restaurants have a
significant and positive association with childhood obesity. (2) This association decreases
when the radius increases. (3) Western fast-food restaurants contribute more to childhood
obesity.

3.4. Heterogeneity

Next, we analyzed the heterogeneity between the two types of kindergartens and
gender. There are already some studies acknowledging that heterogeneity does exist
in groups with different geographical features or demographic characteristics. Due to
the unique dual economic structure in China, the commercial economy in urban areas
may be more developed. There are more fast-food restaurants in urban areas in China.
Thus, urban preschool children are more exposed to fast-food restaurants than children
in rural areas. Moreover, in regard to obesity issues, the heterogeneity between females
and males cannot be ignored. Therefore, we divided the whole sample according to two
types of kindergartens and gender. Then, we examined the associations between fast-food
restaurants and childhood obesity by 2SLS using the four subsamples separately.

The results of the urban and rural subsamples are shown in Table 6. As shown in
Table 6, the estimated coefficients of the proximity of fast-food restaurants were statistically
significant, indicating that the main conclusions of this study appeared to hold in the
urban subsample. Nevertheless, in the rural subsample, all estimated coefficients of the key
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variables were insignificant, which showed that the mechanism was invalid in the rural
area for preschool children. The different results in the two subsamples shown in Table 6
confirmed the existence of heterogeneity between urban and rural areas, which supported
the third hypothesis we raised. This heterogeneity is likely due to different lifestyles and
dietary habits between urban and rural areas, and preschool children in urban areas are
more likely to be influenced by fast-food restaurants.

Table 6. Urban and rural subsamples.

(1) (2) (3) (4) (5) (6) (7) (8)

Results of Urban Subsamples.

Dependent Obesity Obesity Obesity Obesity Obesity Obesity Obesity Obesity
Independent Top1 km Top2 km Top3 km disTop FF1 km FF2 km FF3 km disFF

0.069 ** 0.032 *** 0.028 *** −0.024 *** 0.025 *** 0.017 *** 0.016 *** −0.033 ***
(0.027) (0.032) (0.009) (0.008) (0.008) (0.006) (0.005) (0.012)

Control variable Yes Yes Yes Yes Yes Yes Yes Yes
County fixed effect Yes Yes Yes Yes Yes Yes Yes Yes

N 71,490 71,490 71,490 71,490 71,490 71,490 71,490 71,490

Results of rural subsamples.

Dependent Obesity Obesity Obesity Obesity Obesity Obesity Obesity Obesity
Independent Top1 km Top2 km Top3 km disTop FF1 km FF2 km FF3 km disFF

−0.029 −0.085 −0.035 0.014 −0.022 0.560 0.080 −0.027
(0.047) (−0.528) (−0.530) (0.651) (−0.889) (0.074) (0.324) (−0.427)

Control variable Yes Yes Yes Yes Yes Yes Yes Yes
County fixed effect Yes Yes Yes Yes Yes Yes Yes Yes

N 4240 4240 4240 4240 4240 4240 4240 4240

Note: Significance levels *** p < 0.01, ** p < 0.05, All key independent variables were taken natural logarithms, and robust standard errors
clustered at the kindergarten level appeared in parentheses.

The difference between females and males is displayed in Table 7. The results of the two
subsamples divided by gender were similar to the results of the whole sample, and almost all
conclusions held. For both the female and male subsamples, the results of key independent
variables were all statistically significant at the 1% level. The values of the estimated coefficients
were close between the two subsamples, which reflected that the influential mechanism
between fast-food restaurants and preschool childhood obesity was similar in female and male
children. This conclusion was not consistent with our hypothesis.

Table 7. Female and male subsamples.

(1) (2) (3) (4) (5) (6) (7) (8)

Results of Female Subsamples.

Dependent Obesity Obesity Obesity Obesity Obesity Obesity Obesity Obesity
Independent Top1 km Top2 km Top3 km disTop FF1 km FF2 km FF3 km disFF

0.061 ** 0.029 *** 0.026 *** −0.018 *** 0.017 *** 0.012 *** 0.012 *** −0.025 ***
(0.025) (0.010) (0.009) (0.007) (0.006) (0.004) (0.004) (0.009)

Control variable Yes Yes Yes Yes Yes Yes Yes Yes
County fixed effect Yes Yes Yes Yes Yes Yes Yes Yes

N 34,249 34,249 34,249 34,249 34,249 34,249 34,249 34,249

Results of male subsamples.

Dependent Obesity Obesity Obesity Obesity Obesity Obesity Obesity Obesity
Independent Top1 km Top2 km Top3 km disTop FF1 km FF2 km FF3 km disFF

0.090 *** 0.042 *** 0.037 *** −0.027 *** 0.025 *** 0.018 *** 0.017 *** −0.038 ***
(0.033) (0.013) (0.012) (0.008) (0.007) (0.005) (0.005) (0.012)

Control variable Yes Yes Yes Yes Yes Yes Yes Yes
County fixed effect Yes Yes Yes Yes Yes Yes Yes Yes

N 41,481 41,481 41,481 41,481 41,481 41,481 41,481 41,481

Note: Significance levels *** p < 0.01, ** p < 0.05, All key independent variables were taken natural logarithms, and robust standard errors
clustered at the kindergarten level appeared in parentheses.
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Consistent with the whole sample, the correlation between the number of Western
fast-food restaurants and childhood obesity was even greater. Specifically, the values of the
estimated coefficients of the number of Tops are always much larger than the number of FFs
in the subsamples. Since the estimated coefficients of the number of Tops and FFs within 1,
2, and 3 km of the rural subsample were insignificant, the results of the urban subsample
were plotted as shown in Figure 3. The results of the female and male subsamples are
plotted in Figure 4. As we can see, the Western fast-food restaurants affected childhood
obesity more from the number aspect. In general, the three primary conclusions of this
article appeared to hold in the urban, female and male subsamples.
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4. Discussion

Our study contributes to the existing literature with firm evidence that fast-food
restaurants have a positive correlation with obesity in China. Robust findings appeared
after the potential endogeneity problem was addressed. We also identified heterogeneity
between urban and rural kindergartens.

First, we combined three unique data sources, which are all for preschool. In general,
most Chinese studies about health issues use data from the China Health and Nutrition
Survey (CHNS) [18,50,58]. However, due to confidentiality, it is impossible to obtain specific
information at the individual level, such as the residential address or name of the school.
Some studies have also used data at the individual level by questionnaires or surveys.
However, the data are generally from one region, and the results are not generalizable to all
of China [13,51]. Our data are from 85 cities and 23 provinces, which reflects the universal
situation in China. Our study specifically focused on preschool children, which filled the
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gaps about the associations between fast-food restaurants and obesity in preschool children.
In addition, all our datasets are official and objective, providing specific and solid evidence.

Second, we used two proxies of the proximity of fast-food restaurants: the number of
fast-food restaurants within a specific radius and the straight-line distance to the nearest
fast-food restaurant. These are direct and valid for measuring the availability of fast-food
restaurants surrounding each kindergarten. More importantly, changing the proxy variable
did not affect the positive associations between of fast-food restaurants and obesity, which
was in line with our expectations.

Third, we exploited the 2SLS method to address the potential endogeneity problem by
using an instrument. This instrument, the distance to the nearest bus stop, is a proxy of the
proximity of public transportation and passes all instrumental variable tests. Different from
previous American studies using the proximity of highways as an instrument [4,38–42],
our choice is based on the fact that China has a completely developed public transport
system, and fast-food restaurants tend to be located in places that are easily accessible.
Therefore, instead of using the proximity of highways as an instrument such as in previous
American studies, using bus stops proximity is more appropriate in China.

Fourth, the comparison between the results of OLS and 2SLS indicates some fasci-
nating findings. The results of OLS show that fast-food restaurants have no statistical
correlations with preschool childhood obesity. In contrast, the result entirely changed once
the potential endogeneity was addressed, and these results were always robust. Fast-food
restaurants have a positive and significant association with obesity, which is consistent with
Lakes and Burkart [45]. Compared with previous studies, our findings are consistent with
Asirvatham et al. [42], indicating that this association decreases as the distance increases.
Using two definitions of fast-food restaurants, we found that Western fast-food restaurants
exerted a greater influence on obesity than the broader definition.

Moreover, many studies have considered heterogeneity and reported different re-
sults in subsamples [39,44]. We considered the heterogeneity between different types of
kindergarten and gender. The results of the urban subsamples were similar to those of
the whole sample, but the correlations between fast-food restaurants and obesity were
not statistically significant in the rural subsample. This difference between urban and
rural kindergartens indicates that preschool children in urban areas are more sensitive to
fast-food restaurants. The correlations between fast-food restaurants and childhood obesity
are all significant in both the female and male subsamples, and the values of the estimated
coefficients were slightly different between females and males. Therefore, the correlation
between fast-food restaurants and obesity is different only between urban and rural areas
for preschool children.

Regrettably, there are several limitations in our study. First, we did not have access to
comprehensive, time-varying data. Thus, we were unable to capture the dynamic trend
of how the associations between fast-food restaurants and childhood obesity change over
time. These problems are addressed later when panel data are available. Second, due
to the lack of data on eating patterns and consumption behaviors, we could not analyze
the deeper cause and mechanism of the effect of fast-food restaurants on obesity. Third,
we did not obtain information on the family status of each child to control for the factors
of the parents. Using the financial data that were available at the kindergarten level, we
addressed this problem to some extent.

Finally, there have been no laws or regulations restricting the distribution of fast-
food restaurants surrounding kindergartens in China yet. However, our findings confirm
that a positive association between fast-food restaurants, especially Western fast-food
restaurants, and preschool childhood obesity does exist. This provides policymakers the
inspiration that appropriate regulations are possibly necessary and might need to limit the
proximity of fast-food restaurants surrounding kindergartens. Furthermore, infrastructure
construction can be strengthened, such as constructing more parks or playgrounds around
kindergartens. Health behavioral guidance should be provided to parents to prevent the
prevalence of chronic diseases as early as possible.
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5. Conclusions

This study estimated the associations between fast-food restaurants and preschool
childhood obesity using 2SLS and reached three conclusions. First, our findings document
that fast-food restaurants have a significant and positive association with obesity. Specif-
ically, the number of fast-food restaurants within 1, 2, and 3 km radii has a significant
and positive correlation with obesity, and this correlation decreases as the radius increases.
Furthermore, the distance to the nearest fast-food restaurant has a significant and negative
correlation with obesity. Second, Western fast-food restaurants contribute more to obesity
than the broader definition of fast-food restaurants. Third, there is marked heterogeneity
between urban and rural kindergartens but not between females and males. This suggests
that parents need to pay more attention to preschool children’s diet and obesity to prevent
chronic diseases, and policymakers may consider the distribution of fast-food restaurants
around kindergartens.

Author Contributions: Conceptualization, Z.Z., N.Z. and C.Z.; methodology, N.Z. and C.W.; soft-
ware, C.W. and C.Z.; validation, N.Z. and C.W.; formal analysis, Z.Z. and N.Z.; investigation, Z.Z.
and C.Z.; resources, C.W.; data curation, Z.Z., C.Z. and C.W.; writing—original draft preparation,
N.Z. and C.W.; writing—review and editing, Z.Z. and C.W.; visualization, C.W.; supervision, Z.Z.,
and N.Z.; project administration, Z.Z.; funding acquisition, N.Z. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by the Beijing Academy of Educational Sciences (grant number:
CAGA17096) and Beijing Federation of Social Science Circles (grant number: 19YTA007).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of the Faculty of Psychology,
BNU (IRB Number: 201903260036; 2014–2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data are not publicly available due to ethical reasons.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Levasseur, P. Do junk food bans in school really reduce childhood overweight? Evidence from Brazil. Food Policy 2021, 99, 101981.

[CrossRef]
2. Pan, X.-F.; Wang, L.; Pan, A. Epidemiology and determinants of obesity in China. Lancet Diabetes Endocrinol. 2021, 9, 373–392.

[CrossRef]
3. Must, A.; Strauss, R.S. Risks and consequences of childhood and adolescent obesity. Int. J. Obes. 1999, 23, S2–S11. [CrossRef]
4. Dunn, R.A.; Sharkey, J.R.; Horel, S. The effect of fast-food availability on fast-food consumption and obesity among rural residents:

An analysis by race/ethnicity. Econ. Hum. Biol. 2012, 10, 1–13. [CrossRef] [PubMed]
5. Simmonds, M.; Burch, J.; Llewellyn, A.; Griffiths, C.; Yang, H.; Owen, C.; Duffy, S.; Woolacott, N. The use of measures of obesity

in childhood for predicting obesity and the development of obesity-related diseases in adulthood: A systematic review and
meta-analysis. Health Technol. Assess. 2015, 19, 1–336. [CrossRef] [PubMed]

6. Simmonds, M.; Llewellyn, A.; Owen, C.G.; Woolacott, N. Predicting adult obesity from childhood obesity: A systematic review
and meta-analysis. Obes. Rev. 2016, 17, 95–107. [CrossRef]

7. Rutayisire, E.; Wu, X.; Huang, K.; Tao, S.; Chen, Y.; Wang, S.; Tao, F. Dietary patterns are not associated with overweight and
obesity in a sample of 8900 Chinese preschool children from four cities. J. Nutr. Sci. 2018, 7, e24. [CrossRef]

8. Zhou, B.; Wu, Y.; Yang, J.; Li, Y.; Zhang, H.; Zhao, L. Overweight is an independent risk factor for cardiovascular disease in
Chinese populations. Obes. Rev. 2002, 3, 147–156. [CrossRef]

9. Biro, F.M.; Wien, M. Childhood obesity and adult morbidities. Am. J. Clin. Nutr. 2010, 91, 1499S–1505S. [CrossRef]
10. Mi, B.; Wu, C.; Gao, X.; Wu, W.; Du, J.; Zhao, Y.; Wang, D.; Dang, S.; Yan, H. Long-term BMI change trajectories in Chinese adults

and its association with the hazard of type 2 diabetes: Evidence from a 20-year China Health and Nutrition Survey. BMJ Open
Diabetes Res. Care 2020, 8, e000879. [CrossRef]

11. Zhao, W.; Zhai, Y.; Hu, J.; Wang, J.; Yang, Z.; Kong, L.; Chen, C. Economic burden of obesity-related chronic diseases in Mainland
China. Obes. Rev. 2008, 9, 62–67. [CrossRef] [PubMed]

12. Qin, X.; Pan, J. The medical cost attributable to obesity and overweight in China: Estimation based on longitudinal surveys.
Health Econ. 2016, 25, 1291–1311. [CrossRef]

http://doi.org/10.1016/j.foodpol.2020.101981
http://doi.org/10.1016/S2213-8587(21)00045-0
http://doi.org/10.1038/sj.ijo.0800852
http://doi.org/10.1016/j.ehb.2011.09.005
http://www.ncbi.nlm.nih.gov/pubmed/22094047
http://doi.org/10.3310/hta19430
http://www.ncbi.nlm.nih.gov/pubmed/26108433
http://doi.org/10.1111/obr.12334
http://doi.org/10.1017/jns.2018.15
http://doi.org/10.1046/j.1467-789X.2002.00068.x
http://doi.org/10.3945/ajcn.2010.28701B
http://doi.org/10.1136/bmjdrc-2019-000879
http://doi.org/10.1111/j.1467-789X.2007.00440.x
http://www.ncbi.nlm.nih.gov/pubmed/18307701
http://doi.org/10.1002/hec.3217


Int. J. Environ. Res. Public Health 2021, 18, 9334 14 of 15

13. Li, Q.; Cai, L.; Cui, W.; Wang, G.; He, J.; Golden, A. Economic burden of obesity and four obesity-related chronic diseases in rural
Yunnan Province, China. Public Health 2018, 164, 91–98. [CrossRef] [PubMed]

14. Amin, T.T.; Al-Sultan, A.I.; Ali, A. Overweight and obesity and their relation to dietary habits and socio-demographic charac-
teristics among male primary school children in Al-Hassa, Kingdom of Saudi Arabia. Eur. J. Nutr. 2008, 47, 310. [CrossRef]
[PubMed]

15. Wu, Y.; Huxley, R.; Li, M.; Ma, J. The growing burden of overweight and obesity in contemporary China. CVD Prev. Control 2009,
4, 19–26. [CrossRef]

16. Shan, X.; Xi, B.; Cheng, H.; Hou, D.; Wang, Y.; Mi, J. Prevalence and behavioral risk factors of overweight and obesity among
children aged 2–18 in Beijing, China. Int. J. Pediatr. Obes. 2010, 5, 383–389. [CrossRef]

17. Rouhani, M.H.; Mirseifinezhad, M.; Omrani, N.; Esmaillzadeh, A.; Azadbakht, L. Fast food consumption, quality of diet, and
obesity among Isfahanian adolescent girls. J. Obes. 2012, 2012, 597924. [CrossRef]

18. Zhang, X.; van der Lans, I.; Dagevos, H. Impacts of fast food and the food retail environment on overweight and obesity in China:
A multilevel latent class cluster approach. Public Health Nutr. 2012, 15, 88–96. [CrossRef]

19. Sun, G.; Jia, G.; Peng, H.; Dickerman, B.; Compher, C.; Liu, J. Trends of childhood obesity in China and associated factors. Clin.
Nurs. Res. 2015, 24, 156–171. [CrossRef]

20. Dong, X.; Hu, B. Regional difference in food consumption away from home of urban residents: A panel data analysis. Agric.
Agric. Sci. Procedia 2010, 1, 271–277. [CrossRef]

21. Du, W.; Su, C.; Wang, H.; Wang, Z.; Wang, Y.; Zhang, B. Is density of neighbourhood restaurants associated with BMI in rural
Chinese adults? A longitudinal study from the China Health and Nutrition Survey. BMJ Open 2014, 4, e004528. [CrossRef]
[PubMed]

22. Wang, Y.; Wang, L.; Xue, H.; Qu, W. A review of the growth of the fast food industry in China and its potential impact on obesity.
Int. J. Environ. Res. Public Health 2016, 13, 1112. [CrossRef] [PubMed]

23. Macintyre, S.; Ellaway, A.; Cummins, S. Place effects on health: How can we conceptualise, operationalise and measure them?
Soc. Sci. Med. 2002, 55, 125–139. [CrossRef]

24. Jeffery, R.W.; Baxter, J.; McGuire, M.; Linde, J. Are fast food restaurants an environmental risk factor for obesity? Int. J. Behav.
Nutr. Phys. Act. 2006, 3, 2. [CrossRef]

25. Bleich, S.N.; Cutler, D.; Murray, C.; Adams, A. Why is the developed world obese? Annu. Rev. Public Health 2008, 29, 273–295.
[CrossRef] [PubMed]

26. McCormack, G.R.; Rock, M.; Toohey, A.M.; Hignell, D. Characteristics of urban parks associated with park use and physical
activity: A review of qualitative research. Health Place 2010, 16, 712–726. [CrossRef]

27. Swinburn, B.A.; Sacks, G.; Hall, K.D.; McPherson, K.; Finegood, D.T.; Moodie, M.L.; Gortmaker, S.L. The global obesity pandemic:
Shaped by global drivers and local environments. Lancet 2011, 378, 804–814. [CrossRef]

28. Virtanen, M.; Kivimäki, H.; Ervasti, J.; Oksanen, T.; Pentti, J.; Kouvonen, A.; Halonen, J.I.; Kivimäki, M.; Vahtera, J. Fast-food
outlets and grocery stores near school and adolescents’ eating habits and overweight in Finland. Eur. J. Public Health 2015, 25,
650–655. [CrossRef]

29. Williams, J.; Scarborough, P.; Townsend, N.; Matthews, A.; Burgoine, T.; Mumtaz, L.; Rayner, M. Associations between food
outlets around schools and BMI among primary students in England: A cross-classified multi-level analysis. PLoS ONE 2015, 10,
e0132930. [CrossRef]

30. Xu, Y.; Wang, F. Built environment and obesity by urbanicity in the US. Health Place 2015, 34, 19–29. [CrossRef] [PubMed]
31. Kumar, S.; Kelly, A.S. Review of childhood obesity: From epidemiology, etiology, and comorbidities to clinical assessment and

treatment. Mayo Clin. Proc. 2017, 92, 251–265. [CrossRef]
32. Moore, L.V.; Diez Roux, A.V.; Nettleton, J.A.; Jacobs, D.R.; Franco, M. Fast-food consumption, diet quality, and neighborhood

exposure to fast food: The multi-ethnic study of atherosclerosis. Am. J. Epidemiol. 2009, 170, 29–36. [CrossRef]
33. Zhang, Y.; Wang, J.; Xue, Y. Investigation on relevant factors of eating out and fast food and overweight/obesity among

3–12-year-old children in 9 areas of China. Matern. Child Health Care China 2014, 29, 5132–5135.
34. Jia, P.; Yang, H.; Cao, X.; Yuan, C.; Xiao, Q.; Yang, S.; Wang, Y. Association between access to full-service restaurants and childhood

obesity. Obes. Rev. 2021, 22, e13076. [CrossRef] [PubMed]
35. Ou, S. Are some neighborhoods bad for your waistline? A test of neighborhood exposure effects on BMI. J. Health Econ. 2019, 63,

52–63. [CrossRef] [PubMed]
36. Jia, P.; Luo, M.; Li, Y.; Zheng, J.-S.; Xiao, Q.; Luo, J. Fast-food restaurant, unhealthy eating, and childhood obesity: A systematic

review and meta-analysis. Obes. Rev. 2019, 22, e12944. [CrossRef]
37. Cheng, T.O. Fast food and obesity in China. J. Am. Coll. Cardiol. 2003, 42, 773. [CrossRef]
38. Cooksey-Stowers, K.; Schwartz, M.B.; Brownell, K.D. Food swamps predict obesity rates better than food deserts in the United

States. Int. J. Environ. Res. Public Health 2017, 14, 1366. [CrossRef]
39. Dunn, R.A. The effect of fast-food availability on obesity: An analysis by gender, race, and residential location. Am. J. Agric. Econ.

2010, 92, 1149–1164. [CrossRef]
40. Anderson, M.L.; Matsa, D.A. Are restaurants really supersizing America? Am. Econ. J. Appl. Econ. 2011, 3, 152–188. [CrossRef]
41. Alviola IV, P.A.; Nayga, R.M., Jr.; Thomsen, M.R.; Danforth, D.; Smartt, J. The effect of fast-food restaurants on childhood obesity:

A school level analysis. Econ. Hum. Biol. 2014, 12, 110–119. [CrossRef]

http://doi.org/10.1016/j.puhe.2018.07.024
http://www.ncbi.nlm.nih.gov/pubmed/30223160
http://doi.org/10.1007/s00394-008-0727-6
http://www.ncbi.nlm.nih.gov/pubmed/18677544
http://doi.org/10.1016/j.cvdpc.2008.11.003
http://doi.org/10.3109/17477160903572001
http://doi.org/10.1155/2012/597924
http://doi.org/10.1017/S1368980011002047
http://doi.org/10.1177/1054773813493286
http://doi.org/10.1016/j.aaspro.2010.09.034
http://doi.org/10.1136/bmjopen-2013-004528
http://www.ncbi.nlm.nih.gov/pubmed/24755211
http://doi.org/10.3390/ijerph13111112
http://www.ncbi.nlm.nih.gov/pubmed/27834887
http://doi.org/10.1016/S0277-9536(01)00214-3
http://doi.org/10.1186/1479-5868-3-2
http://doi.org/10.1146/annurev.publhealth.29.020907.090954
http://www.ncbi.nlm.nih.gov/pubmed/18173389
http://doi.org/10.1016/j.healthplace.2010.03.003
http://doi.org/10.1016/S0140-6736(11)60813-1
http://doi.org/10.1093/eurpub/ckv045
http://doi.org/10.1371/journal.pone.0147164
http://doi.org/10.1016/j.healthplace.2015.03.010
http://www.ncbi.nlm.nih.gov/pubmed/25864019
http://doi.org/10.1016/j.mayocp.2016.09.017
http://doi.org/10.1093/aje/kwp090
http://doi.org/10.1111/obr.13076
http://www.ncbi.nlm.nih.gov/pubmed/32618058
http://doi.org/10.1016/j.jhealeco.2018.10.007
http://www.ncbi.nlm.nih.gov/pubmed/30453225
http://doi.org/10.1111/obr.12944
http://doi.org/10.1016/S0735-1097(03)00792-7
http://doi.org/10.3390/ijerph14111366
http://doi.org/10.1093/ajae/aaq041
http://doi.org/10.1257/app.3.1.152
http://doi.org/10.1016/j.ehb.2013.05.001


Int. J. Environ. Res. Public Health 2021, 18, 9334 15 of 15

42. Asirvatham, J.; Thomsen, M.R.; Nayga, R.M., Jr.; Goudie, A. Do fast food restaurants surrounding schools affect childhood
obesity? Econ. Hum. Biol. 2019, 33, 124–133. [CrossRef]

43. Koleilat, M.; Whaley, S.E.; Afifi, A.A.; Estrada, L.; Harrison, G.G. Understanding the relationship between the retail food
environment index and early childhood obesity among WIC participants in Los Angeles County using GeoDa. Online J. Public
Health Inform. 2012, 4, ojphi.v4i1.3936. [CrossRef]

44. Salois, M.J. The built environment and obesity among low-income preschool children. Health Place 2012, 18, 520–527. [CrossRef]
45. Lakes, T.; Burkart, K. Childhood overweight in Berlin: Intra-urban differences and underlying influencing factors. Int. J. Health

Geogr. 2016, 15, 12. [CrossRef] [PubMed]
46. Fraser, L.K.; Edwards, K.L. The association between the geography of fast food outlets and childhood obesity rates in Leeds, UK.

Health Place 2010, 16, 1124–1128. [CrossRef]
47. Fiechtner, L.; Sharifi, M.; Sequist, T.; Block, J.; Duncan, D.T.; Melly, S.J.; Rifas-Shiman, S.L.; Taveras, E.M. Food environments and

childhood weight status: Effects of neighborhood median income. Child. Obes. 2015, 11, 260–268. [CrossRef] [PubMed]
48. Ohri-Vachaspati, P.; DeLia, D.; DeWeese, R.S.; Crespo, N.C.; Todd, M.; Yedidia, M.J. The relative contribution of layers of the

Social Ecological Model to childhood obesity. Public Health Nutr. 2015, 18, 2055–2066. [CrossRef]
49. Gorski Findling, M.T.; Wolfson, J.A.; Rimm, E.B.; Bleich, S.N. Differences in the neighborhood retail food environment and obesity

among US children and adolescents by SNAP participation. Obesity 2018, 26, 1063–1071. [CrossRef] [PubMed]
50. Xu, H.; Short, S.E.; Liu, T. Dynamic relations between fast-food restaurant and body weight status: A longitudinal and multilevel

analysis of Chinese adults. J. Epidemiol. Community Health 2013, 67, 271–279. [CrossRef] [PubMed]
51. Zhang, M.; Guo, W.; Zhang, N.; He, H.; Zhang, Y.; Zhou, M.; Zhang, J.; Li, M.; Ma, G. Association between Neighborhood Food

Environment and Body Mass Index among Older Adults in Beijing, China: A Cross-Sectional Study. Int. J. Environ. Res. Public
Health 2020, 17, 7658. [CrossRef]

52. Rolland-Cachera, M.F.; Group, E.C.O. Childhood obesity: Current definitions and recommendations for their use. Int. J. Pediatr.
Obes. 2011, 6, 325–331. [CrossRef]

53. Cole, T.J.; Bellizzi, M.C.; Flegal, K.M.; Dietz, W.H. Establishing a standard definition for child overweight and obesity worldwide:
International survey. BMJ 2000, 320, 1240. [CrossRef] [PubMed]

54. Kuczmarski, R.J.; Ogden, C.L.; Grummer-Strawn, L.M.; Flegal, K.M.; Guo, S.S.; Wei, R.; Mei, Z.; Curtin, L.R.; Roche, A.F.; Johnson,
C.L. CDC Growth Charts: United States Advance Data from Vital and Health Statistics, No. 314; National Center for Health Statistics:
Hyattsville, MD, USA, 2000.

55. WHO. Growth Reference Data for 5–19 Years. Available online: https://www.who.int/tools/growth-reference-data-for-5to19-
years (accessed on 3 January 2021).

56. Zhuang, K.; Jiang, Y. An analysis of the development of the Chinese fast food industry. J. Asian Bus. Strategy 2016, 6, 85. [CrossRef]
57. Currie, J.; DellaVigna, S.; Moretti, E.; Pathania, V. The effect of fast food restaurants on obesity and weight gain. Am. Econ. J. Econ.

Policy 2010, 2, 32–63. [CrossRef]
58. Nie, P.; Sousa-Poza, A.; He, X. Peer effects on childhood and adolescent obesity in China. China Econ. Rev. 2015, 35, 47–69.

[CrossRef]

http://doi.org/10.1016/j.ehb.2019.01.011
http://doi.org/10.5210/ojphi.v4i1.3936
http://doi.org/10.1016/j.healthplace.2012.02.002
http://doi.org/10.1186/s12942-016-0041-0
http://www.ncbi.nlm.nih.gov/pubmed/27001085
http://doi.org/10.1016/j.healthplace.2010.07.003
http://doi.org/10.1089/chi.2014.0139
http://www.ncbi.nlm.nih.gov/pubmed/25923838
http://doi.org/10.1017/S1368980014002365
http://doi.org/10.1002/oby.22184
http://www.ncbi.nlm.nih.gov/pubmed/29797558
http://doi.org/10.1136/jech-2012-201157
http://www.ncbi.nlm.nih.gov/pubmed/22923769
http://doi.org/10.3390/ijerph17207658
http://doi.org/10.3109/17477166.2011.607458
http://doi.org/10.1136/bmj.320.7244.1240
http://www.ncbi.nlm.nih.gov/pubmed/10797032
https://www.who.int/tools/growth-reference-data-for-5to19-years
https://www.who.int/tools/growth-reference-data-for-5to19-years
http://doi.org/10.18488/journal.1006/2016.6.5/1006.5.85.100
http://doi.org/10.1257/pol.2.3.32
http://doi.org/10.1016/j.chieco.2015.06.002

	Introduction 
	Materials and Methods 
	Data Collection 
	Obesity Outcomes 
	The Definitions of Fast-Food Restaurants 
	Control Variables 
	Analysis 
	Ordinary Least Squares 
	2SLS 


	Results 
	Descriptive Statistics 
	OLS and 2SLS 
	Robustness 
	Heterogeneity 

	Discussion 
	Conclusions 
	References

