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Objectives: In spite of the importance of green space for reducing obesity-related problems, there has been little exploration of
whether access to green space (e.g., parks and recreational facilities) influences the obesity rate of adults in the United States. The
purpose of the study was to investigate the relationships among accessibility of green space, obesity rates, and socioeconomic and
demographic variables among adults living in the State of Indiana, United States.

Methods: We conducted a secondary data analysis to investigate the relationships among accessibility to green space, obesity rates,
and socio-demographic variables with employing Geographic Information System in order to measure the accessibility of green space.
Results: This study found that accessibility of green space served as a strong predictor of reduced obesity rates among adults (3=-2.478;
p<0.10). In addition, adults with higher education levels, as well as better access to green space, were found to have even lower obe-
sity rates (B=-0.188; p<0.05). Other control variables such as unemployment rates, food security, and physical inactivity are addition-
al factors that influence obesity rates among adults.

Conclusions: Accessibility of green space may play an important role in facilitating physical activity participation and reducing obesi-
ty rates.
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INTRODUCTION

Obesity is a global public health issue as it is significantly as-
sociated with serious health problems and risks such as car-
diovascular disease, cancers, and diabetes, and premature

Recelved: December 21, 2020 Accepted: May 18, 2021
Corresponding author: Junhyoung Kim

Department of Health & Wellness Design, School of Public Health,
Indiana University, 1025 E. 7th Street, Bloomington, IN 47405, USA
E-mail: kim9@iu.edu

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and repro-
duction in any medium, provided the original work is properly cited.

208 Copyright © 2021 The Korean Society for Preventive Medicine

mortality [1,2]. In spite of the seriousness of obesity-related
health problems, the prevalence of obesity has been acceler-
ating every year in the United States (U.S.), affecting individu-
als in all segments of society. In particular, a report from the
National Health and Nutrition Examination Survey (2017) indi-
cates that in the U.S., over 40% of young adults aged 20 years
to 39 years, 44% of middle-aged adults aged 40-59 years, and
43% of older adults have obesity. Also, compared with other
age groups, adults have the highest prevalence of severe obe-
sity. Due to the increasing prevalence of obesity among adults,
and its detrimental health consequences, public health re-
searchers and policy makers have sought ways to reduce obe-
sity-related health risks and promote effective prevention pro-
grams for adults.
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A growing body of literature suggests that accessibility to
green space (GS Access) such as parks and recreational facili-
ties can play an important role in promoting physical activity
(PA) and reducing obesity-related health problems [3,4]. Re-
searchers have found that proximity to available green space
promotes PA participation and increased energy consumption
[5,6]. In a longitudinal cohort study of the relationship be-
tween accessibility to park and recreational resources and
obesity, it also found that proximity to recreational programs
and parks was associated with reduced obesity rates [7].

However, other studies have found no association between
access to green space and reduction of obesity [8,9]. For ex-
ample, proximity to playgrounds was not associated with child-
hood obesity among children in the U.S. [10]. Also, the number
of PA facilities such as parks and playgrounds to which Cana-
dian children had access was not associated with their obesity
rates [11]. The relationship between access to outdoor recre-
ation facilities and obesity rates concluded the mixed results
due to the variety of methods and instruments used, ranging
from self-reports to objective measurements [12].

Besides mixed findings on the relationship between access
to green space and obesity, there is limited research on how
access to green space (e.g., parks and recreational facilities) is
associated with obesity rates among adults. While some stud-
ies have provided evidence that the accessibility of green
space is associated with the reduction of obesity rates among
children [13,14], there has been little exploration of whether
access to green space influences the obesity rate of adults in
the U.S. Thus, this investigation of the relationship of access to
green space and selected adults living in the State of Indiana
had three main objectives. First, we aimed to investigate our
hypothesis that there would be a negative association be-
tween accessibility of green space and obesity rates among
adults, based on the assumption that adults who can easily
access green space are likely to be physically active and, as a
result, report low obesity rates. Second, previous studies found
that education level was an important factor in reduced the
adult obesity rates [15,16]. We explored whether the level of
education moderates the association between GS Access and
the adult obesity rates. Last, in this study we examined the as-
sociations of certain socioeconomic and demographic vari-
ables with adult obesity rates. Based on previous findings, we
focused on variables found to be positively or negatively asso-
ciated with obesity rates, including population, county area,
unemployment rate, median household income, sex, food in-
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security, and physical inactivity as control variables in this
study [17,18].

METHODS

Sample and Data Sources

For this study we conducted a secondary data analysis to
investigate the relationships among GS Aceess, obesity rates,
and socio-demographic variables. Our four main data sources
included: (1) the 2018 United States Diabetes Surveillance
System to obtain adult obesity rates; (2) the Indiana Depart-
ment of Natural Resources to identify the physical locations of
green spaces such as parks and recreational facilities; (3) the
United States Census Bureau to access state and county
boundaries for geospatial data; and (4) the 2020 County Health
Rankings to obtain our control variables. The dataset included
information on all 92 counties in the State of Indiana. In this
research, the unit of analysis was at the county-level as it more
precisely represented access to green space in the state [19].

Measurements

We first collected all variables except the independent vari-
ables since we used Geographic Information System (GIS) skills
to measure the independent variables, which is the accessibil-
ity of green space in each of Indiana’s 92 counties. Also, we cal-
culated the county area using geometry calculation in ArcGIS.
Then, we modeled and analyzed the relationship between the
accessibility of green space and adult obesity rate the county-
level. Moreover, we generated two geographic maps of 92 coun-
ties’adult obesity rates (Figure 1) and the GS Aceess (Figure 2).

Dependent Variable
The World Health Organization defined adult obesity as a

body mass index (BMI) equal to or greater than 30 kg/m’. For
this research, the adult obesity rate was calculated as the per-
centage of the adult population (age 20 and older) that re-
ported a BMI equal to or greater than 30 kg/m2.as reported in
the 2020 County Health Rankings.

Independent Variable

Based on previous studies, we defined green space as parks
and recreational facilities that are managed by federal, state,
local (e.g., municipal city level) and non-government organi-
zations and schools. Accessibility is a measure of how easily
people can reach their intended destination, including such
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Figure 1. A map of adult obesity rate in Indiana (by county-level).

aspects as available transportation, shopping mall, work, and
healthcare facility [20]. Green space accessibility refers to how
many green space are available to residents within a specified
distance or time interval [21]. We operationalized accessibility
of green space using buffer analysis with ArcMap [22], which
created a buffer area with a specific width around the shape of
space. Buffer analysis refers to “based on the concept of prox-
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imity, a buffer can be created to divide the map into two areas,
one within the specified distance of the selected map feature
and the other beyond the specified distance” [23].

Calculating the accessibility of green space involved three
steps. First, we generated a one-mile buffer zone around such
green space as parks and recreational facilities since it was
identified as a reasonable representation of an individual’s
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Figure 2. A map of accessibility to green space rate in Indiana (by county-level).

walking distance [24]. Second, we calculated the total cover- Total coverage of green space with 1 mile buffer zone

GS Access =
age of green space including the one-mile buffer zone by ex- Total county area (acre)
ploiting the dissolve function. Last, we standardized the total
coverage of green space for each county as the ratio of total Covariates
green space to total county area in order to accommodate dif- We controlled seven social, economic, environmental, and
ferent county sizes. Equation of the GS Access per county is geographical factors, which simultaneously influenced our fo-
below: cal independent and dependent variables. These seven ele-
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ments and their sources included: (1) county population (resi-
dent population, the United States Census Bureau), (2) county
area (geometry calculation in ArcGlIS), (3) unemployment rate
(percentage of the population ages 16+ unemployed but
seeking to work, Bureau of Labor Statistics), (4) median house-
hold income (the income where half of the households in a
county earn more and half of the households earn less, the
United States Census Bureau), (5) percentage of females (per-
centage of the population that is female, the United States
Census Bureau), (6) food insecurity (percentage of households
lacking adequate access to food, Core Food Security Module
of the Feeding America survey), and (7) physical inactivity
(percentage of adults ages 20+ reporting no leisure-time PA,
the Behavioral Risk Factor Surveillance System from United
States Diabetes Surveillance System). Excluding county area,
we obtained all covariates from the 2020 County Health Rank-
ings.

Education Level (Moderator)

In this research, the education level was measured as the
percentage of adults’ educational attainment with post-sec-
ondary education. Previous researchers found that education
level meaningfully influenced the adult obesity rate [16,17].
Thus, we predicted that the level of education moderates the
association between adult obesity rate and accessibility of
green space in that higher levels increase the likelihood of us-
ing available facilities.

Data Analysis

We used Stata version 16 (StataCorp., College Station, TX,
USA) statistical package to analyze the data. We conducted
two multiple regression analyses to calibrate the unique asso-
ciation of (1) the focal independent variable (GS Access) and
(2) the interaction between the focal independent variable
and the moderator (education level). We used heteroskedas-
ticity-robust standard error to deal with heteroskedasticity. We
log-transformed two skewed variables: GS Access and popula-
tion. We mean-centered the focal independent variable and
moderator to reduce multicollinearity [25] and enhance inter-
pretability of the moderating effect. Lastly, we estimated vari-
ance inflation statistics to check multicollinearity. The variance
inflation statistics indicated that the model did not suffer from
multicollinearity.

We used the following equation to test an estimate of the
main association of GS Access on obesity:
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Obesity%, = B, + B, GS Access; + B, Education; + f, , Covariates +& (1)

In equation 1, subscript i represents the county. B; GS Access;
represents the main effect of GS Access on obesity %. &, repre-
sents the random error term.

Similarly, we used the following equation to test the interac-
tion effect of GS Access and Education on obesity:

Obesity%, =y + v GS Access; + v, Education; +y3GS Access; *Education; +

Y4.10Covariates; +¢;

In equation 2, the main coefficients of interest are y; GS Access;
and Y3GS Access;*Education;, which represents the interaction
effect of GS Access and Education on obesity %. €; represents
the random error term.

Ethics Statement

This study used public use data sets that are not individual-
ly identifiable and does not constitute human subjects re-
search.

RESULTS

Table 1 summarized the descriptive statistics of the 92 Indi-
ana counties including mean, standard deviation, minimum,
25 percentile, median, 75 percentile, and maximum. The prev-
alence of county-level adult obesity in Indiana varied from
25.00% to 43.00%, with a mean of 34.12%. The prevalence of
accessibility of green space varied from 2.50% to 35.32%, with
a mean of 8.30%. The mean of GS Access indicated the aver-
age accessibility rate of green space in Indiana. The prevalence
of some post-secondary education varied from 30.00% to
87.00%, with a mean of 56.00%. Table 2 summarized the Pear-
son correlation. Socioeconomic variables including education,
unemployment, and median income are significantly correlat-
ed with the dependent variable. Moreover, the physical inac-
tivity is positively correlated with obesity rate. Table 3 summa-
rized the results of the multiple regression analyses. Column 1
of Table 3 provided the main model (Equation 1). Specifically,
the regression model examined adult obesity as a function of
GS Access, education, and control variables. The overall model
was significant: F(9, 82)=3.94, p<0.01; the predictors together
explain 24.1% of the adult obesity rate’s variance. Column 1 of
Table 3 indicates that a county’s GS Access was commensurate
with its adult obesity rate (B=-2.478; p<0.10). In terms of co-
variates, county area (=-0.000; p<0.01) and food insecurity
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Variables n Mean+SD Min
Obesity % 92 34.11+3.60 25.00
GS Access 92 8.30t4.57 2.50
Education 92 56.88+9.24 30.00
Population 92 73176.28 1124 136.54 5875.00
County area 92 251761.80+61702.76 57 871.98
Unemployment 92 3.45+0.61 2.50
Median income 92 56 036.19+9483.39 43 096.00
Female 92 50.15+1.13 45.70
Food insecurity 92 11.90+1.88 8.00
Physical inactivity 92 28.62£4.17 17.00

Green Space and Obesity
P25 Median P75 Max
32.00 34.00 37.00 43.00
5.60 6.96 9.7 35.32
51.00 56.00 62.00 87.00
20 552.50 34 279.00 69 165.50 964 582.00
231 293.63 259131.70 285 287.48 425 306.66
2.90 3.40 3.90 5.50
49 684.50 54 369.00 59 630.50 101 740.00
49.90 50.20 50.65 52.70
10.00 12.00 13.00 17.00
26.00 28.00 31.00 40.00

SD, standard deviation; Min, minimum; P25, 25 percentile; P75, 75 percentile; Max, maximum; GS Access, accessibility to green space.

Obfs'ty GS Education Population County Unemployment I_Vledlan Female . F°°d. _Phys!c_al
%o Access income insecurity inactivity
Obesity % 1.000
GS Access -0.098 1.000
Education -0.265* 0.322** 1.000
Population -0.106 0.875** 0.364** 1.000
County area -0.038 0.046 0.046 0.210* 1.000
Unemployment 0.207* 0.037 -0.254* 0.018 -0.057 1.000
Median income -0.192" 0.112 0.588%* 0.125 0.006 -0.509** 1.000
Female 0.029 0.214* 0.269** 0.283**  -0.136 -0.089 0.113 1.000
Food insecurity 0.021 0.315** -0.086 0.325** 0.035 0.572** -0.685** 0.002 1.000
Physical inactivity 0.327**  -0.277** -0.423**  -0.283** 0.055 0.305** -0.493**  -0.186' 0.199' 1.000

GS Access, accessibility to green space.
'p<0.1, *p<0.05, **p<0.01.

(B=-0.883; p<0.10) were associated with reduced adult obesi-
ty rates, while population and physical inactivity were associ-
ated with increased adult obesity rates. The covariates of the
main model were consistent with the adult obesity rate. The
coefficient of population (3=2.476; p<0.001) and physical inac-
tivity (3=0.277; p<0.05) had a positive association with obesi-
ty rates, and the coefficient of county area (=-0.000; p<0.05)
and food insecurity (=-0.883; p=0.393) had a negative asso-
ciation with obesity rates. Both were statistically significant
determinants of adult obesity, indicating that county area and
food insecurity have negative association with the obesity
rate, while population and physical inactivity have positive as-
sociation with the obesity rate.

Column 2 of Table 3 provided the full model (Equation 2).
Specifically, the regression model examined adult obesity as a
function of GS Access, education, the interaction between GS
Access and education, and covariates. The overall model was

significant: £(10, 81)=5.04, p<0.01. Compared to Column 1,
the F-statistics of Column 2 were significantly greater, suggest-
ing the full model fits the data better. Together the predictors
explained 27.2% of the variance and thus more variance of
the adult obesity rate than the main model (Column 1). Col-
umn 2 of Table 3 indicated that a county’s GS Access was asso-
ciated with a reduction in the adult obesity rate (3=-2.881;
p<0.05). More importantly, the interaction between GS Access
and education indicated that the effect of GS Access on reduc-
ing adult obesity became greater as education level increased
(B=-0.188; p<0.05), suggesting that education level magni-
fied the effect of GS Access on reducing the adult obesity. The
covariates of the full model investigated the moderating ef-
fects were consistent with the adult obesity rate. The coefficient
of population (3=2.728; p<0.01), unemployment (3=1.449;
p<0.1), and physical inactivity (3=0.253; p<0.05) had a posi-
tive sign. The coefficient for county area (B=-0.000; p<0.01)
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Variables Main model Full model
Adult obesity%
GS Access (log) -2.478 (1.413) -2.881(1.390)*
Education -0.075(0.057) -0.054 (0.052)
GS Access*Education -0.188(0.081)*

Control
Population (log)

2.476(0.879)**

2.728(0.881)**

County area -0.000 (0.000)* -0.000 (0.000)*
Unemployment 1.402 (0.878) 1.449 (0.846)"
Median income -0.000 (0.000) -0.000 (0.000)
Female 0.077 (0.376) 0.096 (0.350)
Food insecurity -0.883(0.393)* -0.734 (0.374)*
Physical inactivity 0.277 (0.125)* 0.253 (0.124)*
Constant 26.175(3.522)** 27.124 (3.496)**
N 92 92
R? 0.241 0.272
F-statistics 3.940%** 5.040%*

Standard errors are in parentheses.
GS Access, accessibility to green space.
*p<0.1, *p<0.05, **p<0.01.

and food insecure (3=-0.734; p<0.10) was negative. Both were
statistically significant determinants of adult obesity, indicat-
ing that county area, and food insecurity were negatively as-
sociated with obesity rate, while population, unemployment
rate, and physical inactivity were positively associated with
obesity rate.

DISCUSSION

In this study, a combination of GIS and multiple regression
was used to investigate the relationships among accessibility
of green space (e.g., parks and recreational facilities), adult
obesity, and other control variables. It was found that accessi-
bility of green space served as a strong predictor of reduced
obesity rates among adults. It also suggested that adults who
had better access to green space are less likely to experience
obesity than those with poorer access in the county-level. In
addition, the county which has adults with higher education
levels, as well as better access to green space, were found to
have even lower obesity rates. Other covariates such as unem-
ployment rates, food security, and physical inactivity are addi-
tional factors that influence obesity rates among adults in the
county-level.

Prior studies have produced mixed findings on the relation-
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ship between accessibility of green space and obesity rates [7-
9,12], some indicating a negative relationship and others no
statistically significant relationship between the two variables.
The results of the present study, in which accessibility of green
space was found to serve as a negative predictor of obesity
rates among adults, confirm previous research indicating that
access to green space and recreational facilities can be a valu-
able resource for the reduction of adult obesity rates.

This study adds to literature on the relationship between
availability of green space and obesity rates, in which the ma-
jority of previous studies have focused on childhood obesity
[7,26], by showing that accessibility of green space is also re-
lated to reduction of adult obesity rates in the county-level.
This finding is aligned with studies demonstrating that adults
who actively engaged in green space, such as walking or run-
ning on trails and participating in recreational programs, are
likely to become physically active [3,27], which is linked to re-
duced risks of county’s adult obesity rate. Research has sug-
gested that certain socioeconomic and demographic variables
are important determinants of obesity rates among adults
[17,18,28]. Among these variables, previous studies have
found an inverse relationship between educational attain-
ment and prevalence of obesity among adults [15,16]. The
present study supports the importance of educational level as
individuals who had better access to green space and report-
ed high educational levels were likely to have lower BMIs than
those with less educational attainment, suggesting an associa-
tion between educational level and likelihood of active en-
gagement in green space opportunities.

In addition, unemployment has been found to be a major
risk factor for obesity prevalence in global contexts [28,29].
These studies have demonstrated that unemployed individu-
als were among the groups most vulnerable to high-risks of
obesity. The positive association between unemployment and
obesity found in this study is aligned with these previous find-
ings and indicates that the job status serves as a predictor of
obesity prevalence among adults.

Research on food insecurity and obesity has produced con-
tradictory results. Some studies have indicated a negative as-
sociation between food insecurity and obesity [30,31]; others
have found no association between the two variables [32,33].
High obesity prevalence occurred among only women with
low food security, and sex affected the relationship [34]. The
present study provided evidence that food insecurity predict-
ed high obesity risks of adults, indicating the importance of
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physical, social, and financial access to nutritious food to the
reduction of obesity rates.

Limitations and Future Studies

Some limitations of the study need to be addressed. First,
this study mainly focused on the relationship between acces-
sibility of green space and obesity rates among adults. The na-
ture of adults’ participation in green spaces and their levels of
engagement in recreational resources, which can be factors
influencing health outcomes, were not addressed. Future re-
searchers might investigate how frequency and/or intensity of
participation in green spaces and recreational programs is as-
sociated with health benefits among adults. In addition, the
early, middle, and late stages of adulthood may influence ac-
cessibility of green space and their lifestyles. Exploring the re-
lationships among a different stage of life, obesity rates, and
accessibility of green space can provide more insightful infor-
mation and resources to researchers and practitioners. The
data of green spaces do not provide every year since there is
not much difference by year. In this study, we cannot estimate
the temporal relationship between obesity rate and green
spaces due to limit of acquiring the data.

A methodological limitation of this research is the use of
buffer analysis, in which one mile was the radius of the cover-
age of green space, to define accessibility for residents. Buffer
analysis is limited to the linear distance surrounding facilities,
and network analysis overcomes the limitations of buffer anal-
ysis by taking into account other means of accessibility than
an estimation of walking distance [35]. Future research that
employs road-based network analysis might generate more
accurate definitions of GS Aceess.

With rates of obesity in the U.S. continually indicating a seri-
ous public health crisis, it is important to identify all methods
that people can use to combat the problem. Previous research,
and results from this study, help to make the case for the influ-
ence of green space on an individual’s ability to increase levels
of PA. Although questions may still remain regarding the
amount of immersion needed, we now have enough empirical
evidence to inform the general public that they should consider
participation in green space as part of the tools at their dis-
posal to meet recommended level of PA. Parks and recreation
professionals should use their influence through the manage-
ment of vast amounts of green space to create easy and at-
tractive access. This study also draws home an important point
that to truly make a difference there are disparities related to
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socioeconomic status such as food insecurity, level of educa-
tion, and employment that act as barriers and must be ad-
dressed.
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