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BACKGROUND: Poor neighborhood-level access to health care, including community pharmacies, contributes to cardiovascular 
disparities in the United States. The authors quantified the association between pharmacy proximity, antihypertensive and 
statin use, and blood pressure (BP) and low-density lipoprotein cholesterol (LDL-C) among a large, diverse US cohort.

METHODS AND RESULTS: A cross-sectional analysis of Black and White participants in the REGARDS (Reasons for Geographic 
and Racial Differences in Stroke) study during 2013 to 2016 was conducted. The authors designated pharmacy proximity 
by census tract using road network analysis with population-weighted centroids within a 10-minute drive time, with 5- and 
20-minute sensitivity analyses. Pill bottle review measured medication use, and BP and LDL-C were assessed using standard 
methods. Poisson regression was used to quantify the association between pharmacy proximity with medication use and 
BP control, and linear regression for LDL-C. Among 16 150 REGARDS participants between 2013 and 2016, 8319 (51.5%) 
and 8569 (53.1%) had an indication for antihypertensive and statin medication, respectively, and pharmacy proximity data. 
The authors did not find a consistent association between living in a census tract with higher pharmacy proximity and antihy-
pertensive medication use, BP control, or statin medication use and LDL-C levels, regardless of whether the area was rural, 
suburban, or urban. Results were similar among the 5- and 20-minute drive-time analyses.

CONCLUSIONS: Living in a low pharmacy proximity census tract may be associated with antihypertensive and statin medication 
use, or with BP control and LDL-C levels. Although, in this US cohort, outcomes were similar for adults living in high or low 
pharmacy proximity census tracts.
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Hypertension and hyperlipidemia are the leading 
modifiable risk factors for cardiovascular disease 
(CVD) in the United States and disproportion-

ally impact individuals residing in rural communities. 
For example, in 2017, the prevalence of hypertension 
was >10% higher in rural communities compared with 
urban communities.1 Between 2013 and 2018, blood 
pressure (BP) and low-density lipoprotein cholesterol 

(LDL-C) control improved in urban communities, but 
such a trend was not observed in rural communities.2 
While disparities in BP and hyperlipidemia control are 
multifactorial, often influenced by medication adher-
ence, clinical inertia, and complex environmental and 
interpersonal interactions, the degree to which differ-
ential medication access contributes to observed geo-
graphic disparities in CVD is unclear.3–5
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US adults living in communities with poor social and 
economic conditions face lower access to health care, 
documented through decreased health care availability 
and utilization.6–8 Among 5096 residents in the south 
side of Chicago, those who had greater geographic 
accessibility to primary care had a lower prevalence 
of hypertension as well as uncontrolled hypertension.9 
Community pharmacies play a key role in health care. 

Access to pharmacies and pharmacy services is lower 
in communities that are largely minoritized populations 
or of low socioeconomic status, leading to “pharmacy 
deserts.”10,11 While pharmacy delivery services (eg, 
“mail order”) might theoretically improve equitable ac-
cess to medication, such services are predominantly 
used among White and high-income households.12,13 
Recent estimates from the Medical Expenditure Panel 
Survey found that only 10.3% of US adults in 2018 
received their prescriptions from mail-order pharma-
cies.12 Living in a pharmacy desert may severely limit 
access to antihypertensive and statin medications and 
impede BP control and lower LDL-C levels.

We used data derived from a national population-
based study to quantify the association between 
pharmacy accessibility, as measured by pharmacy 
proximity, and use of antihypertensive and statin med-
ications, separately, as well as the association with BP 
control and LDL-C levels, separately. Such information 
might provide insights that could guide policies regard-
ing pharmacy accessibility and strategies aimed at re-
ducing geographic disparities in CVD within the United 
States.

METHODS
Study Population
Briefly, the REGARDS study enrolled 30 239 adults 
45 years and older throughout the United States be-
tween 2003 and 2007.14 The goal of the REGARDS 
trial was to determine contributing factors to the higher 
stroke mortality rate among Black versus White adults in 
the Southeastern United States. A second in-home ex-
amination (visit 2) was completed for 16 150 participants 
between 2013 and 2016, following the exclusion of 56 
patients for data anomalies, 6590 who died, and 7443 
lost to follow-up or declined further participation.15 The 
REGARDS study was approved by the institutional re-
view board at the University of Alabama at Birmingham 
and other participating centers, and all participants pro-
vided written informed consent. Requests to access 
the data set from qualified researchers trained in human 
subject confidentiality protocols may be submitted to 
the REGARDS trial executive committees at www.​uab.​
edu/​soph/​regar​dsstudy.

We restricted our analysis to patients who partici-
pated in the second in-home visit, as REGARDS trial 
coordinators collected additional patient data on per-
ceived neighborhood characteristics at this visit. We 
focused on individuals receiving active treatment for 
hypertension or hypercholesterolemia at the time of 
the second in-home visit. All participant data used in 
the current analysis are from the second in-home visit.

For the analysis of antihypertensive medication use 
and BP control among participants with hypertension, 

CLINICAL PERSPECTIVE

What Is New?
•	 In the current analysis, US adults with hyperten-

sion who lived in census tracts with a low prox-
imity to community pharmacies by drive time 
had similar antihypertensive medication use 
and blood pressure control as adults who lived 
in communities with a high proximity to com-
munity pharmacies.

•	 Among adults with an indication for statin ther-
apy for primary or secondary prevention, we 
did not find evidence that living in a low- versus 
high-pharmacy proximity community was asso-
ciated with statin medication use or low-density 
lipoprotein cholesterol.

What Are the Clinical Implications?
•	 Medication access is a significant barrier to 

achieving blood pressure control and appropri-
ate low-density lipoprotein levels, and ensur-
ing patients have reliable pharmacy access is 
imperative.

•	 Distance to the nearest pharmacy by drive time 
may not be a significant contributing factor to 
low use of antihypertensive medication or statin 
medication among US adults with an indication 
for medication use.

Nonstandard Abbreviations and Acronyms

CES-D	 Center for Epidemiologic Studies–
Depression Scale

JNC 7	 Seventh Report of the Joint National 
Committee on Prevention, Detection, 
Evaluation, and Treatment of High 
Blood Pressure

MCS	 Short-Form 12 Mental Health 
Component Summary

PCS	 Short-Form 12 Physical Component 
Summary

PR	 prevalence ratio
REGARDS	 Reasons for Geographic and Racial 

Differences in Stroke

http://www.uab.edu/soph/regardsstudy
http://www.uab.edu/soph/regardsstudy
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we included individuals who: (1) had a systolic BP 
≥140 mm Hg or diastolic BP ≥90 mm Hg during the in-
home visit 2 or were taking at least 1 antihypertensive 
medication; or (2) reported “yes” to the question “Has 
a doctor or other health professional ever told you that 
you have high blood pressure?” We excluded the 21 
participants who either had no valid BP measurement 
or who were missing information regarding antihyper-
tensive use.

For the analysis of statin use and LDL-C levels, we 
included individuals with: (1) a diagnosis of diabetes 
and LDL-C ≥70 mg/dL; (2) a history of atherosclerotic 
CVD; (3) a predicted 10-year atherosclerotic CVD risk 
of ≥7.5% as calculated by the pooled cohort equations; 
or (4) an LDL-C level ≥190 mg/dL at visit 2.16,17 We ex-
cluded 1281 participants who were missing variables 
necessary to calculate risk from the pooled cohort 
equations or information about antihypertensive or sta-
tin medication use at visit 2.

Data Collection
Participants provided information on age, sex, race, 
educational attainment, employment status, marital 
status, living with others, income, health insurance, and 
usual source of care at the time of the second in-home 
visit. We additionally obtained participant-reported in-
formation on social support defined by the score of 
6 survey items of social support, perceived neighbor-
hood characteristics defined as agreement with the 
following statements: “This is a close-knit neighbor-
hood”, “People in this neighborhood can be trusted”, 
and “How safe from crime do you consider your 
neighborhood to be?”18 Further, car ownership, cur-
rent cigarette smoking, self-reported diabetes status, 
number of physical activity events per week, depres-
sive symptoms based on the Center for Epidemiologic 
Studies–Depression Scale (CES-D) score ≥4 on the 
4-item scale, physical functioning based on the Short-
Form 12 Physical Component Summary (PCS) score, 
mental health based on the Short-Form 12 Mental 
Health Component Summary (MCS) score, Cohen’s 
perceived stress scale score, and physical health limit-
ing activities of daily living were obtained by computer-
assisted telephone interviews.19,20

Trained health professionals measured height and 
weight and collected blood and urine specimens used 
to determine total cholesterol, high-density lipoprotein 
cholesterol, and triglycerides, as well as the estimated 
glomerular filtration rate (calculated using the 2021 
Chronic Kidney Disease Epidemiology Collaboration 
equation).21

Medication use was defined by in-home pill bottle 
review.5,22–24 To determine this, participants showed 
study staff the containers of medications taken in the 
past 2 weeks. Medication use was determined for 

statin use, antihypertensive medication use, and total 
prescription medications.

We assigned rural, suburban, and urban status 
by population density as follows: <1000 people per 
square mile, 1000 to 3000 people per square mile, and 
>3000 people per square mile, respectively, based on 
the 2015 American Community Survey data from the 
US Census Bureau, which were used in a previous 
analysis focused on pharmacy access.25

Exposure—Pharmacy Proximity
Each REGARDS trial participant was assigned a 
census tract based on their residence during visit 2. 
Only participant census tracts that were unchanged 
between 2010 and 2020 were used in the current 
analysis. We then used census blocks’ population as 
weights to calculate the population-weighted centroid 
of each census tract. The REGARDS trial coordinating 
center has participants’ precise addresses and geolo-
cations, but, due to privacy concerns, the center uses 
this information to provide the corresponding census 
tract for each participant. Due to the unavailability of 
precise home addresses, we employed a population-
weighted centroid approach, based on their residing 
census tract. Population-weighted centroids account 
for the geographic distribution of the population within 
each census tract. We defined census tract–level 
pharmacy proximity, assessed by drive time, using 
the 2-step floating catchment area method.26,27 In the 
first step, using road network data, we determined the 
catchment area of a 10-minute drive time around the 
geocoded location of each outpatient pharmacy from 
the National Council for Prescription Drug Programs 
data for 2015, which closely aligned with the timing 
of the REGARDS trial visit 2.28 Addresses for phar-
macies were geocoded using ArcGIS Pro version 
3.0 (Esri). The population served by each pharmacy 
was then calculated by summing up the population-
weighted centroids of census tracts that fell within a 
10-minute drive time of the pharmacy. Because we did 
not have data on the inventory of antihypertensive and 
statin availability at each pharmacy, we assumed that 
all pharmacies offered antihypertensives and statins. 
Each pharmacy was then assigned a pharmacy-to-
population ratio to represent the population served 
by the pharmacy. In the second step, we created a 
10-minute catchment area around the population-
weighted centroid of each census tract and summed 
up the pharmacy-to-population ratios of pharmacies 
within the catchment area to determine a final value of 
pharmacy proximity. Pharmacy proximity was catego-
rized by quartile of proximity. In the primary analysis 
using a 10-minute drive time, pharmacy proximity per 
10 000 people was 0.00 to 1.34, 1.34 to 2.05, 2.05 to 
3.20, and 3.20 to 21.72 for quartile 1, quartile 2, quartile 
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3, and quartile 4, respectively, in the hypertension co-
hort and 0.00 to 1.33, 1.33 to 2.03, 2.03 to 3.12, and 
3.12 to 21.73 for quartile 1, quartile 2, quartile 3, and 
quartile 4, respectively, in the cohort with an indica-
tion for statin use. The above analysis was repeated 
with 5- and 20-minute drive-time catchment areas as 
sensitivity analysis.

Outcome
Medication use, as well as measurement of BP and 
LDL-C, are defined above. BP control was defined as 
systolic BP <140 mm Hg and diastolic BP <90 mm Hg 
to be consistent with the Seventh Report of the 
Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure 
(JNC 7) at the time of the study.29

Statistical Analysis
We calculated participant characteristics at visit 2 and 
determined differences in characteristics using the 
Jonckheere-Terpstra test, Cochran-Armitage test for 
trend, and χ2 test, as appropriate. All analyses were 
stratified by population density (rural, suburban, and 
urban), as each category has different geographic 
norms for expected drive-time distances to community 
pharmacies. In both cohorts separately, we calculated 
the prevalence of antihypertensive and statin medica-
tion use by pharmacy proximity at visit 2 using a com-
plete case analysis (missingness Tables  S1 and S2). 
Next, we used Poisson regression with robust error 
variance to calculate prevalence ratios (PRs) for the 
medication use outcomes associated with pharmacy 
proximity by quartile. Although the clinical factors were 
assessed at the same time as exposure, it is plausible 
that these factors could be influenced by pharmacy 
proximity.11,30–33

In order to assess the complex factors that may influ-
ence the association between pharmacy proximity with 
antihypertensive and statin medication use, as well as 
BP control and lipid levels, we employed a conceptual 
model based on the Aday and Anderson framework for 
health care utilization, the social determinants of car-
diovascular disease framework proposed by Powell-
Wiley et al, and the idea proposed by Pechansky and 
Thomas where access is defined by “the degree of fit 
between the client and the system.”34–37

For model 1, we adjusted for demographic infor-
mation including age, sex, and race. Model 2 included 
all variables in model 1 plus educational attainment, 
employment status, and income. Model 3 included all 
variables in model 2 plus measures of access including 
health insurance, usual source of care, car ownership, 
level of social support (defined by the score of 6 sur-
vey items of social support), and self-reported neigh-
borhood characteristics (ie, agreement with “This is a 

close-knit neighborhood”, “People in this neighborhood 
can be trusted”, “People around here are willing to help 
their neighbors”, and “How safe from crime do you 
consider your neighborhood to be?”). Model 4 was ad-
justed for variables in model 3 plus health status indica-
tors including current cigarette smoking, self-reported 
diabetes status, systolic BP (in the statin use and LDL-C 
models only), diastolic BP (in the statin use and LDL-C 
models only), body mass index, total cholesterol, phys-
ical functioning based on the PCS score, mental health 
based on the MCS score, aspirin use, and number of 
total prescription medications. Systolic and diastolic BP 
were not included in the BP control outcome model. 
Directed acyclic graphs are found in Figure S1.

We calculated variance inflation factors between 
the exposure variables and the covariates in the 4 
main analyses to assess whether the exposure was 
too strongly associated with the covariates to accu-
rately estimate the association between the exposure 
and outcome after covariate adjustment.38 The vari-
ance inflation factors for the fully adjusted model in the 
4 main analyses ranged from 1.12 to 1.13, indicating 
that covariate adjustment did not substantially reduce 
the precision of our estimated coefficients associated 
with the exposure.

All analyses were repeated for the outcome of BP 
control among patients taking antihypertensive med-
ication. In addition, these analyses were repeated in 
the cohort with an indication for statin medication for 
the outcomes of statin use and LDL-C levels. We used 
linear regression adjusted for the same variables as 
described above to determine mean differences in 
continuous LDL-C associated with pharmacy proxim-
ity by quartile at visit 2. In addition, a marginal stan-
dardization method was used to estimate an average 
model-based multivariable-adjusted probability of 
each outcome by pharmacy proximity as a continuous 
variable for rural, suburban, and urban census tracts.

All analyses were repeated by the following sub-
groups defined at visit 2: car ownership (yes versus no), 
race and sex (White: man and woman versus Black: 
man and woman), age (≥65 years versus <65 years), 
and polypharmacy status (taking versus not taking 
≥5 prescription medications). Interactions between 
each subgroup and the main exposure were tested by 
a product term in the regression model. All analyses 
were performed using R version 4.1.3 (R Core Team), 
and all tests were 2-tailed with a statistical significance 
assigned at the 0.05 level.

RESULTS
Baseline Characteristics
Among the 8319 included participants with hyperten-
sion, 55% (n=4599) and 45% (3720) were of White 



J Am Heart Assoc. 2024;13:e031717. DOI: 10.1161/JAHA.123.031717� 5

Zheutlin et al� Pharmacy Proximity, HTN, and HLD Management

and Black race, respectively, and 57% (n=4756) were 
women. The median BP was 127/76 mm Hg, with 84% 
taking an antihypertensive. Among participants with 
hypertension, 35%, 30%, and 36% lived in a rural, sub-
urban, and urban census tract, respectively (Table S3). 
The prevalence of antihypertensive use was 84.0%, 
84.5%, and 84.7% among participants living in a rural, 
suburban, and urban census tract, respectively. The 
prevalence of BP control was 79.4%, 80.6%, and 
82.3% among participants living in a rural, suburban, 
and urban census tract (Table 1).

Among the 8569 included participants with an in-
dication for statin medication, 60% (5147) and 40% 
(3422) were of White and Black race, respectively, and 
52% (n=4457) were women. The median LDL-C was 
94.9 mg/dL, with 50% of patients taking a statin med-
ication. Among the included participants, 30% had 
diabetes, 34% had a history of atherosclerotic CVD, 
and the majority had a predicted 10-year atheroscle-
rotic CVD risk of ≥7.5% (97%). Among adults with an 
indication for a statin, 35%, 30%, and 35% lived in a 
rural, suburban, and urban census tract, respectively 
(Table  S4). The prevalence of statin use was 50.6%, 
50.8%, and 50.0% among participants living in a rural, 
suburban, and urban census tract, respectively. The 
median LDL-C was 95.4 mg/dL, 94.3 mg/dL, and 
94.9 mg/dL among participants living in a rural, sub-
urban, and urban census tract, respectively (Table 1).

Association Between Pharmacy Proximity 
and Antihypertensive Medication Use
After complete adjustment, the PR for antihyperten-
sive medication use was 1.02 (95% CI, 0.98–1.06) 
for participants in rural census tracts, 1.04 (95% CI, 
0.99–1.09) for participants in suburban census tracts, 
and 1.01 (95% CI, 0.96–1.06) for participants in urban 
census tracts comparing the highest quartile of phar-
macy proximity with the lowest quartile of pharmacy 
proximity (Table  2). Among Black male participants, 
living in a census tract in the highest quartile of phar-
macy proximity was associated with a higher use of 
antihypertensives in rural census tracts only (PR, 1.17 
[95% CI, 1.04–1.31]) (Table S5). Antihypertensive use 

was higher among adults younger than 65 years living 
in census tracts with the highest quartile of pharmacy 
proximity compared with the lowest quartile in subur-
ban census tracts only (PR, 1.18 [95% CI, 1.00–1.40]) 
(Table S6). There was no association between antihy-
pertensive medication use and pharmacy proximity by 
polypharmacy (Table S7) or car ownership (Table S8).

Association Between Pharmacy Proximity 
and BP Control Overall and by Subgroups
The PR for the association between living in the lowest 
quartile compared with the highest quartile of phar-
macy proximity and BP control use was 0.99 (95% CI, 
0.94–1.03) for participants in rural census tracts, 1.00 
(95% CI, 0.94–1.06) for residents in suburban census 
tracts, and 1.02 (95% CI, 0.97–1.08) for residents in 
urban census tracts (Table 2). In rural census tracts, 
Black male participants living in the highest quartile 
compared with the lowest quartile of pharmacy proxim-
ity had higher BP control (PR, 1.21 [95% CI, 1.01–1.45]) 
(Table S5). BP control was higher among adults in rural 
census tracts taking <5 prescription medications living 
in the highest quartile of pharmacy proximity (PR, 1.16 
[95% CI, 1.02–1.32]) (Table  S7). There was no differ-
ence in the association between pharmacy proximity 
and BP control for the REGARDS trial participants liv-
ing in rural, suburban, and urban census tracts by age 
(Table S6) or car ownership (Table S8).

Association Between Pharmacy Proximity 
and Statin Medication Use
After complete adjustment, the PR for statin use was 
0.95 (95% CI, 0.88–1.02) for participants in rural cen-
sus tracts, 0.92 (95% CI, 0.83–1.03) for participants in 
suburban census tracts, and 0.98 (95% CI, 0.87–1.10) 
for participants in urban census tracts comparing the 
highest quartile of pharmacy proximity with the lowest 
quartile of pharmacy proximity (Table 3). In subgroup 
analysis, participants taking ≥5 prescription medica-
tions in suburban census tracts in the highest quartile 
of proximity to pharmacies had lower statin medica-
tion use (0.90 [95% CI, 0.81–1.00]) (Table S7). When 

Table 1.  Distribution of Medication Use, BP Control, and LDL-C by Population Density

Hypertension cohort Statin cohort

Population No.

Prevalence of 
antihypertensive 
medication use, 
%

Prevalence of BP 
control, % No.

Prevalence of 
statin medication 
use, %

LDL-C, median 
(minimum, 
maximum)

Rural 2875 84.0 79.4 3027 50.6 95.4 (11.8, 272.9)

Suburban 2458 84.5 80.6 2541 50.8 94.3 (17.0, 278.4)

Urban 2986 84.7 82.3 3001 50.0 94.9 (6.8, 382.8)

BP indicates blood pressure; and LDL-C, low-density lipoprotein cholesterol.
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Table 2.  Association Between Antihypertensive Medication Use and BP Control With Pharmacy Proximity Among 
REGARDS Trial Participants During Visit 2

PR (95% CI)

Quartile, median (range) 
(pharmacy proximity per 
10 000 persons)

Quartile 1  
0.80 [0.00–1.34])

Quartile 2  
1.70 (1.34–2.05)

Quartile 3  
2.53 (2.05–3.20)

Quartile 4  
4.30 (3.20–21.73) P for trend

Antihypertensive medication use

Rural (n=2875)

Cases, n 806 344 434 830

Prevalence, % 82.3 81.1 85.9 85.8

Unadjusted PR (95% CI) 1.00 (Reference) 0.99 (0.93–1.04) 1.04 (1.00–1.09) 1.04 (1.00–1.08) 0.01

Model 1 PR (95% CI) 1.00 (Reference) 0.98 (0.93–1.04) 1.03 (0.98–1.08) 1.03 (0.99–1.07) 0.09

Model 2 PR (95% CI) 1.00 (Reference) 0.98 (0.93–1.03) 1.03 (0.99–1.08) 1.03 (0.99–1.07) 0.10

Model 3 PR (95% CI) 1.00 (Reference) 0.98 (0.93–1.03) 1.03 (0.98–1.08) 1.02 (0.98–1.06) 0.12

Model 4 PR (95% CI) 1.00 (Reference) 0.98 (0.93–1.03) 1.03 (0.98–1.07) 1.02 (0.98–1.06) 0.16

Suburban (n=2458)

Cases, n 325 517 588 648

Prevalence, % 82.5 84.8 84.2 85.7

Unadjusted PR (95% CI) 1.00 (Reference) 1.03 (0.97–1.09) 1.02 (0.97–1.08) 1.04 (0.98–1.10) 0.22

Model 1 PR (95% CI) 1.00 (Reference) 1.03 (0.98–1.09) 1.04 (0.98–1.10) 1.05 (1.00–1.11) 0.07

Model 2 PR (95% CI) 1.00 (Reference) 1.03 (0.97–1.09) 1.04 (0.98–1.10) 1.05 (0.99–1.10) 0.11

Model 3 PR (95% CI) 1.00 (Reference) 1.03 (0.97–1.09) 1.04 (0.99–1.10) 1.05 (0.99–1.10) 0.09

Model 4 PR (95% CI) 1.00 (Reference) 1.03 (0.97–1.08) 1.04 (0.99–1.10) 1.04 (0.99–1.09) 0.13

Urban (n=2986)

Cases, n 600 880 748 300

Prevalence, % 84.9 84.1 85.3 84.3

Unadjusted PR (95% CI) 1.00 (Reference) 0.99 (0.95–1.03) 1.01 (0.96–1.05) 0.99 (0.94–1.05) 0.95

Model 1 PR (95% CI) 1.00 (Reference) 1.00 (0.96–1.05) 1.02 (0.97–1.06) 1.01 (0.96–1.07) 0.53

Model 2 PR (95% CI) 1.00 (Reference) 1.00 (0.96–1.05) 1.01 (0.97–1.06) 1.00 (0.95–1.06) 0.72

Model 3 PR (95% CI) 1.00 (Reference) 1.00 (0.96–1.04) 1.01 (0.97–1.05) 1.00 (0.94–1.05) 0.87

Model 4 PR (95% CI) 1.00 (Reference) 1.00 (0.96–1.04) 1.01 (0.97–1.05) 1.01 (0.96–1.06) 0.63

BP control

Rural (n=2875)

Cases, n 788 328 405 763

Prevalence, % 80.5 77.4 80.2 78.9

Unadjusted PR (95% CI) 1.00 (Reference) 0.96 (0.91–1.02) 1.00 (0.94–1.05) 0.98 (0.94–1.03) 0.54

Model 1 PR (95% CI) 1.00 (Reference) 0.96 (0.91–1.02) 1.00 (0.95–1.05) 0.98 (0.94–1.03) 0.58

Model 2 PR (95% CI) 1.00 (Reference) 0.96 (0.91–1.02) 1.00 (0.95–1.05) 0.98 (0.94–1.03) 0.66

Model 3 PR (95% CI) 1.00 (Reference) 0.96 (0.91–1.02) 1.00 (0.95–1.05) 0.99 (0.94–1.03) 0.73

Model 4 PR (95% CI) 1.00 (Reference) 0.96 (0.91,1.02) 1.00 (0.95,1.05) 0.99 (0.94,1.03) 0.70

Suburban (n=2458)

Cases, n 315 481 576 608

Prevalence, % 79.9 78.9 82.5 80.4

Unadjusted PR (95% CI) 1.00 (Reference) 0.99 (0.92–1.05) 1.03 (0.97–1.10) 1.01 (0.95–1.07) 0.50

Model 1 PR (95% CI) 1.00 (Reference) 0.98 (0.92–1.05) 1.02 (0.96–1.09) 1.00 (0.94–1.06) 0.66

Model 2 PR (95% CI) 1.00 (Reference) 0.98 (0.92–1.05) 1.02 (0.96–1.09) 1.00 (0.94–1.07) 0.60

Model 3 PR (95% CI) 1.00 (Reference) 0.98 (0.92–1.05) 1.02 (0.96–1.09) 1.00 (0.94–1.07) 0.58

Model 4 PR (95% CI) 1.00 (Reference) 0.98 (0.92–1.05) 1.02 (0.96–1.09) 1.00 (0.94–1.06) 0.66

 (Continued)
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stratified by sex (Table  S5), age (Table  S6), and car 
ownership (Table S8) among the REGARDS trial par-
ticipants, there was no association between pharmacy 
proximity and statin use.

Association Between Pharmacy Proximity 
and LDL-C Levels
The association between living in the lowest quartile 
compared with the highest quartile of pharmacy prox-
imity and LDL-C was not significant for the REGARDS 
trial participants in rural census tracts (beta-estimate, 
−0.95 [SE, 1.55]; P=0.59), suburban census tracts 
(beta-estimate, −0.19 [SE, 2.07]; P=0.80), or urban 
census tracts (beta-estimate, 0.11 [SE, 0.88]; P=0.46) 
(Table 3). The association between living in the lowest 
quartile compared with the highest quartile of phar-
macy proximity and LDL-C was not significant when 
stratified by race and sex (Table  S5). There was no 
significant association in LDL-C for participants liv-
ing in rural, suburban, or urban census tracts among 
the highest quartile of pharmacy proximity compared 
with the lowest quartile of pharmacy proximity by age 
(Table  S6), polypharmacy status (Table  S7), or car 
ownership (Table S8).

Sensitivity Analysis
In sensitivity analysis using 5- and 20-minute drive 
time, no qualitative difference in the association of 
pharmacy proximity with antihypertensive use, BP 
control, or LDL-C level was seen (Table S9 and S10). 
Using a 20-minute drive time, statin use was lower 
among participants in rural and suburban census 

tracts with the highest pharmacy proximity (PR, 0.90 
[95% CI, 0.83–0.98] and PR, 0.86 [95% CI, 0.78–0.96], 
respectively) (Table  S10), while statin use was more 
prevalent among participants in urban census tracts 
with the highest pharmacy proximity (PR, 1.14 [95% CI, 
1.04–1.26]) (Table S10).The predicted probability of an-
tihypertensive use, BP control, statin use, or LDL-C did 
not significantly differ by population density or 5-, 10-, 
or 20-minute drive time (Figures 1 and 2).

DISCUSSION
Community pharmacies serve a crucial role in facilitat-
ing medication and health care access, often acting 
as the nearest point of contact within the health care 
system for patients, largely due to their neighborhood-
centric locations.39,40 In the current analysis, we did not 
find strong evidence overall that living in a census tract 
with lower pharmacy proximity was associated with the 
use of antihypertensive medication, statin medication, 
BP control, or LDL-C levels, irrespective of population 
density. However, we did find evidence that certain 
demographics, such as younger adults in suburban 
areas, are differentially associated with pharmacy 
proximity. Given the complexity of multilevel social in-
teractions that influence health outcomes, there may 
be an association not captured by the current analysis. 
A better understanding of the impact of health care 
facilities and services, including pharmacies, is impor-
tant in directing policies and interventions to improve 
equity and reduce CVD morbidity and mortality.

The REGARDS study was designed to identify factors 
contributing to increased stroke and CVD risk among 

PR (95% CI)

Quartile, median (range) 
(pharmacy proximity per 
10 000 persons)

Quartile 1  
0.80 [0.00–1.34])

Quartile 2  
1.70 (1.34–2.05)

Quartile 3  
2.53 (2.05–3.20)

Quartile 4  
4.30 (3.20–21.73) P for trend

Urban (n=2986)

Cases, n 593 847 713 303

Prevalence, % 83.9 81.0 81.3 85.1

Unadjusted PR (95% CI) 1.00 (Reference) 0.97 (0.92–1.01) 0.97 (0.93–1.01) 1.01 (0.96–1.07) 0.98

Model 1 PR (95% CI) 1.00 (Reference) 0.96 (0.92–1.00) 0.97 (0.92–1.01) 1.01 (0.96–1.07) 0.90

Model 2 PR (95% CI) 1.00 (Reference) 0.97 (0.92–1.01) 0.97 (0.93,1–02) 1.02 (0.96–1.08) 0.80

Model 3 PR (95% CI) 1.00 (Reference) 0.97 (0.92–1.01) 0.97 (0.93–1.02) 1.02 (0.97–1.08) 0.78

Model 4 PR (95% CI) 1.00 (Reference) 0.96 (0.92–1.01) 0.97 (0.93–1.02) 1.02 (0.97–1.08) 0.72

Model 1: adjusted for age, sex, and race. Model 2: model 1 plus educational attainment, employment status, and income. Model 3: model 2 plus health 
insurance, usual source of care, car ownership, level of social support (defined by the score of 6 survey items of social support), and self-reported neighborhood 
characteristics (ie, agreement with “This is a close-knit neighborhood”, “People in this neighborhood can be trusted”, “People around here are willing to help 
their neighbors”, and “How safe from crime do you consider your neighborhood to be?”). Model 4: model 3 plus current cigarette smoking, self-reported 
diabetes status, systolic blood pressure (BP; in the statin use and low-density lipoprotein cholesterol [LDL-C] models only), diastolic BP (in the statin use and 
LDL-C models only), body mass index, total cholesterol, physical functioning based on the Short-Form 12 Physical Component Summary score, mental health 
based on the Short-Form 12 Mental Health Component Summary score, aspirin use, and number of total prescription medications. Systolic BP and diastolic 
BP are not included in the BP control outcome model. PR indicates prevalence ratio; and REGARDS, Reasons for Geographic and Racial Differences in Stroke.

Table 2.  Continued
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Table 3.  Association Between Statin Medication Use and LDL-C Level With Pharmacy Proximity Among REGARDS Trial 
Participants During Visit 2

PR (95% CI)

Statin medication use

Quartile, median (range) 
(pharmacy proximity per 10 000 
persons) Quartile 1 0.80 (0.00–1.33)

Quartile 2 1.69 
(1.33–2.03)

Quartile 3 2.48 
(2.03–3.12)

Quartile 4 4.21 
(3.12–21.73)

P for 
trend

Rural (n=3027)

Cases, n 547 251 250 485

Prevalence, % 51.8 54.9 48.4 48.5

Unadjusted PR (95% CI) 1.00 (Reference) 1.06 (0.96–1.17) 0.93 (0.84–1.04) 0.94 (0.86–1.02) 0.06

Model 1 PR (95% CI) 1.00 (Reference) 1.06 (0.95–1.17) 0.94 (0.84–1.04) 0.94 (0.86–1.03) 0.08

Model 2 PR (95% CI) 1.00 (Reference) 1.06 (0.95–1.17) 0.94 (0.85–1.05) 0.94 (0.87–1.03) 0.09

Model 3 PR (95% CI) 1.00 (Reference) 1.05 (0.95–1.16) 0.94 (0.84–1.04) 0.94 (0.86–1.02) 0.07

Model 4 PR (95% CI) 1.00 (Reference) 1.05 (0.96–1.15) 0.93 (0.85–1.03) 0.95 (0.88–1.02) 0.06

Suburban (n=2541)

Cases, n 211 339 360 380

Prevalence, % 50.6 54.6 49.8 48.7

Unadjusted PR (95% CI) 1.00 (Reference) 1.08 (0.96–1.22) 0.98 (0.87–1.11) 0.96 (0.85–1.08) 0.15

Model 1 PR (95% CI) 1.00 (Reference) 1.08 (0.96–1.21) 0.97 (0.86–1.10) 0.98 (0.87–1.10) 0.22

Model 2 PR (95% CI) 1.00 (Reference) 1.07 (0.95–1.21) 0.97 (0.86–1.10) 0.97 (0.86–1.09) 0.21

Model 3 PR (95% CI) 1.00 (Reference) 1.06 (0.95–1.19) 0.97 (0.86–1.09) 0.96 (0.85–1.08) 0.17

Model 4 PR (95% CI) 1.00 (Reference) 1.03 (0.93–1.15) 0.97 (0.87–1.08) 0.92 (0.83–1.03) 0.03

Urban (n=3001)

Cases, n 335 534 457 176

Prevalence, % 49.9 50.2 50.6 48.5

Unadjusted PR (95% CI) 1.00 (Reference) 1.01 (0.91–1.11) 1.01 (0.92–1.12) 0.97 (0.85–1.11) 0.83

Model 1 PR (95% CI) 1.00 (Reference) 0.99 (0.90–1.09) 1.01 (0.91–1.12) 0.96 (0.85–1.10) 0.78

Model 2 PR (95% CI) 1.00 (Reference) 0.99 (0.90–1.09) 1.00 (0.91–1.11) 0.95 (0.83–1.08) 0.57

Model 3 PR (95% CI) 1.00 (Reference) 0.99 (0.90–1.09) 1.00 (0.90–1.10) 0.94 (0.83–1.07) 0.51

Model 4 PR (95% CI) 1.00 (Reference) 1.00 (0.92–1.09) 1.00 (0.92–1.10) 0.98 (0.87–1.10) 0.81

LDL-C level

Rural (n=3027)

Median (minimum, maximum) 96.5 (23.7, 251) 93.9 (31.9, 254) 94.2 (30.0, 272.9) 96.0 (11.8, 263.6)

Unadjusted β (SE) (Reference) −1.81 (1.98) −1.08 (1.86) −0.95 (1.55) 0.59

Model 1 β (SE) (Reference) −1.77 (1.94) −1.35 (1.84) −1.34 (1.52) 0.41

Model 2 β (SE) (Reference) −1.73 (1.94) −1.29 (1.84) −1.18 (1.53) 0.47

Model 3 β (SE) (Reference) −1.46 (1.95) −1.18 (1.84) −0.89 (1.53) 0.58

Model 4 β (SE) (Reference) −0.3 (0.74) 0.42 (0.66) −0.26 (0.57) 0.82

Suburban (n=2541)

Median (minimum, maximum) 94.5 (22.2, 220.6) 94.3 (17.0, 212.3) 94.3 (26.0, 241.3) 94.2 (23.3, 278.4)

Unadjusted β (SE) (Reference) −1.61 (2.11) −0.44 (2.05) −0.19 (2.07) 0.80

Model 1 β (SE) (Reference) −1.62 (2.06) −0.12 (2.01) −1.19 (2.03) 0.79

Model 2 β (SE) (Reference) −1.46 (2.05) −0.08 (2.00) −0.86 (2.03) 0.91

Model 3 β (SE) (Reference) −1.32 (2.05) −0.02 (2.00) −0.63 (2.02) 0.99

Model 4 β (SE) (Reference) 0.82 (0.84) 0.06 (0.82) 0.79 (0.81) 0.56

Urban (n=3001)

Median (minimum, maximum) 95.9 (21.9, 267.2) 93.7 (21.4, 382.8) 95.2 (6.8, 268.2) 94.9 (32.2, 212.8)

Unadjusted β (SE) (Reference) −0.72 (1.73) 0.44 (1.79) −0.18 (2.22) 0.82

Model 1 β (SE) (Reference) −0.08 (1.69) 0.55 (1.76) 0.17 (2.18) 0.79

 (Continued)
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Black adults and adults living in the Southeastern re-
gion of the United States.14 Neighborhoods composed 
of predominantly Black residents face greater risk of 
pharmacy closure and have fewer available pharmacy 
services compared with White or diverse neighbor-
hoods.41 However, the association between living in a 
census tract with low pharmacy accessibility by drive 
time with the use of antihypertensive and statin medi-
cation has not been previously described. While in the 
current analysis of the REGARDS trial, we did not find a 
consistent association between living in a census tract 
with low pharmacy proximity and medication access 
by drive time, we did find that Black male adults living 
in a census tract with a higher proximity to pharmacies 
had a higher prevalence of antihypertensive medica-
tion use and BP control, particularly in rural census 
tracts. Lower neighborhood access to pharmacy and 
pharmacy services may lead to increased CVD risk as 
residents cannot access CVD risk–reducing medica-
tion as readily, particularly among residents of lower 
socioeconomic status and in minority predominant 
areas.11

Lack of access to health care services, includ-
ing pharmacies, differentially impacts both rural 
and urban populations. Although the age-adjusted 
cardiovascular-related mortality in the United States 
declined overall between 1999 and 2017, in both rural 
and urban settings, cardiovascular mortality remained 
highest among Black adults in 2017.42 Decreased ac-
cess to health care facilities in both rural and urban 
areas contributes to CVD-related mortality. Since 
2005, 180 hospitals have closed in rural areas of the 
United States, which has disproportionately impacted 
adults with lower socioeconomic status and educa-
tion attainment.43 In comparison, urban areas facing 
limited access to medical facilities, including trauma-
capable hospitals, physician offices, and pharmacies 
are predominantly minority and low–socioeconomic 

status neighborhoods.41,44,45 In the current analysis of 
the REGARDS trial, we stratified participants by pop-
ulation density (ie, rural, suburban, and urban census 
tracts) due to the geographical differences that may 
exist, such as the drive time of a mile in an urban area 
versus rural area. However, living in a rural, suburban, 
or urban census tract did not meaningfully change the 
relationship between pharmacy proximity and medica-
tion use, BP control, and LDL-C levels.

While we focused on conventional commercial 
pharmacies in the current analysis, there are multiple 
new pharmacy-care delivery models promising to dis-
rupt the traditional approach. For example, Amazon 
Pharmacy delivers throughout the entire United States 
using entirely mail-order pharmacy with the promise 
of reduced patient cost.46 Similarly, CostPlus has em-
ployed a standard pricing model to offer mail-order 
delivery of generic medications at a reduced price.47 
Although new models of pharmacy services offer 
promise for increasing the availability of low-cost, 
safe, and effective medication, it remains to be seen 
whether these new pharmacy services will actually 
reach underserved US populations and reduce dispar-
ities in CVD outcomes or further exacerbate disparities 
by simply being an additional option for well-resourced 
communities.

There are several strengths and limitations to the 
current analysis. The REGARDS study has extensive 
and validated data on CVD medication availability, 
BP measurement, and laboratory values (ie, LDL-
C). In addition, due to the design of the REGARDS 
trial, in which Black adults and adults in the south-
eastern United States were oversampled, sampling is 
sufficient to detect differences in the association of 
living in a census tract with low pharmacy proximity 
between Black and White adults.14 The composition 
of the REGARDS cohort, with its emphasis on res-
idents from the southeastern United States and its 

PR (95% CI)

Statin medication use

Quartile, median (range) 
(pharmacy proximity per 10 000 
persons) Quartile 1 0.80 (0.00–1.33)

Quartile 2 1.69 
(1.33–2.03)

Quartile 3 2.48 
(2.03–3.12)

Quartile 4 4.21 
(3.12–21.73)

P for 
trend

Model 2 β (SE) (Reference) 0.23 (1.70) 1.12 (1.76) 1.14 (2.18) 0.46

Model 3 β (SE) (Reference) 0.23 (1.70) 1.27 (1.76) 1.31 (2.18) 0.39

Model 4 β (SE) (Reference) 0.84 (0.68) 1.22 (0.7) 0.11 (0.88) 0.46

Model 1: adjusted for age, sex, and race. Model 2: model 1 plus educational attainment, employment status, and income. Model 3: model 2 plus health 
insurance, usual source of care, car ownership, level of social support (defined by the score of 6 survey items of social support), and self-reported neighborhood 
characteristics (ie, agreement with “This is a close-knit neighborhood”, “People in this neighborhood can be trusted”, “People around here are willing to help 
their neighbors”, and “How safe from crime do you consider your neighborhood to be?”). Model 4: model 3 plus current cigarette smoking, self-reported 
diabetes status, systolic blood pressure (BP; in the statin use and low-density lipoprotein [LDL-C] models only), diastolic BP (in the statin use and LDL-C models 
only), body mass index, total cholesterol, physical functioning based on the Short-Form 12 Physical Component Summary score, mental health based on the 
Short-Form 12 Mental Health Component Summary score, aspirin use, and number of total prescription medications. Systolic BP and diastolic BP are not 
included in the BP control outcome model. PR indicates prevalence ratio; and REGARDS, Reasons for Geographic and Racial Differences in Stroke.

Table 3.  Continued
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focus on non-Hispanic White and Black adults, may 
pose limitations to the broad generalizability of our 
findings. However, it is important to note that while the 
representativeness of the study population can influ-
ence estimates of population prevalences of disease, 
it generally has a lesser impact on association esti-
mates. In our statistical analysis, we rely on a frame-
work of health care utilization, access, and health 
equity for sequential model building. However, as with 
all statistical models, ours is prone to potential bias, 
including from omitted variables. As social variables 
have dynamic interactions it may be difficult to capture 
all relationships in statistical models and it is possible 
that there is a relationship between pharmacy proxim-
ity by drive time and antihypertensive use, statin use, 
BP control, and LDL-C levels not captured by the cur-
rent data and analytic approach. Also, we do not ac-
count for specific pharmacies used by individuals as 
this was not captured in the REGARDS trial, as well as 
pharmacy mail delivery services, which may attenuate 

the relationship between living in a census tract with 
low pharmacy proximity and access to medications. 
The decision to prescribe and take medication is 
multifactorial and influenced by patient and physician 
preferences. As such, the current analysis does not 
account for barriers to taking medication such as sta-
tin or antihypertensive intolerance. Medication use 
by pill bottle review may not accurately reflect true 
medication adherence and should be interpreted with 
caution. While we used driving time as a measure for 
pharmacy proximity, this metric might not accurately 
represent the accessibility experience of participants 
without car ownership; however, sensitivity analyses 
excluding these individuals showed consistent re-
sults, suggesting the robustness of our primary find-
ings. Spatial autocorrelation may have been present 
due to the design of our analysis, although this did 
not appear to be strong overall for the majority of 
identified covariates (Figure S2). In addition, we used 
a population-weighted centroid of each census tract, 

Figure 1.  Adjusted predicted probability of antihypertensive medication use and BP control with pharmacy proximity by 5-, 
10-, and 20-minute drive times for rural, suburban, and urban census tracts.
Predicted probability of antihypertensive medication use (A) and BP control (B) adjusted for age, sex, race, educational attainment, 
employment status, income, health insurance, usual source of care, car ownership, level of social support (defined by the score of 6 
survey items of social support), self-reported neighborhood characteristics (ie, agreement with “This is a close-knit neighborhood”, 
“People in this neighborhood can be trusted”, “People around here are willing to help their neighbors”, and “How safe from crime do you 
consider your neighborhood to be?”), current cigarette smoking, self-reported diabetes status, systolic BP (in the statin use and LDL-C 
models only), diastolic BP (in the statin use and LDL-C models only), body mass index, total cholesterol, physical functioning based 
on the Short-Form 12 Physical Component Summary score, mental health based on the Short-Form 12 Mental Health Component 
Summary score, aspirin use, and number of total prescription medications. Systolic BP and diastolic BP are not included in the BP 
control outcome model. BP indicates blood pressure and LDL-C, low-density lipoprotein cholesterol.
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which minimizes bias from the modifiable areal unit 
problem scale effects among urban (small) and rural 
(large) census tracts. Our reliance on the population-
weighted centroid approach, due to the absence of 
specific home addresses, might introduce potential 
biases. This method may not account for the inher-
ent variability within census tracts, possibly skewing 
accessibility perceptions for those living farther to 
the population-weighted centroids. In addition, if res-
idences are concentrated in distinct zones within a 
census tract, the centroids might not truly reflect the 
population distribution.

CONCLUSION
In this large cohort of US adults, we did not find evi-
dence to suggest that living in a rural, suburban, or 
urban census tract of low pharmacy proximity by drive 
time was associated with lower use of antihypertensive 
and statin medication or worse BP control and LDL-C. 

Limited access to health care resources remains a key 
barrier driving health disparities in the United States. 
Neighborhood-level health care facilities are critical 
to ensuring that health care services are more widely 
available to all US residents, notably among racial/eth-
nic minorities and rural residents. Defining the impact 
of geographic restriction to pharmacies is an impor-
tant step to designing and implementing interven-
tions to improve access to medication for vulnerable 
populations.
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