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Abstract

Chronic disease, for which diet is a major risk factor, remains the leading cause of death
in the United States, responsible for 8 out of 10 deaths. A continually growing body of
research has been looking at food environments, relating them to characteristics of residents
living in those environments and impacts on health outcomes. However, most of the
research has been looking at Body Mass Index or obesity as the primary health outcome of
such environments. This study looks at multiple health outcomes (chronic and perceived)
from the Center for Disease Control’'s PLACES—Local Data for Better Health dataset
for Lansing, Michigan, and assesses the corresponding food environments, specifically
the prevalence of fast-food outlets and convenience stores, to assess the impacts these
food environments have, either directly or indirectly, on health. We find that fast-food
outlets have a direct impact on certain health outcomes, while convenience stores impact
certain health outcomes indirectly through food insecurity. These findings suggest that
strategically balancing such environments with healthier options in underserved areas
could help improve overall health.

Keywords: food environments; health; fast-food outlets; convenience stores; food insecurity

1. Introduction

Preventable chronic diseases, for which diet is a major risk factor, are the leading cause
of death and disability in the United States [1]. There exists a continually growing body of
research examining the characteristics of the food environment, whether it represents areas
with low availability of healthy and nutritious produce known as ‘food deserts’ [2,3] or
areas with a high prevalence of unhealthy or fast-food places known as ‘food swamps’ [4].

To understand the impacts of the food environment on health, many studies use
obesity or Body Mass Index (BMI) as a proxy for negative health outcomes, relying on
the dominant chain of causality where obesity is a risk factor for some chronic diseases.
However, an over-reliance on obesity as a mediator may be unreliable due to the subjectivity
of the measurement and the fact that many chronic diseases, while being diet-related, may
not be mediated by obesity.

If the nature of an individual’s food environment does correlate strongly with health
outcomes, this would suggest that policy and other interventions meant to address dispar-
ities in food environments may actually lead to substantial changes in health outcomes,
especially among disadvantaged communities, who tend to live in unsupportive food
environments (e.g., few supermarkets, limited availability of fruits and vegetables, high
availability of high-calorie foods and sugar-sweetened beverages). Given that resources
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and funds for interventions are limited and that even the most well-meaning interventions
and policies can backfire, it is important to grasp the nature and strength of the relationship
before solutions are applied.

This study aims to assess the relationship between food environments, specifically
fast-food outlets and convenience stores, and health outcomes (other than just BMI/ obesity)
in the capital city of Lansing, Michigan.

1.1. Food Environment Characterizations

Disproportionately, racial minorities live in economically disadvantaged neighbor-
hoods where access to grocery stores selling fresh produce is limited and unhealthy food
stores such as fast-food chain stores are increasingly prevalent [5,6]. This discrepancy gets
magnified in rural areas due to the lack of availability of healthy and nutritious produce
near resident homes in general [7]. Similarly, lower-income neighborhoods have been
shown to have fewer supermarkets and more stores selling foods with lower nutrition
values [6,8]. This disproportionate burden of unhealthy food environments is also faced by
renters and single-parent households [9].

Food swamps, areas with a high prevalence of convenience stores and fast-food outlets,
have been known to correlate with increased dietary intake of unhealthy foods [2,10]. In
essence, research has shown that there are racial and economic inequities when it comes
to the prevalence of food deserts or food swamps [11-13]. Additionally, neighborhood
food environments have a direct effect on dietary intake, where a higher prevalence of
supermarkets is correlated with higher consumption of fresh fruits and vegetables and
a higher prevalence of convenience stores is correlated with lower consumption of fresh
fruits and vegetables [14].

1.2. Food Insecurity and Health Outcomes

When discussing vulnerable and underserved population groups and their food envi-
ronments, food insecurity forms a natural connection. Food insecurity refers to a condition
when households or residents lack access to adequate food due to limited resources (eco-
nomic or otherwise) [15]. Vulnerable population groups facing food insecurity have been
shown to have a poor diet, eat more at fast-food outlets, and have a lower availability of
healthy foods in their communities [16]. Research has also shown the connections between
food insecurity and certain health outcomes. Food insecurity has been associated with
higher frailty and odds of falling [17], symptoms of asthma [18], and worsening cognitive
functions [19].

1.3. Food Environments and Health Outcomes

Having looked at the research on the inequities in food environments for certain popu-
lation groups, knowing that such food environments also correlate with food insecurity and
that food insecurity has been known to correlate with health outcomes, it is imperative that
we look at the research on food environments and health outcomes. The most commonly
found studies assessing food environments and health outcomes look at BMI or obesity
as the health outcome. Research on the topic of access to healthy foods and obesity rates
shows that people with greater access to supermarkets had healthier diets and lower rates
of BMI and obesity [20-22] and those with lesser access to healthy foods or who are in food
swamps have higher BMI/obesity rates in general [23-27], in older adults [28], in Black and
Hispanic adults and youth [29], and in children, in particular [4]. Results are mixed, with
some showing weak correlations and some studies showing higher correlations between
food environments and BMI or obesity.

Limited research has also shown associations between the food environment and
diabetes. A longitudinal study measuring glycemic control in 14,985 individuals with
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diabetes found that individuals who had a supermarket within 1600 m of their house
had better glycemic control over the course of 3 years [30]. Similar results between areas
with more fast-food outlets and convenience stores and higher rates of diabetes have been
reported [3,31]. There has also been limited research showing the relationship between
food environments and hypertension [32] and cardiovascular issues [33-35].

While a considerable amount of research has been carried out on under-resourced
neighborhoods and their food environment and, separately, exposure to food swamps and
the impacts on BMI/ obesity, there is a lack of sufficient research on the food environment
and others. This study aims to overcome this gap. We aim to assess the relationship between
food environments, specifically food swamps, which denotes an overabundance of fast-food
restaurants and convenience stores, and food insecurity on various health outcomes.

2. Materials and Methods
2.1. Study Area

This study was conducted for the city of Lansing, the capital of Michigan state. Sitting
on just under 40 square miles, Lansing has a population of just over 113,400 people [36],
14.8% are 65 years old and over, over 34% are non-white, just under 30% have a Bachelor’s
degree or higher, and the median household income is USD 55,366. A total of 22.6% of
the population lives below the poverty line, and 19.6% of the households receive food
stamps or Supplemental Nutrition Assistance Program (SNAP) assistance [36]. Lansing
has its pockets of underserved or vulnerable residents, with some of the higher rates
of poverty and minority residents compared to the three counties that it covers parts of
(Eaton, Ingham, and Clinton counties), and choosing this city for the study area serves
multiple purposes. First, being the capital of the state of Michigan, Lansing has political
significance in the state. It also has some major health institutions within its jurisdiction
and a transit system (Capital Area Transportation Authority—CATA) that has multiple
routes throughout the whole city. Finally, Lansing is adjacent to East Lansing, home of
Michigan State University, so the sharing of resident characteristics, entrepreneurship, and
economic activity is synergistic.

2.2. Data Collection

For this study, we compiled GIS-based data on neighborhood demographic charac-
teristics, health outcomes, and food outlet locations for Lansing, Michigan. The CDC
PLACES—Local Data for Better Health dataset provides data for 40 different chronic
diseases and other health measurements for the entire U.S. at multiple local area levels,
including county, place, census tract, and ZCTA levels. The health-based estimates are
based on data from the Behavioral Risk Factor Surveillance System (BRFSS), census de-
cennial population counts and annual county population estimates, and the American
Community Survey 5-year estimates [CDC]. We used the 2024 PLACES dataset (the most
recent available when this study was conducted) to gather prevalence rates for relevant
health outcomes by census tract in Lansing, MI, which are available for download from
PLACES by users for secondary analysis. Relevant health outcomes were decided on by de-
termining if they were perceived to possibly have an association with the food environment
through the literature reviews conducted. Prevalence rates by census tract for relevant data
obtained from CDC PLACES included chronic obstructive pulmonary disease (COPD),
coronary heart disease (CHD), depression, diabetes, fair/poor health status, mental distress,
physical distress, high blood pressure (BP), high cholesterol, and obesity. Prevalence rates
for non-medical social determinants of health were also gathered and included persons 65
and over, no broadband/internet services, crowding, housing cost burden, no high school
diploma among adults aged 25 and older, persons below 150% of the poverty level, racial
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or ethnic minority status, single-parent households, and unemployment. This data was
collected from the latest ACS 2023 data that was available at the time of this study. This
data was then uploaded to ArcGIS Pro 3.5 to be visually modeled by census tract in the
decided study area of Lansing, ML

Data for the food environment in Lansing, MI, was gathered from ESRI Business
Analyst. A list of all food stores, including grocery, wholesale, department, specialty,
vitamin, coffee shops, bars, standard sit-down, pizza, and fast-food, was downloaded
during September—November of 2024 using the 2024 data published on the website. Each
restaurant food location was sorted into one of six categories, including fast-food, ethnic,
regular, upscale, niche, and healthy. The categorization of the food environment started
with the list of SIC codes for each business in the city. We then kept only the businesses
that had codes relating to the food environment, that is, SIC codes beginning with 54 and
58. For each business, we then classified them into groups based on their 4-digit codes and
definitions used on the NAICS website. Each business was then further classified based
on their 6-digit code classification. All food locations were then uploaded to Arc Pro to be
visualized in relation to the various health- and non-health-related social determinants of
health. All the data collected was based on the latest information available, and comparison
in terms of years was assured. Since we had PLACES data available in 2024, we used the
latest census (ACS) data available in 2024 as well to ensure the maximum likelihood of
a robust analysis. We have also included maps showing some demographic and health
distributions throughout the study area in Appendix A.

2.3. Analyses

The unit of analyses was census tracts so that we matched the data from the CDC,
which was also available for census tracts. Lansing has 43 tracts, and that is the sample
size for this study. With all the data uploaded to Arc Pro, we first standardized the unit of
analysis to census tracts by spatially joining (and using “summarize within”) the various
geographic levels of data into census tracts to be used for statistical analyses. We used
SPSS 27 to carry out the statistical analyses. First, data was treated for skewness, and then
we ran a Principal Components Analysis (PCA) to reduce the number of independent
variables and address any multicollinearity issues. The treated data also helped with
addressing the assumptions for OLS analyses. We then ran regression analyses with the
factor loadings for each of the 5 components extracted using varimax rotation. We also ran
the regressions using selected variables from each of the 5 components. To address any
spatial autocorrelation, we also ran a spatial autoregression analysis in Arc Pro using those
health variables that showed clustering of residuals on the Moran’s I test. Lastly, we wanted
to see if there were any indirect effects of the food environment on health outcomes, and so
we ran a structural equations modeling (SEM) test to check for direct and indirect effects of
fast-food restaurants and convenience stores on each of the health outcomes through food
insecurity as the mediating variable. The SEM analysis was conducted using the maximum
likelihood robust estimator (MLR) and a bootstrap sample of 5000 with replacement.

3. Result

The final dataset included 19 independent variables and 10 dependent or health-related
variables. The Principal Component Analysis (PCA) resulted in five factors/categories that
broadly represented the following themes: income-related, food environment, convenience
stores, older adults, and total population, with the last category only having one contribut-
ing variable (total population). Table 1 shows the variables in each factor loading and
variance explained by each category. Table 2 shows the results of the linear regressions with
the PCA categories. What is evident from Table 2 is that the income category is significant
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for all the health variables, the food environment category is significantly related to physical
and mental distress and poor health status, and the convenience category is significantly
related to obesity, cholesterol, depression, physical and mental distress, and Poor health
status. The last two categories of older adults and total population are only moderately
significantly related to CHD and mental distress and depression, respectively.

Table 1. Results from the Principal Components Analysis (PCA).

Convenience Total
Income Food Older Adults .
Stores Population
% of Variance
E(;plaine d 40.912 19.921 8.833 5.849 5.270
Food insecurity
(0.952)
On food stamps
(0.949) All restaurants
Variables within No transportation (0.945)
each component (0.942) Ethical
(ordered by their Housing insecurity restaurants Unemployment  No Internet Total
LoC DY (0.942) (0.910) (0.825) (0.638) .
contributing . . Population
roles and factor No insurance (0.913) Fast-food Convenience Older adults (0.969)
loadines shown Poverty (0.820) restaurants stores (0.771) (0.609) '
in aregntheses) Housing cost burden  (0.842)
p (0.773) All grocery
Percent minority stores (0.808)
(0.739)
High school degree
(0.736)
Table 2. Linear regression results with PCA categories.
Dependent . . . Physical Mental Poor
Variables Obesity  Cholesterol BP Diabetes  Depression = CHD Distress Distress Health COPD
Income 0.859 0541 0713 0573  0400%* 0848 0835+ 0903+ 0731
t value 11.962 4.080 6.381 4911 2.877 10.908 12.454 15.310 6.917
Food 0.133 * —0.004 0.140 0.222* 0.121 0.158 ** 0.263 *** 0.191 *** 0.150
t value 1.852 —0.031 1.248 1.904 0.868 2.028 3.930 3.236 1.418
Conv_Stores 0.193 ** 0.075 0.026 0.271 ** —0.008 0.169 ** 0.208 *** 0.135 ** 0.144
t value 2.692 0.569 0.234 2.327 —0.056 20.177 3.107 2.293 1.360
OA 0.018 0.233 * 0.127 —0.056 0.347 ** 0.052 —0.076 0.012 0.136
t value 0.245 1.758 1.135 —0.483 2.500 0.670 —1.135 0.212 1.289
Tot0. Pop0. —0.143 * 0.121 0.069 —0.238 ** 0.097 —0.082 —0.149 ** —0.064 —0.051
t value —-1.997 0.913 0.621 —2.039 0.700 —1.057 —2.226 -1.077 —0.487
R? 0.788 0.279 0.488 0.442 0.208 0.752 0.816 0.857 0.542

Table is reporting standardized coefficients. * =p < 0.1, ** = p < 0.05, ** = p < 0.01; n = 42; shaded column shows
model not significant.

To make more sense of the regressions, we ran linear regressions with selected variables
within each of the five categories identified in the PCA. Within the income category, we
selected food insecurity, within the food environment category, the variable selected was the
number of fast-food restaurants (FF_Rest.), the variable selected in the convenience category
was convenience stores (Conv_Stores), number of older adults (OA) represented the fourth
category, while total population (Tot. Pop) was the only variable in the fifth category. Table 3
shows the correlation matrix and collinearity diagnostics for these selected variables. Table 4
shows the results of the regression analyses using these selected variables. Interestingly,
this analysis showed that food insecurity was once again significantly related to all health
variables, the number of older adults was significantly related to cholesterol, depression,
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CHD, mental distress, and COPD, while the number of fast-food restaurants, convenience
stores, and total population were not significantly related to any of the health outcomes.

Table 3. Correlation matrix and VIF statistics for selected variables in each of the PCA categories.

Food Fast-Food Convenience Older Total
Insecurity Restaurants Stores Adults Population
Food Insecurity 1
Fast-Food Restaurants 0.2045 1
Convenience Stores 0.3275 0.2701 1
Older Adults —0.5192 0.1086 —0.2025 1
Total Population —0.1498 0.1152 0.0412 0.3049 1
VIF 1.571 1.189 1.200 1.580 1.121
Table 4. Linear regression results with selected variables in each of the PCA categories.
Dependent . . . Phy. Mtl. Poor
Variables Obesity  Cholesterol BP Diabetes  Depression CHD Distress Distress Health COPD
Food_Insecurity 0.910 *** 0.331 ** 0.830 *** 0.938 *** 0.301 ** 0.740 *** 0.947 *** 0.564 *** 0.968 *** 0.897 ***
t value 8.471 2.148 6.045 7.716 2.165 5.153 9.612 5.794 13.121 7.214
FF_Rest —0.012 —0.185 —-0.111 0.027 0.135 0.074 0.036 0.139 0.070 0.051
t value —0.124 —10.381 —0.926 0.251 1.129 0.590 0.423 1.642 10.093 0.474
Conv_Stores 0.089 0.090 0.074 —0.052 0.079 —0.034 0.027 —0.015 —0.018 0.018
t value 0.943 0.668 0.619 —0.492 0.657 -0.272 0.317 -0.173 -0.279 0.169
OA 0.200 * 0.771 *** 0.636 *** 0.437 *** —0.408 ***  0.636 *** 0.195 * —0.372 *** 0.087 0.355 ***
t value 1.854 4.993 4.615 3.582 —-2.951 4.413 1.971 -3.815 1.182 2.845
Tot. Pop. —0.006 0.080 0.119 0.128 —0.208 * 0.078 0.032 —0.141* 0.039 0.052
t value —0.065 0.614 1.028 1.242 —1.786 0.641 0.380 —-1.719 0.628 0.498
Adj. R? 0.692 0.366 0.496 0.605 0.493 0.448 0.741 0.747 0.855 0.586

Table is reporting standardized coefficients. * = p < 0.1, ** = p < 0.05, *** = p < 0.01; nn = 42.

We also ran a Moran’s I test on the health outcomes, and those results showed that
they were spatially correlated. However, this was expected. There are certain areas in most
cities that face the issues of health outcomes being spatially clustered, as those also point to
social determinants of health. Additional Moran’s I analyses on the standardized residuals
from the OLS regressions showed that obesity, CHD, physical distress, poor health status,
and COPD had random distributions, while the residuals for cholesterol, blood pressure,
diabetes, depression, and mental distress had clustered distributions. We then ran a spatial
autoregression on the five health outcomes mentioned above to account for the spatial
autocorrelation. The results of those analyses are presented in Table 5.

Since the selected variables were from each of the PCA components, we expected them
to not be correlated, and the VIF statistics show this relationship.

The spatial autoregression (SAR) results are similar to the OLS results. Food insecurity
and percentage of older adults are significantly related to many health outcome variables.
Surprisingly, the auto-detect model function for SAR reverted to OLS regressions for blood
pressure. Since we are testing for significant relationships and not the power of prediction,
the original OLS tests seem to suffice, yet the SAR analyses confirmed the associations.
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Table 5. Spatial autoregression results.

Cholesterol BP Diabetes Depression [l;fsetll Lzls
Food Insecurity 0.186 ** 0.616 *** 0.274 *** 0.100 0.274 ***
FF_Rest —0.105 —0.182 0.067 0.063 0.144 **
Conv_Stores 0.830 0.700 —0.032 0.205 —0.124
OA 0.476 *** 0.592 *** 0.174 *** —0.128 ** —0.205 ***
Tot. Pop 0.000 0.000 0.000 —0.000 —0.000
Model LAG OLS LAG LAG LAG
Lag Y (rho) 0.723 *** n/a 0.649 ** 0.361 0.196
Spatial Pseudo R? 0.460 n/a 0.523 0.585 0.782
A-K Test i\iI;Itliﬁcant n/a sl\iI;;iﬁcant Is\iI;)1t1ific:ar1’c 1s\iI;)fliﬁcant
**=p<0.05**=p<0.01.
A structural equation model was used to test the hypothesized relationships between
Conv_Stores, FF_Rest., FD_Insecurity, and the various health outcomes (see Table 6 for re-
sults). The model was estimated using Lavaan 0.6-19 with maximum likelihood estimation.
Taking COPD as an example, the standardized path coefficients showed that Conv_Stores
had a significant positive effect on FD_Insecurity (3 = 20.819, p = 0.036), while FF_Rest did
not. FD_Insecurity also had a significant positive effect on COPD (3 = 0.210, p = 0.000).
Indirect effects show that convenience stores are indirectly related to COPD via food in-
security as the mediator ( = 0.592, p = 0.045), while fast-food restaurants had a direct
effect on COPD ( = 0.220, p =0.034) and not through a mediator. These results suggest
that the number of convenience stores is positively related to food insecurity, and food
insecurity mediates the relationship between convenience stores and COPD, while fast-food
restaurants had a direct and positive relationship with COPD. Due to the small sample
size, maximum likelihood estimation was used to enhance model robustness, and a post
hoc power analysis was performed. The model was just-identified (x2(0) = 0.00, p = n.a.),
indicating a saturated model with no degrees of freedom. Fit indices were therefore triv-
ially perfect (CFI = 1.00, TLI = 1.00, RMSEA = 0.00, SRMR = 0.00), which reflects exact
reproduction of the observed covariance matrix rather than empirical model fit. Power
analyses results and other coefficients are reported in a table in Appendix B.
Table 6. Results of the SEM analyses.
Convenience Fast-Food Convenience Fast-Food
Dependent Stores Restaurants Stores Restaurants 2
Variable Direct Effects (B) Ind1recta ]sift;eectl\fl\;?i:toocgl (I[;l)securlty
Obesity 0.488 0.065 10.571 ** 0.231 0.702
Cholesterol 0.233 0.194 —0.181 —0.027 0.022
BP 0.349 0.257 0.788 * 0.116 0.162
Diabetes —0.110 0.168 ** 0.602 ** 0.089 0.379
Depression 0.406 —0.044 0.550 * 0.187 0.374
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Table 6. Cont.

Convenience Fast-Food Convenience Fast-Food
Dependent Stores Restaurants Stores Restaurants R2
Variable Direct Effects () Indirecté1 ]SEft;eectl\fI\;i;iifoos (Iél)security

CHD —0.014 0.109 *** 0.153 0.023 0.156
Physical Distress 0.064 0.102 * 0.957 ** 0.141 0.746
Mental Distress 0.096 —0.026 10.155 ** 0.170 0.643
Poor Health —0.125 0.191 * 10.977 ** 0.291 0.866
COPD —0.013 0.133 ** 0.592 ** 0.087 0.553

*=p<01,*=p<0.05 ***=p<0.01;n=42.

4. Discussion

The analyses performed in this study show that various socio-demographic char-
acteristics have a statistically significant relationship with health outcomes. When we
used PCA to account for multi-collinearity issues, we saw that the income category had a
statistically significant relationship with all the health outcome variables used. One notable
exception was that cholesterol did not have a significant relationship with any independent
variable in the model. The categories of food and convenience stores were statistically
and significantly associated with the same set of five of the nine health variables, while
OA and total population were only related to two and three of the nine health variables,
respectively. An interesting way to look at the health outcome variables is dividing them
into perceptions (how you feel: for example, physical distress, mental distress, and poor
health status would fall into this category) and diagnosed (a condition that requires a doctor
or health professional to diagnose: for example, obesity, BP, diabetes, depression, CHD,
and COPD would fall into this category). The perceived group of health outcomes had
consistent significant relationships with the income, food, and convenience store categories,
while the diagnosed group did not have consistent significant relationships with a specific
set of categories.

Since the first set of regression analysis used the PCA categories, it was harder to
explain (or understand) the unique contribution of any one variable to the statistical
relationships, and hence, we ran linear regressions with select variables from each of the
five PCA categories. The results (shown in Table 4) show that food insecurity is the only
variable that is consistently significantly (and positively) related to all ten health outcome
variables (including cholesterol), followed by older adults being significantly related to
nine out of the ten health outcome variables (this category was not related to poor health
status). All associations between older adults and health outcomes were positive, except
for depression and mental distress, which were negative associations. Conversely, fast-food
restaurants and convenience stores were not significantly associated with any of the health
outcomes, similar to one study by Rundle et al. [23] yet contrary to many of the studies
that have shown that such relationships exist [3,23,24]. Since food insecurity is a complex
indicator made up of several variables, it is understandable that it is related to many of
the health outcomes. Addressing spatial autocorrelation in the standardized residuals, the
SAR analyses on those health variables where the residuals were clustered showed similar
results to those of the OLS regression, showing food insecurity and older adults being
significantly associated with health outcomes.

Lastly, to ascertain whether the food environment, specifically fast-food restaurants
and convenience stores, has an effect on the health status of the resident population, we
ran a structural equation modeling test to see if there was a direct or indirect effect of
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fast-food restaurants and grocery stores on the health outcomes via food insecurity as the
mediating variable.

The results shown in Table 6 indicate a couple of consistent trends. Convenience stores
have no direct relationship with any of the health outcomes, yet they have an indirect
relationship with eight of the ten health outcomes via food insecurity (it is not related to
cholesterol and CHD). On the contrary, fast-food outlets have a direct relationship with five
of the ten health outcomes (diabetes, CHD, physical distress, poor health status, and COPD)
but no indirect effect on any health outcome via food insecurity. A plausible explanation
for this is that people going to fast-food outlets are directly consuming unhealthy foods
that would affect their health, while those going to convenience stores might be looking to
purchase goods for immediate use (like over-the-counter medicines) that might not directly
be consumed or affect their health. This set of analyses shows the negative impacts of food
swamps on health outcomes, either directly or indirectly.

Policy implications from this study point towards placing greater importance on
curbing fast-food outlets in areas with fewer options for healthy, fresh, nutritious, and
affordable food. This has a direct impact on resident health. An assessment of areas
where there are underserved residents with or at risk of food insecurity would denote
areas for policy implementation encouraging creative ways to include outlets with healthy,
affordable, and nutritious food. Secondly, convenience stores should be allowed to locate
in areas after careful consideration of characteristics pointing towards residents that could
face food insecurity. Policies encouraging convenience stores to stock healthy foods would
also go a long way in providing access to such foods for those residents for whom such
convenience stores are in close proximity. We do not aim to dictate where fast-food outlets
and convenience stores locate precisely; rather, we urge municipalities to balance out
the food environment with healthy and affordable food options so that residents have
the option to improve their dietary intake and health outcomes. Underserved population
groups might not have the choice to improve their health through healthy food consumption
if they live in food swamps.

This study has its own limitations in that the data is secondary (on health outcomes)
and there is a need to acknowledge the inherent limitations of using the PLACES dataset,
especially for tracts with low population levels. Also, the study would benefit from actual
data on visit frequencies to the food environments, especially fast-food restaurants and
convenience stores. Knowing whether people living in food swamps actually visit these
places (and the frequency of such visits/purchases) would prove a stronger connector
between food environments and health outcomes. The small sample size (1 = 43) denoting
the number of census tracts in the city may influence the analyses” results. However,
we could not effectively address this issue as it is an objective (number of tracts in the
city) rather than a subjective or controllable attribute of the study. While we do not have
an explanation for why cholesterol was the only health outcome that was not directly
or indirectly related to food environments, this is certainly a connection that should be
explored further in future studies.

5. Conclusions

The results from this study point to the importance of social determinants of health,
which essentially posit that the environment in which we live, work, and play influences
our health, and the food environment is one of the key determinants of this environment.
Access and proximity to quality, affordable, and nutritious food affects our health, especially
for those that are disadvantaged. Although this study wanted to stress objectively on
the food environment and the health outcomes of residents of such environments, we
cannot effectively rule out the inequities of such environments and health outcomes for
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disadvantaged population groups. In fact, this study shows just that! Food insecurity is
faced disproportionately by disadvantaged groups of people, and their living and food
environments are negatively affecting their health.
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Appendix B
Table A1. Model indicators for the SEM analyses.
- o
Dependent Variable Power Analysis: al  Power Analysis: b Power Analysis: % Std. Error (CI

Explained

Lower—CI Upper)

Obesity:
Fast food direct effect

0.094 (—0.120-0.249)

Conv store indirect effect 0.291 0-801 0428 10.342 (0.188-50.450)
Cholesterol:

Fast food direct effect 0.153 (—0.106-0.494)
Conv store indirect effect 0.291 —0.100 0.011 10.342 (0.188-50.450)
BP

Fast food direct effect 0.216 (—0.167-0.680)
Conv store indirect effect 0.291 0.333 0-129 10.342 (0.188-50.450)
Diabetes:

Fast food direct effect 0.291 0.555 0.326 0.078 (0.015-0.322)
Conv store indirect effect ’ ’ 10.342 (0.188-50.450)
Depression:

Fast food direct effect 0.070 (—0.181-0.093)
Conv store indirect effect 0.291 0.573 0.337 10.342 (0.188-50.450)
CHD:

Fast food direct effect 0.041 (0.029-0.189)
Conv store indirect effect 0.291 0.272 0.079 10.342 (0.188-50.450)
Physical distress:

Fast food direct effect 0.291 0.827 0.434 0.059 (—0.014-0.219)

Conv store indirect effect

10.342 (0.188-50.450)
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Table Al. Cont.

Dependent Variable Power Analysis: al  Power Analysis: b Powéi;:?izzls: % LO‘Sthl:_ErCr;) {J(;;er)
Mental distress:
Fast food direct effect 0.075 (—0.173-0.120
Conv store indirect effect 0.291 0.801 0.428 10.342( (0.188—50.450))
Poor health status:
Fast food direct effect 0.101 (—0.007-0.390
Conv store indirect effect 0.291 0.905 0.452 10.342( (0.188—50.450))
COPD:
Fast food direct effect 0.059 (0.018-0.248
Conv store indirect effect 0.291 0.680 0.397 10.342( (0.188—50.4%0)
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