PRIMER

peer-reviewed reports in medical education research

Access Denied: Unpacking Pharmacy and Food

Deserts in Harris County, Texas
Patrick Dang, BS | Lulu Xu, MS | Eunice Olajimi, MS | Omolola Adepoju, PhD, MPH

PRIMER. 2025;9:63.
Published: 10/27/2025 | DOI: 10.22454/PRIMER.2025.678569

Introduction: In regions characterized by limited access to pharmacies—commonly referred to as
pharmacy deserts—medication adherence tends to be lower, particularly among underserved and
vulnerable populations. Similarly, food deserts denote areas with constrained access to nutritious food
options, thereby exacerbating food and nutrition insecurity. While both heavily influence health outcomes,
a paucity of literature explores the intersection between pharmacy deserts and food deserts.

Methods: We combined two datasets: (a) community/retail pharmacy brand and location data, and (b) the
Food Access data set. A scatterplot was created using the transformed values of pharmacies per 1,000
population and Food Access as the x and y coordinates, respectively. The scatterplot was divided into nine
parts based on the 33rd and 67th percentile values of both variables, categorized as a combination of low,
median, and high pharmacy and food access. For further analysis, we categorized ZIP codes with limited
access by median income ratio, poverty level, and diversity.

Results: Overall, approximately one-third of all ZIP codes exhibited low pharmacy access, and another
third demonstrated low food access. About 20% of ZIP codes experienced both low pharmacy and low
food access. As the pharmacy access increased, food access also increased, suggesting that ZIP codes
with greater pharmacy access tend to have disproportionately higher food access, consistent with an
exponential-type relationship. Low pharmacy and food access were predominantly in ZIP codes with
higher poverty rates and diversity.

Conclusions: Limited accessibility to both pharmacies and nutritious food options places an added
burden on vulnerable populations, contributing to challenges in managing chronic diseases and
maintaining overall health. This limited accessibility highlights the need for targeted interventions that
address these dual resource shortages.

Introduction

Health maintenance requires a comprehensive approach that extends beyond routine medical checkups and
preventative care.! It encompasses consistent access to essential resources such as medications and
nutritious foods to support overall well-being. A major barrier to achieving this holistic form of health
maintenance is lack of geographical accessibility to essential resources,? and this accessibility issue is
particularly exacerbated in low-income areas designated as pharmacy?® deserts and food deserts.*
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Pharmacy deserts, areas with limited or no pharmacies or pharmaceutical services, often occur in vulnerable
communities, particularly Black and Hispanic communities.® Food deserts are defined as areas lacking nearby
supermarkets or grocery stores with nutritious foods® and with limited reliable transportation to reach them.
Together, both conditions have been closely linked to chronic conditions such as diabetes, hypertension, and
cardiovascular disease.”®

The consequences of living in a pharmacy and food desert have been documented as medication adherence
and food insecurity, respectively.” However, little existing literature has directly studied the intersection and
impact of living in both a pharmacy desert and a food desert. Using a national dataset of open pharmacies in
the United States and the Harris County Food Access dataset, our study examined the relationship between
pharmacy access and food access across Harris County, Texas, which encompasses much of the Greater
Houston metroplex. We incorporated socioeconomic and demographic characteristics, specifically income
ratio, poverty level, and racial/ethnic composition in contextualizing our findings.

Methods

Data Collection and Preparation

We merged two data sets: (a) community/retail pharmacy brands and locations data, obtained from the
Homeland Infrastructure Foundation-Level Data open data interface;'° and (b) the Food Access Research
Atlas,® obtained from the US Department of Agriculture (USDA). The USDA data set provides census tract-level
demographic and supermarket access measures from 2017, including population, income, poverty level, racial/
ethnic composition, vehicle access, and proximity to supermarkets (eg, lahalfand10, la1and20). Following
USDA definitions, food access was operationalized as a continuous distance-weighted proximity score (range
=1.0-3.0), where higher values indicate greater accessibility to food resources. Urban and rural settings were
classified according to USDA criteria, based on US Census Bureau designations of population density and
metropolitan status. For this study, we extracted data specific to Harris County.

Because food access values are reported at the census tract level, we converted them to the ZIP code level
using a spatial join between tract and ZIP boundaries in QGIS software. We applied the Intersect (Esri)
geoprocessing tool to divide tracts along ZIP boundaries and performed area-weighted calculations so that
each tract contributed proportionally to its overlapping ZIP code. We aggregated weighted values to generate
an average food access score for each ZIP code. For example, if a ZIP code contained multiple intersecting
tracts, each tract's food access value was multiplied by the proportion of the tract area within the ZIP code, and
the products were summed to produce the ZIP code-level score. Finally, to standardize access measures, we
divided both pharmacy counts and food access values by the population in each ZIP code (per 1,000 people).
This calculation yielded population-adjusted measures of pharmacy access and food access that were used in
subsequent analyses. Our ZIP code-level analysis was exempt from review by an institutional review board
because it involved aggregated, de-identified data that do not allow for the identification of any individual
participants.

Visualization and Analysis

To visualize the relationship between pharmacy access and food access across different ZIP codes, we
created a scatterplot using Tableau (Salesforce) software. The transformed values of pharmacies per 1,000
population and food access were used as the x and y coordinates, respectively. The scatterplot was divided
into nine parts based on the 33rd and 67th percentile values of both variables. Each part represented a different
combination of high, median, and low pharmacy and food access levels. Because the points in the original
scatterplot overlapped heavily, making patterns difficult to distinguish, a log scale transformation was applied
to pharmacy access per 1,000 population. This transformation reduced skewness and improved separation of
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points, allowing clearer visualization of the relationship.

Results

Figure 1 depicts the relationship between pharmacy per 1,000 population (x-axis, log transformed) and food
access (y-axis, original scale). With the log transformation, overlapping points became more distinguishable,
revealing a positive association: As the log of pharmacy access increases, food access also increases. The
observed pattern suggests that ZIP codes with greater pharmacy access tend to have disproportionately higher
food access, consistent with an exponential-type relationship (Figure 2).

Table 1 shows the distribution of ZIP codes across all pharmacy and food access categories. The count of ZIP
codes that fall into each access level combination varied, from 25 ZIP codes in the low pharmacy-low food
access category to 21 ZIP codes in the high pharmacy—high food access category. Sixteen percent of the 154
ZIP codes were in areas with low pharmacy and low food access, 33% had at least low pharmacy access, and
33% were classified as low food access areas.

Conclusions

In this mapping and spatial analysis of pharmacy availability and food access in Harris County, one-third of ZIP
codes had low pharmacy access, one-third had low food access, and nearly 20% experienced both low
pharmacy and low food access. Among ZIP codes with severely limited access (including low pharmacy-low
food access, low pharmacy—median food access, and median pharmacy-low food access), 53% had median
household incomes below that of the Houston Metropolitan Area, 55% had poverty rates above the national
average, and 57% were classified as diverse, with a racial or ethnic group other than non-Hispanic White
comprising the majority.’” These findings underscore a critical shortage of both pharmacy resources and food
in areas characterized by high poverty and racial diversity. The results align with existing literature, which has
consistently linked lower-income and high-poverty areas with a greater prevalence of both pharmacy'%'3 and
food deserts.’15 Moreover, the majority of ZIP code areas with limited access overlapped with zones
predominantly populated by non-Hispanic Black or Hispanic residents, aligning with current literature that
highlights disparities in pharmacy access® and food availability for these populations. These findings are
magnified with recent pharmacy closures, which are expected to affect medically underserved areas
disproportionately.'®

This overlap implies that the lack of access to essential health resources, such as pharmacies and nutritious
food, disproportionately affects communities that are racially and ethnically diverse and that are facing
economic hardship. The compounded barriers in these areas may contribute to poorer health outcomes,'”8
higher rates of chronic diseases,'®?? and increased health care disparities,2! underscoring the need for
targeted interventions to improve access to vital services in underserved communities. Addressing these
challenges requires targeted interventions that prioritize equitable access to pharmacy services and food,
ultimately fostering improved health outcomes for vulnerable populations in Harris County.

Tables and Figures
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Figure 1. Scatterplot of Pharmacy and Food Access in Harris County, Texas
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Scatterplot showing the relationship between pharmacy access (per 1,000 population) and food access (original scale) across ZIP codes in Harris County, divided
into nine quadrants based on 33rd and 67th percentiles.

Figure 2. Geographic Distribution of ZIP Codes by Pharmacy—Food Access in Harris County, Texas
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Map displaying the spatial distribution of ZIP codes in Harris County classified by pharmacy and food access categories. https:/public.tableau.com/app/profile/
lulu.xu/viz/ZIPfoodAccess_Pharmacy1000/Map
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Table 1. Pharmacy and Food Access Level by ZIP Code
ZIP code

Zone T ZIP codes

High pharmacy & high 01 77006, 77502, 77002, 77025, 77062, 77063, 77057, 77005, 77099, 77072, 77008, 77401,
food access 77096 77027, 77098 77055, 77081, 77484 77011, 77036, 77074
High pharmacy & 19 77010, 77007, 77504, 77056, 77031, 77067, 77450, 77077, 77065, 77505, 77071, 77035,
median food access 77070 77069, 77058 77598 77494, 77521 77433
High pharmacy &
High pharmacy 1 77004, 77051, 77030, 77054, 77024, 77090, 77375, 77003, 77429, 77338, 77388
Median pharmacy & high 15 77009, 77023, 77587, 77015, 77076, 77083, 77012, 77017, 77075, 77043, 77019, 77080,
food access 77493, 77532, 77022
Median pharmacy & - 77028, 77020, 77029, 77044, 77042, 77033, 77087, 77038, 77089, 77091, 77092, 77039,
median food access 77003 77079, 77082, 77084, 77059, 77520, 77449, 77346, 77377, 77018
Median pharmacy & low 15 77546 77530, 77586, 77045, 77085, 77086, 77014, 77373, 77095, 77396, 77379, 77068,
food access 77339, 77571, 77389
Low pharmacy & 15 77565, 77355, 77506, 77046, 77021, 77061, 77060, 77050, 77026, 77498, 77407, 77447,
high food access 77382, 77354, 77357
'f-0°3”(’1 gﬂig@:cy & median 1 77573, 77362, 77503, 77336, 77547, 77078, 77037, 77034, 77016, 77053, 77477
Low pharmacy & 77535, 77032, 77047, 77048, 77049, 77013, 77507, 77489, 77064, 77066, 77581, 77088,

p y 25 77094 77040, 77041 77523, 77381, 77380, 77073, 77562, 77365, 77584, 77345, 77536,
low food access 77386
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