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Introduction. Limited access to healthy food in areas that are predominantly food deserts or food swamps may be associated with
obesity. Other unhealthy behaviors may also be associated with obesity and poor food environments. Methods. We calculated
Modified Retail Food Environment Index (mRFEI) to assess food retailers. Using data collected from the Behavioral Risk Factor
Surveillance System (BRFSS) survey, the NJ Department of Health (NJDOH), and the US Census Bureau, we conducted a cross-
sectional analysis of the interaction of obesity with the food environment and assessed smoking, leisure-time physical activity
(LPA), and poor sleep. Results. There were 17.9% food deserts and 9.3% food swamps in NJ. There was a statistically significant
negative correlation between mRFEI and obesity rate (Pearson’s r —0.13, p < 0.001), suggesting that lack of access to healthy food is
associated with obesity. Regression analysis was significantly and independently associated with increased obesity prevalence
(adjusted R square 0.74 and p = 0.008). Obesity correlated positively with unhealthy behaviors. Each unhealthy behavior was
negatively correlated with mRFEI. The mean prevalence for smoking, LPA, and sleep <7hours was 15.4 (12.5-18.6), 26.5
(22.5-32.3), and 37.3 (34.9-40.4), respectively. Conclusion. Obesity tracks with food deserts and especially food swamps. It is also

correlated with other unhealthy behaviors (smoking, LPA, and poor sleep).

1. Introduction

The rise in obesity rates over the past several decades has
been abundantly studied. In general, the increase is attrib-
uted to consumption of calorie-dense foods and the wide-
spread fall in physical activity across all ages. Low
socioeconomic status neighborhoods have been dispro-
portionately affected by changes in the food environment,
with fast-food restaurants being overrepresented and health
food stores being scarce [1]. The high levels of stress and food
insecurity in low socioeconomic status (SES) communities
are considered another contributing factor to the obesity
epidemic [2]. On a national scale, the Center for Disease
Control (CDC) reports the prevalence of obesity amongst
US adults to be 42.4% in 2018; this number has been

increasing since 1999 [3]. In New Jersey, specifically, the
prevalence of adult obesity is reported to be 26%. New
Jersey’s overall rate of meeting adequate physical activity
guidelines for adults is 49%, which is below the national
average. Only 26% of adults get the recommended five
servings of fruits and vegetables daily [3].

Previous studies have attempted to link the presence of
food stores, including food deserts with body mass index (
BMI). However, the results have been inconsistent, in-
dicating a more complex relationship between dietary
habits, food accessability, environmental factors, and
obesity [4]. For example, some studies suggest that lower
price is significantly associated with obesity but not dis-
tance to food stores [5, 6]. Food displays and marketing
have also been linked to consumption patterns. Food
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deserts have little in the way of healthy food options
(supermarkets and health food stores) while food swamps
flood the market with high-calorie food from convenience
stores and fast-food restaurants [6, 7]. There is some evi-
dence that residing in a food swamp has a greater impact on
BMI compared to a food desert [8, 9]. Thus, both food
deserts and food swamps may lead to more frequent
purchasing of unhealthy food and higher BMI [10, 11].
Other studies show that while convenience stores are often
maligned as selling calorie-dense snack foods that en-
courage unhealthy eating habits, interventions targeting
these stores such as adapting social cognitive theory, social
ecology, and systems theory to implement environmental
changes which would prioritize placement of healthy food
could increase healthy food stocking [12]. Multiple studies
investigating specific regional trends in food availability
and obesity have led to often discrepant findings [9, 13-19].
This heterogeneity of results may imply impacts of other
local and regional factors on weight and food retail
environments.

Along with unhealthy eating habits, there are other be-
haviors not conducive to health that may affect one another or
signal the coexistence of other unhealthy behaviors. Lack of
physical activity may be a contributing factor to obesity but is
associated with poorer outcomes even in the absence of obesity
[20-22]. Further clarifying factors associated with obesity can
also identify when unhealthful behaviors track together and,
while they do not imply causation, may suggest areas of future
research as well as topics that should be addressed in clinical
care of patients. The relationship of this and other health-
related behaviors may impact obesity more profoundly than
the local food environment.

mRFEI = 100 x

#healthy food retailers
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Because of inconsistencies in the existing evidence based
on the relationship between obesity and food environment,
we aimed to analyze the relationship between food envi-
ronments and public health focusing on New Jersey,
a densely populated and demographically diverse state with
an array of food environments. We additionally hypothe-
sized that obesity rates were inversely proportional to the
quality of food environment and proportional to negative
health-related behavior.

2. Methods

2.1. Design. Using data collected from the Behavioral Risk
Factor Surveillance System (BRESS) survey, the NJ De-
partment of Health (NJDOH), and the US Census Bureau,
we conducted a cross-sectional analysis of the interaction of
obesity with the food environment.

2.2. Definitions

2.2.1. Census Tracts. Census tracts are contiguous sub-
divisions of counties with populations ranging from 1,200 to
8,000 [23].

2.2.2. Modified Retail Food Environment Index. The CDC
food environment rating system is based on the ratio of
healthy food retailers compared to total food retailers in
a geographic region. To quantify the food environment, we
calculated Modified Retail Food Environment Index
(mRFEI) by dividing the total number of healthy grocery
stores in a geographical region by the sum of both healthy
and unhealthy food retailers found in the same region [24].

#healthy food retailers + #less healthy food retailers’

Supermarkets, larger grocery stores, supercenters, and
produce stores are considered healthy food retailers as
categorized by North American Industry Classification
Codes (NAICS). Less healthy food retailers include fast-
food restaurants, small grocery stores, and convenience
stores.

The mRFEI represents the percentage that is healthy
[25]. Population data used in this study were obtained
primarily from the annual CDC’s BRFSS survey [26]. We
then calculated the mRFEI for each census tract by including
retailers who are within a half-mile of the tract boundary.
Each tract has a score ranging from 0 to 100, where a higher
value corresponds to a higher quality food environment.

2.2.3. Food Deserts and Food Swamps. A food desert is
a census tract with mRFEI scores of zero (no healthy food
retailers), as defined by the United States Department of
Agriculture [27]. An mRFEI score of 1-4 is considered
a food swamp.

(1)

2.2.4. Obesity, Smoking, Sleeping, and Leisure-Time Physical
Activity (LPA). Obesity is a BMI equal to or greater than
30.0, as defined by the World Health Organization (WHO)
[28]. Smoking is the crude prevalence of current smoking
among adults aged >18years, 2018. Sleeping is the crude
prevalence of sleeping less than 7 hours among adults aged
>18 years, 2018. LPA is the crude prevalence of no leisure-
time physical activity among adults aged >18 years in 2018.

2.3. Data Acquisition and Matching. We used data from
BREFSS 2018 survey, US Census Bureau 2010 population esti-
mates, and American Community Survey (ACS) 2014-2018 or
2013-2017 estimates. We matched the census tract level, with
a corresponding geolocation to the values from the mRFEI
yielding 1,695 matched tracts within the state of New Jersey.

2.4. Statistical Analysis. We present categorical data with
percentages and continuous data with median (Interquartile
Range). We calculated Pearson correlations to relate
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responses of the BRFSS survey (behaviors such as smoking,
sleeping, and exercise) to obesity prevalence and the mRFEI.
The correlation coefficients are tested for statistical signifi-
cance based on the p = 0.05 (two-tailed). We additionally
performed univariate and multivariate regression analyses.
We analyzed univariate differences with the Mann-Whitney
U test and Kruskal-Wallis tests. We then performed a linear
logistic regression to assess the independence of the asso-
ciation between the combined factor “Food Swamp and
Deserts” and the outcome of obesity prevalence. All factors
were entered in one-step and kept if the p value was <0.1. All
analyses were done in SPSS 28.0 (IBM, Chicago, IL).

3. Results

3.1. mRFEI, Food Deserts, and Food Swamps. Out of 2,010
census tracts in New Jersey, mRFEI data are available for
1,945 tracts. Of those, there is corresponding geolocation
with BRESS data for 1,695 tracts that were included in the
study. Scores for mRFEI range between 0 and 100 for each
track. The median mFREI was 9 [4-15]. We found that there
were 17.9% food deserts and 9.3% food swamps in the state
overall (total of deserts plus swamps, 27.2%). We present in
Table 1 the results at the county level. The scores varied
greatly from one county to another with the highest being in
Mercer county (40.6% of tracts were food deserts and
swamps) and the lowest in Cumberland county (11.1%).

3.1.1. Obesity, Smoking, Sleeping, and Leisure and Pleasure
Activity (LPA). Obesity prevalence in the state was 27.9%
(24.9-32.7). There were 15.4% smoking on average. The
mean prevalence for smoking, LPA, and sleep <7 hours was
15.4 (12.5-18.6), 26.5 (22.5-32.3), and 37.3 (34.9-40.4),
respectively.

3.2. Correlations Analysis. We found a statistically signifi-
cant negative correlation between mRFEI and obesity rate
with Pearson’s r value of —0.13 (p <0.001), suggesting that
lack of access to healthy food is associated with obesity.
Additionally, obesity correlates positively with the following
unhealthy behaviors: smoking (0.839, p<0.001), LPA
(0.819, p<0.001), and sleep (0.767, p <0.001). Each of the
unhealthy behaviors listed (smoking —0.186, LPA -0.223,
sleep —0.229, all p <0.001) was negatively correlated with
mRFEL

3.3. Food Deserts, Swamps, and Obesity. We found a signif-
icant difference between the prevalence of obesity in food
deserts 28 (26-33.7), food swamps 33.8 (27.8-38.6), and
other regions 27.6 (24.4-31.3) (Kruskal-Wallis, p <0.001).
There was a significant difference between the combined
food deserts and swamps 29.2 (26.4-36.3) and others
(Mann-Whitney, p <0.001) (Figures 1(a) and 1(b)).

To assess whether this difference was significant, we
performed a linear logistic regression analysis. The re-
gression model performed well with an adjusted R square of
0.74. The variable “Food Swamps and Deserts” was

significantly and independently associated with increased
obesity prevalence (p = 0.008). Due to a significant degree of
correlation between variables, we performed collinearity
statistics. The tolerance was 0.952; the variance inflation
factor of 1.05 indicated an absence of collinearity impact for
the variable.

4. Discussion

The epidemic of obesity in this country and others is ex-
pected to worsen as more people globally have increased
access to processed, high-calorie food. Obesity has surpassed
smoking as the number one cause of preventable disease and
disability with over 230 comorbidities associated with
obesity [29]. The negative health outcomes from obesity
contribute to increased mortality risk from all causes and
cardiovascular mortality in patients with a BMI > 25 kg/m®
along with increased cancer risk [30-36]. Aside from the
myriad physical health outcomes, obesity also affects mental
health and psychosocial functioning as individuals are fre-
quently met with disapproval not only in the healthcare
system but also in their work and school. On a larger scale,
the societal and financial impact of treating obesity and
dealing with its consequences is enormous. In addition to
direct health care expenses, lost work productivity and lower
household income cost the United States $1.4 trillion in 2017
[36-38]. Thus, both on an individual and societal level,
obesity exacts an enormous cost and requires multifactorial
interventions.

Although the direct contributors to obesity are
straightforward, namely, sedentary behaviors and in-
creased caloric intake, the risk factors that underlie the
development of obesity are complex. Psychosocial in-
fluences, cultural norms, and myriad social determinants
of health all add to the epidemic of obesity with multiple
large cross-sectional epidemiological studies demon-
strating an association between obesity and mental health
disorders [39, 40].

Our study suggests an association between several be-
havioral health activities such as healthy sleep patterns,
avoidance of smoking, and exercise and BMI. It also shows
a stronger correlation of food swamps with high BMI than
food deserts. Given the 23.5 million Americans living in food
deserts, addressing equitable food access could have sig-
nificant implications for public health [38, 41, 42]. Specif-
ically, appropriating resources to disadvantaged
communities can foster healthier lifestyles since such dietary
behaviors are influenced by the food environment
[16, 43, 44]. For example, BMI has been shown to improve
when families move to more affluent neighborhoods [38].

In those areas with lower food environment quality, rates
of unhealthy behavior tend to be higher. The correlation
across three different unhealthy behaviors (smoking,
sleeping <7hours, and no leisure-time physical activity)
suggests that unhealthy behaviors tend to cluster. There are
also known pathophysiologic pathways for obesity with, for
example, poor sleep through decreased leptin, increased
ghrelin, and other mediators (glucagon-like peptide-1 and
peptide YY) [4, 45, 46].
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FIGURE 1: Obesity prevalence by census tract.

There could be additional factors outside those studied
that also impact obesity and unhealthy behaviors such as
adverse childhood events, economic instability, or threats of
violence. While each patient must be approached as an
individual, this population-level data suggest that unhealthy
behaviors are correlated and, when evaluating obese patient,
clinicians should consider other risks as well as the char-
acteristics of their community. A corollary that should be
further studied is the impact on smoking, sleep, and physical
activity when healthy food stores are brought to a commu-
nity. In raising the quality of the food environment, overall
population health could be improved beyond a decrease in
the obesity rate. While interventions to increase access to
healthy food are foundational, it is valuable to also consider
other factors that may work synergistically to improve health
outcomes. Social relationships contribute to similar weights
among a population, suggesting that shared environments,
social selection, and social influence may all interact to create
shared experiences and weight outcomes. Thus, clustering of
obesity may also be the result of sociocultural factors.

Although obesity and mRFEI are only weakly correlated in
our study, efforts to improve the food environment remain
a potentially impactful avenue for addressing the growing
obesity epidemic. Because the food environment tends to be
poorer in low-SES communities, issues of availability cannot be
addressed without also addressing accessibility and food se-
curity. Providing healthy, inexpensive whole foods is only one
piece of an extremely complicated puzzle in addressing health
among poorer communities but locating supermarkets in low
access areas has the potential for exerting an outsized effect.
One way to address this issue is to increase availability of
healthy food options through community gardens, farmers’
markets, and other initiatives. Additionally, policies such as
zoning regulations and tax incentives can encourage grocery
stores and other retailers to open in lower-income areas.

One of the limitations of our research is that as a cross-
sectional analysis of secondary data sources, it can provide
a general correlation at the population level. However, we
cannot isolate other factors that may additionally impact obesity
rates. A second limitation is that different food retailers may be

opening and closing as communities evolve. The mRFEI
measure uses US Census Bureau data from 2010, while pop-
ulation health data came from the 2018 BRFSS questionnaire.
The BREFSS, conducted by phone interviews, can result in biased
information since the survey relies on self-assessment and in-
dividuals may report their weight as less and their height as taller
than in actuality. The mRFEI score has utility but is limited in its
ability to distinguish between food deserts and food swamps and
to more specifically describe the details of a food environment.
There is similarly a lack of evidence of an ideal mRFEI score.
Additionally, as alluded to, the factors contributing to obesity
likely cannot be limited to a survey, and a complex multisystem
approach is needed to appreciate the landscape of influences
affecting the obesity epidemic. Certainly, the factors involved in
the development of obesity must be approached individually
with each unique patient, but we can still advocate for health
food environments that are in the best interest of our patients in
general and for equitable food options for all.

5. Conclusions

Our research demonstrates the interplay between food avail-
ability, specific behavioral measures, and obesity. It is important
to address food inequality to create healthier and more equitable
communities. Improving the food environment could specifi-
cally mean restricting the number of fast-food restaurants and
convenience stores permitted to open in a given area, en-
couraging supermarkets, health food stores, and large grocery
stores to open in food deserts, as well as ensuring that healthy
food options are available at existing retailers. Health-related
behaviors should be addressed in tandem with obesity coun-
seling as these factors might cluster. Access to healthy food
options regardless of income or geography is a basic human
right that can have a significant impact on health and wellbeing.

Data Availability

Data were extracted from publicly available data: US Census
Bureau https://www.census.gov/data/tables/time-series/
demo/popest/2010s-national-total.html and the Behavioral
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Risk Factor Surveillance System https://www.cdc.gov/
obesity/downloads/2_16_mrfei_data_table.xls.
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