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Abstract The obesity rate in Chicago has increased up
to more than 30% in the last two decades. Obesity is a
major problem in Chicago, where 36% of the city’s high
school students and 61% of adults in the metropolitan
area are overweight or obese. Simultaneously, Chicago
remains highly segregated by race—a phenomenon that
begs for spatial analysis of health. Extant work explor-
ing associations between the food retail environment
and obesity has provided mixed findings, and virtually,
none of this work has been done with the effects of the
interaction between racial segregation and the food retail
environment on obesity, where obesity rates are among
the highest in the segregation area for the city defined by
racial segregation. This study explores whether being
overweight or obese is associated with urban food envi-
ronments, such as access to different types of food retail
outlets, and how its associations interact with racial
factors, at the community level. This study uses the
20162018 data from the Healthy Chicago Survey to
investigate the spatial variations in obesity and their
association with food environments in Chicago. Also,
this study examines the moderating effects of racial
segregation on associations between obesity and access
to food retail outlets. Using spatial statistics and regres-
sion models with interaction terms, this study assesses
how the urban food environment can interact with racial
segregation to explain the spatial distribution of obesity.
The results indicate that the obesity population is highly
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concentrated in the African American community. In
Chicago, each additional convenience store in a com-
munity is associated with a 0.42% increase in the obe-
sity rate. Fast food restaurant access is predictive of a
greater obesity rate, and grocery store access is predic-
tive of less obesity rate in a community with a higher
percentage of African American population. Findings
can be used to promote equitable access to food retail
outlets, which may help reduce broader health inequities
in Chicago.
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Introduction

According to the US Department of Health and Human
Services and the National Institutes of Health, obesity
and overweight as the second leading cause of prevent-
able death cause an estimated 300,000 annual deaths in
the USA [1]. The high prevalence of obesity in the USA
has been well documented in the literature since the
obese population is of great concern for being at an
increased risk for several acute and chronic diseases,
such as diabetes, cardiovascular diseases, and coronavi-
rus diseases [2—8].

Among the built environmental factors of obesity,
researchers have paid much attention to the food envi-
ronment [9-15]. The literature has examined the
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associations between the food environment and over-
weight and obesity. Studies provide evidence of a pos-
itive effect of supermarket availability and a negative
effect of fast food availability on obesity. Xu et al. found
that residents in a county with a stronger fast food
presence are linked to higher odds of overweight and
obesity in Utah [10]. Morland et al. found that the
existence of grocery stores, convenience stores, or fast
food restaurants was associated with a higher prevalence
of obesity while the presence of supermarkets was as-
sociated with a lower prevalence of obesity at the census
tract level [11, 12]. A similar finding was reported in a
study in New Orleans where each additional supermar-
ket in a neighborhood was predictive of lower obesity
odds, and convenience store and fast food restaurant
access were associated with an increased odds for obe-
sity [13]. However, Mejia et al. and Huang et al. found
opposite effects of grocery stores and convenience
stores on obesity. Mejia et al. found that more conve-
nience stores in a walkable distance of 400 m were
associated with lower body mass index (BMI) among
adults in Los Angeles County [14]. Dubowitz et al.
found that an increase in grocery stores and supermarket
outlet availability lowers BMI for women aged 50-79
years [15]. Positive effects of supermarket existence and
negative effects of fast food presence have been consis-
tently observed in a large number of studies [10, 11, 13],
but the mixed and inconsistent findings are most com-
mon in assessing associations between obesity and ac-
cess to grocery stores and convenience stores [11-15].
The majority of the literature has not shown a relation-
ship between them [13, 16], while the remaining studies
have shown the opposite effects of grocery stores or
convenience stores on obesity [11, 12, 14, 15]. Besides,
itis believed that moderating factors are needed to better
understand the disparities in the prevalence of obesity in
the USA and their associations with food environments
[17]. Race is an important moderating factor contribut-
ing to the variation of obesity and its associations with
food environments since African American communi-
ties with different access to food environments are found
to have a higher prevalence of obesity [18, 19]. How-
ever, few studies have examined how food environment
access interacts with the race of residents to affect obe-
sity; further research is warranted.

The obesity rate in Chicago has increased up to more
than 30% in the last two decades [20, 21]. Obesity is a
major concern in Chicago, where 36% of the high
school students in the city and 61% of adults in the

metropolitan area are overweight or obese [22]. Simul-
taneously, Chicago remains highly segregated by race—
a phenomenon that begs for spatial analysis of health.
Extant work exploring the associations between the
food retail environment and obesity has provided mixed
findings, and virtually, none of this work has been done
with the effects of the interaction between racial segre-
gation and the food retail environment on obesity, where
obesity rates are among the highest in the segregation
area for a city defined by racial segregation. Research
for moderating effects of racial segregation and food
environments on obesity is needed. The city of Chicago
has significant racial disparities in food access [23, 24],
and the African American residents are facing chal-
lenges of racial segregation. Because of these condi-
tions, Chicago was an especially appropriate setting
for investigating the moderating effects of racial segre-
gation and food environments on obesity.

To fill the gap, this study uses spatial statistics to
examine the spatial distribution of obesity and its asso-
ciation with racial segregation. Also, this study develops
regression models with interaction terms to assess how
urban food environments interact with racial segregation
to affect obesity. It is hypothesized that the number of
supermarkets and grocery access would be negatively
associated with a prevalence of obesity while the num-
ber of convenience stores and fast food restaurants
would be positively associated with a prevalence of
obesity. It is also hypothesized that racial composition
is a moderator of the relationship between obesity and
access to different types of food retail outlets.

Methods
Study Sample

Respondents’ sample data are from the Healthy Chicago
Survey collected by the Chicago Department of Public
Health between 2016 and 2018. The Healthy Chicago
Survey is an annual telephone survey launched in 2014
by the Chicago Department of Public Health to better
understand the health of Chicagoans, which collects
information on chronic health conditions including obe-
sity data [25]. A random-digit-dial method was used in
this survey—an adult aged 18 years or older in each
household was randomly selected to be interviewed.
Body mass index (BMI) was calculated for adults aged
18 years or older who reported height and weight.
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Individuals with a BMI of 30 or greater are obese. The
adult obesity rate in a community is the estimated num-
ber of adults aged 18 years or older who are obese
divided by the estimated number of adults in a commu-
nity, expressed as a percent, which is weighted to rep-
resent the population from which the sample was drawn,
the household population of adults aged 18 years or
older in the city of Chicago [26]. The survey sample
size is 662,000, accounting for about 25% of the total
population in Chicago. [52]

Food Store Database and Neighborhood Food
Environment

Data on food stores are from the Dun & Bradstreet
database. The food outlets’ information in this database
includes each retailer’s location, annual sales, and the
industry code under the North American Industry Clas-
sification System (NAICS) [27]. This study uses NAICS
codes to identify each type of food store outlet. Retailers
are classified into four types of food outlets according to
NAICS codes and sales: supermarkets (code: 445110),
grocery stores (code: 445110), convenience stores
(code: 445120), and fast food restaurants (code:
722513). Supermarkets and grocery stores have the
same industry code—both are primarily engaged in
retailing a general line of food, so this study distin-
guishes supermarkets from grocery stores based on
sales: stores with the industry code 445110 and annual
sales greater than or equal to 1 million dollars are
defined as supermarkets while stores with the same
industry code and annual sales less than 1 million dollars
are defined as grocery stores.

Chicago is 607 sq. km.in size [28], consisting of 77
community areas. This study uses a community buffer
boundary to define the extent of a neighborhood food
environment. To resolve the boundary problem, half a
mile external buffer outside the boundary of each com-
munity was constructed to account for stores since halfa
mile is a reachable distance for an average person’s 10-
min walking. Based on the spatial distribution of the
number of food stores shown in Fig. 1 and the spatial
distribution of the number of food stores per capita
shown in Fig. 2, the North Side of Chicago has the
highest store concentration while the South Side of
Chicago has the highest store per capita concentration.
The number of each type of food stores per capita is
used to consider spatial heterogeneous populations
within the city since more population lives in the North
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Side than the South Side and the North Side has a much
higher population density than the South Side, so each
type of food store access is measured by the number of
each type of food store and the number of each type of
food store per capita within a community buffer
boundary.

Independent Variables

The community socio-demographic data and travel be-
havior data are extracted from the 2014-2018 American
Community Survey and the Chicago Metropolitan
Agency for Planning (CMAP) [29, 30]. These socio-
demographic data include race, gender, age, income,
educational attainment, and household size. The travel
behavior data include the mode of travel to work and
annual vehicle miles traveled per household. Since both
the African American population and Latino population
have a higher prevalence of obesity than other racial
populations [13, 17], two race variables are the African
American percentage of the population and the Latino
percentage of the population, respectively, for a com-
munity. The female population has a higher obesity
prevalence than the male population [13, 17, 31], so
the gender variable measures the female percent of the
total population in a community. Age was grouped into
five categories: under 19, 20-34, 3549, 50-64, and 65
and older. The youngest age cohort is a reference group.
Education includes six levels: less than high school,
high school graduate, some college, associate degree,
bachelor’s degree, and graduate or professional degree.
Less than high school is a reference group. Besides
household median income, annual household income
is grouped into six classes: less than $25,000, $25,000
to $49,999, $50,000 to $74,999, $75,000 to $99,999,
$100,000 to $149,999, and $150,000 and over. Less
than $25,000 is a reference group. There are four types
of household size: 1-person household, 2-person house-
hold, 3-person household, 4-or-more person household.
A 4-or-more person household is a reference group.
There are five modes of work travel: work at home,
drive alone, carpool, transit, walk or bike, and others.
The mode “walk or bike” is a reference group. There are
four means of transportation to work by vehicles avail-
able: no vehicle available, one vehicle available, two
vehicles available, and three or more vehicles available.
No vehicle available is a reference group. Total park
acres data measuring the built environment are from the
CMAP 2013 land use inventory [30].



A Spatial Analysis of Obesity: Interaction of Urban Food Environments and Racial Segregation in Chicago 679

Supermarket Count
.
-

B oo

Grocery Count

B o2
I 2058
[ |s9-87
[ s8-143
| g

Convenience Store Count
-

I s-6
[ -
[ 28-44
B -8

Fig. 1 The number of each type of food stores by community

Statistical Analysis and Regression Modeling
with Interaction Term

Spatial statistics, local Getis-Ord G, are used to identify
local clusters of hotspots and coldspots of obesity.
ArcGIS is used to perform and visualize the results of
local spatial statistics. This study also uses ordinary least
squares regression models to assess the effects of food
store access on obesity prevalence. To investigate the
moderating effects of racial segregation and food store
access on obesity, the interaction terms between each
type of food store access and the African American
percent are added to the analysis model. This study

Fast Food Count
B 25
I 54 - 10t
[ J102-181
[ 182-340
B ss0-627

develops regression models with interaction terms to
assess how urban food environments interact with racial
segregation to affect obesity. The backward method is
used to filter variables to include only statistically sig-
nificant ones.

Results

As shown in Table 1, the overall obesity prevalence of
the sample is 31%. The largest racial group of the
sample is African American, accounting for 37% of
the sample participants. Figure 3 shows the obesity
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Fig. 2 The number of each type of food stores per capita by community

hotspots and coldspots and the African American per-
cent distribution. As shown in Fig. 3, obesity hotspots
are the African American communities. The obesity
population is highly concentrated in the African Amer-
ican community. Besides, most of the participants are
female. More than 65% of the respondents are aged
between 30 and 64. Twenty-three percent of the respon-
dents live at or below the poverty line. Those with
higher obesity rates include African Americans, fe-
males, and middle-aged respondents. Individuals at or
below the poverty line have higher rates as well.

Table 2 shows the descriptive statistics on the food
retail environment. Households have many more gro-
cery stores and fast food restaurants in their communi-
ties than supermarkets and convenience stores. Figure 1
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shows the number of each type of food store by the
community. Twenty-eight out of 77 communities are
African American communities, accounting for 29% of
the total population in Chicago [42]. African American
communities’ access to each type of food store is below
the average among communities. The mean number of
supermarkets in a community is 4.27. Five communities
have no access to supermarkets, and 1 out of these
communities is African American communities. Fifty-
two communities have access to one to four supermar-
kets, below the average, and 25 out of these communi-
ties are African American communities. The mean num-
ber of grocery stores is 71. Forty-five communities have
access to less than or equal to 71 grocery stores, below
the average, and 40% of them are African American
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Table 1 Descriptive characteristics of the study sample and obesity prevalence in 2018

Variable Number Percent Percent obese Lower 95% CI Upper 95% C1
Total 662,000 100.0 30.8 28.8 32.8
Race/ethnicity

Latino 211,000 31.9 37.5 334 41.7
African American 242,000 36.6 39.3 35.8 42.8
Asian or Pacific Islander 15,000 23 9.8 3.6 15.9
White 185,000 27.9 23.7 20.4 27.0
Age

18-29 119,000 18.0 21.2 17.1 254
3044 200,000 30.2 31.9 28.2 35.5
45-64 234,000 353 37.0 335 40.6
65+ 109,000 16.5 32.8 28.0 37.7
Gender

Female 373,000 56.3 334 30.7 36.2
Male 288,000 435 27.9 249 30.8
Federal poverty level

0-100% 153,000 23.1 39.4 34.6 44.2
100-199% 121,000 18.3 35.7 304 40.9
200-399% 76,000 11.5 31.9 26.1 37.7
400%+ 197,000 29.8 25.8 22.5 29.0

communities, which are higher than African American
population percent. Similarly, the percentage of African
American communities with access to the number of
convenience stores below the average is 46%, and the
percentage of African American communities with ac-
cess to the number of fast food restaurants below the
average is 51%—both are higher than African American
population percentages.

Obesity Hotspots and Coldspots
Il Coisspots at signiicance level 0.01 |
Il Coiospots at significance level 0.05 *
B Coiaspots at significance level 0.1
Not Signfficant

[ Hotspots at sgnificance level 0.1
I Hotspots at significance level 0.05
- Hotspots at sgnificance level 0.01

Table 3 depicts the relationship between the food
retailer access variables and obesity prevalence. Model
results indicate that more convenience stores are signif-
icantly associated with higher obesity prevalence while
more convenience stores per capita are significantly
associated with lower obesity prevalence. Each addi-
tional convenience store in a community is associated
with a 0.42% increase in the obesity rate. The number of

African American percent
| EREEET
B 7021752
1753.4756
| RN
[ EEREREY

Fig. 3 Obesity hotspots and coldspots (left) and African American percent distribution (right)
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Table 2 Descriptive statistics of each food store type within communities

Food retailer type Mean SD Minimum Median Maximum
Supermarkets 4.27 3.73 0.00 3.00 19
Grocery stores 70.83 53.22 10 58.00 244
Convenience stores 17.08 14.03 1 12.00 68

Fast food restaurants 115 124.19 12 75.00 627

convenience stores and the number of convenience
stores per capita have opposite associations with obesity
prevalence in that the North Side of Chicago has the
highest store concentration while the South Side of
Chicago has the highest store per capita concentration.
High concentrations of convenience stores in the North
Side of Chicago cause surplus access to less healthy
foods in the North Side because convenience stores
provide greater spatial access than traditional food
stores, such as supermarkets and grocery stores. [50,
51] Comparatively, high concentrations of convenience
stores per capita in the South Side of Chicago show that
access to healthy food matters because convenience
stores are the key food environment influence on nutri-
ents available, representing healthy foods availability in
household food supplies among limited resource resi-
dents. [36] Also, according to the model coefficients, the
magnitude of association of convenience stores with
obesity is 2-fold higher than grocery stores, which indi-
cates the greater influence of convenience stores on
obesity than grocery stores. This further confirms the
key role of convenience stores in the food environment
among limited resource residents. And the magnitude of
the difference in convenience stores and grocery stores
is consistent with the results in Dubowitz et al. that the
effect size for the availability of different types of food
stores are different. [15]

The interaction terms between food store access and
African American population indicate that more grocery
stores are significantly associated with lower obesity
prevalence when African American population percent
increases. The interaction terms also indicate that more
fast food restaurants are significantly associated with
higher obesity prevalence when African American pop-
ulation percent increases. In the model, other socio-
demographic factors associated with obesity prevalence
are age and educational attainment. The elderly popula-
tion is associated with a higher obesity rate while the
population with bachelor’s degrees is associated with a
lower obesity rate.

@ Springer

Besides, built environment and travel behavioral
factors reflecting lifestyle options influence obesity
prevalence. Regarding the built environment, more
total park acres are associated with a lower obesity
rate. This implies the significance of parks in lowering
the obesity rate since people access to parks for phys-
ical fitness activities. An active lifestyle may be curb-
ing this public health epidemic by encouraging physi-
cal activity in parks with recreational facilities since it
is found that there is a consistent correlation between
convenient access to recreational facilities and physical
activity [43, 44]. Besides, compared to walk or bike
mode, the modes of working at home, drove alone,
carpool, and transit are associated with a higher obesity
rate. Among these modes, working at home is associ-
ated with the highest obesity rate. The findings provide
evidence of the link between adult obesity levels and
travel behavior, which is consistent with what Gordon-
Larsen et al. and Bassett et al. found that active travel,
i.e., walking and cycling, could lower obesity rates by
increasing levels of physical activity [45, 46]. Also, the
association of working at home with the highest obe-
sity rate echoes Kipke et al.’s finding that a sedentary
lifestyle may be fueling the obesity epidemic [47].
Besides, households with two vehicles are associated
with a higher obesity rate while households with three
or more vehicles are associated with a lower obesity
rate, compared to households without vehicles. The
results indicate that heavy dependence on passive
forms of transportation could explain greater inactivity
leading to an increase in the prevalence of obesity. Bell
et al. found motorized forms of transportation promot-
ing obesity in China. Comparatively, the USA has less
variation in the type of transportation among the pop-
ulation since 82% of trips are vehicle trips and vehicle
ownership is close to 90% [48, 49]. Thus, households
with one vehicle are not significantly associated with a
lower obesity rate. However, two vehicles in a house-
hold could create increasingly sedentary time by driv-
ing more trips. So, it could be an effective obesity
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prevention strategy to discourage heavy dependence
on vehicle uses.

Discussion

Obesity in Chicago demonstrated a North-South gradi-
ent: the North Side is the least obese, the least African
American population, and the greatest food store access
while the South Side is the most obese, the most African
American population, and the least food store access. A
similar obesity gradient is found in Seattle, which is
segregated by income and education [32]. By contrast,
the Chicago North-South obesity gradient is consistent
with racial segregation, so regarding the influence of the
community-built environment, the cross-level interac-
tions of the race with each type of food store access are
emphasized in Chicago.

This research found the opposite associations of con-
venience stores with obesity—more convenience stores
are associated with a higher prevalence of obesity while
more convenience stores per capita are associated with a
lower prevalence of obesity. The findings provide evi-
dence on the spatial variation of correlations between
certain types of food retailer access and obesity preva-
lence. The evidence demonstrates that access to healthy
food matters in the South Side of Chicago due to the
absence of healthy foods while reductions of access to
less healthy food matter in the North Side of Chicago
due to the glut of less healthy foods. These findings are
consistent with the results in the existing literature that
convenience stores are the key food environment influ-
ence on healthy foods availability in household food
supplies among limited-resource communities. [36, 50]

What is distinctive about this research is that race is
identified as a moderator of the relation of food envi-
ronments to obesity. Race has been found to moderate
the relationship between changes in food environment
access and BMI. The findings suggest that African
American communities have different food environ-
ments and may result in their different behavioral re-
sponses to the food environments and exposures to
different types of food stores. For example, it is found
that in African American communities, fast food restau-
rant access and grocery store access are directly associ-
ated with obesity in opposite directions, which is ex-
pected as numerous studies have found [10, 11, 13]. But
it is found for convenience stores in African American
communities—greater access is associated with a lower
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obesity prevalence, which might appear to be counter-
intuitive because both convenience stores and fast food
restaurants offer energy-dense foods [33, 34]. However,
different from fast food restaurants, convenience stores
not only offer mostly prepared, highly processed, high-
calorie foods, but also a limited choice of fresh produce
[35]. Thus, convenience stores are relatively healthy
compared to fast food restaurants. Further, due to the
African American communities’ lack of access to
healthy supermarkets and grocery stores in Chicago,
convenience stores are easier to access than supermar-
kets and grocery stores in African American communi-
ties. This echoes Sharkey et al.’s findings that commu-
nity and neighborhood retail food venues, such as con-
venience stores, are a frequent source of food items and
might have a greater influence on household food sup-
plies than supermarkets and groceries, especially for the
minority population [36-39]. Besides, each type of food
store might have diverse food quality and prices [40]. Le
et al. provides evidence that children with access to
higher quality food items, no matter what type of food
store, had lower odds of obesity [41].

This study has some limitations. First, BMI is calcu-
lated from self-reported data, so it is unclear whether
there is any systematic bias related to store access pre-
dictors. Second, its cross-sectional nature does not allow
for examining any causal effects between obesity and
the food environment. Third, spatial analyses at the
aggregate level, community level, potentially have a
boundary problem. The selection of the aggregation
level is data-driven and needs to be tested. Fourth,
obesity disparity might be attributable to unobserved
neighborhood characteristics, such as crime and street
design since these neighborhood features might affect
the physical activity levels of respondents. This study
controls for travel mode, but neighborhood walkability
features are not included in the model due to the un-
availability of data. Lastly, categorizing food outlets by
the NAICS code is a crude way to classify complex
consumer behavior, assuming that healthy food at af-
fordable prices is available on the basis simply of the
availability of broadly classified food stores, which
could lead to misleading results [41]. Different dimen-
sions of the food environment, including availability,
price, and quality of foods, need to be examined for
future research.

This study aims to provide answers to the following
questions: What characteristics of the neighborhood
food environment are associated with obesity in
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Chicago? Do African Americans have greater (or lesser)
access to different types of food retailers? Convenience
stores have opposite effects on obesity in Chicago: more
convenience stores per capita are associated with lower
obesity prevalence in the South Side while more conve-
nience stores are associated with higher obesity preva-
lence in the North Side. Most importantly, African
American communities have lesser access to all types
of food retailers. The obesity prevalence in African
American communities is positively associated with fast
food restaurants but negatively associated with grocery
stores. Interventions to provide more healthy options in
grocery stores and convenience stores in African Amer-
ican neighborhoods may have favorable effects on Af-
rican Americans’ weight outcomes. At the same time,
interventions to reduce less healthy options in conve-
nience stores in non-African American neighborhoods
might help reduce obesity among non-African Ameri-
can communities.
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