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ABSTRACT
Prior research has shown disparities in pharmacy access related to race/ethnicity, income, and
other sociodemographic factors. There is currently no consistent definition of low pharmacy
access anthere is no federal designation for areas underserved by pharmacies. The purpose of
this study was to expand on prior pharmacy accessibility research and develop a conceptual
model of pharmacy access in selected racially diverse urban areas of UnitedT®tategh the
application of geographic information software (GIS) mapping, the enhancestdpi@loating
catchment area (E2SFCA) methodology, and multiple discriminant analysis, the pharmacy
landscape and relative pharmacy access were qualitativetyuantitatively described for the
study areas. Models of pharmacy access based on distance and travel time were also derived.
Pharmacy access varied by racial composition. Factors most influential to pharmacy access

included socioeconomic position, trangation use, and population vulnerability.
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EXAMINATION OF PHARMACY DENSITY IN SELECTED URBAN AREAS:
DEVELOPMENT OF A CONCEPTUAL MODEL

Chapter 1: BACKGROUND

Lea E. Mollon, PharmD
Dissertation Final Defense
Tuesday, July 6, 2021
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1 BACKGROUN
1. 1Study Overview
This retrospective, crossectional study conceptualized the construct of pharmacy access

through the examination of spatial and aspatial populatio@amenunity factors in the context

of racial segregation. Grounded in established frameworks of health careaawtésslth
disparitiesprevious literature on pharmacy accessibityp d ff ood desert o t heo
relative pharmacy access was depeld hrough enhanced geospatial analysis and the

application of discriminant analysiSpecifically, this study focused on the urban context of

historically racially segregated metropolitan areas to identify influential factors that may lead to
disparities in pharmacy access for vulnerable populations. Utilizing publicly available population

and communityestimateselated to health disparity concepisd pharmacy location data,

guantitative and qualitative description of the pharmacy landscape wageaCissociations

between individual factors and levels of pharmacy acwsess identified to derive a model that
defines areas of | ow pharmacy access (6phar ma

1. Background
Disparities in health care access among medically underservedpopsi(MUPsyare

well investigated MUPs are defined as subgroups of people who reside in medically

underserved areas (MUAs) and may experience barriers to care leading to decreased access and
utilization of primary care and preventative servitggcording to the Health Resources and
Services Administration (HRSA), MUPs include racial and ethnic minorities, homeless

individuals, the uninsured or underinsured, chronically ill, those who are of a lower income

status, or those who are otherwise vediée to experiencing health disparitfdzactors leading

to decreased access and disparities in utilization among MUPs are complex and interrelated; they

may be cultural, economic, geographic, or linguistic in nature and exts midividual,
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provider, health system, or societal level. These disparities have been shown to negatively impact
health status and health outcomiés

To address ongoing and pervasive health disparities among vulnerable populations, public
health efforts have centered on redgadisparities in access to quality health care, increasing
capacity of the health professional workforce, ensuring strategies that focugsin at
communities, and supporting research aimed at identifying effective strategies to eliminate
disparitiesaltogethe® Emerging strategies for improving health care access include addressing
social determinants of health, adopting new or innovative care strategies such as telehealth or the
use ofmidlevel providers, optimizing transitions of care, and enhancing collaborative efforts
between health care professidriRecent years have seen pharmacists emerge as potential
resources for addressing the gap in access to primary care while providing specialized
medication kowledge that could improve outcont€d he scope of pharmaceutical care has
expanded to provide essential preventative health care services such as immunization services,
health screening and assessin medicatiotherapy managementellness education, and
wellness programs 14 Expanded pharmaceutical care services in the community setting,
including pharmacist interventions to identify and refer some patients for expanded care,
improve health and cost outcomes, particularly for vulnerable populatibhs

Despite this expandg role in public health, pharmacists are underutilized by the
community in this capacity, often due to a lack of recognition as healthcare prdfiders
Furthermore, there is currently no specific designation or recognition for communitiesathat
be underserved by pharmacies. Prior resestiolwsthat disparities in pharmacy access may
exist in areas of fdApharmacy desertso,®br area

Pharmacy inaccessibility and varying levels of pharmacy density may also disproportionately
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exist in minority and lower income communitigs?® 22In 2014, Qato et. al. identified

disparities in both geographic accessibility and availability of pharmacies between white and
racial minority communities that have worsened over fitwedditional researcshowsthat

these disparities extend to reduced medication access, including studies that found pharmacies
located in minority neighborhoods were less likelynaintain adequate stock of opiofds®*
asthmarelated equipmert?, or other commonly prescribed medicatidh3 here is a growing
body of evidencsuggestinghat residential segregation may play a key role in the availability
and utilization of health care services, including pharmacy and medication dlcaess,
disproportionatehaffectsracial and ethnic minority grougé Consequences of racial and ethnic
segregation include racial and ethnic differences in socioeconomic status, health status,
employment, educitnal opportunities, housing quality, health behaviors, access to medical
care, and crimé&’ Many of these disparities are described as social determinants of health,
including their dynamic interaction with systems level factors that can lead to ineajtfities

and health inequalitie’$

1. 3Accessibility

Definitions of health care access have evolved over time, driven by a changing health care
system that reflectshifting concerns of efficiency and effectivené$Ehey have evolved from
availability of resource$, to number of providers in a given aréahaving health insurance
coverage, and to the efficiency of health care service deff¥émditional definitions of access
have focused on the timely use of personal health services to achieve optimal odfcantkes
the potential barriers and facilitators of actual use of personal health séfvitese definitions
have been modified and validated over time in different populations to address health care access

disparities within specific communities and to guide further research.

18



Much literature is devoteid the development of frameworks to provide logatalictures
of meaning in the context of health care access and utilization research. They are developed to
derive consistent definitions of health care access and health camaldieg health researefs
to link research findings to meaningftdnceptsand standard definitions while providing
evidence to inform health policy While there is an abundance of literature deriving health care
access frameworks, there is a paucity of research related to definitions of access that specifically
incorporate pharmacy accessibility. Furtteeconceptual framework specific to pharmacy access
has yet to be developed or validated.

1.4t atement of the Problem and Research Purpo

Several studiesxaminepharmacy accessibility in rural and urban areas, however, there is
no consensus as to how the relative levels of pharmacy access should be defined. Some studies
incorporate distance and travel time into their analysis, while others have investigated
racialethnic composition, hours of operation, availability of medications, cost of medications,
and pharmacy typ&lo priorstudy has included all these elements into their relative definitions
of pharmacy accesthough several studies have explored the nmdisieintial factorsOnly one
prior study factored crime risk scores into pharmacy acaesalyse¥ while no studiegxplore
crime rate prevalence in an urban setting, a fdstownto affect enabling health behavidrs
Given the weHknown health care inequities and disparities experienced by MUPs, and the
known effects of pharmacy care services on health outcomes of this populatiasinifportant
to further understand the pharmacy lands@aputthefactors that affect pharmacy access.

Having a more uniform definition gdharmacyaccesdevelsbased on realorld data is
important to draw sound conclusions for future resefr€onstructing a conceptual model
using validated theoretical frameworks, realrld populaton estimates of sociodemographic

characteristics, and spatial data models measuring geographic accessihiétyhis purpose.
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Through MDA, the most influential factors in varying levels of pharmacy aceerssdentified
and the pharmacy landscapdetter understood in this context. Additionally, areas of low
pharmacy access€.,i p h a r ma c ywerdidestied.t s 0 )

The purpose of this studyasto expand on prigpharmacy accesgssearctandfurther
elucidatethe definition of pharmacyaccessevels Specifically, this studgoughtto develop a
conceptual model of pharmacy access in selected racially diverse urban areas of the Midwest
Region of the United States.idientifiedfactors associated witielative pharmacy accekvels
anddetermin@ what study areas experience the lowest level of pharmacy aceess€
iphar macy desertso). sludyusedaaseurce tsapgelatiof i ¢ ai ms,
because themasno single data source consisting of all variables examined in this stoigdU
States (USTensus Bureau data, including/®ar estimates of the American Community Survey
(ACS),weredescribed at # census tract leveb identify demographic characteristics including,
but not limited to, total population, population by race or ethnicity, median household income,
poverty level, vehicle ownership, and other population and community characteristigstkn
influence access to or utilization of health care services. Gnidiges anccommunity
WalkScore®andtheir association with pharmacy accesse alsexplored Pharmaciesvere
identified by obtaining Pharmacy Master Files from State Boards of Pharmacy, and information
on pharmacy type, pharmacy location, and pharmacy operating hergshtained. Through
location mapping in geographic information software (GIS), the pharraadgtapevas
described against select sociodemographic variables of the population and community. Using an
enhanced twastep floating catchment arda2SFCA) methodology, pharmacy accessibiitgs

mapped at the census tract level and the varying levelsavinacy access (laccess score
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thresholds)vereidentified. Througtstepwiseanalysis and Multiple Discriminant Analysis
(MDA), a model for pharmacy accesssconstructed.

1. Research Aims, Objectives, and Hypotheses

1. 5%Prli mary Objectives
1. To devebp a model of pharmacy access
2. To estimate levels of pharmacy access among selected racially and/or ethnically
segregated urban communities
1. SSexondary Objectives
1. To map the relative spatial distribution of pharmacies in selected urban communities
2. To ma nonspatial/aspatial factors associated with accessibility to pharmacies in selected
urban communities
3. To determine the pharmastg-resident ratio in selected urban communities
4. To identify factors associated with pharmacy access

5. To determine pharmacy assibility scores in selected urban communities

1. 55p*cific Aims and Hypotheses

Specific Aim 1: To describe the pharmacy | a
a. Hypothesis 1.1: There will be a nomiform distribution of pharmacies across census
tracts
b. Hypothesis 1.2: There will be a namiform distribution of norspatial/aspatial
factors associated with pharmacy access across census tracts
c. Hypothesis 1.3: There will be a lower pharmagyesident ratio in census tracts that

containpredominantly ethnic/racial minority populations
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d. Hypothesis 1.4: Pharmacy accessibility scores will be lower in census tracts that

contain predominantly ethnic/racial minority populations

Spe
el

f Aim 2: To devel op a rcrmoanccye patcucaels sma d
S t ur ban

cific
ected a communities

a. Hypothesis 2.1: [variable of interest] will be associated with pharmacy access

b. Hypothesis 2.2: [variable of interest] will be associated with low pharmacy access
c. Hypothesis 2.3: [significant variable of interesi]l be predictive of [level of

pharmacy access]

(Appendix A

Specific Aim 3: To determine relative | evel
access |l andscape

a. Hypothesis 3.1: There will be low pharmacy accesimsus tracts that contain
predominantly ethnic/racial minority populations

b. Hypothesis 2: There will be high pharmacy access in census tracts that contain a
predominantly White population

c. Hypothesis 3: Pharmacy deserts will be concentrated in aredspvédominantly

minority populations
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2 CONCHR AL F RWMEK

21 I ntroducti on

This study draws on previous frameworks developed to describe health care access and
utilization and factors that contribute to disparities of such accessaned, i ncl udi ng An
Behavioral ModeP®°, the Model of Social Determinants of Heatttand the Institute of
Medicine Model of Access Monitorimtf Andersen developed the original Behavioral Model in
1968 to understand reasons people utilize health services. This model suggested that health
service use was a function of individualsdé pr
that enable or impede t he lhscarenedd®8Thismddad es, an
has since been validated in different patient populations and further developed or modified for
special ppulations, including vulnerable grouffsThe Institute of Medicine has also
constrieted a Model for Monitoring Access that depicts the dynamics of participation in the
healthcare system as a function of access bargegsfinancial, structural, and personal)
leading to underuse and poor health outcothB®th models incorporate factors that have also
been described as sdaieterminants of health, which are defined as environmental conditions
that affect health, functioning and quality of life outcorm&gveral conceptual mel$ of social
determinants of health have been developed, revised, and validated, some conflicting, to address
multidimensional health issues in the context of a dynamic health care $y$tenthe purposes
of this study, the World Health Organization (WHQO) Model of Social Determinants of Health
was applied due to its systematic integrated and dynamioagp Additionally, certain
el ements of Andersends Behavioral Mo del and T
Monitoring were incorporated into the conceptual model of this study to address factors at the

community or neighborhood level.
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This stug expands on previous research by Qato et. al. (2014) in which the concept of
food deserts was applied to pharmacy actesscording to the United States Department of
Agriculture (USDA), food deserts are areas of the country with less access to fresh fruit and
vegetables or other healthy whole foods and are usually within enigbed area. They are
characterized by |l ess grocery stores, farmers
specifically, in urban areas they are defined
|l east 33 percent atbn residieg more thas one mite francatsupermapket p u |
or large grocery stor®® Based on this definition, literature shows that food deserts are
disproportionately present in lowarcome and minority areas contributing to inequalities in
health*Qat o et . al . (2014) employed this specific
desertso on Chicagodés South Si d®Othemwstudestn has ¢
pharmacy access have also applied this definition of pharmacy access in their analyses, however,
the validity of this application remains to be determined.

The application ofthese conceptual frameworks in the context of this research is further
explained in subsequent sections. Using these established and validated conceptual frameworks,
in conjunction with known socioeconomic determinants of health, this study sought topdavel
conceptual model for the definition of pharmacy access in selected urban areas paying specific
attention to ethnically and/or racially segregated neighborhoods. Building on the research of
Qato et. al. (2014) and otmhernys demsiplyar maany d
ifood ¢ ehss eesearsh@uantitatively and qualitatively investigated several factors seen
across the literature to construct a multilevel conceptual model of pharmacy access.

2.2 Accdssh tCoarke a

Several studies have examined health care access and utilization in the United States (US),

including the potential barriers to the use of health services by vulnerable popufationsss
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to healthcare is defined as Athe timely use
heal t h dJ2uahdoremuiresghét individuals gain entry into lealthcare system, have
geographic availability to health care service locations, and are able to develop a personal
relationship with a provider they are able to communicate ¥ithuch literature has been

devoted to identifying potential barriers to health care adée¥Some of these barriers include
transportation access and availabiftyinadequate or lack of insurance covergaealth care
service availability*®, lack of culturally competent c&fe®. and high healthcare costBarriers

to access in care can lead to decreadségation of health care services and treatments and,
consequently, disparities in health outcomes and quality of life, including heightened financial
burden®3, delays in receiving needed health care including preventative setvitemcreased
hospital admissions or readmissiéfig® °°, and unmet health neetfDisparities in access to

care and utilization varies based on several factors and are more pronounced in minerity, low
income, or otherwise vulnerable populatidrf$: ©°Findings demonstrate that these disparities
exist at all levels of caree(g.,individual, provider, and syster®), leading to pervasive

disparities in health status among vulnerable populaffons

2.2.1 Health Care Access Designations
As of 2019, over 8 million individuals reside in 3,576 Medically Underserved Areas

(MUASs) in the US, 1,342 of which are noaral areas Of those, 3 million individuals are part

of a Medically Underserved Population (MUPs). MUAs are defined by the Health Resources and
Services Administration (HRSA) as areas that have too few providers, high poverty rates, high
infant mortality rates, or krge elderly population. Residents of these areas experience a
shortage of health services and face economic, cultural, and linguistic barriers to health care
access and utilizatichSeveraktudies have examined health care agibéity in MUAs and

MUPs.52 6332, 44, 6445ving a usual source of care has showintoease access to health c3ye
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reduce emergency department (ED) vi&if& 87 reduce hospital admission®” ®and improve

the utilization of preventative servicgsUnfortunately these areas also suffer from a shortage of
primary care health professionals. In fact, 79 million individuals reside in 7,027 Health
Professional Shortage Areas (HPSAs). Of 1,319 geographic areas specifically, 241 HPSAs are
nonrural2 To date, there is no federal designation for areas that experience shortages of
pharmacies or pharmacists, who,aethe time of this writingjot uniformly recognized as

health care providers on a national level.

2.2.2 Bar Heat $h Care Access
Research has routinely linked barriers to health care access with disparities across

sociodemographic groups and health outceth&tudies have shown that spatial access to
primary care services and differences in sociodemographic characteristics are associated with
preventable Emergenpd®epartment (ED) visits and hospitalizator 52Specifically, in
individuals who reside in MUAs and areas that have lower spatial access to primary care
facilities, odds of preventable ED visits were highfdn a study of U.S. Wban areas, there were
significant differences in admissions for ambulatory <mmesitive conditiond.€., diagnoses for
which timely and effective outpatient care can help to reduce the risks of hospitalization)
between lowincome and higlincome areadn fact, average admission rates were 3.7 times
higher in lowincome areas, with individual leimcome ZIP code areas having admission rates
20 times higher than the most affluent ZIP code af®athile admissions foambulatory care
sensitiveconditions have decreased over time for White populattbeg,have remained
stagnant fofow-incomecommunitiesand minorities’ "?Health care access has been linked to
insurance status and income level where insurance coverage was the strongest predictor of
having a usual source of cardthus, stronty correlated with ease of access. Further, when

individuals became eligible for Medicaid, health access was imprévertoss several studies,
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a strong link between lack of health insurance and poor outcomes and quality of care has been
demonstrated, incluilg the correlation between lack of health insurance and a greater likelihood
of mortality.”* This association is even more pronounced amongitmome and minority
populations” Despite efforts to expand health care@mge through the Affordable Care Act,
which mitigated racial and ethnic disparities in health insurance coverage in the early years of
implementatior’®, many minoriy and lowincome populations often forgo seeking medical
attention for fear of ability to pay high deductibles or copa@oupled with the fact that low
income and minority populations may be less likely to travel to distant medical facilities to seek
out care leading to preventable hospitalizations or higher severity illife$¥esalth care access
barriers have a disproportionate impact on the health of vulnerable populations. Although efforts
to expand health care access through the use of retail clinics, such asithiosg community
pharmacy that are staffed by nurse practitioners, a study by Pollack & Armstrong (2009), found
that these clinics were more likely to be present in areas of a higher income and lower poverty.
They were also less likely to be present iA&, including areas with a higher black

population®® Differences in the availability of outpatient care continue to be a problem for
vulnerable populations especially among impoverished urban commihiiespite the

existing federal systems for identifying HPSAs and MUAS, the true availability or supply of
resources of a community, including the supply of resources of neighboring communities and the
distance and travel times to those resources, may beestideated® 82 Improvements have

been made to the methodology for classifying these areas; however, the actual spatial
distributions ofproviders and the road network and travel timeodten not accounted fot°

Recent years have continued to see an improvement in health care access; howeveaesdisparit

access persist across socioeconomic, racial, and ethnié fihes
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2.2.3 Summary of Pharmacy Access
Limited research exists on pharmacy access areas and what factors contribute to decreased

pharmacy accessibility.@nmunity pharmacies have often been overlooked in discussions on
accesstocart®Pr evi ous research has utili anghe exi st i ng
analysis of pharmacy access ar€a® Additional factors hypothesized to contribute to or affect

varying levels of pharmacy access and utilization have been incorporated into these models and
includeprescription drug costs, availability of drug discount programs, hours of operation,

staffing levels of the pharmacy, availability of preventative services, sociodemographic
characteristics, travel time, urban and rural designation, and travel dist8¥c¥ the studies
examining pharmacy accessibility in urban are
desertso exists in communities WwWi%ATherelrefever i nc
studies specifically related to pharmacy access and outcomes, but some studies have found
differences readmissions, increased use of sterileges versus nesterile syringes, increased

use of emergency contraception when needed, reduced hemoglobin Alc levels during a

community pharmacy based diabetic care program, effective smoking cessation interventions,

and improved medication adhereffé& Pharmacetical care services have expanded in recent

years®® but the end effect of pharmacy access on vulnerable populations remains to be realized.
With a better understanding of levels of pharmacy access, and factors most associated with them,
future investigations can better describe the impact access to a pharmacy has on these outcomes.

2.3 Racial and Ethnic Disparities in Access t
2. Rekbidenti al Segregation
The US has a long history of residential segregation based on income and race. During the

19706s, poverty in America became -atbyor e geogr a

neighborhoods and the poor became poorer as inswgaality increased* This was especially
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pronounced and persistent for racial and ethnic minorit@gemd/ concentration has been

explained by a strong interaction between income distribution and segregation level where the
highest level of poverty concentration is associatiék gh poverty rates and a high degree of
residential segregaticfi Poverty concentration rose most dramatically in urban areas that saw a
downward shift in income distribution coupled with a highly segregated environment, such as
occurred in cities lik&New York and Chicagd* Overall, segregation has remained high and, in
areas where there is a higher number of AfHéamericans, they remain hypsegregated and

reside in centralized, dense, and racially homogenized. Brem®me disparity often extels

beyond urban centers into the suburbs where middks AfricarAmericans live in less

affluent communities relative to whites with the same socioeconomic characteristics. Further,
African-American homeowners tend to live among fewer white neighbahirddicates a

persistent dual housing matk” ®® This dual housing market has been the product of an

extensive history of institutionalized racism where segregation has been imposed by legislation
and enforced by the judicial system, incorporated into federalrgppslicies, and supported by
economic instittions?’ Thisisevd ent from a policy of Aredlinini
Housing Administration (FHA) did not insure mortgages in or near neighborhoods with a
predominant AfricaPAmerican population whilsimultaneously subsidizing builders to build
subdivisions in white neighbooleds®® With the New Deal came the federal government
sponsored Home Ownersd Loan Co roprevenaforéeclosure( HOL C
via home mortgage refinancing. The company recruited mortgage lenders, real estate appraisers
and developers to create maps of 250 metropolitan cities that wereadtt based on credit
worthiness. Neighborhoods with a predominaitrican-American population, or

neighborhoods that were near predominantly Afriéamerican populations, were color coded
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red to indicate higher levels of risk. Consequently, loans to the AfAcagrican population

were not insured. The FHA went as &é&rto have an Underwriting Manual which stated,

Ai ncompati bl e racial groups should not be per
policy extended well into the 196006s and was
(VA). Although AfricanAmericans may have been able to afford an FHA or VA mortgage

funded home, they were prohibited from purchasing®®H€ The passage of The Fair Housing

Act in 1968 had a tremendous impact on both sellers and renters, and although progress was
visible, the consequences of a history of discrimination in lending is still felt in the persistent
racially segregated communities across the naffdBmpirical evidence demonstrates the
continued systemic discrimination against min
persists in manynetropolitan area¥ A report from The Center for Investigative Reporting
completed an analysis of 31 million Home Mortgage Disclosure Act records across multiple
metropolitan areas and found a digportionate pattern of mortgage lending denials for people

of color, even when controlling for loan amount, income, and neighboffib@diditional

research has also revealed continued discriminatory ealiing systems, including

discrimination in the credit card industry, and their negative impact on people of€oltt

Ultimately, these institutionalized practices, and the resultisigeatial segregation, are

grounded in structural racism. Not only do they impede the ability of communities of color to

build wealth but theyalso lead to racial health inequalitf@$:°® Specifically, health disparities

between race and ethnicity and income lead to thousands of preventable deaths each year,
including an estimated 80,000 excess preventable deaths among Afmeaitans, a

phenomenon referred to by the former SumeoGe ner al -Whi t & e M@ Bi*Palckt y G
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2.3.2 Residential Segregation and Health
Racial residential segregatisconsidered one of the fundamental social determinants of

health disparitied” 119 research has established that the social and physical cosgitioiding

the housing environment, access to health care, food access, and walkability of a community are
al so primary infl uenc ebeing!t'fResidertial sbgragatisndhash e al t h
negative effects at the individual and neighborhood level leading to health ineqd#iififfects

of residential segregation at the neighborhood levélidecincreased crimé: 115 decreased
educational and employmenpportunities’, disparities in exposure to environmental hazards

118 Jower access to healthy footld, lower access to recreational facilififsand disparities in

health care quality*’ In addition to differences in health behaviors and social support,

residential segregation has been linked to poor birth outcbifheecreased cancer survivél

121 higher mortality ratés® 22 higher body mass index (BMi33, poor selirated healti!t 114

124and differences in morbidity of chronic illnesses such as asthma, diabetes, and cardiovascular
diseasé?>128 Recently, literature has focused on residential segregation as a factor influencing

129

health care access, including pharmacy act

2.4 Systematic Literature Review
As part of this research, a systemagiciew of literature on pharmacy access was

completed. A literature search was conducted of electronic databases (PubMed/MEDLINE,
EMBASE, Web of Science, Google Scholar) for all years since inception of the database through
June 38, 2020.Eligible studie were peereviewed original research published in the English
language. All evaluative methodologies examining community pharmacy access were assessed
according to predetermined selection criteria using a standard screenirf@judm@s must have
assessd one of the following topics, even if not the primary outcome: (1) geographic/spatial

access to a pharmacy, (2) pharmacy distribution or density, or (3) pharmacy availability. Studies
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evaluating medication access were also included if at least oneprkttiefined topics was also
assessed. Due to differences in statistical geographic boundaries and health care system
structures, studies conducted outside of the US were excluded as part of the systematic review
but are summarized fBection2.4.2 Studies that did not include community pharmacies, as
defined in this research, were also excludedurel depicts study selectioithree additional

studies published after the initial review were included, as they met inclusi@xendion

criteria.In total, there werd3 peerreviewed articleshat examineghharmacy access in the US.
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Figure 1 Pharmacy Accessibility Study Selection Criteria
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2.4.1 Pharmacy Access Research in the United
Someresearch on pharmaegcessn the UShasfocused on economic barrigrs

pharmacy access pharmacy market analysasddoes notssess the ability of a population to
access a pharmaésP134 Otherresearch investigated rural areas, special populations, and access
to specific medicationsuch as emergency contracepttéh® or opioids®* *’Findings

suggesthat access to pharmacy services and medications may be limited in some regions,
especially for ruralminority or vulnerable populatie?® 138143 One such study examined access

to community pharmacies among elderly populationdiimoik.**° Lin hypothesized that,

although community pharmacies are more readily accessible than other health care facilities on a
per capita basis and since there is little to support the assumtipgit pharmacy geographic
distribution corresponds to the health care needs of the community, certain vulnerable
populations may have less access to pharmacies. Examining census blocks, weighted by the
number of elderly residents, Lin calculated travstahce to a pharmaay miles.This was

stratified bytheurbarirural designation of census block groups based on Census 2000 definitions
of urban and rural communiti¢srban area = core census block groups/blocks have a population
density O pet€ylale mgeandsurreunding census blocks have a population density
0500 people per square mil e; r uFindingssaggestad = al |
that elderly people travel further to a pharmacy compared to younger people, aspatial)

rural comnunities!*® Another study decribed rural retail pharmacies in the Midwgst.,

North Dakota, South Dakot®innesot3, including services providedtaffing, and

organizational characteristi¢¥ Researchers investigattite availability of pharmacy services

and the incidence of pharmacy closures. By completing phone surveys and interviews with
pharmacy, public health, and social services staff in rural communities, analyzing the distances

between rural pharmacies, anddébing pharmacy closures, researchers were able to evaluate
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barriers to access of pharmacy services in these areas. Criteria for measuring access to pharmacy
services was based on the distance criteria for measuring access to primary medical care in
fedaal Health Professional Shortage Areas (HPSA&),20 miles on primary roads under
normal conditions). Many of the areas more than 20 miles from a pharmacy were underserved by
primary medical care and other health care providers asNezlly 30% of caintieswere
federally designated Health Professional Shortage Areas for primary medical care. Based on the
2000 Census, 1.6% of the population withinthreestates were more than 20 miles from a
pharmacy and had a significantly higher percentage qidpalation living below the poverty
line. Through the survey data, researchers concluded that many rural pharmacies may not have
adequate staffing levels to support longer hours of operation. While authors determined that most
of the population had adegeajeographic access to pharmacies acrogfitbestates, many
pharmacistsvorkedlonger hours to maintain that level of access. Authors concluded that
financial access to pharmacy services in rural communities may be more of concern than
geographic accssFurther, at the time of study, many independent and small chain pharmacies
experienced financial hardship due to competition from large chain pharmacies and mail order
companies, reductions in third party reimbursement lesals discriminatory pricig.*38

The concept of @Aphar mac yapdbbcatenbyQato, etgahi ned aw
(2014) that found a disproportionate lack of pharmacy access among minority anddove
communities dhmnsidd’t4Thissudydsed data from the American Community
Survey (ACS), the United States Census Bureau, and Health Resources and Services Information
(HRSA) to geocode information atthecensus act | ev el on pharmacy | oc
desert o was defined as an area that was both |

ahalfmi e from a pharmacy or >33% of a Al ow vehi
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halfmi | e from a pharmacy) and | owldincomesbetow ( 020 %
the federal poverty line or a median household income that did not exceed 80% of the median
household income for the city of Chicago). Using measures derived from the US Department of
Agriculture (USDA) and the Centers for Disease Coraral Prevention (CDC) definitions of

food deserts, researchers found a lower number of pharmacies in segregated minority

communities compared to integrated or white communities throughouyeat 2tudy period.

Additionally, in a cross sectionalanalysis t h 2012 data, more fAphar ma
Black communities, lowncome communities, and those communities that were federally

designated as Medically Underserved Areas (MUAS)

Expanding on this research ormeamnedthgg od6s Sou
associations between pharmacy accessibility (
of prescription medication among lemwcome Black and Hispec communities. Using
multivariable regression models of populatimesed probability samples generated by the South
Side Health and Vitality Studies, researchers were able to identify that most residents of these
minority communities were not using phaaes close to their home. They found that-low
income and uninsured residents traveled the farthest for prescription medications and reported
more costrelated underuse. Based on these findings, they concluded that insurance and the
affordability of accedble pharmacies are implicated in medication access and use. Prior findings
t hat residents of Chicagods south side had 1| o
clinic pharmacies within one mile of their home was corrobor&ted

In a subsequent invesétion, Qato et. al. (2017) exéned trends in the availability of
community pharmacies at a national level, including describing specific pharmacy characteristics

across countie(g.,home delivery, drive through, 2#bur, e prescribing capability, and
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multilingual staffing). They hypothesized that access varied by pharmacy type. Pharmacy
locations were mapped and linked to county level data population demographics and pharmacy
charateristics. Researchers also determined if pharmacy availability changed over time. Results
showed that although the number of pharmacies increased by 6.3% eyearp&riod, the
availability of pharmacies and pharmacy services varied across locdlitere was a-3old
difference in growth between the number of pharmaciesqgta in the highest versus the
lowest quintile; counties in the lowest quintile were clustered in the Pacific West, Southwest, and
Great Lakes regions. In medically underseraszhs (MUAS), there was a disproportionately
higher number of independent pharmacies and, although there was no significant difference in
the availability or accessibility of pharmacies by MUA status, there were less pharmacies
offering 24hour services iMUAs. Additional findings included: a lack of multilingual staff in
areas with a higher nelBnglish speaking population, a lack of hoededivery services despite a
growing homebound elderly population, and the underusepodseribing service¥”®

Additional research on pharmacy accessibility has been conducted in other regions of the
United StatesncludingOregon, Michigan, New York, Texas, Pennsylvania, Tennessee, and
Louisiana. A study by Erickson and Workman (2014kstigated services prowd by
community pharmacies at the county level in Michigan. This cross sectional survey involved
telephone surveys to pharmacies to determine the out of pocket costsdtor 8@pplies of
common medications used for chronic disease states. Other sexaoeimied were the
availability of discount drug programs, home delivery services, hours of pharmacy operation,
and the availability of immunization services. ZIP code level census data was obtained to
describe the characteristics of county residents aachpdty data was aggregated at the county

level. Researchers found that ZIP codes with lower household incomes had significantly higher
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prescription cash prices, a lower percentage of pharmacies offering generic discount programs,
fewer hours of pharmacy emtion, and fewer pharmacies offering immunization programs.
Additionally, demographic data was dichotomized on race (white vs. minority). Among ZIP
codes with a higher percentage of white residents, more pharmacies offered discount generic
drug programsmnore hours of operation, lower home delivery services, and a greater percentage
of immunization programs. Citing prior research showing that people choose pharmacies based
on location, prices of medication, and services proviffagsearchers concluded that residents
living in ZIP codes with higher proportions of minority or low income populations may not have
the options of choosing pharmacies based on these charastétist

ChisholmBurns et. al. (2017) investigated disparities in drug pricing, pharmacy services,
and community pharmacy access in Shelby County, Tennessee. Usingsectms®l survey of
commmnity pharmacies, resedpaecbtlketsocot tgcpreidcesat
operation, availability of pharmacy services, crime risk, andcoldre level data on
sociodemographics of the population. They found that areas with a higher percemageritf
residents had lower pharmacy density relative to areas with a higher percentage of a white
population. Availability of home delivery services were correlated with income level,
employment rate, and crime rigk

Ikram et. al. (2015) explored spatial accessibility of pharmacies, incorporating non spatial
factors, using bt the proximity and the twetep floating catchment area (2SFCA) method in
Baton Rouge, Louisiana. The 2SFCA metheehsures accessibility in two steps by considering
both supply and demarfiUsing 2010 Census and readtwork data, researchers examined
geographic variability in accessibility and i

Rouge. They also investigated interactions between geography anddabeiaeffect on

39



disparities in pharmacy accessibility. Researchers found that Afcericans are
disproportionally concentrated in areas closer to their nearest pharmacy in terms of travel time
compared to white counterparts; however, this seemingraage in accessibility disappeared
when the twestep catchment method was used. The 2SCA method showed that whites are
disproportionately located in areas with above average accessibility and African Americans are
concentrated in areas with below averageessibility scores. Although more African Americans
are located closer to pharmacies, these pharmacies are more crogvdealve higher demand).
That is, these pharmacies serve a greater population in central city high density areas which may
lead tolonger wait times and supply iss.fé

A study by Amstislavski et. al. (2012) examined the relationship lestaee
socioeconomic context of a community and resi
medications at pharmacies. By visiting over 400 pharmacies, researchers gathered information
on type of pharmacy, hours of operation, medication availabilityttendash prices of 13
commonly prescribed medications. Using hierarchical linear regression, they assessed the
association of a communi t ystoek awmiakslity of medxatiansni ¢ c o
Findings showed that geographic access, pharityaey and instock availability varied
significantly across communities. For each 10 percenpagd increase in household poverty,
medication unavailability increased by 24%. There was a significant difference in density of
chain pharmacies in the pooregighborhoods compared to the mid@dled lowpoverty
communities where residents in the poorest communities had the least geographic access to chain
pharmacies. There was also a significant association between high community poverty, lower

access to arjvate vehicle, and unavailability of the most commonly prescribed medisation
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Pedné&ar and Peterson (2018) identified pharmacy deserts and investigated availability of
types of community pharmacies and their services for elderly enrolled in a state pharmaceutical
assistance program (SPAP) in the state of Pennsylvania. Locations of citynphanmacies
and elderly households enrolled in SPAP were derived from the Pharmaceutical Assistance
Contract for the Elderly programs database and street addresses wereg&ddistiance to
nearby pharmacy was calculated for the study sample using the haversine famakias an
appropriate measure when two places are close to gamhamd considers the spherical shape of
the Eartht*” Using descriptive statisticahalysis, sociodemographic characteristics were
estimated and compared between enrollees living in pharmacy deserts and pharnthsertsn
A pharmacy desert was defined as an area that had more than 33% of enrollees living more than
1 mile from a nearbgommunity pharmacy and was defined at the US census tract level. Each
county in Pennsylvania had at least one pharmacy desert and pharmacy deserts were more
prevalent in Southcentral counties. Pharmacy deserts were less prevalent in minority
communities ad more concentrated in counties with a higher percentage of white population,
which is contrary to other research in other areas. This is likely explained by the population
included in the study which was mostly white and female. But this study is conhsigite
research suggesting that rural areas have pharmacy dé$kentsortantly, pharmacies in
pharmacy deserts were less likely to have additional services such as delivery and 24 hour
availability.®

Severalstudies focused on héaindicators such as medication adherence, medication
access, anthe purchase arse of sterile syringes” 148162 The studySyed et. al. (@16) focused
on medication adherence among a diabetic population and investigated how distance to a

pharmacy may affect adherence to angiotensmverting enzyme inhibitors and angiotensin
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receptor blockers. Using retrospective claims data to deterngr@diportion of days covered,

and mapping distances to pharmacies based on the Euclidean prineigédight line),

researchers concluded there was no significant difference in distance to a pharmacy between
adherent and neadherent patients. Mult@riate regression revealed that a greater number of
prescribers in a given area was associated with adherf&nde et. al. (208) estimated

potential and revealed accessibility, from a geographic access perspective, of Controlled
Substance Schedule Il (CIl) opioid®esearchers used a computerized ClI prescription data set
from the Michigan Official Prescription Program to identify prescriptions written and dispensed
for ambulatorycare patients across the state of Michigan. Like the study by Syed et. al. (2016),
revealed access was determined using the striightlistance between the patient and the
community pharmacy to define travel distance. They determined that only half of the ClII
prescriptions were dispensed with-a | e r adi us of p adtratiegat sé6 resi d
discrepancy between potential and revealed accessibility. That is, patients traveled unnecessary
distances to fill their prescriptions for opioids. Researchers concluded that policymakers should
consider more than area configuration of headite cesources when evaluating and improving
health care access, as it may be an overly optimistic indicator for actual access to he&fth care
Additional studies by Cooper et. al. (2009; 2012) explored the relationship of pharmacy access to
sterile syringes and odds of injecting with a sterile syringe versus-steile syringe. Using
generalized linear models and multilevel models in sepanatgses, they determined that

spatial access to syringe exchange programs (SEPSs), provided by pharmacies selling syringes
overthe-counter (OTC), increased odds that individuals would inject using a sterile sifinge

1611n the multilevel analysis, they found that results were corded by arrest levels where

arrest rates eroded protective effects of spatial access to si¥ihga separate study, Cooper
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et. al. (2009) used hierarchical linear models (HLM) to investigate the relationship between need
and the temporal trajectories in the Expanded Syringe Access Demonstration Program and
whether this relationship varied by theied/ethnic composition of the community. They found
that although OTC pharmacy access to syringes increased overall, this expansion occurred
disproportionately in communities with a higher proportion of-Risspanic whites. In both low
and highneeddistrct s, spatial access to OTC par maci es
This finding was also consistent with prior literature by Williams and Metzger (2010) that found
that the relationship between spatial access to syringes and injecting with sterile versus non
sterile syringe may vary by race and ethnicity. Specifically, Blacid Latinos were less likely
to access syringes from SEPs, which was distant depefiéent

Moo Young et. al. (2018)lescribed the risk of medication primary nonadherence in
relation to the distance an individual must travel to a pharmacy among a population of patients at
a dermatology clinic in Dallas, Texas. This population consisted of mostlynémme patients
who may live in pharmacy desert. Street distance to the pharmacy was calculated from the
patientsd home using distance by roadway from
street address. Driving time was calculated for-traffic hours along the same street distance
using ArcGIS. Primary neadherence was defined as not filling and picking up all prescriptions
within one year of the date on which the prescriptions were written. After adjusting for patient
demographicsg.g.,race ethnicity, sex, age, language, relationship status) there was no
difference in risk of noradherence based on street distance to the pharmacy. Researchers also
found no association between increased driving time to the pharmacy aadheence, which
is consistent with prior literatur®® showing adherence to chronic medications was not

associated with distance to a pharmacy or a provider and may indicate that pharmacy

43



accessibility is affected by factors other than just travel distance. Building on prior |éeitztir
showed that the impact of travel time and distance to health care facilities was egfifvocal
researchers concluded that this unexpected congruence is due to the availability of transportation
and could negate thempact of increased distance. Additionally, authors speculated that patients
may fill prescriptions closer to work or commuting rout®s

A smaler number of studies examined access to specific pharmacy services including
influenza vaccinesaddiction treatment, diseaspecific services, medication management, and
costsavings drug progranis 166172

Of literature focusing on pharmacy accessibility, ahigeinvestigated direct health
outcames influenced by varying levels of pharmacy acé&s8> 1'“Thefirst, by Bissonnette et.
al. (2016)characterized pharmacy density in rural and urban communities with hospitals present
and examined the association of pharmacy density with readmission rates in the state of Oregon.
Pharmacy density was dedid as the cumulative number of outpatient pharmacy hours in a
primary care service area (PCSA) and classified into low, medium, and high pharmacy density
areas. Hospital readmission rates were obtained @enters for Medicare and Medicaid
Servicexlaims data among patients 65 years of age or older who were readmitted within 30
days of a hospital discharge. Using multivariate linear regression, researchers examined the
association of 30 day readmission rates with level of pharmacy density adfastf@SA land
area in square miles, total number of hospital discharges per 1000 Medicare beneficiaries
residing in the PCSA area, and the number of clostridium difficile cases per hospital. Hospital
readmission rates ranged from 13.5% to 16.5%. Rurahuonties had lower pharmacy
densities and higher readmissions, which was expected. Authors concluded that pharmacy

density was highly correlated with the population size in a PE®¥second study analyzed the
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distribution of overdose deathtea in relation to naloxondistributing pharmacies in Allegheny
County, Pennsylvania. Researchers mapped the trends of overdose death rates, locations of
actively licensed pharmacies in the county, and pharmacies carrying naloxone across Zip Code
Tabulaton Areas (ZCTAs). Descriptive statistics andi@ed ttests were used to determine if

the study areas of interest had any significant factors contributing to overdose deaths. Findings
indicated a significantly higher number of overdose deaths in ardasaltxonedistributing
pharmacies; although this finding may be counterintuitive, researchers concluded that there may
not be enough awareness on the part of residents and pharmacists that naloxone can be
administered via a standing ordBesearchersorcluded that findings were limited by the

definition of study area (ZCTAs), which are established by theqgdise and not as robust as
census tract data, and the locator mag, Naloxone Finder) may not represent the true number
of pharmacies that og naloxone'”® Tablel provides a description of pharmacy accessibility

studies included in the systematawiew.
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Table 1 Description of United States based pharmacy accessibility studies

Author

Amstislavski, et al.

Study Area

New York City

Pharmacy Access
Metrics

Pharmacy density pe

Population New York City (2000

Geocoded walin pharmacies
and overlaid with community

In-stock availability

Population andPharmacy Sample Methodology Outcome Measures Conclusion(s)

Geographic access to a

(20127 1,000 residents Census) level variables of common pharmacy, type of pharmacy
Medication Pharmacy Sampid”harmacies in 168 medications and availability of
availability socioeco}r/\omically diverse Assessed relationship betwee medications vary acrass

e (e ity socieeconomic communities;
communities (nN=408) Gy ( desers 6 exi st i
contex and geographic access - X1 !
to prescription medications via communities with poor
hierarchical linear models BT,
There are disparities in
access to prescription
medications in urban areas
with ethnically and
socioeconomically diverse
neighborhoods.
. Obtained pharmacy . . .
Barber, et al. (201%f nggsee Coupt | Mean weekly _ Population Rando_m sar_nple women characteristics by survey Weekly pharmacy Afncan-Amencans may live
Michigan pharmacy business | aged 18 or 19 residing in Genesee operating hours in ficontracep
hours County, Mchigan via the 2002009 Computedbroportion of where pharmacy
Mean distance o (Data Source: Relationship Dynamics pharr‘;acigjs V\'/::thin specific ?gr?teresus:éotion characteristics may impede
nearest pharmacy and Social Life Study) (n=1003) radii relative to population P the purchase of contraceptio
) Pharmacy sampleCommunity
Mean proportion of pharmacies in Genesee County (Data Analyzed merged data source
pharmacies within 1, | gqurce: 2013 Community Pharmacy mean differences, ordinary
5, or 10 miles Survey) (n=40) IeasF squares rgg_ression,
Seni ilabil multinomial logistic
ervtlce avzta_l ability regression, and logistic
(contraception regression to assess whether
access) race differences were atref
poverty differences
Administered tetphone

Bear, et al. (2016%° Maryland Mec.jica.ti'on Population: Population of Maryland surveys to pharrr?acists to In-stopk avajlability The.re are disparitie; in
availability suburbs of Washington D.C. (2000 assess availability of iatock of antlm_alarlal avgllablllty of outpatient .
Number of Census) antimalarial medications medications antlmalarlal mecyc.atlons,
pharmacies per ZIP | Pharmacy sampleZommunity Time frame of pharmacies in higincome

; ZIP codes were more likel
code stratified by risk pharmacies identified through ZIP ced, ~ €ompared highand moderate | gyailability if not in to stockfirst-line thera v
based internet yellow page search risk regions against lowisk stock T i arezyto
engine stratified by regional risk regions using -tests. T RETE plow
assessment and income (n = 44) Deselied) Gonmnmy incidence, lowrisk ZIP
demographics by population, codes.
race, ethnicity, prior malaria
cases, and income
Bissonette, et al. Oregon Pharmacy density pe| Populaton:Pat i ent s 06 5| Explored pharmacy hours and Oregon hospitaB0- | Hospitals in urban areas ha

(2016§°

10,000 residents

readmitted to hospitals within 30 days
from July 2012 to June 2013 ; All
hospitals within Oregon (n=58) (Data

readmission rates through
multivariable linear regression

day allcause
readmission rates

higher pharmacy access.
Hospitals in rural areas have
higher readmissions
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Pharmacy hours per
10,000 residents

Cumulative
outpatient pharmacy
hours ina service
area: low, medium,
and highdensity

Sources: Dartmouth Atlas of Health
Care Project using 20X0ensus data,
20062010 American Community
Survey, Medicare data)

Pharmacy sampld:icensed retail
pharmacies within 48 PCSAn Oregon
in 2015 (n=507).

Pharmacy density highly
correlated with population
size in a PCSA. Pharmacy
access or population density|
were notindependently
associated with readmission

Burrel, et al. (2017y°

Allegheny
County,
Pennsylvania

Naloxonecarrying
pharmacy within
ZCTA?

Population:Population of Allegheny
County, Pennsylvania in 87 ZCTAs

Pharmacy sampleAll licensed

Identified trends in overdose
death rates across ZCTAs,
locations of active licensed
pharmacies, and pharmacies

Number and
distribution of
overdose deaths

There is value in GIS
mapping of pharmacies to
explore relationships betwee
acces and outcomes to

N#;r]r%earc(i)efs . pharmacies in the study area (n=322)|  Carrying naloxone yll;mgﬁa (e)lrr]\% f identify important access
gCTA P Performed descriptive statistic| pajoxone veliiziel fizelitn LEeis
to determine significant factors gistributing trends.
pharmacies

Casey, et al. (200Zf

Rural counties of
Minnesota, North
Dakota, South

20 miles to a nearest
pharmacy

Pharmacy sampleRural retail
pharmacies in study areas for a perioc
from January to March 2000 (n=537)

Performed descriptive statistic
of pharmacy characteristics
from phone surveys, pharmac)
licensure data, and phone

Geographic access
to pharmacies

Access to pharmacy|

Most rural residents have
adequate geographic access
to a pharmacyput financial

Dakota ; ; ; i - access to pharmacy serviceg
interviews with clinicians services was rated as a major proble
Calculated distances beten | Financial access to | for uninsured and elderly by
pharmacies on basis of pharmacy services clinicians
longitude and latitude of ZIP
code centroid
radius
. . . . Determined associations . o
ChisolmBurns, et al. Shelby County, Pharmacies per Population:2010 population of Shelby between population Associations Areas with higher percentag
(2017%* Tennessee 10,000 residents County, Tennessee characteristics (obtained from between ZIFcode of minority residents had
. delineated lower pharmacy density than
Pharmacy sampleCommunity the 2010 ACS) and pharmacy population areas with a high percentage

pharmacies in Shelby County (n=90)

access variables through
ANOVA

Examined associations of
pharmacy density with residen
characteristics andiee risk

Assessed relationship of
pharmacy variables to
percentages of pharmacies in
mental health shortage areas
via correlational analysis

characteristics and
pharmacy access
variables

Association beteen
pharmacy density
and pharmacy
access and
pharmacy pricing

of white residents

Pharmacies in lovincome,
high crime risk, and low
employmen areas less likely
to offer home medication
delivery services.

Chuang & Shank
(2006)°°

Pennsylvania

Medication
availability by
pharmacy type (chair

vs. nonchain) and

Pharmacy sampleCommunity
pharmacies located in Northeast (NE)
Pennglvania that participated in a

telephone survey (n=186)

Compared emergency
contraception availability in rural
and urban pharmacies via

bivariate analyses

In-stock availability
of EC*

There is low availability of
EC in pharmacies in NE
Pennsylvania.

1 PCSA: Primary Care Service Area

2 ZCTA: Zip Code Tabulation Area

3 GIS: Geographic Information Systems
4 EC: Emergency Contraception
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rural vs. urban
designation

Barriers in rural settings
could hinder timely access t¢
EC for rural women

Characterized spatial access t

Cooper, et al (2009 New York City 1 mile to a syringe Population:Population of NYC within ESAP phamacies within each Spatial access to Spatial access to ESAP
(NYC) access site (ESAP 42 health districts at the ZIP code leve health district via kermel ESAP pharmdes pharmacies is a racialized
pharmacy) based on 2000 Census density estimation by rama!/gthnlc feat_ure of the_ risk
. . composition. environment in NYC
Pharmacies per Pharmacy samplé?harmacies enrolled . .
square mile in the Expanded Syringe Access Assessed relationship betwee
Demonstration Program (ESAP) from | Need and temporal trajectories
2001 to 2006 in syringe access program by
district racial/ethnic
composition via hierarchical
linear models
Cooper, et al. (2011 | New York City 1 mile to a syringe Population:Injectors who took art in Explored hierarchical generalize( Syringe flow, Increasing spatial access to
access site (ESAP Risk Factors for AIDS among linearmodels to describe District-level ESAP pharmacies reduces
pharmacy) Intravenous Drug Users study who temporal trajectories of district | syringe access odds of unsterile syringe use
resided in NYC health districts betwee level spatial access to sterile Relationship of spatial acces|
1995 and 2006 (n=4067) syringes to syringes with odds of
. unsterile syringe use did not
Pharm'acy sampleESAP pharmacies vary across racial/ethnic
operating each year between 2001 an groups
2006 (n=1316)
L . . . ) Determined travel distance L o .
Deshpande, et al. Springfield, Median travel Population:Adults diagnosed with between patier Asthma medication | Proximity to pharmacies may
(2019)%* lllinois distance to a asthma, aged 185 years, who visited clinic and preferred pharmacy use (inappropriate o| play a role in medical
pharmacy (miles) SIU® primary care clinics in 2014 and using Central Cancer inadequate) management of chronic
resided in Springfield, lllinois (n=519) Registriesd st diseases. Effect of spatial
tool access was mitigated when
other factors were considere
Determined differences
betweermedication use and
patient characteristics
Assessed odds of inappropriat
or inadequate medication use
via logistic regression
Dodson, et al.(2018Y | Pittsburgh, Travel time to Populaton: Cases of suspected nonfat Performed locatidinallocation Suspected nonfatal | Accessibility to naloxone car

Pennsylvania

pharmacy

Medication
availability

opioid overdoses in which naloxone
was administered from 2013 to 2016
(n=3182)

Pharmacy sampleNaloxone
distributing pharmacies actively

operating for the study period (n=24)

analysis evaluaig locational
efficiency of distribution of
pharmacies stocking naloxone
using the pmedian model in
ArcGIS 10.5.1

opioid overdose
events relative to
naloxone
distributing sites

be improved with location
allocation approaches

5 ESAP: Expanded Syringe Access Program

6 SIU: Southern lllinois University
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Doucette, et al.(1998)

United States

Pharmacies per
10,000 population

Population:Countylevel national
population measures from 1994 Area
Resource File (Bureau of Health
Professions) and 1994 ZIP Code
Business Patterns (US Census Bureal

Assessed relationship between
marketfactors and number of
community pharmacies per
population and proportion of
independently owned pharmacie
using regression models

Number of
community
pharmacies per
10,000 population

Proportion of

There is variabity in the
availability of community
pharmacies across the US
with fewer community
pharmacies in areas with a
high percentage of elderly

Pharmac_y sgmpleﬁ.\ll Iicgnsed independently ; people, rural settings, or a
pharmacies in the U.S. in 1994 owned cc_)mmunlty high HMO penetration rate.
pharmacies Rural areas have fewer
community pharmacies per
10,000 populatin and tend to
be serviced by independently
owned pharmacies.
. - . . . Conducted phone surveys of o
Egan, et al. (20287 North Carolina Medication Population:Population characteristics stratified random sample to Naloxone Odds of naloxone availability
(NC) availability at thecensus tract level based on ACS availability without | were lower for independent

20132017 estimates

Pharmacy sampleStratified random
sample of licensed pharmacies in Nori
Carolina in November 2018 (n=200)

obtain pharmacy characteristic

Performed descriptive statisticg
of overall survey weighted
sample and naloxone
availability

Examined correlates of
naloxone availability and out
of-pocket cost of naloxone via
logistics regression

a prescription

Outof-pocket cost
for intranasal
naloxone

pharmacies than chains.
Naloxone availability was
lower in communities with
higher percentages of
residents with public health
insurance.

Erickson & Workman

Wayne County,

Number of residents

Population: Population characteristics

Descriptive statistics of pharmac)

Out of pocket cost

There aralisparities in costs

(2014)%° Michigan per number of of Wayne County, Michigan at ZIP characteristics for 30 day supply of | of drugs and availability of

pharmacies code level (2010 Census) . L chronic medications| services based on race and

Examined association between household income.
Service avadbility Pharmacy sampléAll licensed ZIP code characteristics and Pharmacy service
community pharmacies open for numbers of residents per numbe| availability
Weekly hours of business in Wayne County, Michigan | of pharmacies
operation during February 2011 (n=503)
) ) ) ) _ . . Described pharmacy sites an . ) . ) . )

Gadkari, et al. Wisconsin Service availability Population:Communities in non provision of drug therapy Provision of disease| Higher service orientation,
(2009} metropolitan counties in Wisconsin in services state management | rural area status, and lower

Hours of operation

2005

Pharmacy sampleNon-metropolitan
pharmacy sites Wisconsin (n = 279)

Assessed relationship betweg
variables and provision of
drug therapy services
performed using multivariate
logistic regression

programs and drug
therapy services

workloads were positively
associated with provision of
drug therapy services. The
negative association of
workload with provision of
disease state management
may afect patient access in
rural areas.

Gai & Feng (2017f°

United States

Pharmacists per
1,000 population

Population: Nationally representative

sample of 1,696,119 adults 18 years ¢

Predicted influenza vaccination

via sampleweighted multivariate

Influenza
vaccination status

Pharmacist density was
significantly associated vtit
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age and older across the 50 US (Data
Source: 2002012 BRFSY

Pharmacy sampleCurrently licensed
pharmacists residing within theitase
of licensure (Data Source: 2010
AHRF®)

logistic models using number of
pharmacists per 1,000 populatiof

individual influenza
vaccination and varied acros
racial/ethnic groups, rural
versus urban regions,
employment status, and age

Green, et al. (2005)

Michigan

Medication
availability

Number of
pharmacies within
minority vs. white
ZIP codes

Population: Population demographics
within selected ZIP codes based on
2000 Census

Pharmacy sampléiVeighted random
sample of pharmacies leason ethnic
composition (n=93
Awhiteo)

Described opioid analgesic
supplies, barriers to
availability, presence of a
hospital, and population and
community demographics.

Compared ethnic composition
and opioid availability to all
potental covariates via design
based Racott ¥ and ttests

Explored the relationship
between ethnic composition
and opioid analgesic
availability using desig#based
multivariate logistic regression
models

Availability of 15
common opioid
analgesics

There ae differences in
prescription opioid
accessibility in Michigan;
people living in minority and
low income ZIP codes have
significantly less access
compared to white ZIP code
and pharmacies in minority
zip codes were less likely to
have sufficient opioid
supplies.

Guagliardo, et al.
(2007)°2

Washington, DC
and neaiin
Maryland suburbs

Travel time to
pharmacies (driving)

Number of
pharmacies within
specified rounerip

Population: Subsample of asthmatic
pediatric patients prescribed an inhale
corticosteroid (ICS) and enrolled at the
Chil dr ends cal@enteron
from April 2002 to January 2004
(n=137)

Assessed relationship betwee|
ICS compliance and selected
variables

ICS compliance at
1, 3, and 6 months
after intervention

Spatial accessibility to retail
pharmacies was not
associated with ICS
compliance in disadvantageq
urban children with severe
asthma.

travel times

Pharmacy sampléNon-institutional

retail pharmacies within the study

region that were within 10 miles of any

patient residence (n=339)

o . . Assessed relationship betweer A . -
Henkel & Marvanova | North Dakota, Meqllcapl_on Populapo_n: County level populatlon rurality of community In-stock _avallablllty Phar_chy access disparities
(2018} \?\;)utpvl?al_(qta, availability dCata Wlth!? s;udy arg?s froEmtAm(tencar pharmacies and availability of of ﬁognltlve persist in rural areas.
Northern | Service availability | 50002013) oo | sevicesandistock | STNANGE There was a negative
medication, and pharmacist | pparmacist relationship between

California, and
Southern Oregon

Pharmacy sampleRural community
pharmacies in the study areas (n=116|

knowledge

knowledge of
cognitive enhancers

Availability of
immunizations

increasing rurality and
services ircommunity
pharmacies with limited
availability of
immunizations, reduced
access to irstock cognitive
enhancers, and lack of
pharmacist knowledge of
cognitive enhancers.

” BRFSS: Behavioral Risk Factor Surveillance System
8 AHRF: Area Health Resources File
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Ikram, et. al (2015%

Baton Rouge,

Pharmacies per

Population: Population of Baton Rouge

Calculated accessibility using
the proximity method and two

Accessibility scores

Using the 2SFCAwhites are

Louisiana 10,000 residents Parish Louisiana in census blocks (n = step floating catchmentea by census block disproportionately located in
L 7,896 census blocks) e areas with abovaverage
Drive time to a : Accessibility scores accessibility scores while
pharmacy (minutes) Pharmac_y sgmpIeCommunlty ; by race African Americans are
e phf\eraues in East Baton Rouge Parit located closer to pharmacies
(n=110) that are more crowded
. . L . . Compared census tract media . . .

Joudrey et al. (2028 | Indiana, Median minimum Population:Population at census tract population, assessed Median minimum Census tracts in rural areas
Kentucky, Ohio, | drive time to level in study areas from 2010 Census associatior’1 between RUC® | drive time to have disproportionately
e igma | e (MNCS) |y sampl:wtprevlencra - Unanirlclssfcaton ana | BT 20OTP | e s s 0 PG

Pharmacies per pharmaciesn study areas in 2017 drive time to the nearest community pharmacies
100,000 people (n=3293) dispensing facility, and Number of v P :

compared mean difference in
drive time between OTPsand
pharmacies using Kruskal
Wallis test

Compared drive times to the
nearest OTP with drive times
to nearest chain pharmacy ant
to nearest CVS pharmacy
among all census tracts and
across RUCA urbarural
strata.

pharmacies and
OTP per 100,000
people

Implementation of pharmaey|
based methadone dispensin
couldincrease

Kleinman, RA
(2020)7®

United States

Drive time to
pharmacy (minutes)

Population:population at the census
tract level where mean population
center was within 3 miles of a road

Pharmacy samplecommunity or retail
pharmacies with active National
Provider Identifiers in the US

Calculated greatircle
distance to OT® and
pharmacies using the
Haversine formula

Calculated drive time to OTP
and pharmacies up to 12 hour
max

Performed a Welch analis of
variance (ANOVA) to
determine differences in
driving time to by NCHS
county classification

Populatiorweighted
mean drive time to
OTPs and
pharmacies in the
us

Mean drive time to OTP wer:
longer to an OTP versus a
pharmacy

Lin, SJ (2004%°

lllinois

Distance to nearest

pharmacy (miles) Illinois based on 2000 Census by cens ek group and locations of elderly to a communi tnaees 6
block group community pharmacies community appears to t_)e appropriate bu
pharmacy a small portion of rural

Population:Elderly population of

Calculated weighted distance
based on centroid of census

Average distance fo

Geographic access to

9 2SFCA: 2-Step Floating Catchment Area

10 RUCA: Rural-Urban Commuting Area
11 OTPs: Opioid Treatment Program

12 OTP: Opioid Therapy Program

13 NCHS: National Center for Health Statistics
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Pharmacies per
10,000 people

Pharmacy sampleCommunity
pharmacies operating in lllinois in 200
(n=1373)

elderly may warrant special
attention

Calculated Euclidean distance

Lin, et al. (2005%*° Michigan Distance to a Population:Outpatients requiring from residence to pharmacy Number of There is a discrepancy
pharmacy (miles) access to a Schedule | opioid dispensi |5cation to fill prescription prescription opioids | between potential and
harmacy(n=206,054 total Aof ; . . revealed access.
Erescripti)éns) opioid summarized at 310, Distance in miles t0 | pyjicymakers must move
and20-miles by ZIP code Y
: ; centroid and intrazonal distand © pharmacy beyond considering only are
Pharmac_y sample_:ommumty configuration of healtlcare
pharmacies that filled Schedule II [esources.
opioids in Michigan in 1997 (n = 1915)
) . ) . Described distribution of and . .
Look et al. (20197 Wisconsin Pharmacies per Pharmacy sampleCommunity relationships between county Correlaton between | Community pharmacies are
county pharmacies with active, istee licenses level opioidrelated overdose distribution of ideally positioned in areas
labeled by county via-8igit ZIP-code death rates and number of pharmacies or that could support
(n=941) treatment facilities or treatment facilities | medicationassisted addiction
community pharmacies in rural and opioid relation | treatment, especially in rural
and urban counties overdose deaths areas without substance
abuse treatment facilities.
. L . . . Surveyed community o L. .
Mayer et al. (2008§" Washington Medication Population:Population estimates at ZIF pharmacies on opioid Availability of Pharmacies in areas with
availability coce level (Data Source: 2000 Census opioids (rural vs. high percentage of nonwhite

Pharmacy sampleCommunity
pharmacies in Washington (n = 1349)

availability

Performed multivariate logistic
regression to assess
associations between navhite
residents and resadts living
below poverty with access to
shortacting or longacting
opioids

urban, white vs.
nonwhite, income)

residents or residents below
poverty level were more

likely to have reduced opioid
availability.

Moo-Young, et. al
(2018}

Dallas County,
Texas

Distance from
patientds
ZIP code centroid to
pharmacy (miles)

Drive time to
pharmacy (minutes)

Population:Dermdology clinic patients
in Parkland Health and Hospital Syste
(PHHS) seen between JanuargQ11,
and December 32013,with no visits
in prior 3 years who had: 1) one or mo
formulary dermatologic medications
prescribed, and 2) insurance coverage
for uninsured or lowincome residents

Explored association between
distance and neadherence

Primary non
adherence (not
filling/picking up
prescription within
one year of date of
prescription)

Adherence stratified
by full, some, and
complete non
adherence

In urban setting, distance
between a patient's home an
pharmacy was not associate
with primary nonadherence

Pednekar & Peterson
(2018¥°

Pennsylvania

Pharmacy desert
(33% of population
>1 mile from
pharmacy)

Population:E|l derly ( 065
Pennsylvania enrolled in a State
Pharmaceutical Assistance Program ix
2015 (n=172,967) (Data Source:
PACE"* dataset)

Identified differences in
sociodemographic profiles ang
distribution of different
pharmacy types and their
services.

Proportion of
pharmacy deserts

Percent of pharmacy
deserts

There is urbamdral
inequality, racial/ethnic
disparity, and differences in
availability of pharmacies
and their services between

14 PACE: Pharmaceutical Assistance Contract for the Elderly
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Pharmacies per 100
enrollees at county
level

Distance to a
pharmacy (miles)

Pharmacy sampleCommunity
pharmacies in the state at the tract lev
(n=2,752)

Calculated distance in miles to
a nearest community pharoya
using the haversine formula.

Performed hot spot analysis
determining location clusters
of pharmacy deserts at county
level

Pharmacy density

Pharmacy hot spots
and cold spots

pharmacy deserts and ron
deserts.

Compared differences and

Qato, et al. (20149 Chicago, IL Phe_lrmacy desert P(_)pylation:_Commur_]ities/PopuIation trends over time in distributionl Mean number of Geogra_p_h‘ic phar_macy
defined as lowaccess| within the city of Chicago at census of pharmacies across pharmacies acc_eSS|b|I|t'y varies b)_/
and lowincome tract level (Data Source: 20_00/2010 Ui communities ra(;lal/ethnlc composmon of
Census gnd 20072011 American Prevalence of neighborhoods \_Nlth the
conmunity Survey) Assessed significance of meal pharmacy types poorest access In segregate
Pharmacy sampleSommunity difference of pharmacy bla'cléban(:‘ Hl(sjpam%
pharmacies in 2000 (n=505) and 2012 ~ humbers across community | Prevalence of gglg 't(')r 00ds anc
(n=511) types pharmacy deserts ¢ :Ts]gan ies worsening over
Qato et al. (20179 Chicago, IL Pharmacies per Population: Robability sample of Examined pharmacy accessibility Pharmacy Most residents of minority

square mile

Distance (>1 mile
from pharmacy)

Median travel
distance (miles)

adults 35 years of age or older residint
on the South Side of Chicago in 2012
2013 (SSHVS) who reported using at
least one prescription medication on
regular basis (n=169)

Pharmacy sampleé?harmacies within

utilization, and travel distance to
primary pharmacy, and cest
related underuse overall and by
pharmacy type

accessibility where
low access = living
>1 mile from
pharmacy

Mediantravel
distance in miles

communities not using
pharmacies closest to their
home to obtain prescriptions

the 349 census tract ihd South Side (p.h.am?acy
study region (n=147) utilization)
Costrelated
underuse
. . . . ) Determine differences in _— )
Qato, et al. (2017° United States Pharmacies per Population:National annual population Availability of Despite growth, pharmacy

10,000 population

estimates from US Census (260315)
and 5year (20162014) American

pharmacies per capita over
time using Ordinary Least
Squares (OLS)

pharmacies (numbe
of pharmacies and

availability and
characteristics vary across

Community Survey (ACS) estimates percapita) local areas. There should be
Pharmacy sampleActive community Determine diférences in Pharmacy dﬁzlggzgor;;g:ger;nzeas
pharmacies in the U.S. (20@D15) distribution of pharmacy type | characteristics P y d
using data from the National Council and pharmacy characteristics
for Prescription Drug Programs (2607 using timeseries logistic
2015) regression to
Measured amount of variation
in availability of pharmacies,
prevalence of pharmacy type,
and pharmacy characteristics
using coefficient of varigon
Qin, etal. (2018%> Baltimore, Median numbeof Population:Census tract demographic gﬁ;i%zr:?esre‘?:g;;yk?:::w 1 Pharmacylevel Areas defined as pharmacy
Maryland pharmacies per and economic data from 202D15 density estimation barriers to deserts had largerqportions
100,000 population | ACS (n=200 census tracts) prescription of minorities vs. non

Hispanic whites. Barriers to
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Pharmacy desert

(>33% not within
walking distance of
0.5 mile, low vehicle
access, and low
income)

Pharmacy samplePharnacies within
Baltimore, MD neighborhoods with
highest rates of Chlamydia trachomati
(Ct) (n=57)

Assessed relationship betwee|
pharmacy density and Ct
incidence

Described relatinship between
pharmacy deserts and
population characteristics.

Measured association betwee|
medication cost and census
tract characteristics

expedited partner
therapy

prescription expedited
partner therapy included
limited geographic pharmacy
access, lack of pharmacist
awareness of expedited
partner therapy, and
medication cost.

Samson, et al. (201¥§ | Kansas Distance to a Pharmacy sampleSample of Identified significant differences | Availability of Disparities exist in pharmacy
pharmacy (miles) community pharmacies willing to be | in access to (rural vs. urban) and emergency ability to provide EC within
L surveyed (n=186) type of (corporate vs contraceptives 24 hours (corporate vs.
Medicatin ) | independent) pharmacies , ) independent) and there are
availability Population:rural and urban population Ability to dispense geographic and phamacy
of Kansas (year not specified) emergency type differences in EC stock.
contraceptives Providing independent and
within 24 hours rural pharmacies with
immediate stock of EC might
reduce the human and
financial costs of unintended
pregnancies in Kansas.
. . S . . Surveyed attending pharmacis . . .
Singer, et al. (1998Y Hartford, Syringe availability Population: Two samples of injecting on prevalence of injecting drug Non-prescription Pharmacies are a primary
Connecticut . drug users in the study area (n = 850 users, policies and practices of syringe purchases | source of sterile syringes for
Number of syringe | anq ' = 1165petween 1992 and 1997 inge sal f injecting drug users. Supply
carrying pharmacies syringe sales, reasons fatn of syringes is not adequate t
Pharmacy sampleCommunity selling syringes, syringe serve the entire community
pharmacies in the Hartford, Connectic/  Packaging, and perceived role and pharmacy sales have
area (n =27) during June and July of of the pharmacist in HIV O G (s M ST el
1997 prevention to changing poli@s on
Interviewed injecting drug syringe sales. Stakeholders
users on personal risk, risk should explore .
avoiding behaviors, purchases implementation of syringe
of syringes from pharmacies, exchange programs within
and use of pharmacies in community pharmacies.
accessing clean syiges
. L . Examine differences in . ) .
Stone & Young Georgia Medication Pharmacy sampleRandom selection of 5 10xone availability across Pharmacisteported | There are barriers accessing
(2020}% availability community pharmacies from each naloxone stock naloxone. Naloxone was les:

Number of naloxone
carrying pharmacies

NCHS® RuralUrban Classification
Schemedr Counties surveyed in 2017
(n=330)

pharmacy location (rural and
urban), pharmacy type (chain
and independent), and areas o
greater opioid overdose
mortality

status

likely to be available from
independent pharmacies and
in areas of lower than
average opioid mortality
rates. Strategies are needed
increase access to naloxone
in an effort to combat the
opioid epdemic.

15 NCHS: National Center for Health Statistics

54



Number of
pharmacies within ¥
mile of IDU®
residence

Distance to a
pharmacy (walking
via road network)

Euclidean distance to
a pharmacy (miles)

Travel time to a
pharmacy (walk
time)

Population:Convenience samptef
injectable drug users in San Francisco
18 years of age or older who injected
illicit drugs during past 30 days (n=56%

Pharmacy sampléAll retail pharmacies
operating in San Francisco in 2008 the
sell OTC syringes (n=65)

Estimated prevalence ratios

Assessed relationship betwee|
OTC syringe purchase and
explanatory variables.

Determined associations
between explanatory variables
and OTC syringe purchase

Performed spatial analyses to
describe placement and
distribution of all pharmacies,
OTC syringeselling
pharmacies, syringe exchange
programs, and IDUs.

Non-prescription
syringe purchase

Demographic characteristics
risky behaviors, and
geographic factors associate
with OTC syringe purchase i
better assessed using
statistical and spatial
analysesUnderstanding
characteristics associated
with ability to purchase OTC
syringes at pharmacies and
whether OTC syringes are
purchased can inform
infectious disease
preventative interventions.
Some geographic areas in
San Francisco have large
densities of DUs who have
limited access to OTC
syringeselling pharmacies.

Service availability

Number of OT¢’
syringeselling
pharmacies

Pharmacy sampléAll licensed LA
County pharmacies (n=1,623) in 2008
(Data Source: CA State Board of
Pharmacy)

Population:5-year population estimate,
from AmericanCommunity Survey
Data (20052009)

Descriptive mapping to visualize
pharmacy distribution, spatial
autocorrelation, and heaipot
analyses

Multivariable regression analyse
to determine association of
sociodemographic characteristics
of census tract residenwith
pharmacy presence in Los
Angeles (LA) County during
2008.

Prevalence of OTC
syringeselling
pharmacies per
capita

Pharmacies were clustered
closer to older populations
and farther from poorer
populations.

Population size, median age
and percent dfiouseholds
receiving public assistance
were associated with
presence of pharmacies but
only 12% of census tracts hg
at least one OTC syringe
selling pharmacy.

Stopka, et al. (2012 San Francisco,
California

Stopka et. al. (2013 | Los Angeles
County, CA

Syed, et al. (2016} Chicago,IL

Distance to a
pharmacy (miles)

Population:Patients aged 184 with
diabetes who had at least one
prescription fill for an ACE® or ARB'®
and had continuous Medicaid coverag
in the greater Chicago area in 2009
(n=6532) (Data Source: lllinois
Departmat of Healthcare and Family
Services database)

Pharmacy sample

Multivariate regression model to
measure association between
medication adherence and
distances to a pharmacy and/or
prescriber

Medication
adherence defined
as proportion of
days covered (PO)

ACEI or ARB adherence wag
not associated with distance
to pharmacies and prescribe

16 |DU: Intravenous drug user
7 OTC: Over The Counter

18 ACEI: Angiotensin Converting Enzyme Inhibitor

1% ARB: Angiotensin Receptor Blocker
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Tsui, et al. (2020Y° United States

Number of
pharmacieper
census tract

Pharmacy sampleealth care
environment, demographic, and
socioeconomic data between 2000 an
2014 for all lanebased census tracts in
the continental United States (n =
72,246) using 2017 data from Nationa,
Establishment Tim&eries (NH'S) and
2010 US Census geographies.

Described health care facilities
demographics, and
socioeconomic characteristics
for 2000, 2010, and 2014.
Categories of health care
facility presence were mappec
over time and frequencies
compared across states.

Predicted change in health car
facilities between 2000 and
2014 via bivariate analysis

Estimated associations betwe
change in
demographic/socioeconomic
characteristics and change in
health care facility presence
(2000-2014) via longitudinal
multinomial logistic regression
models

Neighborhoodevel
geographic access @
health care facilities
(e.g., pharmacies,
ambulatory centers,
and drug stores)

There was differential chang
in presence of health care
facilities across
neighborhoods;
socioeconomically
disadvantaged neighborhooc
never had or lost facilities.
Non-Hispanic black,
Hispanic/Latino, and
racially/ethnically mixed
census tract areas more like
to never have or to lose
health care facilities betweer|
2000 and 2014. Geographic
access to care is portant for
health outcomes and spatial
distribution of health care is
important to monitor in the
context of population health
disparities.

Westrick, et al. United States

(2018y°

Service availability

Percent of
pharmacies offering
vaccinations

Pharmacy sampleStratified random
sample of nationallyepresentative

community pharmacies itne United
States from April to July 2017 (n = 292

Surveyed a random sample of
community pharmacies in the
US to assess availability of
immunization services

Availability of
immunizations by

type

Majority of US pharmacies
provide at least one type of
vaccine, but the scope of
immunization services varies
Patientrelated barriers
should be addressed to
enhance pharmadyased
immunization services.

Wisseh, et al. (2021% | Los Angeles
County,

California

Driving distance
(miles)

Pharmacy desert

Population:Population estimates from
2012 2017 American Commmity
Survey (ACS) at census tract level

Pharmacy sample: Retail and
independent pharmacies in the study
area

Applied K-means clustering to
group pharmacy deserts basec
on indicators of social
determinants of health

Percent of pharmacy
deserts (census tla
centroids >1 mile
from a pharmacy)

SDOH? associated
with pharmacy
deserts

25% of LA county census
tracts were pharmacy desert
Pharmacy deserts can be
classified into two types
where type two pharmacy
deserts were characterized K
denser populationrmore
minorities, lower
socioeconomic status, less
vehicle ownership, and
higher crime.

Zhang, et al. (2012% United States

Driving distance to a
retail pharmacy with
$4 drug program
(miles)

Medication
availability

Population:A 5% random sample of
elderly Medicare Part D beneficiaries
without Medicaid coverage or lew
income subsidies in 2007 (n=347,653)
and population characteristicsZP-
code level from 2010 US Census.

Identified proportion of
beneficiaries living within
specific driving distances to
closest pharmacy offering $4
generic program

Evaluated factors associated
with the use of $4 programs

Driving distance to
pharmacy

Probability of use of
$4 program based
on covariates

Driving distance to pharmacy
with $4 program strongly
associated with use of the
program. Improved
accessibility could increase
use oflow-cost generics.

20 SDOH: social determinants of health
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2.4.2 Pharmacy Access Research Worl dwi de
Although this research focuses on pharmacy access in the US, a discussion of pharmacy

access literature conducted internationally warrants discussion. Despite diffeséh care
system structures and different definitions to describe populations within geographic boundaries,
some international communities face similar pharmacy access barriers to those in the US. As
such, investigations on pharmacy access have bapterdst to international governments in
recent yearsTodd et. al.(2014) conducted an area level analysis spatial study using postcodes for
all community pharmacies in England. The postcodes were assigned to a population lookup table
and lower super outp area which was then matched to urbanity and deprivation deciles.
Researchers determined the access to a community pharmacy within a 20 minute walk and found
that over 89.2% of the population has access to a community pharmacy. However, when
comparing bveen lowest and highest deprivation scales, in areas of lower deprivation, 90.2%
of the population had access to a community pharmacy within a 20 minute walk versus 99.8% in
areas of highest deprivation. This greater access in areas of highest depsivattisran inverse
pharmacy care law for community pharmacy distribution in Engtahda subsequent study,
Todd et. al. (2015) examined thadationship between walking distance to general practitioner
(GP) premises and community pharmacies and found a positive correlation. Households who had
high access to a GP also had high access to a community phafmacy

A study conducted in New Zealand by Norris et. al. (2014) investigated how the number of
pharmacies and their locations changed over time and whether this led to changes in the number
of people with poor access to pharmacy services. The number of pharmacies in New Zealand
decreased by half over the | ast sever al decad
which measures the relative socioeconomic deprivation in each area, resedetdranged that

urbanization of pharmacies led to poor access to pharmacies in rural areas but concluded that
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there was no association between socioeconomic deprivation and proximity to a ptt&fmacy
Another study conducted in Ontario, Canada investigated geographic access to pharmacies and
simulated the impact of pharmacy closures. Pharmacy locations were geocoded using pharmacy
addresses and data was merged with road network dateDigital Mapping Technologies Inc
Spatial and 2006 Census data from Statistics Canada. Population statistics were used at the
dissemination block level (small areas bounded by roads). Using netwdygisnaalking, and

driving services areas were constructed for each pharmacy. Monte Carlo simulations were
performed to analyze changes in the proportions of the Ontario population living in census
dissemination blocks within each distance of one todivemore pharmacies. Researchers found
that most Ontario residents can access community pharmacies within reasonable travel distance
both walking and dving.'8 Law et. al. (2013) also conducted a study using population estimates
at the census block level and network analysis on the locations of almost 300 community
pharmades to determine the number of Nova Scotia residents living within walking or driving
distance of a pharmacy. Defined pharmacy access thresholds were 800 meters (walking) and 2
kilometers or 5 kilometers (driving) from a pharmaRgsearchers used Monterloa

simulations to analyze the effect of pharmacy closures on geographic access on both rural and
urban communities and results revealed that most Nova Scotia residents have good overall
access to a community pharmacy with approximately 75% residing &ithikilometer driving
distance to at least one pharmacy. There were differences in urban and rural access because of
urbanization of pharmaciesd., pharmacies opening in urban areas and closing in rural areas).
The Monte Carlo simulation demonstratadtteven with a hypothetical closure of 50% of
pharmacies, more than 30% of rural residents would still live within 5 kilometers driving

distance to a pharmad§}
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Unlike other international studies, aidy conducted in Lisbon, Portugal that investigated
the geographical pedestrian accessibility to community pharmacies among an elderly population
found a high spatial variability of proximity to pharmacies. They found that approximately 60%
of the elderlypopulation lived less than a 10 minute walk to the nearest pharmacy while 77%
lived less than 15 minutes away. While this walking distance may seem relative across cultures,
the authors concluded that their findings were in opposition to the common aiephtrmacies
are highly accessible in urban aré&Padeiro et. al. (2018b) also compasadtérnative methods
for measuring pedestrian access to community pharmacies. Twelve measures of pedestrian
access between spatial units and the nearest pharmacy were calculated based on distance type,
location, definition of a centroid, and the level p&gal unit using a list of 801 community
pharmacies and population data from the 2011 Census. Correlations for the different methods
was performed and estimates of the populations served by a pharmacy were analyzed revealing a
broad range between perceagea of the population served based on methodology. They
concluded that the Afinestodo paramet ae,s of pop
census blocks/tracts versus county level) and that network distances (as opposed tdirstraight
distancs) are more accurat&

Several other international studies focus on access inequatitiésexqualities®®8° and
geographic distribution of community pharmadi2<®® *4dentifying similarities in research
methodology and the variables that may have an impact on pharmacy access is important to
understanding the larger concept of pharmacy access.

2.5 Limitat iPohnasr noafc yC uArcrceensts Resear ch

Across pharmacy accessibility studies, there was no consistent definition of relative
pharmacy access. Variables used to determine or describe pharmacy access varied and most

studies evaluated access to medications or pharmadgesemn the context of distance, travel
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time, or pharmacy distribution and/or density. Some evaluations focused on geographic access,
such as proximity to a pharmacy, while others incorporated sociodemographic (i.e., community
racial composition, incomeghicle access, crime risk) or financial barriers (i.e., drug cost). Few
studies used consistent pharmacy access measures and pharmacy access parameters were
measured using diverse methodologies or constructs. Studies that incorporated existing access
congructs (i.e., food deserts) differed by how they were applied and none of the studies used a
specific definition for pharmacy access based on a validated pharmacy access model. Significant
secondary pharmacy access metrics, such as community pharmacyectsties or population
and community factors, were mixed. The variation in how pharmacy access was defined across
the literature may limit how stakeholders interpret and apply significant findings in their regions
or communities. There may be a needifialividual cities or counties to address disparities in
pharmacy access differently.

Factors includeth statistical models to determine level of accesgedaBome studies
included drivingor walking distance, and not travel time or travel patterns, which could pose
barriers to minority groups who may be less likely to own a vehicle and more likely to utilize
public transportatioA? “>Severalstudies did notonsideradditional financial, cultxal, or
administrative barriers such as sociodemographic variables, lack of prescription drug coverage,
low literacy among certain populations, insufficient stock of medications such as opioids,
medication type, access by public transportation, type ofpd@y services provided or
pharmacist suppl§ 138 139 165.18f, the study by Ikram et. al. (2015) that did consider both
supply and demand, travel time may be underestimated, and authors explainexl28&GA
method of analysis may not represent actual patient behavior witll tegainarmacy acced$

The study byAmstislavski, et. al. (20123pecifically mentions that the analysis dwt Bxamine
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procurement of medications at the patient level including other methods such as mail order; that
is, it was not considered whether patients visited pharmacies outside of their residenae area (
closer to work, school, or other locations).ditbnally, they used lack of health insurance as a
proxy to lack of prescription medication coverage, which in some cases may be independent of
health insurance statésCasey et. al. (2004) specifically mention that the lack of consumer
interviews limits their findings$®and Qato et. al. (2017) state that their definition of nearest
pharmacy as near place of residence might not be representative of actulgvaticription
filling behavior#®

Most studies did not account for prescription drug coverage or drug costs. Aomorg
that did, generalizability is limited tihe population of study such as patiemithin a specific
health plan or those visiting-metvork pharmacie$> > Further, the study by Pednekar et. al.
(2018) that investigated an elderlggulation within a specific health plan did not measure
driving or walking distance and assumed that people only filled prescriptions close to their
home® Moo-Young et. al. (2018) researched pharmacy accessibility on adherence among a
homogenous population within a specific health plan and excluded paper prescriptions that may
have affected their finding$® ChisolmBurns (2017) surveyed pharmacies in Shelby County,
Tennessee forowtf-poc ket costs (Acash priceodo) for gener
hydrocodoneacetaminophen finding thigvothyroxine prices differed significantly by
pharmacy density where pricing was higher in areas of lower dekigthylphenidate prices
werealsosignificantly lower in areas with the lowest employment ratesthere wer@o
significant socioeconomiand racial differences in generic drug programs, immunization
services, or medication therapy management sertiddsese findingsverein contrast tahe

work of Erickson & Workman (2014) who also investigated-ofapocket costs for 3day
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supplies of common prescription medicatiohisey identified lower drug cosis ZIP codes

with higher household income and a higher percentage of White resiti€htsse conflicting
findings may be the result of limited generalizability based on population and location and
highlight the need for individual cities or counties to address disparities in pharmacy access
within specific geographic regms.

All studies are limited to the regions in which their study is conducted. Findings from the
Qato et. al. studies on Chicagobs South Side
may be possible to generalize their findings to otinban areas that experience similar
persistence in racial and ethnic segregation, such as Detroit; however, findings may not be
applicable to all losincome communitie&” 2°Similarly, the study conducted inr€yon is
limited by the lack of racial diversity compared to other regions of the United States (U.S.).
Further, this study only included variables in which there was congdg¢dieand it is uncertain
how the level of missingness of hospital patient aerfiopmance survey data may have impacted
their results. Like other studies, their estimates were based on population data rather than
individual patientevel datef® Generalizability is also limited by the pharmacy ty{3& *°In the
national analysis on pharmacy access, additional factors that may impact access, such as hours of
operation, walkability, vehicle ownership, public transportation characteristics of counties, and
geographic accessibility based on travel distdimse to the nearest pharmacy were not included.
Although this analysis did characterize how pharmacy characteristics varied at the county level,
it did not measure geographical pharmacy demand based on medication dedisedser
burdent#®

The studies on pharmacy accessibility also used a variety of methods to measure level of

access and incorporated a wide array of variables into their models. Aside from the studies by
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Qato et. al. (2014; 2017), Pednekar & Peterson (2018), and Ericksorriénato (2014), none
of the studies used a specific definition for pharmacy access based on any validated theoretical
model. Distances to pharmacies were also calculated using different mettiodsng ZIP code
centroid'3® %arbitrary distance threshold®" 18218 or the definition of a HPSA® The former
i's not representati ve onayrasuita apadificialeharbobeszatianc t u a |
by ZIP code such as occurs with the boundary etfé&dditionally, this method may introduce
an aggegation error bia¥ 1**Some studies used the number of pharmacies per person as a
proxy ofgeographic access as opposed to more robust methods such as kernel density estimates
used elsewhere in the literatifte3* 129 160 161, 19 the study that did use resident address as the
locus of access, travel patterns were not incorpaf&tén studies characterizing urbanization of
pharmacies, using older Census data likely understated the current degree of urbanization and
limited the analysis to census blocks versus individual addr&$ses

Notably, the greatest limitation across study findings is the lack of a uniform definition of
pharmacy access that incorporates factors such as demographics or barriers known to impact
access of a specifmmmunity. Definitions of pharmacy access may be different for rural and
urban areas or may be different for specific populatioas Kedically Underserved Populations
or minority populations) as there may be distinct issues at the individual, comyaunait
societal level that would affect their ability to access a pharmacy. Although several studies
investigated associations between pharmacy access and outcomes or between specific factors
(i.e.,distance, travel times) and actual pharmacy accessatistisal methodologies,
conclusions of these associations are limited by the elements included in their models, which

may not be wholly representative of pharmacy accessibility.
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Despiteseveral studies that investigate pharmacy accessibility, theweréntty no widely
recognized definition of what decreased pharmacy access means. Some prior studies have drawn
definitions of low access pharmacy areas from the concept of food d8sgdral factorsare
known to affect healthcare and pharmacy accesseter, factors included in analyses of
pharmacy access vacpnsiderablyMost studies have not employed existing conceptual models
of healthcare access in their analyses. Those studies that have extended the USDA food desert
definition to pharmacy dessrtto date, have not validated this method. Smsearcherbcused
on geographic access, such as proximity to a pharmacy, while others incafpteatentdike
travel time, sociodemographic characteristics, financial ageagsinsurance coveragerug
cosd, and availability of specific services or medication. Studies investigating factors most
associated with pharmacy access are limited. Additionally, within urban areas specifically, crime
risk which is shown to affect health care actdisas only been explored iwo studies* 18°No
iterative,quantitativeanalysis incorporaig all thesefactors, or the factors determined to be
most relevanthavebeen performed.

Definitions of access areas (census tracts, meshblock groupspdédRract areas, etc.)
also widely vary. While someesearch highlights the significanceggfographic accesether
researclfecommends and exploratiohadditional factorgi.e.,travel time, travel routesyVith
amodel that determines which factors are most relevant, research identifying relationships
between pharmacy access and associated outéemese nequivocal; that is, a more uniform
definition of the factors most influential to varying levels of pharmacy access among a specific
populationallowsfor research on the consequences of varying levels of pharmacy access to be

more meaningful.
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2.6 Tlkhaeadr ¢riamewor ks

Historically, researchers concluded that both patient demand faetgrgucation,
income, race, insurance status) and health service availabititygeographic location, number
of facilities, quality of care, hours of operation, waiting times, medication availability) influence
differences in health care access and®@iBéfferences in health outcomes are compounded by
factors at all levels of the health care systerg.(individual, provider, system, and
environment)*3 As such several theoretical modeleredeveloped, incorporating these
elements at each level of the healthcare system, to explain health outcomes and health disparities
across different populations. The following is a discussion of theoretical models used in
developing a conceptual model of pharmacy accegsstion 2.6.1describes the World Health
Organi zationds Commi ssion on Soci al Determi na
Behavior al Mo d el a n d Modal ef Adcess arpresentede Secdion Me di ci n
2.6.2 which were used to identify important community factors that may contribute to disparities
in pharmacy access. Additional relevant access framewicekgqod deserts) aralso

discussedFinally, Section 2.7describes the proposed pharmacy access logic model.

2.6.1 Soci al Determinants of Health
At the most fundamental level, htralnequalities are the result of differences in

socioeconomic conditions. There is no single and clear definition of social determinants of

health (SDH) and several conceptual moaedsedeveloped to understand the direct and

indirect mechanisms of thaiole in health inequalities. The United States Centers for Disease
Control(CDC)def i nes social determinants of health a
di stribution across popul ations e¥Simiarly,i vely d
the World Health OrganizatiofZWHO)d ef i nes soci al determinants o

in which people are born, grow, work, live, and age, and the wider set of forces and systems
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shaping the ¢ on'Whie several models ahcdefinifonsl of sbcald
determinants have been proposed, and differences among them exist, certain common elements
and pathways have emergé€8A narrative review of conceptual models revealed these common
indicators of socioeconomic status: classic (e.g. education, income, occupation),
fixed/demographic (e.g. genetics, sex/gender, ethnicity/race, age, body mass index, marital
status, religion), and proxy/complementary indicators (e.g. wealth and asset,iszsehold,

social capital and trust, social and familial support, access and utilization of health services,
health behaviors, cultural factors, place of residence, and s8fety3005,WHO established

The Commission on Social Determinants of Health (CSDH) to support investigating and
explaining the social factors that contribute to health inequitidsinequalities® They were

tasked with the development of an action oriented conceptual model to explain these factors and
how they influence disparity. Drawing from prior literature on squisiition and the

mechanisms of health inequality, two categories of social determinants were identified: structural
and intermediary determinants. These were further explained using the concepts of
socioeconomigolitical context and socioeconomic posititShThe socioeconomipolitical

context refers to a spectrum of societal factors that cannot be directly measured on an individual

l evel. More specifically, it includes a fAbroa

sci al systemo, including governance, public
social culture and valueshich cannot be quantified, yet powerfully influence patterns of social
stratification leading to differences in health opportunity. Socioecac position refers to

marked socioeconomic differences in access to material resources influenced by mutable and
immutable characteristice.g.,education, occupation, income, social class, ethnicity/race, and

gender) that can be stratified into thleeels €.9.,individual, household, and neighborhood)
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where each independently contribute to variances in exposure and outcomes. Structural
determinants reinforce this social stratifica
socioeconomic position within hierarchies of access to resources. In conjunction with systems
and processes embedded in the socioeconpaiitical process, these structural mechanisms can
be conceptualized as the social determinants of health ineg8itiestural effects on
intermediary determinants such as environmental conditions, biological, sociopsychological and
behavioral factors, and health systems, lead to differences in health and.f¥étfarbecause of
this dynamic and systematic approach thawthe O é&cenceptual model of social determinants
of health was chosen to inform this study. Noltyadoes the model describe independent social
determinants of health, but it does so in the context of social position. More specifically, this
conceptual model utilizes a framework developed by Diderichsen and Hallgvist, and later
modified by Diderichsen Evans, and Whitehead, in which th
heal t h ifiThiglater framéwprk emphasized the role that the distribution of power,
wealth, and risks, played in determining the pattern of social stratification, and consequently, in
stratifying healthIn developing a model for interpreting pharmacy accesstrengotential
effect on health outcomes, this component of social stratification is relevant, as evidenced by the
previous discussion on residential segregation that was largely the result of imposed systematic
discrimination based on race and class arggtuated by socioecononpolitical factors.

To my knowledge, the WHOOGs model of soci al
its entirety from an empirical or quantifiable perspective. However, each of the contained
elements has been studied extegly to answer specific research questions on the causes and
effects of individual indicators on specific health outcofig£°°Socio&onomic status is the

primary nonmedical factor to affect health status; socioeconomic status can be assessed by
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wealth and income, education, or occupation and employment. Currently, poverty in the U.S. is
not evenly distributed and income inequality thomes to expand. Income has been shown to be
a proximate indicator of access to resources, and while there is debate about the meaning of
income across age group®(,income has been shown to follow a curvilinear trajectory with
age and measures of ame at one point in time may fail to capture information about income
fluctuations), household income is still the single best indicator of material living staftf&fds
Employment and occupational class are strongly relateetéone and, consequently, to an
individual 6s ability to access materi al resou
guality care. It may also affect health through psychosocial processes of social networks or
work-based stressaf&® ?%“There are racial and ethnic disparities in which racial and ethnic
minorities are disproportionately represented among lower income groups or in which they are
more likely to be unemployed or underemploy®&This disparity has been directly linked to
lower educational attainment due to neighborhoods of concentrated p&¢&dyication is
another indicator frequently explored in health epidemiology research and can be measured as a
continuous or categorical variadf€ It is a strong determinant of employment and income, as
well as oneb6s ab ihlcarasysterh ar undeastandghe@attheedutatioe h e al t
message®” 2%8As such, educational attainment, along with income and employment, is linked
to differences in morbidity and mortality, particularly for racial and ethnic minafitfe€®: 20°
210 additional components of th@SDH model relevant to this study include transportation,
race/ethnicity, gender, and crime/violence.

A large systematic literature revealed that transportation is a major barrier to health care
access, especially for lower income and underinsured nsurgid population® Transportation

barriers to health care access leads to missed appointments, delayed medical care, delayed, or
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missed medication use, and poor management of chronic diseasé®$@eesral studies have
examined the relationship between transportation and medication use, identifying an inverse
relationship.Transportation barriers led to less medication refills, an inability to afford
medications, and admissions related to stoppiadication?': 2?0One study found that a high
percentage of diabetic ketoacidosis admissions were related to stopping insulin due to
transportation barrierd® Patients also reported that they would improve medication use with
less transportation barrief® 2*4Low-income and minority populations are more likely to utilize
Afactive transportationo; that is, they are mo
Despite this, lower income and minordggmmunities tend to have poorer infrastructure for these
modes of transportaticii® 2*°Consequently, these populations experience disparities in health
outcomes and tls, transportation access is a crucial element to consider when measuring
pharmacy access.

As previously discussed, race, ethnicity, and socioeconomic status are connected in a
mul tidi mensional way that i ndepe mrstdtesmorthéalth or i n
outcomeg® Discrimination systems, includirgystemic practices and biases result in
inequalities in resources, capacities, power, and opportunities across minority groups. These
manifest in stereotypes, prejudices, and discrimination that translate to differences in health
outcomes such as poor pioa health, poor mental health, and poor quality of'{ife?°0: 216. 217
Compounded discrimination experienced by oppr
expressi ons oassodiated witls ather detdmainantsaelated to disadvantaged
positions. However, race and ethnicity are social constmatbjological categoriesyherein
groups share cultural heritage and ancestry, and are shaped by systems of power and the

dominanceof one group over anothét” 218
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Like race and ethnicity, gender is a social construct that involves cultared{ed
conventions, rolesandbehaviors shaping relationships between women, men, and other
genderg!® Gender $ a fundamental basis for discrimination and women experience systematic
discrimination in access and use of health care, including preventative care, and other resources
leading to negative outcomes such as poorer mental health, decreased canceradvival,
increased mortality®”: 22224\Women are also more likely to received lower quality of health care
compared to meff>??’ This finding is futher compoundetbr women of coloF?® 22’"Most of
the literature devoted to pharmacy access and gender is focused oriacoessception,
another issue shaped by socioeconepaiitical context??® 22 Approximately 30% of women
experience access barriers when attempting to obtain contraception that lead to unintended
pregnancie$?® Contraceptioruseis lower among lowincome women imedically underserved
areas, often due to access related barfi€rs

Crime aml violence are another important social determinant of health that are the result of
the socialenvironment and psychosocial circumstarf€é¥iolence is considered a public health
issue and is one of the leading causes of death among peopl¢henage of 50Violence leads
to even more injuries than death and can have lasting physical, psychological, and social impacts
, though data quantifying this may be lacking due to underrepgffigtimate partner violence
can lead to poorer mental and physical health, especially among women, as well as premature
death. It also serves as a risk factor for certain conditions such as obesity, high blood pressure,
and asthma morbidi§??234 Crime and violence pose health risks and, consequently, may
increase demand for health services. Homicmi®inues to be a leading cause of death among
non-Hispanic BlackAmerican$® especially for nofHispanic Black Youth. Among Black youth

aged 15 to 19, it is the leading cause of ddainther, among the urban poor, there is a
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population of AfricarAmericans who ardisproportionatelyhysically disabled by crime and
violence?®® Crime and violence lead to periods of frequent and prolonged activation of stress
pathways that are believed to negatively impact health and health beRa#tré*eThey also
affect how populations seek out and use health®are

The CSDH framework is widely accepted for the purposes of health care research and has
been adopted in analyses of the impact of indicators on health outcomes. One study explored the
interdependence between socioeconomic sthfiestyles, and health in a single measure and
sought to compare the relative strength of different predictors of health greudusters) at
the individual level. Researchers used Discriminant Analysis (DA) to evaluate suitability of
classificatiodm and expl anatory power of several deter
health is simultaneously shaped by structural and intermediary social determinants of health that
were consistent with the CSDH framework. Through this process, they camthade
multidimensional models are useful in synthesizing effects of interrelated indicators, such as
those from the CSDH framework, in a complex measure that allows for comparisons across
groups. By combining cluster and discriminant analysis to ideatifi/validate a health gradient
into three main groups, they were able to integrate more complexity into their model compared
to traditional cause and effects relationsiiS\ recent study quantified social determinants of
health (SDOH) in the United States as multilevel dimensions usingseotenal Census
Bureau data at the census tract level. The resutingSDOH indicege.g., advantage, isolation,
opportunity, immigant cohesion and accessibilitypased on a collection of demographic
characteristics of vulnerable groupscial and neighborhood characteristics, housing and
transportation availability, and economic statusre used to estimate agdjusted mortality

rates in the city of Chicago. Findings indicated an association between all SDOH indices and
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pre-mature mortality after adjusting for violent crime and spatial struct&es (.63;
p<0.001)**° Giventhefindingsof these previous studieand the relatedness of social
determinant®f health in pharmacy access research, the C&B$hn appropriate framework by
which to develop a model of pharmacy access using a similar methodoégy further

explained inChapter 3

2.20Model s of Health Care Access and Utilizatio
Health care utilization is dependent on health care system structures and patient

characteristic$*® Several health care access frameworks have been constructed and modified

overthe years to describe patterns of utilization within developing or changing health care

landscapes. Frameworks evolved from a behavioral perspdativ@iidersen Model)to

focusing on barriers and health care utilizatiog. (Penchasky and Thomas),dccess of
personal health serviceise(,| nst i t ute of Medicinebs Access Moi
model s focused on the influence of contextual
physician behaviot Below is a discussion of health care access framewsed for the purpose

of this study.

Ander sends Behavior al Mo del

Andersend6s Behavioral Model is the most con
individual 6s access to health care and expl ai
predisposindactors(i.e., individual characteristics), enabling and impeding factioes, fiealth
insurance, income, distance to a provider), and need faceorbéalth status, health
conditions)**®Ander senso6s Behavioral Modeltoekplmima been u
health care use andasmodified and refined to distinguish between potential accesaugual

source of care) and realized access,actual use of services and patient satisfacfiofi§?*? It
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was alsadapted to explain health care use among vulnerable populations such as homeless,
immigrants, racial miarities, or rural populatior® ***These refined or expanded models have
added complexity through the addition of environmental factors, specific health behaviors or
health outcomes, health status and Melhg, efficiency of health care systems, effectiveness of
treatment, and equif#* Some refined models alsodorporated variables at the neighborhood or
community level that may affect health care access antfuse

The Andersen Behavioral Model has also been applied to pharmacy utilization research. A
version of the model végaadapted to measure pharmacy utilization within a group of community
pharmacies in Wisconsin. This version sought to determine time spent with the pharmacist and
the amount of information received by the patients depending on predisposing (age, gender),
enabling (distractions, business of the pharmacy), and need factors (English proficiency, mobility
of the patient, type of prescription, and number of patient questti@)e model has also been
used or modified to investigate factors associated with multiple pharmacy use perceived barriers
obtaining prescriptiort§® 2*and help seeking from community pharmad@ghe modelwas
applied in an investigatioof potential and revealed geographic pharmacy access to fill
prescription opioids. However, this study did not account for individual characteristics such as
race and ethnicity, income, health insurance status or dtflersThe behavioral model is
multilevel,incorporating both individual and contextual determinants of health care use. One
iteration of the model emphasizes that access tocearbe improved by focusing on both these
contextual and individual determinasité Contextual determinants refer to provider and health
system related factors and community characteristics that are measured as an aggcegage,
local communities, metropolitan statistical areas, provider institutions, or health plans.

Individuals are related to the aggregate via their membership or residence. These contextual and
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individual determinants of health care use are divideddars#ime way as the original Andersen
Behavioral Model: predisposing, enabling, and need characteristics. Predisposing contextual
characteristics include demographics (age, gender, and marital status composition of the
community), social characteristics (tha@pportive or detrimental nature of the community), and
beliefs (cultural norms, community values, or political perspectives on the organization or
financing or health services in the community). Enabling contextual characteristics include
health policiegpublic policies at the local to national leyrtainingto health) financial
characteristics (per capita community income, wealth, or resources available to gayife3,
andorganization (amount and distribution of health services or persomsé¢heir structure to

offer services). Contextual need characteristics include environmental need (bleddtth
measures of the physical environmeamjipopulation health indices (general or condition
specific rates of morbidity and mortalityjheycaninfluence health behaviors and outcomes via
individual characteristics or influence them directly. One example of the latter is when the
presence of community health clinics in metropolitan statistical areas leads to increased
utilization by lowerincomeindividuals regardless of their personal characteridtics
Predisposing individual characteristics include demographics (age and gender), social factors
(education, occupation, and ethnicity, or expanded measures suckabeet@ork or social
interaction), and health beliefs (attitudes, values, and knowledge of health and health services).
Enabling individual characteristics include financing of health services (income and wealth of
the patient and price of health carettoe patientand theorganization of health services

(regular source of care and the type of care, means of transportation, travel time, and waiting

time). Individual need characteristics include perceived needréetl health status or
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perceptionofli| ness) and evaluated need (objective m
care)?4®

Another domain of the Behavioral Model by Andersen and David€aii)2re health
behaviors which is divided infoersonahealth practices (nutrition, exercise, sedfe,
adherence, alcohol or tobacco use, and stress reduction), the process of medical care (behavior of
the providers at the providgatient interaction including counseling, education, quality of
communicationprescribing patterns, or test ordering), and use of personal health services
(measures of health service use that may be condition specific). Although this latter component
may be a specific measure that could be more informative, the authors ackmredihedglobal
measures of healtle.q.,number of physician visits, salted health) are comprehensive
indicators that could be used to evaluate policy changes over time and still have théi’merit
The focus of this model remains on health behaviors of individuals and the influence on health
outcomes and satisfaction with services. The ultimate portion of the model is described as
outcomes divided into perceived health statug.(symptoms of illness, disability, or seHited
health), evaluated health status (tests of function, diagnosgasis, etc.), and consumer
satisfaction €.g.,patient ratings of travel time, communication with providers, or technical care
they receivej®>°

The Anderson and Davidson version of the Behavioral Madskubsequently expanded
and applied to loweincome adults in large urban communifi&s2Davidson et. al. (2004),
designed a framework focusing on the contextual determinants influencing access to health care
presentinga wider range of communigvel variables and empirical sources for constructing
these variables. The framework also differentldtetween communitjevd variables for low

income insured and uninsured populatiandsuggestd how public policy and financing
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variables affect health care delivery leading to different levels of att&dss framework has

three broad domains with related sidimains:(1) individual characteristics(2) community

level varidbles and(3) health care access and outcomieslividual characteristics are

categorized in the same way as the original Andersen Behavioral Model (predisposing, enabling,
need factors) and include well documented predictors of access. ComiBualtyaiables

include the structure of health care markets and services within a geographic area, the
characteristics of the loomcome and safetget populations within these areas, and the health

policies supporting the provision of services to these poputatibAn abundance of literature

shows that predispogy characteristics leads to decreased access in medical care among those

who are unemployett?immigrants who speak a different language than their providers

individuals with lower educational attainmgrgeople with certain health beliefs and ethnic

minority groups’>* Underutilization of health care has been associated with enabling

characteristics such as a lower household income, no usual sources ofcciek an health

insurance coverag®?®’ Individuals of a lower socioeconomic status are also less likely to

receive effective and timely care because of reduced a3éd@ss construct of individual
predictors of access from the original Anders
validated over several ye&®: 2>’ Empirical evidence shows an estimated 2% of variance in

access is explained by these individual characteristics, considering-ealaésd characteristics

of the populatiort®! The model has also been applied across numerous populations and

regions®*° Building on this previous popation-based research, Davidson et. al. expanded their

mo d e | to include community determinants of ac
and public environmento. The framework also s

measure charagistics of an uninsured or underinsured populati@n, §afetynet population),
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public policy support for the uninsured/underinsured oriloeome populations, and the
structure of health care markets and services serving these popufiititms safetynet
population is comprised of uninsured individual, Medicaid beneficiaries, and vulnerable
populations. Vulnerable populations represent economically disadvantaged people whose
sociodemographic and health characteristics increase their riskdtih care need. Examples
include elderly, disabled, loomcome children, mentally ill, substance abusers, and homeless.
Geographic variations in the ability of safetgt populations to obtain health insurance coverage
and medical care has been docutedf® As previously discussed Bection 2.3here are also
access disparities related to race and ethrfieity

Size and characteristics of these safedy populations geograpailly vary and could
affect health care access and outcomes. Given that-sefiepppulations may exhibit higher
need for medical care often exacerbated by inadequate care to begin with, large groups of safety
net populations residing in a geographic aneg compete for resources that are already strained
and lack financial support necessary to sustain their cagati$?This geographic variation in
access for lowemcome or vulnerable populations has been shown to extend to community
pharmacyaccess® ?°More importantly, changes in reimbursement rates for prescriptions under
Medicare Part D and Medicaiihcreases in reimburseent rates by private thiparty
prescription programs, aradhigher prevalence of belegost reimbursements has led to
pharmacy closures in these higher need areas, especially among independent ptfatiiacies

Davidson et. al. (2004) state that comityitevel variables can be used to estimate the
magnitude of safetpet subgroups expressed as percentage of the total population within the
geographic area of intereSt Examples of community level safetyet variables included in the

modelare percent on Medicaid, percent loweome that are employed andinsured, percent
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low-income that are nealderly and uninsured, percent of femhkaded households, percent
immigrant noncitizen status, and percent homeless. Support for-saf@ypulations also varies
by community and is influenced by local, staed federal policy. Medicaid eligibility and
payment levels influence access to medical for these communities. Further, public,-and non
profit hospital and community health centers use Medicaid and Medicare payments to cover
beneficiaries and subsidizeecompensated care for these vulnerable gréifpgdthough the
Affordable Care Act (ACA) led tdecreases in uncompensated care burdens in states that opted
for Medicaid expansion, the financial viability of safetgt health systems may still be at risk
due to the elimination of the individual mandate penalty beginning in.263% The Davidson

et. al. (2004) framework suggests including a domain of safstgupport that can be measured
via per capita expelitdres, payment rates for disproportionate share hospitals (DSH), or the
extent of charity care in the geographic area. However, thissdetanly available dhe state
county, or municipalevel, whichdoes noprovide the level of granularity for thmirposes of

this research.

Another important domain representing community determinants of access include the
health care market. Davidson et. al. (2004) suggest variables such as physician supply, number of
hospital beds per capita, Medicaid and Medicaanaged care penetration, and health
maintenance organization (HMO) penetration and competition. Similarly, services that the health
care market supplies to safetgt populationssuch as volume of services, percent of outpatient
department visits withi teaching or public hospitals, or number of federally qualified health
centers per capita for leimcome populationsare important communitievel variables. These

domainswereapplied tathis research opharmacy access research ametranslated as
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number of community pharmacies in a given apsarmacyto-population ratios, and weekly
operating hours.

The | ast component of the Davidson et. al
health care access and outcomes. Each of the previouslibddstomains lead to differences in
potential or realized access and, consequently, health outcomes. Indicators of potential access
may be represented by health insurance coverage or having a usual source of care. Realized
access may be represented byatieial utilization of health care services, including physician
visits, hospital admissions, or filling of prescriptions. Effective and efficient access can be
measured several ways depending on the research question. Some examples include hospital use
rates for ambulatory care sensitive conditions, preventable hospitalization or relative risk, or
hospital use rates for higisk conditions?®' A study by Brown et. al., (2004) measured the
adjusted effects of community and individievel factors as suggested by the Davidson et. al.
modi fied Andersonds Behavioral M-mcbed adultsiin ac c e s
large urban communite s. Thi s study investigated whet her
dependent on safetyet services had an effect on the potential or realized access of lower
income adults, how that dependence varied by health insurance status, and whether a larger
supply of safetynet health services generated better potential or realized access for the study
population. They also examined whether greater support for safeservices or greater
penetration and competit i oVariale$ incbrpb@iedsintdtreid t o i
evaluation and taken from Ander senodseghlgehavi or
gender, race, ethnicity, educational attainment, marital status, and recent immigrant), enabling
factors €.g.,household income, héh insurance coverage, usual source of care), and perceived

need €.g.,selfrated health status). They obtained these data from the National Health Interview
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Survey (NHIS) and used the metropolitan statistical area (MSA) as their geographic unit.
Commurity-level factors included lovincome population support (measured by the index of
Medicaid generosity), safetyet services, and support for safagt servicesd.g.,grant funding
and Medicaid payments). They also included the health care market doreasyring the
supply of physicians as the number of fiederally employed medical doctors providing patient
care per 1,000 population and the level of HMO market penetration and competition. They
determined the most important commuryel factors usig hierarchical logistic regression,
which revealed that the health care safety net had a significant effect on realized, but not
potential, access. Low@ncome residents also reported higher rates of having a usual source of
care i n ar e assMedichicdprogrant gaid pravitdeastmeré and in areas where there is
greater HMO penetration. Findings also showed that both uninsured and insured adults living in
areas with a larger proportion of lowiecome individuals, especially uninsured ones, wese le
likely to have a usual source of care. Among communities of color, researchers found that
insurance status played a key role in having a usual source of care. More specifically, insured
people of color were more likely than rbatino whites to identifya usual source of care;
however, Latinos were worse off in areas with a higheritmame population and in areas with
high HMO penetration. Researchers concluded that among communities studieehetafetay
have been developed to meet the needs aferdrated communities of color. Yet, this study did
not include any indicators of segregation in their anaf/sis

Several other studies have applied the Davidson et. al. framework to investigate health care
acces<%8 269 Using preventable hospitalizations as an indicator, Begley et. al. showed that there
was limited access in certain regions of Texas considering predisposing, enabling, and need

variables such as sociodemographics, health insurance coverage, and #taess6f A
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retrospective study applied the framework tamine the association between the local safety
net infrastructure and preventable hospitalizations accounting for demographics, household
income, health insurance status. Safety characteristics included the presence of public
hospitals, teaching hosplis, and clinics® 2%°Additional studies have applied the framework in
investigations on mental health treatment for ydlitindthe experience of racial and ethnic

minorities receiving behavioral healtharsafetynet setting during health insurance refdr

272,273 2010, An examination of safety net care utilization by race, ethnicity, and nativity status, 274, 275 2012, bdycanthuaregiver

factors influence hospiagse at the end of life among older adults with Alzheimer dise@ﬁ?e study used multilevel Iogistic

regression to assess the effect of individual and neighborhood characteristics on mental health
service use finding that neighborhoods of lower socioecononticsdtad decreased health

service use while residential stability increased used. Approximately 13% of the variance in
mental health service utilization was at the neighborhood.fé¥Bspite these numerous
applications, the framework has not been validated outside of specific populations. Rather,
safetynet population characteristics have been measured and analyzed using multivariate models
to answer specific research questions. &sidkamining public policy support variables have

been descriptive in nature with minimal multivariate studies to validate finéfihgarther, there

is limited research on the effect of levels of pharmacy access on health outcomes. However, this
limited research suggests that these measurable health estoway vary based on an
individual 6s potenti al 8&Y™realized access to

Ot her Model s of Access

The meaning of RAaccesso in the health care
There are few direct definitions in health services research and no standard definition exists.
Historically, researchers have equated access with health insucsecage or having an

adequate supply of health care providers in their community. However, empirical evidence
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shows that having health insurance coverage or an abundance of health care providers in the
community does not guarantee that people who havecaledieds will use medical servicés

Access has been conceptualized in several ways and is often used to describe characteristics or
factors affecting entry into the health care system or health care system utilization. However,
there is debate about whether the definition of access should €mgtie processes of health

care or characteristics of providers; some authors view access as an attribute of health services
that can be achieved by those needing care while others recognize that characteristics of health
care users, health care provileand health care resources (or lack thereof) may all be mediating
factors between access and.t/ée?’®Some view access as a function of both supply and demand

of health care servicé$’, while others see access as the fit between characteristics of providers

or health services and the characteristics or expectations of consamgepatientsy Still,

others view access as a function of the characteristics of the populagibis; they define

access as the ability of the population to seek out and obtaifft&mne conceptualizations of

health care access highlighted the relationship between access and utilization and the influence
ofhealthcaree s our ce characteristics .6n®FBeabdrali dual so
access frameworks consist of disaggregated dimensions of access, such as financial accessibility,
physical accessibility, resource availability, adequacy of services, quality of care, cultural
acceptability, or geographic accessibifity This deconstruction of frameworks allows for more
operational measures via the study of specific determinants of access, but access measurement is
complex and influenced kseveral factors, including those on a macro level, governmental

policies). Comprehensive views on access should consider structural, individual, and process

factors and two such models pertinent to this research are describéd here
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One comprehensive framework of access is the Institute of Medi€M) (Vodel for
Monitoring Access which defined access as #Ath
the best possi PFThehe®Mb6bh bdMotHebmeed Monitoring
equal importance of actual use of health services and subsequent health outcomes to determine
whether access has been achieved. In this framework, equity is determined by identifying
systematic diffeneces in utilization and outcomes between groups because of barriers.

Importantly, the committee emphasized moving beyond standard indicators of access such as
number of providers, number of uninsured, or the number of pgtieatder encounters to

identify access barrief® A point of interestn this framework is the participation in the personal
health care system. More specifically, access issues are the result of barriers that lead to underuse
of health care services and poor health outcomes. The IOM committee sought to identify,
guantify, aml relate these aspects of the moedj (barriers, utilization, and outcomes) pointing

to access problems among individuals or groups. Like other access models, barriers to access
may be structurake(g.,availability, organization, transportation), fir@al (e.g.,insurance

coverage, levels of reimbursement, public support), or persexgalacceptability, cultural,

language, attitudes, educational attainment, income). Some utilization indicators include
frequency of visits to providers and use of mabprocedures. The model also includes

mediators, which must be considered in selecting indicators or drawing conclusions about access.
Examples of mediators may be appropriateness of the medical care or treatment received, quality
of care, or patient drence to treatment. The IOM committee suggests that utilization rates

alone may be problematic in evaluating equity of access and state that outcome measures should
be selected carefully based on specific measures such as death rates, incidence pbdiseas

conditions requiring hospitalization that may indirectly provide information about barrier to
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health care access. These outcome measures can be broadly thought of as headtly status (
mortality, morbidity, wellbeing, functioning) or equity of saces. Overall, types of barriers are
highly interrelated and are part of a complex process of health care seeking and attaining good
health outcomes from obtained care and should be thought of in the context of measures of
equity €.9.,financial, structwal, and personal/cultural factofurther, the IOM committee
acknowledges that indicators are subject to the changing health care environment and
recommend that future indicators, such as prescription drug access, be incorporated into
subsequent modelseaanalyses of health care accé&ss

Another comprehensive framework developed by Khan and Bhardwaj (1994) expands on
concepts from several previous models, including Aday and Andersen (1974), Penchasky and
Thomas (1981), Lewis (1977), Donabedian (1972), and Joseph and Phillips (1984), toanclude
typology of access comprised of dichotomized categories enabling researchers to differentiate
between (I) potential spatial/geographic access, (Il) potential aspatial/social access, (lll) realized
spatial/geographical access, and (IV) realized aspsat@dl access. The importance of this
conceptual model is the distinction between spatial (or geographic) and aspatial (or social) access
where spatial access refers to space or distance barriers/facilitators and aspatial access refers to
nontgeographic baiers/facilitators €.g.,economic, social, cultural, or political) that may still
have a geographic expression or spatial pattern of social Zétkgse simply, spatial
accessibility refers to where one is while aspatial (also referred to apatal) accessibility
refers to who one €. Additional domains of the model include characteristics of the health care
system €.g.,number, volume/size, distribution/location, organization, price, quality,
preferences/prejudices), characteristics of potentiakuse.,number, distribution/location,

need for service, ability to obtain service, demand, preferences/prejudices, attitudes/values).
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Potential and realized access, mediated by barriers or facilitators of access including both spatial
and aspatial, leadto present access.g.,the degree or level of access, the spatial pattern, the
aspatial pattern) that is deemed inadequate or adequate to guide future imprav@ewszatl,
this conceptual model was created to guide spatial planning processes &begameore
equitable distribution of health care service systéths

Drawing from previous literature on models of access, especially from the two
comprehensive models of access described by Khan & ®apehd the 10M, this study
incorporate factors previously defined as important indicators of access across studies including
structural, individual, and process indicators. Although mentioned as a future indicator of access
in the IOM modelnd describedsi access to prescription drugso,
previously defined or specifically incorporated into these models. To conceptualize access using
a more widely accepted definition, recent research has applied the definition of foodtdeserts
pharmacy access. The concept of food deserts is described below.

Food Deserts.

The term Afood deserto is believed to origi
to describe poor access to health and affordable f6o@d8 284t was first used in official
capacity as part of the Low Income Project Team of the UK's Nutrition Task F&rStudies of
food deserts have investigated the differences in accessibility to healthy and affordable food
options between communities or populations. A systematic review of multiple countries showed
disparities in food access. In 18 studies of food degethe U.S., research showed that
geographic areas underserved by food retailers had a high proportion of Afneican or
low-income residents. More specifically, there were fewer supermarkets or chain stores selling
food items per capita in thesesas. In addition, 3 studies showed that Afridéamericans and

low-income residents had to travel a farther distance to supermarkets. In studies of selling space,
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research showed that there was less selling space in supermarketsnicolme areas relative
middle-income areas. One study also found a higher percentage of convenience stores among
areas of lonincome and AfricarAmerican population$® Another systematic review conducted
within the U.S. found racial and ethnic disparities in food access such as fewer supermarkets in
predominately Black neighborhoods relative to White neighborhoods, 52% less accessibility of
supermarkets among Black neighborhoods after controlling for incomehanimpoverished
African-American neighborhoods were on average 1.1 mile farther from a supermarket relative
to impoverished White neighborhootf$

There are varying definitions of fAfood dese
defined aswifituhr blalh carr efasswer stores and o store
and as fApoor urban areas where r®6thedents cann
definitions have varied based on urban or rural designation, financial barriers to access such as
price of foa or cost of transportation, distances to the nearest food stores, types of foods
available, and access to nutritional fo88s?672°° The U.S. Farm Bill of 2008 defined food
deserts as fA[lareas] with |imited access to af
composed of predominantly lower income neighborldos and c¢ 8°hTieuUSDA | e s O
Economic Research Service was tasked with developing a definition for food deserts and created
the USDA Food Locator in 2009? In addition, the Food Access Research Atlas was created to
map food access indicators by census tracts using 0.5 mile and 1 mile distances to the nearest
supermarket for urban areas. Vehicle alallty is also mapped accordingly. These thresholds
were based on 2000 Census Data using the Socioeconomic Data and Applications Center
(SEDAC) grid data. These data are at the block group level, allocated to blocks and then

allocated aerially to 1 squakdometer grids across the U.S. This allowed for improved estimates
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of household and resident location in larger areas (such as census tracts) and transforms irregular
shapes and sizes of census geographies into regular grid cells allowing for fasteasglysis

at the national levéf Based on median distances to the nearest supermarkets calculated for the
nation, across various subpopulations, the grid measure of distance was categorized-jnto high
medium, and lowaccess for walking and driving distances. For walkability, levetsoéss

were defined as follows:1) loaccess: more than a mile away from a supermarket, 2) medium
access: between 0.5 and 1 mile from a supermarket, and 3) high access: a supermarket is within
0.5 miles* It was these thresholds thaichene the focal point for the Food Access Locator in

which the USDA formally defined food deserts. Further, research using this definition and data
found that 2.2% of the U.S. population lives more than a mile from a supermarket and does not
own a vehicleAdditional findings showed that over 20 million people (~8% of the population)
lived in low-income areas that were more than a mile from a supermarket. Within urban areas
specifically, 10 million people (~20% of the population) resided more than a miteafro
supermarket. Further, data on travel times and travel modes found that residentshoblfoe

areas spend more time traveling to a supermarket compared to the national average (19.5 minutes
vs. 15 minutes, respectively). Additional findings revealgdiBcant disparities in travel

distances and travel times among minority populations. The USDA Economic Research Service
was tasked with assessing the extend of limited access to affordable and nutritious food by
identifying the characteristics as well the cause and effects of limited access on local
populations. Given conflicting evidence on differential access to supermarkets ameng low
income, minority, or racially mixed neighborhoods and its effect on health disparities, part of the
assessment exan@d the interaction of neighborhood and household characteristics in explaining

limited access ared$ 2°%2% Through multiple discriminant analysis, researchers were able to
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posit that low, medium, and high food access could be predicted by factors such as roadway
connectivity and complexity, the index of disadtzge, and the percent of the population who
were 65 years of age or older. Most importantly, these findings indicated that food access is
associated with factors other than proximity as well as the interaction of these factors. It also
supported the hypbésis that segregation by race and income are also associated with limited
accesg?

2.7 Pharmacy Access Model

Research on ndpsthharn macwpdeasert ¢ fi ndi ngs of
specifically, Qato et. al. recognized the significant role that neighborhood segregation may play
on access to other sergithat could impacthealthUs i ng t he USDA definitic
deserto, researchers found that segregated mi
communitieswere more likely to encounter barriers to pharmacy access. They concluded that
pharmacy accessibility may be more associated with race, rather than #icome

Theuseofie USDA definition of Afood desertso h
access research nor have the interactions between factors associated with pharmacy accessibility
been examinedubstantially usinguantitativemethods The current definition ofdfod deserts in
the U.S. has also been criticized by stakeholders in larger urbarf4@&gials have claimed
that the food desert identification does not account for differences in urban density of
neighborhoodsi.g., high density versus low density) or car ownershi,fesidents in high
density areas may not have vehicles). Urbaasaneay also have additional factors that could
contribute to access barriers for other services such as health care. Research indicates that
differences in measures of food deserts can lead to differences in their categdiiZafioese
limitations may affect their applicability to definitions of pharmacy deserts, particularly in urban

settings. Thus, using the methodMidltiple Discriminant Analysis (MDA)reviously used in
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food desert research and incorporating additional acetsted factors into the analysis that

affect urban populations, this dissertation sought to better define pharmacy access in urban areas
not only through a qualitative examination of the pharmacy landscape but through the
guantitative construction of@nceptual model of pharmacy access levels.

2.7.1 Pharmacy Access Designations
In the absence of a formal pharmacy access designation, thetersgeneity in how

pharmacy access is defined across the literauierresearcth as def i ne de saeriitpchar m
as an area that was both low access (>33% of its population lived more thamdehalim a

phar macy or >33% of a fAl ow vehicindefracacess o co
pharmacy) and | ow i ncome ( O2 Ob#lovottie fedezabpovereynt s h
line or a median household income that did not exceed 80% of the median household income for

the city of Chicaga}® 8°This definition hasnot beervalidated in urban centers. Bissonette et. al.

(2016) classified pharmacy density into natural &st{low, medium, high-density) based on

pharmacy operating hourShese method of classifying pharmacy density was basadtualy

exploring obesogenic food environments and the association between socioeconomic factors and
fastfood outlet access in wdh the number of fadbod outlets in each neighborhoags

divided into access categories based on tertile®8ptdther studies classified pharmacy density

as number of pharmacies per 10,000 resicf@nt$ 3and the number of pharmacies per 1,000
resident$l. Some studies quantified pharmacy density at the census block, ZIRcoodenty

levels. One study calculated the Proportion of Pharmacy Deserts (PPD) defined as the number of
census tracts identified as pharmacy deserts in the county divided by the total number of census
tracts in the count§® To date, there is no uniform method of defining or quantifying pharmacy

deserts.
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One approacto quantifying health care accesshs twastep floating catchment area
(2SFCA) proposed by Luo & Wart§® It wasappliedto pharmacy accessibiliiy an
investigationof interactions between geography and iadgaton Rouge, Louisiarfd This
method accounts for both supply and demand in accessibility measures based on the idea of
scarcity of a resource or serviée?*°Prior to thedevelopmenbf this methodology,
examinations of health care accessibility employed the economically baseddemplnd ratio,
as evidenin the US Department of Health and Human Services physigipopulation ratio to
define shortage areas at specific threshdlse major limitaton to using a simple supply
demand ratio is that it does not reveal any spatial variations within the areal unit of interest, nor
does it acknowledge the supglgmand interactions across administrative borders (such as a ZIP
code or census tract boundaryhe 2SFCA overcomes these limitations by computing a supply
demand ratio Rj within a catchment area around a service facility to measure its availability (in
the case of this research, a pharma¢iRram et. al. (2015) used the following 2SFCA model to
assess how a pharmacyos icr oivednadberefsesidents)s af f e
within the catchrant area. The availability of pharmacies within the catchment area also
contributes to the demand | ocationds accessib
based on the research of Luo & Wang (20@8)nputed aaccessibility value (A) where a
larger the value of Ai represemtbetter accessibility at that location. The accessibility scores
represent weighted average score that is the ratio of the total number of pharmacies and the
total population in the study areiae(, census tract or ceus block). These numbers can be
inflated for better interpretation through multiplication of values by 10,000 that is then
interpreted as the number of pharmacies per 10,000 resatehts pharmacies per capfta®®®

Of note, travel time in this formula is dichotomized as a threshold vehglh@rmacy location is
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either accessible or inaccessibiéThere is much debate abdhe appropriate thresholds to

utilize in a spatial accessibility analysis and previous literakgemmends: travel time of 30

minutes for primary road conditions, which is the same threshold used for the HPSA designation
and the most common thresholadsacross the literatu?e?®® **%Multiple time thresholds were
assessed in the analysis of pharmacy deserts in Baton Rouge, Louisiana and researchers
determined that 15 minutes may be an appropriate threshold for the stuf/Gikem the likely
differences between this study area and the study areas of this reseaichi¢ago and Detroit
metropolitan aregsmultiple thresholds across s tractsvere assessettentifying a specific
threshold allows for the examination of the spatial variation of pharmacy accessibility.
Additionally, within the GIS platform, it is possible to employ accessibility classes based on
natural breaks in Arc@ (breakpoints between classes that uses a statistical formula minimizing
the sum of variance within each of the classes). These class groupings based on accessibility
werethe basis for the distinct levels of pharmacy access incorporated into the multiple
discriminant analysis model in Specific Aim 2. A more thorough explanation of the application

of the 2SFCA methodology in this research, including the use of an enhanced method to account
for travel distance decay, éxplained inChapter 3.

2.7.2 Construct Overview
Thus far, Chapter 2 described several variables that can contribute to differences in health

care access, including the impact of racial and ethnic segregation on pharmacy access. Across the
literature on pharmacgccess specifically, the impact of these factors has been described
individually or in various combinations. Factors examined include travel times, hours of

operation, distance to a pharmacy, neighborhood racial/ethnic composition, drug costs, previous
experiences of crime, dissimilarity indices, type of pharmacy, services provided, and the

socioeconomic context of the pharmacy location. In measures of proximity, some literature relied
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on the existing definition of a food desert then applied to pharmaegscdespite the criticisms
of the usefulness of this definition in urban areas. Currently, no validated definition of a
Aphar macy deserto exists and this can |l ead to
significant implications for stakeholder

This researckoughtto define the constructf pharmacy access and characteloxe
pharmacy accessé.,.iphar macy deserto) through the analy
Discriminant Analysis (MDA), which has been applied previously in the construction of the food
desert definition used by the USDIA. Multiple Discriminant Analysis (MDA), a latent variable
is formed by the linear combination of a qualitative dependent variablgharmacy access).
The objective of discriminant analysis is to test if the group classifications in the variable (Y)
depend on at least one of the independent variablea&re smply, the purpose is to obtain an
overall model that can predict a single qualitative variable from one or more independent
variables. In the study of food deserts, Mi¥As applied to examine the interaction between
neighborhood characteristitsexplairing areas of limited access to a food desert. Elements
believed to be relevant to classifying food deserts as lme&dium, and highaccess were
incorporated into the model first through the selection by experts and then through univariate
analysesSimilarly, in this research of pharmacy access, important variables revealed to have an
impact on pharmacy access through a comprehensive literature review were incorporated into the
model. The levels of pharmacy access were decided a priori based on resatsrdfanced
2SFCA analysis performed Bpecific Aim 1 Through geographic information system (GIS)
methods and MDA, the construct of pharmacy access was categorized. The pharmacy landscape
was described inthecantx t of fAphar macy desertso,Theor ar eas

MDA equation and discriminant functions are further describéthiampter 3
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2.7.3 Variable Selection
Popul ation and Community Level Variabl es

Population and comunity level continuous variables that are known to indicate disparity
or vulnerabilitywereassessed in this research based on prior examinations in health care and
pharmacy access literatui2rawing from conceptual models of the social determinantgaitiin
and various models of health care access and utilization, independent vaviexieldsrived
from the analysis of the pharmacy landscape (i.e. travel times, distance, phtotpapuylation
ratios), the American Community SurvépCS) 5-year estimates from 2042D18, community
indices gathered from the US Census Bureau, WalkScdie&Eviction Labevictionrates and
crime indices calculated from Uniform Crime Reporting (UCR) statistics.

Thirty-severvariables from thé\CS previouslyrecognized as related to health care access
and health outcomes were selected a priori based on a survey of literature and included in seven
domains of neighborhood social condition and socioeconomic disadvantage: vulnerability,
socioeconomic position, ea/ethnicity, social classulture residential stability, and
transportation.

Measures of residential segregation obtained fr@&Census Bureau Dateerealsoused
in a description of the pharmacy landscape relative to community demograpgtess veables
are based on the work of Massey and Denton (1988) which identified 20 different indices of
segregation and classified them into 5 dimensions (measures of evenness, measures of exposure,
measures of concentration, measures of centralization, arstires®f clustering) through
extensive literature review and cluster analy8&Selected indiced.€., Isolation Index and
Segregationndex) from domains of measures of evenness and exposveeescribed based
onprecedent in the literature, including studies demonstrating these indices may have an impact

on health care acce¥¥3% While theSegregatiorindex is concerned with the distribution of
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majority and minority populations acrogeographic aregslefined as the pportion of a racial

group that would need to move to anotb@mparable unit of arda be evenly distributgdthe
Isolation Index ¢omputed as theinority-weighted average of the minority proportion in each
area where lower values of interaction anghler values of isolation indicate higher segregation)
has been shown to be more correlated with socioeconomic resources in minority poptifations
Theseindices were found to have a significant impact on food access and were included in a
multiple discriminant analysis model of the food access land$é#&peadditional index known

as the Ginindex ofSegregation, a standard measure of income inequaity ,alsancluded as

an independent variabt€® It has been used extensivétystudies focusing on income

distribution as a social determinant of heaMStudies have shown that income distribution, as
measured by the Gini coefficient, were predictive of life expectancy at’$ittha study across
several countries, income inequality was shown to be correlated with overall life expgétancy
More recently, the Gini Index of Segregation has been incorporated into health care access
models includinghose measuring spatial accessibiftyOnedemonstratethat a subset of the
population of Ohio hdtunmet health care needs that increased linearly with county level income
inequality®! Like the Index ofisolation and th&egregationndex, the Gini Index of
Segregationvasincluded as a variable in multiple discriminant analysis models of food access
researci? It is represented by a value from 0 to 1 where 0 indicates complete yquatiss

race and 1 indicates complete inequality across race. A higher Gini Index value of the study area
indicates a more unequal distribution of income among racial groups whereas a lower value
indicates that income is distributed more equally acrasalrgroups. Any score above 0.5
indicates that income is distributed unequally and is, thus, a barrier to pharmacy access. For these

many reasons, wasincluded as an informative independent variable in this study. Together,
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these three indicagpresehdomains of race/ethnicity and socioeconomic position in the
conceptual model of pharmacy access.

The walkability of a census trastasdescribed by th&valk Score®, which is gpatented
index on a 0 to 100 scale where higher scores indicate more watieddptdorhoodsand lower

scores indicate less walkable neighborhoddsiore specific description is providedkigure

2.
Walk Score®
70i 89 Very Walkable
Most errands can be accomplished on foot.
50i 69 Somewhat Walkable

Some errands can be accomplished on foot.

Figure 2 Description of walkability variable

Relativecrime riskwithin study areasvas also included in this researdthiswas
describedvith a calculated crime indexsing the same reporting categories as the Federal
Bureau of Investigation (FBI) Uniform Crime Rep¢etg.,personal and property crinjes
Included in these data are seven major crime types: murder, robbery, rape, assault, burglary,
theft, and motor vehicle theft. Crime is a waticumented determinant of health anay affect
health access and health artes The impact of historical and structural racism has led to
increased crime rates, including firearm assawltéch may be concentrated in minority
communities*® Poor neighborhood safety has also been associated with low potential access to

health care facilities, including pharmacies. In fact, the mere perceptiow neighborhood
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safety by residents led to decreased actessother study found that areashigher crime risk
also have less available pharmacy servit&iven this prior literature, thcrime risk of a
neighborhood may be a crucial factor in levels of pharmacy access andvabumluded as an
independent variable in the multiple discriminant analysis model of pharmacy.access

Eviction rates (reported as a percentages) were obtioracEviction Lab. These data
capture formal evictions for which there are court proceedigsrates calculatedy the
number of evictions divided by the number of occupied renting households in each area.
Importantly, duplicate cases were imatluded in the data and data were validated against local
reports of eviction rates showing high validfity

Pharmacy Landscape Variabl es

Several variables related to spatial access of healtthaaesbeen identified in the
literature The btal number of pharmacies divided by total populaponovi ded a fper
description of the pharmacy landscape, or pharr@@ppulation ratio. Theninimum distance
from census tract populatiameighted catroid to a pharmacgllows for comparisons in
distances to a pharmacy across census tracts whimitiraum travel time from census tract
populationweighted centroid to a pharmaalows for comparisons in travel times to a
pharmacy across census tracts

Population and community estimates at the census tract level allowed for a manageable
analysis of the population and community context within the pharmacy access landscape. A full

population and community variable map is availabl€able 2.
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2. 7. 4

Domain

Var i
Data Label

abl e

Table 2 Study Independent Variable Map

Ma p

Variable Description

Data Source/ Table

Literature Citations

Identifier
POP_TOTAL Total Population ACS 5year
Estimates
B01003
Culture
CRIME_INDEX | Total Crime Index The Federal Bureau| 3
of Investigation
(FBI) Uniform
Crime Report
ENGLIMITED Percentage of population 5 years and over | ACS 5year 313316
speaking a language other tHamglish at home| Estimates
that speak English |
DP02
IN_SCHOOL Percentage of population 3 years and over | ACS 5year il Sk
enroled in Kindergarten to 12th grade Estimates
S1401
IMMIGRANT Percentage of population that is not a U.S. bd ACS 5year 813,318
citizen Estimates
B05002
MEDIAN_AGE | Median age of total population in years ACS 5year 2y
Estimates
DPO05
NONCITIZEN Percentage of population that is nota U.S. | ACS 5year s21
citizen Estimates
B05001, DP02
NOTMARRIED | Percentage of population 15 years and over tf ACS 5year S22
are not married Estimates
S1201
Race/Ethnicity
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DISSIMILAR Segregatiorindex US Census 22
ISO WHITE Isolation Indexfor White and Black population| US Census 328333
ISO_BLACK
NON_WHITE Percentage of population that is rehite ACS 5year 24, 68, i 80
Estimates
DPO0O5
Residential Stability
EVICTIONRT Eviction Rate EvictionLab <z, &
HH_CROWDED | Percent of occupied housing units with more | ACS 5year 193, 336, 337
than one occupant per room Estimates
DP0O4
HOME_VALUE | Median value of owneoccupied units in dollar{ ACS 5yea 2
Estimates
DP0O4
OWNERCOST | Percent housing units where owner costs are| ACS 5Syear 338
35% or more of household income Estimates
DP0O4
RENTERS Percent of occupied housing units that are | ACS 5year <8, &
renteroccupied Estimates
DP0O4
RENTERCOST | Percent of occupied housing units paying ren| ACS 5year 337
where gross rent in 35% or more of househol| Estimates
income
DP0O4
VACANCY Percent of total housing units that are vacant| ACS 5year S
Estimates
DP04
Social Class

99




HH_FEMALE Percent of total household with single female| ACS 5year eneE
household with own children < 18 years Estimates
DP02
NO_COMP Percentage of total households with no ACS 5Syear 344348
computer Estimates
S2801
NO_LABOR Percentage of population 16 years and older | ACS 5year &%
in labor force Estimates
DPO03
NO_PHONE Percentage of occupied housing units with nd ACS 5year 350
telephone service available Estimates
B25043 / DP04
NOT_HSGRAD | Percentage of population 25 years and over tf ACS 5year 0, e, S
is less than high school graduate Estimates
S1501
ONE_PARENT | Percentage of households with single parent | ACS Syear 341,342
children < 18 years old Estimates
DP02
Socioeconomid?osition
FAM_POV Percentage of families with income below ACS 5year i diek, S8, S
poverty level in prior 12 months Estimates
S1702
GINI_INDEX Gini Index ACS 5vyear 811,358
Estimates
B19083
HH_PUBASST | Percentage of households receiving public | ACS 5year ZEE0E
assistance income or food stamps/snap in th¢ Estimates
past 12 months
B19058
MEDIAN_INC Median household income in the past 12 mor] ACS 5year 198, 202, 322, 355
(in 2018 inflationadjusted dollars) Estimates
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S1901
UNEMP_RATE | Unemployment Rate ACS 5year S ElL
Estimates
DPO03
Transportation/Mobility
BIKED Percent ofvorkers 16 years and over ACS 5Syear 361
commuting to work who biked Estimates
S0801
CARPOOL Percent of workers 16 years and over ACS 5year
commuting to work in a car, truck, or van and| Estimates
carpooled
DP03 / S0801
CAR_ALONE Percent ofvorkers 16 years and over ACS 5Syear 48
commuting to work in a car, truck, or van and| Estimates
drove alone
DP03 / S0801
NO_VEHICLE | Percent of occupied housing units with no ACS 5year 250
vehicle available Estimates
DP0O4
PUB_TRANS Percent of workers 16 years and over ACS 5Syear 48, 362
commuting to work using public transportatiol Estimates
(excluding taxicab)
DP03/S0801
WALKED Percent of workers 16 years and over ACS 5year S, Sl
commuting to work who walked Estimates
S0801
Vulnerability
DISABLED Percentage of total Civilian Nen ACS 5year Cu
institutionalized Population with a disability | Estimates
DP02
HH_DISASST | Percentage of total households that received| ACS 5year 273,356
Food Stamps/SNAP in the past 12 months wi Estimates
1 or more persons with a disability
B22010
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HH_OVER65 Percentage of total households with one or m ACS 5year 2
people 65 years and over Estimates
DP02
HH_UNDER18 | Percentage of total households with one or m ACS 5year 193,320
people < 18 years Estimates
DP02
POP18_ASST | Percentage of population under 18 years livin ACS 5year ZEEoE
in household with Supplemental Security Estimates
Income (SSI), cash public assistance income
Foad Stamps/SNAP in the past 12 months B09010
POP18_ POV Percentage of families whose income in the g ACS 5year 273,356
12 months is below the poverty level with Estimates
related children of the householder <18 years
DPO03
UNINSURED Percent of civilian noinstitutionalized ACS 5year &0y 7
population with no health insurance Estimates
DPO3
VETERAN Percentage of civilian population 18 years an| ACS 5year 363
over that are veterans Estimates
DP02
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PHARMACY ACCESS SUPPLY DEMAND SOCIOECONOMIC POSITION
VARIABLES

SOCIAL CLASS

Pharmacy
Landscape
Variables

Population Community
Variables Variables

RACE/ETHNICITY

VULNERABILITY

CULTURE

RESIDENTIAL STABILITY

TRANSPORTATION

Figure 3 Pharmacy Access Logic Model
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3 MODEL DEVELOPMENT
3.1 Introducti on

This chapter is composed of seven sections and presents the research methodology for this
study.Section 3.2lescribeglata sources and data extracti®action 3.3rovides information
on thestudy areasstudy population, and pharmacy eligibility criteria. Sample size is also
discussedSection 3.4xplains each of the study measures, including their meaning and
relevance to the resear@ection 35 explains the specific methodologydrationaleby specific
aim. Data management and software programs are descrilsetiion 3.6

3.2 Data Sources and Data Extraction
3.2.1 Pharmacy Master Files
Pharmaas were identified by submittingreeedom of Information ActHOIA) requesin

December of 201¢r Pharmacy Master Files from the lllinois Department of Financial and
Professional Regulation for the state of lllinois and from the Michigan Department of Licensing
and Regulatory Affairs for the state of Michigan. Pharmacy location datapharmayg names
and addresses) and other attribugeg.(operating hours and services provided) were €ross
validated through online sources such as Google API or active pharmacy websites when
necessary. In addition, a telephone screen was performed for pharthatidid not have an
active, functioning online website. Two independent researchers performed a telephone screen
following a standardized script asking the following:

1) is the pharmacy a community or retail pharmacy?

2) is the pharmacy open to thebtia?

3) what are the normal operating hours?
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Pharmacies that were unable to be reached were called once more at a different time of day so
that pharmacies were contacted during daytime and evening hours. Pharmacies were classified
into a standardized datallection sheet as activeermanentlyclosed, norcommunity, or
unverifiable.Crossvalidation and telephone screening took place in April and May of 2020 in
order to have the most current pharmacy location dataze community pharmacies were also
caegorized by pharmacy type.§.,chain, independent, clinic outpatient, hospital outpatient)

based on the following definitions:

Hospital Outpatient Pharmac A community pharmacy located on a hospital campus, usu
within the lobby of théhospital.

Clinic Outpatient Pharmacy A community pharmacy located within, and/or affiliated wit
a medical office building.

Chain Pharmacy A community pharmacy that is part of a group of four or m
establishments conducting business under the same busir
name or operating under common ownership/managemen
pursuant to a franchise agreement with the same franchisc

Independent Pharmgc A community pharmacy that is a privately held business nc
directly affiliated with any chain of pharmacies and that is |
owned or operated by a publicly traded company.

Business hours of each pharmacy were addlected when availableand theotal weekly
operating hours calculated. If available, the services each pharmacy provided wezeaatied
Pharmacy addresses were geocaaighl ArcGIS version 1®.1%¢*using X and Y coordinates
(latitude and longitude) to a physical address with a >90% matclGeteoded addresses were

projected using thBlorth American Datunfilinois State Plane West Projected Coordinate
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System and the North Americ&ratum1983 Geographic Coordinate Systérhe pharmacyo-
resident ratio was calculated for each state, countycamslis tract within the study area.

3.2.2 American Community Survey
The United States Census Bureau conducts The American Community Survey (ACS)

annually to estimate demographic and economic characteristics of the US popiileios.
Census Bureau indted the ACS in 2005 to gather information for every state, county, city,
town, place, American Indian Area, Hawaiian Home Land, and Alaska Native Area including
census tracts and block groups. It is publicly available via the U.S. Census Data Fegret Quer
Systenr®

A random sample of addresses is selected
Master Address File (MAF) which en official inventory of known living quarters and Ron
residential units. Overall, each address hasma4B0 chance of being selected in any given
month. Using this method, no address is selected more than one time in a five year period. The
ACS samplesnore than 3 million housing unit addresses annually leading to over 2 million final
interviews of independent housing unit addresses throughout over 3000 counties and county

equivalent areas in the U.S. These data are collected in two sampling phase€ddus

Bureau assigns all blocks and addresses to sixteen sampling strata to determine the base rate and

calculate stratum sampling rates. A supplemental form of processing involves matching new
addresses by block and assigning them to sampling stestaatidresses are systematically

assigned to five existingubframesand sub frames associated with a given year are identified.
Data is then collected via several methods: internet, mail, and computer assisted telephone

interviews; 2) Norresponses areedtified, and a select sample are referred for Computer
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Assisted Personal Interviewing (CAPI), which is conducted in over 30 languages and includes
guestions on race, sex, and economic indicat@sd€ducation, income, place of work, veteran).

Using thetwo-phase method, response rates for the ACS have remained overta§%tudy

usedthe 2014 to 2018-gear ACS estimates for county and tract level data for the selected study
areasl t was obtained using the US C&Rsus Bureaud

3.2.3 United States Census Bureau
US Census Bureau data is collected every 10 years with tHallasillection occurring in

2010and the most recent for 2020 ongoiiipese data are deéentified and publicly available
for use however, at the time of this study, the 2020 Census da@eig/et availableThe US
Census Bureau provides estimates on population demographics. Based on these estimates and
based on the work of Massey and Denton (1888he US Census Bureau also reports
population index equations on race and income. Popalatid community level data not
otherwise available from the ACS 202018 5year estimate files were collected using the US
Census Bureau data query system and were extracted into Excel files for data calculation and
transformation into shape files for usethe ArcMap program. Thisolation Index (a measure of
racial/ethnic segregation) asegregation Indehe uniformity of racial population groups
located within areas) were calculated using the block group level total population and race data
to calcuate theSegregationndex and Isolation Index for each census treloe Segregation
Index and Isolation Index were also calculated for each county and for the larger study areas to
provided additional context for comparison.

Populationweightedcentroids were obtained for every census tract from the US Census

Bureau website. Populatiemeighted centroids provide an aggregate location that represents the
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majority of the population within an area. A full description of the methods used by the US
Census Buwrau for calculating this populatiameightedcentroid is further elucidated
elsewherg®®

3.2.4 Additional Data Sources
Walk Score®Patented walk scoregereobtained fronthe Walkability Index using ArcGIS

Online open data sourcéhe walkability index, which is based dihe Walk Scor®, measures
walkability of an address by analyzing hundreds of walking routes to nearby amerties an
facilities such as food outlets/ farmeros marKk
other nearby businesses. Walkability points are awarded based on the walking distance to
amenities/facilities within each of these categories. Those asthat are within a 5 minute

walk (or 0.25 miles in distance) are awarded the maximum points while amenities that are more
than a 30 minute walk are awarded no points. Pedestrian friendliness is also considered within
the Walk Score® through an analysigopulation density and road metric®(, block length or
intersection density)lhe walkability index score (as a continuous variabi@$ calculated as an
average of théotal scaled walk scosmat the block level for each census trackl inputted

associated as an independent variable in the multiple discriminant analysis3{odel

Crime IndexA standardizedrimeindex provides an assessment of relative crime risk based on
seven major crime types.@.,murder, robbery, rape, assault, burglary, theft, and motor vehicle
theft) summarizeat the census tract lev@lhese relative crime rate scores, derived from crime
statistics reported by law enforcement jurisdictions at the national levrad,the samerime
definitionsof theFederal Bureau of Investigation (FBI) in its Uniform Crime Report (UCR) and

are reported for daia 2018368
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Evi ct i EviotionlLabhks a collection of researchers at Princeton University that have
published a publicly available dataset of eviction in America dating back to the year 2000. The
endeavor was established with the work of thietty Desmond who investigated the
intersectionality of poverty, race, and housing in Milwaukee, Wisconsin by living and working
alongside lowincome tenants and their landlords. With the financial assistance of large non
profit organizations, the Evictiobab was founded in 2017 and provides accessible nationwide
eviction data via their organization website. Reported variables include formal eviction records
from 48 states and Washington, D.C. that include information on eviction court cases, monetary
judgements, case outcomes, and demographic information from the GéhSasthe purposes

of this research, the eviction rate (reported as a percentage) was analyzed at the census tract
level.

R o a\ce t wdorcdnstruct a network of travel between populatiaighted centroids and
community pharmacies, information on the road network of the study areas was obtained from
publicly available data sets from the lllinois Department of TransportaignZ017Illinois

Highway Systentile) and the Michigan Department of Transportatiew.(All Roads

Michigan Geographic Framework 2017 Fitéy 3’°These data provided the coordinates and
additional information required to construct a roadway network dataset to analyze distance and
travel time between populatiomeighted centroids and commity pharmacies in the study

areas. Travel time was calculated by dividing the road segment length variables in miles by the
speed limit variable for that road segment and multiplied by sixty to determine the travel time in
minutes. Where speed limit infoation was missing, a default value based on state laws was

utilized. For lllinois, 55 miles per hour (MPH) was used for interstate highways and expressways
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and 30 MPH was used for urban areas. For Michigan, 55 MPH was used for highways and
interstates and5 MPH was used for residential or business district streets

33Study Design

This was a retrospective, cressctional study of selected urban areas CkicagoMetro
Area and DetroiMetro Area).The primary goal of this study was to conceptualmeconstruct
of pharmacy access in these selected areas. Specifically, this research sought to develop a
conceptual model of pharmacy access {lanedium, and highaccess) through a description of
the pharmacy landscape, derivations of pharmacy actiggsibores using an enhanced two
step floating catchment (E2SFCA) methodology, and the application of Multiple Discriminant
Analysis (MDA). Retrospective population and community level estimates and pharmacy
specific data were obtained from public datarses Variables of interest were informed by
theoretical frameworks on health care access, analyses on food deserts, and previous literature on
pharmacy accessibility/DA analysisidentified significantassociations between individual
variables and levels of pharmacy accésmodel of significant variables that descslaw
phar macy access Wasderiked.r macy desertsod)

33. 1 SArnudy
Chicago, lllinois and Detroit, Michigan ahéstorically two of the most racially segregated

cities in the nation and this segregation has persisted ovet'fiti&Previous research revealed

that urban racial or ethnic segregation has a negative impact on health care access and health
outcomes?4 374 370ther research explored differences in health care access specific to these
areas and suggests that minority populations experience decreased access that may be influenced
by a persistent history of racial and ethnic segregatfoit! 2?Although each of these citiea$

a similar history and presence of racial segregation leading some researchers to conclude

111



generalizability to one another in terms of pharmacy a¢ééissy have differeces in
population and community demographics that may be individual predictpraohacyaccess
levels As such, this research sought to determine pharmacy accessibility in each of these urban
areas separately adding to the robustness of conclusions.

The Chicago Metropolitan Statistical Area (MSA) was originally designated in 1950 by the
US Census Bureau. With shifting demographics noted in each census, the definition of this MSA
has changed over the years. Currently, thstéie Chicago MSA (ChicagdapervilleElgin, IL-
IN-WI) is the third largest MSA by population within the U.S. It is comprised of four distinct
Metropolitan Subdivisions: Chicago Napenlelington Heights, IL; Elgin, IL; Lake County
Kenosha, IEWI; and Gary, IN. This research faged8 counties that together encompass the
Chicago Urban Areae(g.,Cook, DuPage, GrundKane,Kendall,Lake,McHenry, Will )
emphasizinghe urban contexdf this researcliFigure4). Based on US Census Data, this area is
5,342.3square miles with a population densitylgB802.6residents per square mile, compared to
a population density of 231 resident per square mile for the entire state of lllinois. It includes
1988out of 3123 cesus tracts in the staté3. ®6). The extension of landscape beyomel city
of Chicago into surrounding suburban areas provided a buffer zone to account for edge effects as
described in Luo & Wang Additionally, it added important context to the variation of
pharmacy access across different community settings while focusing on the urtearote
Chicago.

The DetroitWarrerAnn Arbor, Ml Combined Statistical Area (CSA) is comprised of five
subdivided Core Based Statistical Areas (DevddarrenDearborn, Ml MSA,; Flint, Ml MSA,;

Ann Arbor, Ml MSA; Monroe, MI MSA; and Adrian, Ml MSA) and dte 2010 census was the
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11th most populous urban core in the nation. The DétvaitrenDearborn, Ml Metro Area

includes six counties: Wayne, Oakland, Macomb, Livingston, St. Clair, and L&ppere5).

The area i€omprised of 3,889.2 square miles with a population density of 1,112 residents per
sqguare mile and includes 1302 of Michiganos
Naperville Arlington Heights MSA, the Detroi#VarrenDearborn MSA provided additi@h

context to the analysis of pharmacy access and accounted for edge effect through the

incorporation of buffer areas that are more suburban in nature.
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332St uRlypul ati on
This study used the 2014 to 201-§é&ar American Community Survey period estimates

that provide an aggregate of population characteristics ovgearperiod. Data from the ACS
has been used extensively in literature on health care aca#sdirig pharmacy acce$SAll
population and community characteristics were analyzed at the census traghles|

otherwise noted. Census tracts with a code rangeif8880s and 9900s were excluded from this
research. The code range of 9800 represents specialdanzbensus tracts, such as large parks or
employment locations with minimal residential population while the code range of 9900
represents large bodies ofteaCensus tracts without residents were also excluded from data
analysis.

333Co mmu rPihtay mRalciyg i Coriiltietryi a
All active, licensed community pharmacies were included in the analysis. Community

pharmacies were defined agy pharmacy that engagin general community pharmacy practice

and that is open to, or offers pharmacy service to, the general public. Since this study examined

public, geographic access to-dplbaomadbdag snawi Eelsi

hospital fArinatipsalangeemcar® inpptierd pharmacies, home infusion or infusion
clinics, internet pharmacies, tgdharmacies, or madrder pharmacies), internet pharmacies,

and outof-state pharmacies without physical practice sites in the studyvaeea excluded.
Duplicaterecordswithin Pharmacy Master Files were not included if a single pharmacy location
had multiple licenseand gharmacies with only P.O. Boxes for mail pickup and no physical
locationin the study arewereexcludedPharmaciestht coul d not be ver.i

through a Google API and telephone screenweset e gor i zed asalséiunver.i
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excludedfrom the analysisActive pharmacies were pharmacies that were open for operations to
the public at the time of this reselarc

334Sampl e Si ze
Popul ati on

According to the 2012018 American Community Surveyyear estimateshe Chicage
Naperville Arlington Heights, IL Metro Division had a populationgB27,083eople an@124
people per square mil@/ith the addition of Bke County and Kane Counthe ChicagdJrban
Areahad2,718,555eo0ple making it th8rd largest city in the country. The DetrdMarren
Dearborn, Ml Metro Area had a populationdp817,179with 1110people per square mifé®
Community Pharmaci es
Figure6 outlines the selection of community pharmacies included in data analysis for the
state of lllinoisOut of 3,854 pharmacies |isted as fAComn
Phar macy Master Files, only 2,340 had |icense
out-of-state pharmacies and duplicate listings, there were 2,218 active community pésrmac
After aninternetand telephone screening, there were 2,007 active community pharmacies in
lllinois and1270active community pharmacies in thidy area.
Figure 7summarizeMichigan community pharmacy inclusion criter@f 9,337 records
listed in the Pharmacy Master Files provided by the State Board of Pharmacy, there were 3,293
active pharmacy licenses reported. Of those, there wef@ &ctive community pharmacies.
Approximately 570 pharmacies were excluded duringrkernet and telephone screen resulting
in 2,178 active community pharmacies verified for the state of Michigan. Within the Petroit
WarrenDearborn, MI Metro Area there were 1,108 active and verified contynpharmacies

included in the analysis.
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Identified during online
API/Phone Screen
(n =38)

l'linois (lIL) ACQqH
by license number
(n = 3854)

A 4

Phar maci es w
License

(n = 2340)

I'L ACommunity

Excluded (n=1514)
Expired (n = 29)
Closed (n =566)

Change of Ownership (n = 678)
Suspended/Probation (n = 11)
Cancelled/Withdrawn (n = 31)

Application in Process (n = 133)

Not Renewed/Revoked/Denied (n = 64
Insufficient Funds (n = 2)

T

with AActi v e¢eo
(n =2218)

A 4

Online API/Phone Screen

A\ 4

A4

Geocodedictive lllinois
community pharmacies
(n =2007)

\ 4

Active IL Community
Pharmacies in Study Area
(n=1269

A4

Chain (n 960
Independent (n £90)
Clinic Outpatient (n 64)
Hospital Outpatient (n 4)

Figure 6 lllinois Community Pharmacy Eligibility Criteria
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Michigan pharmacy records provided
(n =9337)

A 4

Duplicates removed
(n=113)

A 4

Active Pharmacies
(n =3,293) —>

Excluded (n = 5931)
Wholesale Distributors (n = 1436)
Licensed ADDs* (n = 202)
Manufacturers (n = 592)
Veterinary Facilities (n = 59)
Controlled Substance* (n = 3642)

A 4

Internet API/Phone
Screening
(n=2,742)

A 4

A 4

Excluded (n = 568)
Duplicates (n = 15)
Non-community (n = 358)
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Unverifiable (n = 60)

Active Community
Pharmacies in Michigan
(n =2178)

A 4

Active Community
Pharmacies in Study Area
(n=1108

A 4

Chain(n=595)
Independenfn=401)
Clinic Outpatieni{n=74)
Hospital Outpatien(n=38)

Figure 7 Michigan Community Pharmacy Eligibility Criteriil




3.4 Study Measures
3.4.1 Spatial Accessibility
The following measuresereincluded in the description of spatial accessibility of the

pharmacy landscape: distance to nearest pharmacy, travel time to nearest pharmacy, pharmacy
to-population ratio, and pharmacy accessibility scores derived from an enhanesgtepwo

floating catciment area (E2SFCA) methodology. A detailed description of how these variables
wereused or deriveds in Section 3. Thesestudy measures were selected based on their use in
prior literature and their relevance to sphéiccessibility to a pharmacy. The original 2SFCA
methodology incorporates a travel time threshold to define the catchment area as part of the
equation. That is, the travel time to a health care facility or provider is dichotomized such that a
facilityorpr ovi der outside of this threshold is dee
reside within that catchment area. This approach was applied by lkram et al. (2015) in a study of
pharmacy access as a refined measure of accessibility proposed by Luwg&2\&&There are

other iterations fothe 2SFCA methodology, including enhancements that incorporate different
travel modes’®and probabilistic gravity modefé’ but these may require reabrld data ie.,
knowledge of patient preference) that is beyond the scope of this work. It is important to
acknowledge the limitations of the redith 2SFCA applied in the work by Ikram et. al. (2015).
Notably,the use of a travel time threshold that dichotomizes access to a pharmacy assumes that
all population centers and pharmacy locations within the designated travel time all have equal
accessThereis no difference between ambinute drive and a 2fhinute drive. Further, the

2SFCA is only concerned with one mode of transportatien gersonal vehicle}’® Thus, this
researclemployedan enhanced 2SFCA (E2SFCA) methodology that aceddort distance

decay hrough the assignment of different weights associated with different travel time zones.
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That is, there is an assumption that travel preference decreases as a person moves away from the
point of origin. This methodology reveals a more precise spatial @utigspattern that is more
consistent with the intuitive notion that individuals are less likely to travel to a farther

pharmacy*’® 3°Compared to other methods of spatial accessibility, the E2SFCA has been

shown to be more accurate and is prefetféd more detailed explanation of this methodology

and its application in this researshpresenteth Section 35.1. Pharmacy landscape variables
werereported as continuous variables: pharmacy to resident ratimnam distance from

census tract populatieweighted centroid to a pharmacy (in milem)dminimum travel time

from census tract populatiomeighted centroid to a pharmaéy minutes).

3.4.2 Aspatial Accessibility
Thirty-severvariables obtained from the American Community Surveyl2Zll18 estimates

wereincluded in the model and grouped by the following domasture Social Class,
Socioecaomic Position, Race/Ethnicity, VulnerabilitResidential Stabilitand Transportation
(Eigure 3). These population and community level variables are reported as continuous variables
at the census tract level (pentages of the population within that tracitmedian numerical
valueg and provide information about potentgspatiabarriers to pharmacy access.

Select indices on racial/ethnic segregation and incehere data wagublicly available
werealso incorporated into the model includimssimilarity Index of Segregation (estimates
the uniformity of racial population groups located within areas with respect to other racial
population groups), The Isolation Index (estimates the extent to whindrity populations live
in areas where they are only exposed to people of their own race/ethamitythe Gini Index of

Isolation (estimates income inequality by race).
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Walkability wasobtained usingpublicly available walkability datalhis continwous
variable represegathe neighborhood walkability with a normalized value on a scale from 0 to
100. For Specific Aim 1, scores below 50 represgah area with walkability barrier€rime
data was obtained from publicly available crime data from mpaieind state government
websites®®® normalized to the county level and reported at the census tractAeyedcore
above 100 indicates a higher than averagee indexandwasconsidered a barrier to pharmacy

access in this study.
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3. BudnmarPRhaorfmacy Landscape Wor kfl ow
The workflow of this methodology is best described in steps. pliatmacy location data was

obtained and mapped using geocoded addresses within ArcGIS*0Ropulatiorweighted
centroics were obtained from the 2010 US Census data and mapped at the census tract level.
Population and community demographic estimates were obtained at the census tract level from
the 20142018 American Community Survey and mapped on a projection of eachesaadio
overlap with pharmacy location and population count data. Using road network data obtained
from corresponding Department of Transportation organizations and the Enhanc&depwo
Floating Catchment Method, a pharmacy landscape was derived depiatiiogrs of

pharmacies relative to the populati@g.,pharmacyto-population ratio) From population and
pharmacy location data, pharmacy accessibility scores could be calatldiéfdrent distance

and travel time thresholdsdwerepresented in theontext of theconceptual logic model for

this study.
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Population and Community Demographics Data Sources Road Network Pharmacy Locations Data

20142018 American Crime Index Department of
Community Survey Walk Index Transportation 2018 Pharmacy Master Files
5-year estimates Eviction Rates Roads and Highways
Dataset

Road Network

Spatial Variables Dataset Creation

Aspatial Variables Population Weighted

Geocodin

Centroids
Socioeconomic Status
I ! :
Vuf;‘;f;g?,ity Spatial Barrier Map
Residential Stability _
SocialClass Enhanced Two Step Floating Catchment Areas

Race/Ethnicity

Transportation

_ Pharmacy Landscape Map
Cengus Tract ‘
Pharmacy Accessibility Scores

Figure 8 Pharmacy Landscape Workflow
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3.5 Analysis by Specific Aim

35 PECI FI C :ANEMCRI BE THE PHARMACY LANDSCAPE
URBAN COMMUNI TI ES

a. Hypothesis 1.1: There will be a nomiform distribution of pharmacies across census
tracts
Ho: p1 = M2
Hi: pa > [

where | represents the average number of pharmacies in an ethnic/racial dominant
census tract ancepepresents the average number dcrpiacies in an ethnic/racial non
dominant census tract

b. Hypothesis 1.2: There will be a namiform distribution of norspatial/aspatial factors
associated with pharmacy access across census tracts

Ho: pa = p2
Ha: 1> 2

where {4 represents the average number of-spatial/aspatial barriers in an ethnic/racial
dominant census tract and ngpresents the average number of-spatial/aspatial
barriers in an ethnic/racial nalominant census tract

c. Hypothesis 1.3: There will be awer pharmacyo-resident ratio in census tracts that
contain predominantly ethnic/racial minority populations

Ho: p1 = 2
Hipr<pe

where p represents the number of pharmacies per resident in an ethnic/racial dominant
census tract and pepresentthe number of pharmacies per resident in an ethnic/racial
non-dominant census tract.

d. Hypothesis 1.4: Pharmacy accessibility scores will be lower in census tracts that contain
predominantly ethnic/racial minority populations

Ho: Aif = Aify)
Ha: Aifx) < Aify)
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where ATy represents the pharmacy accessibility scores in an ethnic/racial dominant
census tract andi%y) represents the pharmacy accessibility scores in an ethnic/racial
non-dominant census tract.
To achieve Specific Aim 1, thiesearch performe@IS modeling usind\rcGIS version 1.1
384to map the locations of phaaties and populatieweighted centroids at the census tract level
throughouthe study area3 o represent the city @hicago, counties (18} that included any
part of the ChicagtdrbanAreacomprisedhe study area. The entirety of this anesanalyzed
to provide data on local variations in detail while also studying the most densely populated areas.
For Detroit, counties (n=6) within the DetroWarreri Dearborn Metropolitan Statistical Area
(MSA) werestudied as these counties grouped together included the Detroit UrbanTAisa
study selected the census tract as the unit of analysis for population distribution because it is the
lowest areal unit of measurement in shortagea designations. Albugh pharmacy practitioners
are not currently included in the shortadgsignation definition established by the Department of
Health and Human Services (DHHS), it is the only widely studied definition of health
professional shortage areas at the statenatidnal level. Health Professions Shortage Areas
(HPSAs) and Medically Underserved Areas were also mapped as layers for the study areas to

provide additional context to areas of pharmacy access.

Part 1. Description of the Pharmacy Landsca

Spatial coveages of census tracteregenerated with thAmerican Community Survey
20142015 5year estimate census tract geodataB®sehe populationweighted entroid(e.g.,
described as the mean cenfer)each census tract was obtained from the 2010 US Census
Bureau websiteCentroid locations are provided as latitudes and longitudes that allows for easy

integration into GIS softwar&® The advantage of using agulatiorweighted centroid of a
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tract is that it is a more accurate reflection of population density, as it accounts for the
heterogeneous distribution of a population in a given ¥fe@he geographic centroid might not
always correspond to the population centroid of a census tract, especially in peripheral suburban
(or rural) areas becautizereare areas of larger space where there may be concentrated
populations within a limited spacThe calculation of these weighted centroids are descaieed
explained in the context of the 2SFCA methodology in Luo and Wang,?298Bice population
weighted centroids were reportedXaand Y coordinates, theyere reverse coded into address
locations using ArcGI30.6to identify their physicaand routingaddress in relation to

roadways Operating pharmacy addresses were obtained from Pharmacy Master Files provided
by the lllinois Department of Financial and Professional Regulation and Michigan Board of
PharmacyPhysical ddress information was converted itdandY coordinateslétitude and
longitude) within the ArcGIS platform via matching the address nhame and interpolating the
address range stored in the digital map.

A network datasedf roadwayswvas created using ti#917 lllinoisDepartment of
TransportationlDOT) roadwaydataset fotllinois and the US Department of Transportation
Highway Performance Monitoring System (HPMS) dataset for Michigammunity pharmacy
locations and population weighted centroid locations were added to the roadway network data set
based on theigeocoded X and Y coordinatasd validated using their physical address
locations Using theClosest Facility an@©D Cost Matrix Network Analyst Toah ArcGIS, the
minimum distancand minimum travel timé&om a population weighted centroid to a pharmacy
werecalculated in mileand minutes, respectivelyhis was achieved by calculating Drive

Times and Walk Times using roadwsggmentength and speed limit dat@harmacy
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accessibility scores were calc@dtcombining the output data from these two tools and
normalized intcspatial access ratigSPAR. The distribution of these SPAR values wgaaphed
and natural breaks in the datiatributionwere compared to quantiles to determine access
thresholds catgorized as low medium, and high pharmacy access.

Distances in miles between physical pharmacy addresses and popwigitibited
centroidswerecalculated for each census tract in the study aEsah mode of travek(g.,
personal vehicland walking wassimulated in the GIS platform using the ArcGIS Network
Analyst Tool to perform a network analysis based on travel time where network distsce
converted to travel time based on speed limits (driving) and walking speed (3 miles per hour
The spatil distribution of pharmacieseredescribed according to their overall numbers,
average numbers per census tract, and phartogoypulationratio by census tract. Additional
variables, such as operating hours or servisesedescribed where available.

Sociodemographic variablé®m the U.S. Census Bureau, the American Community
Survey, and Other Data Soursesresuperimposed on the phaagy landscape map as layers to
provide additional contextual information about the communities, including but not limitieel to
crime index Isolation Index, Gini Index of Segregati@egregationndex,andWalkability to
give rise to a noispatial pharracy landscapesocioeconomic StatuSocial Class,

Vulnerability, Residential Stability, TransportatiamdCulturebarriersweredescribed in
relation to their geography and any identified trends across censusvieaetiescribed
according to théogic modelin Figure 3.

Part 2. E nShtaenpc eHl olamoi ng Cat chment Area
pharmacy | andscape
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TheE2SFCA method of spatial accessibility uses travel times and is implemented in two steps as
explained in Luo & Wang (20035°

Step 1 (supply). BO-minuteservice areavasconstructed around each pharmacy mdppethe
pharmacy landscamnddivided into travel subzones (5 minut&®, minutes, 20 minutes, and 30
minutes). Population weightezentroidswereidentified within each subzone. A pharméoy

population ratio, R wascalculated based on the followingrinula:

R=(S) W{dgwOR}PcW;=

(S) / {dO B} Pk Wit ¢ {di O B} Pk W2+ Xy {dj O B} Pk W3+ Xk {dij O B3} Pk Wa)

where Ris population of the census traoivhose populationveighted centroid is within the
catchment aref dq is the travel time betweemnd;, and $is the number of pharmacies at
locationj. Dr is therth travel time zone (where=1, 2, 3, or 4)

Step 2 (demand). For each population tmeei, all pharmacy locationg)(thatwerewithin the
service areavereidentified in ArcGIS. The pharmaep-population ratio, R for the pharmacy

within the location are summexatcording to the following model:

AiF = X Rer
¥ {idB
_ X RjW1+ X Rsz + X RjWa + X RJ'W4
it {id 3} j¥ {ixd g} j¥ {id g ¥ {id &}

where AF represents accessibility at the populatiegighted centroid locatiointo the pharmacy

R represents the pharmaty-population ratio at the pharmacy locatjomhose centroid falls
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within the catchmentanddi is the travel time betweegrandj.l n Luo andW,@thé s mode
distance decay weight® The distance decay this study folloveda Gaussian distribution and
mimickedtheweightsusedfor the travel zonesas these weightepresent a sharper distance
decay, which is more relevant to an urban context in which there may be multiple service
facilities.3% Like the original 2SFCA model, larger accessipiscores (A) indicate better
accessibility. Put more simply, these steps correspond to the assignment of an initial ratio to each
pharmacy service area centered as pharmacy locations (Step 1) and the summation of the initial
ratios in overlapped pharmmyaservice areas where residents have access to multiple pharmacies
(Step 2). The advantage of this method is that, generalg2 8FCA method considers the
interaction between patients and their community pharmacies across borders based on travel
times,computing an accessibility measure that varies from one census tract to another.

After applying the E2SFCA methodology, accessibility valuessnormalized as
proposed by®? Spatial Access Ratio (SPAR) valugsrecalculated between the spatial
accessibility score (&) and the mean spatial accessibility of the entirety of populdiogach
travel thresholdThisprovided anormalized spatial accessibility index. When SPAR
methodologywasapplied within the GIS environment, spatial accessibility to a pharmacy
locationcould beanalyzed by drivingndwalking using the previously established travel
networks. Tertile classifation methodvasused to group the SPAR values as previously done in
Khakh et. af° Additionally, the grouping of accessibility classessperformed based on
natural breaks in ArcGIS to identify breakpoints between levels of pharmacy accessibility that

minimize the sum o¥ariance between levels. Thaserecompared to thguantileclassification
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method to identify final levels of pharmacy accesswWetused inSpecific Aim 2and mapped
in Specific Aim 3.

35 3PECI FI C:DEIVMELDODP A CONCEPTUAL MODEL DEFI NI NG
PHARMACY ACCESS I N SELECTED URBAN COMMUNI TI ES

Hypothesis 2.1: | hypothesid¢hat [variable of interestyould be associated with pharmacy
accesgAppendix A)

Ho: =@ fori =1, 2¢é, p

Ha: Dbiifotyy, @, ofyor

Hypothesis 2.2: | hypothesid¢hat [variable of interestyould be associated with low pharmacy
access

Ho: =@ fori =1, 2¢é, p

Ha: biifory.0 f or

Hypothesis 2.3: | hypothesid¢hat [significant variable of interest] will be predictioé
pharmacy access.

Ho: Bi=0,fori =1, 2é, p
(Ho: Y does not depend on any of th@>s )

Ha: Bil 0O for iat | east one

(Ha: Y depends on aehst one of the & s )

To achieveSpecific Aim 2 analyses of the associations between variables of interest and
pharmacy accesgasperformed to determine level of significangéestepwise discriminant
analysis was also performeddeterminesignificance ofassociationdndependent variables
determined to be significant were added toNh#tiple Discriminant Analysis (MDA)nodel
based on the levels of pharmacy access defined during analgpea@fic Aim 1 The purpose

of this applicatiorwasto obtain a model that predicts pharmacy access based on a collection of
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independent variables identified a priori. Pharmacy accesgt{e dependent variable) can
consist of more than two groups of classification. Through discriminant analysiguation
wasderived that is a linear combination of independent variables that discrichbestiebetween
the groups within the dependent variable. This equaitienthe discriminant function) is
explained as:
F 3+ Db+ 2+ é Jpt+b U
whereF is a latent variable formed by the combination of the dependent variable (in this study,
pharmacy access) X2, €, paraiddepéndentvariabléBabled; U is the error
bo, 1, b, b apam digcriminant coefficienf$® The objective of this analysigasto test if the
group classification in the dependent variable, pharmacy accesagddépa at least one of the
independent variables. The hypothesis is written as follows:
Ho: Bi=0, fori =1, désuskBii 0 for iat | east one

The number of functions thaterecomputed is one less than the number of classification groups
in the d@endent variable, Y. In this research, sititmre werdahree classificatios) two
discriminant functionsverereported. Discriminant function coefficieniere alsaoc e por)t ed ( b
which are partial coefficients reflecting the contribution of each indepéndeable to the
classification of the groups of the dependent varidlde levels of pharmacy access). The
structure coefficients reflestithese correlations between independent and dependent variables.
As such, the higher the value, the higherabksociation.

There are several assumptions of MDA, including that the independent variables are
independent of each other and follow a multivariate normal distribution, groups are independent

and group sizes are not grossly different, the number opemtkent variables is not greater than
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two less the sample size (as a rule, at least 20 cases for each independent variable), the variance
covariance structure of the independent variables are similar within each group of the dependent
variable, and residlsmare randomly distributed. Tests for normality and the equality of variance
covariance structures in the independent variabéreperformed to ensure the datatme

assumptions. Transformatiomgreperformed as necessary. Eigenvalues (the ratio betilveen
explained and unexplained variance in the mod
lambda (2explained variation), to test significance of the discriminant functivasgreported.

A small lambda value indicates significance of the funcfidvelarger the Eigenvalue, the

stronger the discriminating power of the function. To determine whether the final haatel
goodprediction of membership to the levels of pharmacy access, the classificationvmaatrix
reported.

35 SPECI FI CDEITMRMI NE RELATI VE PHAERMACYSBCCE
ACROSS THE PHARMACY ACCESS LANDSCAPE

Hypothesis 3.1Therewill be low pharmacy access census tracts that contain predominantly
ethnic/racial minority populations.

Hypothesis 3.2Therewill be high pharmacy access in census tracts that contain a predominantly
White population.

Hypothesis 3: Pharmacydeserts will be concentrated in areas with predominantly minority
populations.

To achieveSpecific Aim 3 variables determined to bigsificant for predicting low pharmacy
accessveremapped in ArcGIS by census tract against the spatial pharmacy landscape map
constructed irSpecific Aim 1 Accessibility scoreand Spatial Access Ratios (SPABR)sed on
categories derived i8pecific Aim 1weremapped according to their categodyfinal

description of the pharmacy landscape based on treasisrovided noting variations across
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census tracts amégionsof the study areas. These trends or viamaweredescribed in the
context of the conceptual mod&Vhere differencewerenoted in areas of ethnic/racial
segregation, trends and variatiamsreexplained in the context of historical and/or structural
racism as discussed @hapter 2

3.6 Data Management

Population variables were tested using censusleget data estimates obtained from the

publicly available US Census Bureau Data Query website. These data were downloaded and
managed by the principal investigatBharmacy data (e.g., business name, business address,
license numbers, license status) was acquired via a Freedom of Information Act (FOIA) request
from The lllinois Department of Financial and Professional Regulation and the Michigan
Department of Licesing and Regulatory Affairs. Additional pharmacy location data (e.g., phone
number, services provided) was obtained by the principal investigator through online websites,
Google API, and contacting pharmacies by phone. All data were maintained in a secured
computer, protected by a password, and accessible only to the principal investigattudy

used publicly available dielentified, secondary data and met the University of Arizona Internal
Review Board requirements for exempt famrman subject resedrdAll data manipulation,
mapping, and statistical analyses were conducted in Microsoft Excel (Microsoft Corporation,
Albuquerque, NM), ArcGIS 16.13%% SPSS ¥rsion 27284 and SAS 9.4%° Statisical tests
performed included-tests, ManAVhitney U test, and chi square where appropriate.

Additionally, the%multinorm macrdo assesmultivariate normalitySAS 9.438
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4 RESULTS
4.1 I ntroduction
4 Popul ation and Community Demographics
Differences between study areas were identified in predictor variables of interests. Significant

differences between th&hicago Metro AreandDetroit Metro Area werenedian household
income (p<0.0001), family povertevel (p<0.0007), unemployment rate (p = 0.0433) and
percent population in the labor force (p<0.0001). The measure of income inequality, the Gini
Index, was also significantly different (p<0.0001). More households in the Détesien
Dearborn, Ml MSA &o received public assistance, including those households with disabled
individuals (p<0.0001) and children (p<0.0005). Tredroit Metro Areaalso had a higher
percent of vulnerable populations, such as elderly, children, disabled individuals, andsvetera
(p<0.0001). The&Chicago Metro Arehad a higher percentage of immigrants,-otizens, and
households witlimited Englishability (p<0.0001) Home values and housing cost burden were
significantly lower in theDetroit (p<0.0001) but there was a higlesiction rate across census
tracts (1.7 vs. 1.1, p<0.0001). The majority of residentlserDetroit Metro Arealso commuted
to work by car with approximately 7.7% relying on carpool. Only a small number of residents
reported walking or taking public tait to work (0.7% and 0.4%, respectively)tte Chicago
Metro Areg the number ofvorkerscommuting to work in a car alone was significantly lower
(70.1 vs. 77.8, p<0.0001) withlower percentage reporting carpooling (6.6% vs. 7.7%,
p<0.0001) but a higer percentage reporting walking (1.6% vs. 0.7%, p<0.0001) or using public
transit (12.1% vs. 0.4%, p<0.0001). Lastly, mGtecago Metro Areaesidents reported their
race as nowhite (48.3% vs. 22.5%, p<0.0001). Yet, there was no different betweeigatgmne

index or isolation index.
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When compared at the city level (DetrGity vs. ChicagdCity), differences between
community and population characteristiesreeven more pronounced higher percentage of
the Detroit populatiomadhousing barriers such as higher eviction rates (p<0.0001) and higher
housing cost burden (p<0.0001). Home valesealso significantly lowewith higher vacancy
rates. A higher percentage of Detroitidesits also received public assistance in the form of cash
assistance and food stamps and theree higher percentages of vulnerable populatiergs,(
children, elderly, disabled) receiving this aid compared to residents in Chicago. At the city level,
there were no differences in the percentage of the population that were uninsured or renters, but
unemployment rates were significantly different 2.8 Chicagovs. 17.26 in Detroit
p<0.0001). Furthermore, the median family income in Chicago was ap@tekyn$51,000
compared to $22,000 in Detroit (p<0.0001). The racial composition differences across the cities
werealso evident, yet there were no differences in the segregation index. However, the isolation
index the extent to which minority populatiotige in areas where they are only exposed to
people of their own race/ethnicjtwassignificantly differentfor both White and Black
populationgp<0.001) Table 3shows selected population and community demographics across
census tracts and between regions.

Given these significant differencesthin thelarger urban aresand at the city level, a

pharmacyaccess model was constructed for each city separatel
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Table 3 Differences in Population and Community Characteristics Across Study Areas at the Census Tract Level

ChicagoMetro Area  Detroit Metro Area ChicagoCity Detroit City
Census Tracts (n) 1987 1283 867 310
DEMOGRAPHICS Median P25 P75 Median P25 P75 p-value Median P25 P75 Median P25 P75 p-value
Total Population (n)
4307 2913 5358 3152 2311 4196 | <.0001 3210 2074 4587 2165 2646 4523 <0.0001

Socioeconomic Position

Median Household Income

68.4 46.5 93.8 56.2 35.9 78.5 <.0001 5.1 35 7.9 2.7 2.2 34 <0.0001
(USD x 1,000)
Families w/ income below poverty level in prior
12 months (%) 9.4 3.0 15.8 8.0 3.4 222 | 0.0007 13.1 5.3 24.7 19.1 241 402 <0.0001
Unemployment rate (%)

6.9 3.7 9.6 6.1 3.7 11.6 0.0433 7.5 4.2 15.9 17.2 12.6 23.5 <0.0001
Households Receiving Cash Public Assistance
or Food Stamps/SNAP (%) 13.7 4.6 23.0 12.3 4.9 30.3 0.0076 180.0 7.0 35.6 44.3 35.1 51.4 <0.0001
Gini Index**

0.4870 0.383  0.469 0.41 0.38 0.46 <.0001 0.450 0.410 0.500 0.470 0.426 0.516 <0.0001

Households w/ Single Female wichildren under ¢ 20 98 5.7 28 110 | 01362 | 7.2 31 131 102 65 162 | <0.0001
18 years (%)
16 years and older not in the labor force (%)

33.1 27.9 38.7 37.7 32.9 44.1 <.0001 34.2 27.9 41.7 47.2 40.9 54.2 <0.0001
Occupied Housing Units w/ No Telephone (%)

21 0.7 29 18 0.91 3.0 0.1100 21 1.0 3.8 2.7 1.3 4.1 <0.0332
Occupied Housing Units w/ No Computer (%)

10.8 5.1 16 10.4 59 16.7 0.3110 14.3 7.4 21.8 21.8 14.8 28.7 <0.0001
Households w/ Single Parent (%) 8.3 4.1 12.8 7.9 4.7 13.8 0.0090 9.4 4.2 15.7 17.6 11.7 22.8 <0.0001

21 Gini Index ranges from 0, indicating perfect equality, to 1, indicating perfect inequality.
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Population Over 25 Less Than High School
Graduate (%)

Race andEthnicity

Population NornWhite (%)

15.6 0.2086 13.6

25.3 <0.0001

46.3 23.1 83.1 22.5 10.6 70.5 <.0001 74.9 37.0 97.3 96.0 86.5 98.3 <0.0001
Segregation Index?

30.8 13.8 48.0 36.9 34.0 54.7 0.4073 36.0 20.9 53.4 35.2 21.3 54.3 0.7513
Black (%)

8.0 2.3 31.4 6.43 5.06 25.2 0.5199 19.6 6.2 92.3 95.6 86.0 98.0 <0.0001
White (%)

92.5 50.6 97.8 97.0 85.4 97.3 0.5108 90.1 14.7 96.7 10.0 4.4 21.8 <0.0001

Vulnerability

Households w/ Person Over 65 (%)

Households w/ Person Under 18 (%)

Households Receiving SSI, cash assistance,
Food Stamps/SNAP w/ Children Under 18 (%)

Households Receiving SNAP w/ Disabled
Person (%)

Families whose income in the past 12 months is
below the poverty level w/ related children of
the householder under 18 years (%)

Population Uninsured(%)

Population w/ Disability (%)

Population Civilian Veteran (%)

Culture

33.9 <.0001 24.8

34.6 <.0001 30.4

51.9 0.0005 33.6

14.2 <.0001 6.1

33.8 <.0001 18.6

8.7 <.0001 9.1
18.6 <.0001 9.5
8.9 <.0001 3.3

33.9 0.0012

37.4 0.6816

82.0 <0.0001

25.2 <0.0001

58.4 <0.0001

121 0.8206

16.1 <0.0001

7.8 <0.0001

Median Age (years) ‘

30.5

40.7 | 0.2228 |

22 Segregation Index (000);0 indicates complete equality across race and 100 indicates complete inequality across race
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Population Immigrant (%)

15.1 7.1 27.1 49 21 109 | <0001 15.3 4.4 30.4 1.7 0.3 3.6 <0.0001
Population Non-Citizen (%)

6.2 2.3 13.2 1.9 0.6 4.4 <.0001 7.2 17 16.0 0.41 0.0 2.0 <0.0001
Tg)pg,f)“o” Uil i ) Enmlmemt 92.8 889 959 921 872 955 | 00002 | °%° 880 964 895 826 945 | <0.0001
Households w/ Limited English (Speak English 7.3 2.7 17.9 1.3 0.4 3.6 <.0001 7.2 1.7 21.9 3.0 1.2 5.9 <0.0001
lessthanivery well 0) ( %)
Population Not Married (%)

53.8 439 657 54.3 432 707 | 09368 648 541 770 803 745 857 <0.0001
Crime Index?

85.0 523 138 151 1058 2171 | <0.001 950 617 138 151 105 217 0.0011

Residential Stability

Renter-occupied housing units (%)

Occupied Housing Units w/ more than one
person per room (%)

Vacant Housing (%)

Median Home Value of owner occupied units
(USD x 10,000)

Occupied Rental Units whereGross Rent 35
percent or more of household income (%)

Occupied Units where Owner Costs 35 percent
or more of income

Percent Eviction Rag**

36.1

2.0

7.4

22.7

40.6

25.3

175

0.6

4.3

15.9

30.1

30.1

57.4

4.5

11.9

33.2

525

525

30.0

1.0

7.4

13.2

40.6

18.7

13.3

0.0

4.3

61.7

28.2

13.9

47.4

2.4

14.4

21.4

535

27.0

<.0001

<.0001

0.1582

<.0001

0.2301

<.0001

<.0001

55.5

2.8

10.5

234

42.3

28.9

37.7

1.0

6.4

15.4

313

19.7

69.1

53

16.1

34.2

53.9

40.1

49.5

2.0

28.4

4.0

56.0

33.0

40.9

0.0

18.8

3.0

45.8

21.6

61.5

4.2

40.4

51

66.3

47.2

0.0633

<0.0001

<0.0001

<0.0001

<0.0001

0.0019

<0.0001

75.9 | <0.0001 |

Workers Commute by Car Alone (%)

23 Total Crime Index represents relative crifpersonal and property) in the United States where <100 =

higher crime

24 Eviction Rates are based on formal eviction records

<.0001

139

lower crime, 100 = average crime, and >100 =



Workers Carpooling (%)

Biked (%)

<.0001

<.0001
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43Phar macy Laanndd sPchaapremacy Access Model s
4. 311inois Pharmacy Landscape
'l 1l inois Community Pharmaci es

Of 3854 licensed pharmacies in the state of Illinois, there were 2220 pharmacies with an active
license physically locad within the state. After an online API and phone screen, 249
pharmacies were excluded for being permanently closed within the last license renewal period
(~2 years), not being community pharmacies as defined within this study, or being unverifiable
(i.e., pharmacy could not be contacted to verify operations). During the online API and phone
screen, 38 additional active community pharmacies were identified that were not provided on the
original list by The lllinois Department of Financial and Professi&®gagjulation. Active lllinois
community pharmacies were geocoded (n=2009) and 1268 were physically located within the
study areaFigure6 provides a schematic of pharmacy eligibility and inclusion. Of active
community pharmacies within the study area, 76% were chain pharmacies, 15% were
independent pharmacies, 5% were pharmacies associated with outpatient clinics, and 4% were
hospital outpient pharmacies. There were two locations that had multiple community
pharmacies the public could access for prescriptions and services (University of lllinois Hospital
& Health Sciences System and Loyola University Medical Center, both located within the
Chicago Metropolitan Area). Active community pharmacies within the Chicago Metropolitan
Areamadeup over 60% of all active community pharmacies in the state of lllifaisle 4

provides information on population density, number and type of pharmacies, and the pharmacy
to-population ratio at the state and county leVéle lowest pharmaeto-population ratios at the
county levelere in Grundy County (1.19), McHenry County (1.33), and Will County (1.34).

Cook County had a lower pharmaioyresident ratio than the state of Illinois (1.51 vs. 1.56).
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Across census tracts within the Chicadetropolitan Area, the mean pharmaty-population

ratio was 1.54 (SD=2.65Pharmacyto-population ratio differed by racial composition of census
tracts where nomhite census tracts had lower pharmézypopulation ratiosvithin the larger
Chicago Metro Are#l1.36 vs. 1.70, p<0.00Bnd within he smaller Chicago urban anda36 vs.
1.74, p<0.001)

Most pharmacies across the state of Illinois and within the Chidagm area were
community chain pharmacies (71.4% and 75.7%, respectively). Grundy County and Kendall
County were only serviced mpmmunity chain pharmacies while Cook County had the most
diversity in community pharmacy types; 70.4% were chain pharmacies, 17.4% were
independents, 7.1% were pharmacies associated with an outpatient clinic such as a medical
office or community health cger, and 5.1% were pharmacies located within a hospital. From
the time the Pharmacy Master Rilasupdated by thdlinois Department ofinancial and
Professional Regulation (IDFPR) the Google APl and Phone Screening Period, 81 pharmacies
reported as permanently closed, the majority of which were independent pharmacies (n = 56) and
located within Chicago (n = 16Figure9 shows the distribution of pharmacies across the
metropolitan area.

On average, throughout the state, pharmacies were open 70 hours per week. The median
number of operating hours per week was 75, with 58 pharmaciegiogers 24hour
pharmacies. Within the study area, community pharmacies had an average of 71.5 operating
hours per week (median = 76 hours/week); 40 wered# pharmacies. Within the city of
Chicago specifically, only 6 pharmacies were open 24 hourg wittaan average of 65.4 hours

per week across all pharmaciesverage weekly operating hours were significantly different
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between white and newhite census tractsithin the Chicago Metro Areahere noavhite

census tracts had lower average weekly atjpey hourg23 hours vs. 37 hours, p<0.001)
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Table 4 Population density, pharmacy number and type, and pharmacyo-population ratio by county

Geographic Region Total Land Area Density Number of Pharmacy Types, n (%) Pharmacy-to-population
Population (mi?) (residents per mf) Pharmacies ratio (n/10,000 residents)
lllinois 12,821,497 55,514 231.0 2007 Chain 1432 (71.4) 1.56
Independent 407 (20.3)

Clinic Outpatient 99 (4.9)
Hospital Outpatient 69 (3.4)

ChicagoMetro 8,561,541 5,342.3 1,602.6 1268 Chain 960 (75.7) 1.54
Area Independent 190(15.0)

Clinic Outpatient 64 (5.0)

Hospital Outpatient 54 (4.3)

Tl 5,223,719 944.9 5,528.3 787 Chain 554 (70.4) 151
Independent 137 (17.4)
Clinic Outpatient 56 (7.1)
Hospital Outpatient 40 (5.1)

Dupage 931,743 327.7 2,843.3 146 Chain 120 (82.2) 1.57
Independent 18 (12.3)
Clinic Outpatient 3(2.1)
Hospital Outpatient 5 (3.4)

Grundy 50,509 418.1 120.8 6 Chain 6 (100) 1.19
Independent =
Clinic Outpatient --
Hospital Outpatient -

Kane 530,839 524.0 1013.1 70 Chain 52 (74.3) 1.32
Independent 13 (18.6)
Clinic Outpatient 2 (2.9
Hospital Outpatient 3 (4.3)

Kendall 124,626 320.3 389.1 19 Chain 19 (100) 1.52
Independent =
Clinic Outpatient --
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Chain 95 (88.8) 1.52
Independent 9 (8.4)
Clinic Outpatient 1(0.9)

Hospital Outpatient 2 (1.9)

703,619 1368.0 5143

Chain 77 (83.7)
Independent 11 (11.9)
Clinic Outpatient 1(1.1)
Hospital Outpatient 3 (3.3)

Will 1.34
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(960)

Hospital Outpatient (53)

Independent

(191)

Figure 9 Distribution of pharmacies by pharmacy type
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Il Il Pon@iud ati on Demographics

Based on 2012018 American Community Surveyy®ar estimates, there were 12.8
million people residing in the state of Illinois and 8.6 million people residing in the Chicago
Metropolitan Area€.g.,Cook, Dupage, Grundy, Kane, Kaall, Lake, McHenry, and Will
Counties). Cook County, where the city of Chicago is located, represents the majority of that
population with 5.2 million resident$able 5shows population estimates for the study area,
categorized by county. The city of Chicago is further divided into 77 communities grouped by
directional divisions (North, Solat West, and Centralzigure 10 outlines these grouped
divisions.

Across counties within the study area median household income ranged from $62,000 to
$92,000where residents of Cook County had the lowest median income (p <0.0001). More
families had incomes below the poverty level (11.4%) relative to the larger metropolitan area
(9.4%) and the state (9.4%). There was higher unemployment (7.8%), a higher giercent
households receiving public assistance (15.9%), and a higher percentage of the population that is
uninsured (9.5%). Relative to all other counties in the study area, Cook County had a higher
Gini Index (p<0.0001) and more navhite census tracts (p<M01). The unemployment rate for
nonwhite census tracts within Cook County was significantly higher compared to white census

tracts (12.9% vs. 4.4 %, p <0.0001)
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Table5 Selected Population Characteristics of the Chicago Metrapaofitea from the American Community Survey (2@D48) by County
Geographic Region

Chicago Dupage Grundy Kane Kendall Lake McHenry .
Will County
Metro Area County County County County County County
Total Population (n)  12,821497 7,327,083 5,223,719 931,743 50,509 530,839 124,626 703,619 307789 688,697
Socioeconomic Position
mgg:ﬁg gg“se“o'd 63,575 68,444 62,088 88,711 74,140 64,958 91,764 89,715 84,803 83,504
Families with
income below
poverty level in
prior 12 months (%)
Unemployment rate
(%)
Households
Receiving Cash
Public Assistance or 13.7 13.7 15.9 6.6 11.0 11.4 8.3 5.4 7.5 10.0
Food Stamps/SNAP
(%)
Gini Index 0.4816 0.4870 0.5069 0.4530 0.3925 0.3933 0.3577 0.4100 0.4062 0.4111
Social Class
Households with
Single Female
Household withown 6.5 6.4 6.9 4.5 4.8 6.1 6.2 5.15 5.1 6.1
children under 18
years (%)
16years and older
not in the labor 34.7 33.1 34 30.9 32.4 30.3 26.9 30.7 29.7 31.1
force (%)
Occupied Housing
Units with No 2.2 2.1 24 1.3 15 15 1.2 1.2 1.3 1.4
Telephone (%)
Occupied Housing
Units with No 11.7 10.8 12.4 7.1 9.1 8.2 4.7 5.8 5.8 6.9
Computer (%)

Households with

lllinois State

Cook County

9.4 9.4 11.4 4.8 6.9 5.7 35 4.0 51 5.4

6.6 6.9 7.8 4.5 5.1 51 4.9 5.0 4.4 5.2

Single Parent (%) 8 8.3 8.8 59 7.7 7.9 8.7 6.4 7.2 8.0
Population Over 25
Less Than High 111 118 133 7.4 7.0 13.0 7.9 4.7 7.2 9.1

School Graduate
%
Race/Ethnicity
Population that is
Non White (%)
Vulnerabili

49.9 57.5 32.7 13.5 44.9 29.7 304 18.5 35.8
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Households with

Person Over 65 (%) 21.7 26.5 26.7 27.1 24.2 22.6 19.6 25.1

26.0

25.1

Households with
Person Under 18 31.0 31.2 29.4 32.9 36.8 40.6 44.2 37.4
(%)

36.5

39.3

Households
Receiving SSI, cash
assistance, Food
Stamps/SNAP With
Children Under 18
(%)

26.5 26.8 31.9 13.3 175 20.5 16.0 8.3

14.0

17.9

Households
Receiving SNAP
with Disabled
Person (%)

2.9

3.3

Families whose

income in the past

12 months is below

the poverty level 51
with related 14.8 14.3 17.4 7.2 9.4 9.1 5.0

children of the

householder under

18 years (%)

8.4

8.0

Population
Uninsured 7.3 8.4 9.5 5.9 4.2 8.2 4.4 4.9
(%)

5.4

5.6

Population With

Disability (%) 10.9 97 10.2 82 9.4 8.3 .. 6o

9.4

8.8

Population Civilian
Veteran (%

Median Age (years) 37.9 37.1 36.6 39.1 37.6 36.4 34.9 40.0

6.5

40.2

5.9

37.6

Population
Immigrant, U.S. 7.0 9.9 10.5 11.0 25 185 5.4 14.6
Citizen (%)

5.4

6.7

Population Norn-

Citizen (%) 7.0 9.3 105 8.0 1.2 8.1 4.0 6.2

4.2

5.4

Population with
School Enrollment 65.8 65.6 64 65.8 72 93.0 74.1 94.0
(K-12) (%)

72.3

71.2

Households with

Limited English

(Speak Englishless 8.7 12.1 13.9 9.1 21 10.7 5.6 5.9
than fvery

(%)

5.1

7.5

Population Not

Married (%) 35.1 38.3 41.6 30.1 26.3 50.0 28.8 45.3

27.4

315
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Crime Index® 85 -- 109 51 58 72.2 42 52.9 47 55
Residential Stabilit
Renter-occupied

- ) 34 37.6 43.1 26.8 28.9 29.0 17 22.3 20.7 19
housing units (%)
Occupied Housing
Units with more 25 3.0 3.4 23 13 3.2 1.9 13 15 18
than one person per
room (%)
Vacant Housing (%) 9.7 9.0 10.3 4.9 6.6 5.1 3.1 6.3 5.3 6.1
Median Home Value
of owner occupied 187,200 242, 500 237,200 299,000 191,300 193,400 224,200 231,40 219,600 224,800

units ($)

Occupied Rental
Units where Gross
Rent 35 percent or 40.1 41.2 41.6 37.9 26.8 39.0 36.1 37.2 38.2 43.6
more of household
income (%)
Occupied Units
where Owner Costs

35 porcont or more. 217 25.2 275 215 15.5 23.9 20.4 22.7 20.5 21.5
of income

Percent Eviction 1.58 - 1.22 1.62 1.70 1.1 2.62 1.7 - 3.97
ot . . . . . . . .

Transportation/Mobili
Workers Commute
by Car Alone (%)

Occupied Housing
Units with no 10.8 13.9 17.7 4.1 3.8 3.8 2.0 3.1 3.6 3.7
vehicle (%)

Workers Carpooling

73.1 67.2 61.4 76.9 88.6 80.0 83.8 78.3 82.4 83.9

7.9 7.6 8.0 6.9 5.9 9.3 7.1 6.8 6.7 6.0
(%)
Workers 6
Biking/Walking (%)
3.0 3.4 43 16 0.6 0.95 0.7 0.7 0.8 0.8
Walked 06 0.8 11 03 01 0.0 0.0 0.0 0.2 01
Biked
Workers Using 9.4 14.8 19 7.1 0.8 21 28 3.9 2.7 38

Public Transit (%)

25 Total Crime Index represents relative crime (personal and property) in the Uritesl 8here 100 = average crime, > 100 = higher crime, and < 100 = lower crime

26 Eviction Rates are based on formal eviction records. Eviction rates not reported for McHenry County in 2018
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Chicago Community Divisions

I:I Cenfral

[ North Side
i [ | Soutn Side
B st side
I Far Noreh Side
- Far South Side
- Far Soutlvvest Side
|:| Far Nortlvvest Side
|:| Southwest Side

S ]

Figure 10 Chicago Community Area by Division

Non-spatial factors varied significantly between white and-wbite census tracts. A higher
percentage of residents from Aahite census tracts were uninsurezteivedpublic assistance,

lived below the poverty level, andereunemployed (p<0.0001). Meresidents from newhite

census tracts were immigrants, rotizens, and had limited English language ahiltyhigher
percentage of households had no phone, no computer, and no vehicle. Additionally, a higher
percentage of the population in Ratite census tracts were not high school graduates, not in

the labor force, and were living in more crowded homes. The eviction rates, the crime index, and

costs of living were also higher. Within white census tracts, school enroliment, median home
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values, and mdian incomes were higher (p<0.0001). The median agals@sigher with a
higher number of households with residents over the age of 65.

Primary transportation methods differed between white anguiite census tracts with
more residents from newhite census tracts using public transportation or carpools to commute
to work (p<0.0001). The majority of residents from white census tracts drove to work alone.
Walkability was significantly higher in newhite census tracts and more residents walked to
work (p<0.0001). There was no difference in the percentage of the population that biked to work
or used other transportation methods. Ovenalivspatial variables had a nomiform
distribution across census tracts betwedite andnorwhite census tract&cross the entire
study areagensus tracteho had community pharmacies within them and whose racial
compositionmajority nonrwhite had a 2.72 median pharmaoyresident ratioNonwhitecensus
tracts had significantly less community pharmacies relatiwehite census tracts (0.5 vs. 0.76,
p<0.0001) and the mean pharmdoyresident ratio was significantly lower (1.36 vs. 1.70,
p<0.001).

Within the city of Chicagathe distribution of pharmacies varied by census tracts and
community areas. Central and tfeern neighborhoods had more pharmacies than West or
Southern community areas (44.3% vs. 37.2%). The west side of Chicago, an area where 83% of
the census tracts were predominantly or majority-wbite, had 48 of the 446 (10.8%)
pharmacies in the Chicagommunity area. The south side of Chicago, an area where 96% of
the census tracts are naite, had 35 pharmacies (7.8%onwhite census tracts were
concentrated on the south and west sides of Chicago in areas that have lower walkability scores

and higler crime indices (p<0.0001). The majority of these areas are also designated Health
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Professions Shortage Areas (HPSA) and Medically Underserved Areas (MUA) according to

Health Resources and Services Administration (HR&&ure 11 andFigure 12 showa

geospatial representation oéélth Professions Shortage Areas and Medically Underserved areas
relative towhite andnon-white Census Tracts. Nemhite and lowincome census tracts were
disproportionally within these ared$on-white census tracts had less community pharmacies
relativeto white census tracts and the mean phara@cgsident ratio was significantly lower

(1.36 vs. 2.1, p<0.0001)
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Il 1'linois Accessibility Scores
Accessibility scores and Spatial Access Ratios (SPARs) were déoivdifferent thresholds of
each travel mode. Based on data distributions for access thresholds;, @bd 2mile distances
wereselectedo construct separate distarz@sedoharmacy accesaodek. For walking and
driving modegpharmacy access models were derivedforinute,10 minute 15 minute and 20
minute threshold?harmacy access based on distance and travel times were also modeled in
ArcGIS to illustrate access to pharmacies by census Indtte analysis of traveines, the 10
minute walk SPARs corresponded to the ‘mailie distancehresholdand the 2éminute walk
SPARs corresponded to the one mile distaheshold That is, the 10ninute walk access
thresholds were the same as that of them#l access threskds and the 2@ninute walk
thresholds were the same as the mile access thresholds. For dmalyges revealed no
difference betweeB0 minute and 30 minute drivenes(i.e., no change in quantitative
accessibility thresholds)

Di stance
Across all casus tracts within the larger Chicago Metro Area, the median minimum distance in
miles to a pharmacy was 0.7 miles (mean = 0.8 miles). Nonwhite census tracts had a lower
minimum median distance to a pharmacy versus white census(@#&ats/s. 1.0, p<0.@d).
However, within Chicago city limits, nonwhite census tracts had a higher median minimum
distance to a pharmacy compared to white census tracts (0.46 vs. 0.33, p<0.0001). Across all
tracts within Chicago city limits, the median distance to a pharmasyOw2 miles (range: 1.89)
with a mean of 0.49 miles (SD: 0.3). Analysis of the number of pharmacies by distaastwld

revealed that, across the Chicago Metro Area, nonwhite census tracts had access to fewer
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pharmacy choices within a half mile relaito white census tracts but had access to more
pharmacy choices withione mile(p<0.0001). Within a half mile driving distance, 30.3% of
nonwhite census tracts did not have access to a pharmacy versus 8.9% of white census tracts
(p<0.0001). Within a mile9.2% of nonwhite census tracts did not have access to a pharmacy
while 19.6% of white census tracts did not have access to a pharmacy. More white census tracts
had low pharmacy access compared to honwhite census tracts (p=0.02). Importantly, 22 white
cersus tracts had access to 20 or more pharmacies within a mile while only one nonwhite census
tract had access to over 20 pharmacies (n=26). At two miles, more nonwhite census tracts had
low pharmacy access relative to white census tracts (p<0.0001).

Distarce access thresholds by natural breaks in the data are shoalviént. The
Enhanced Step Floating Catchment (E2SFCgpatial analysis results revealed tlaatross all
distance thresholds, at least one census tract did not have accessrimanitypharmacy.
Additionally, at one quarter mile and ohelf mile travel distance by roadway, the majority of
census tracts did not have accessaimmunity pharmacyTravel distancebeyond onéhalf mile
showed thaton averagegesidents had to travel at least one mile to reach a community
pharmacyWith the expansion of each distance threshold, the distribution of pharmacies at the
census tract level became more uniform. At 1 nmilest census tract population centers could
reach at least one pharmacy and there was a median of two choices of pharmacies at this travel
distanceThere weranarginaldifferences in the averageinimumdistance to a pharmacy

beyond 1.5 miles.
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Table 6 Pharmacy access levels descriptive statistics of pharmacy accessibility scores sjpatial access ratios

Distance Thresholds

0.25 miles 0.5 miles 1 mile 1.5 miles 2 miles
Pharmacy Access Levels
Accessibility Scores
Low <0.805 <0.126 <0.119 <1.269 <0.127
Medium 0.8053.258 0.1260.518 0.1190.393 1.2693.455 0.1270.295
High >3.258 >0.518 >0.393 >3.455 >0.295
Spatial Access Ratios
Low <3.483 <1.627 <0.903 <0.876 <0.847
Medium 3.48314.093 1.6276.718 0.9032.996 0.8762.39 0.8471.986
High >14.093 >6.718 >2.996 >2.39 >1.986
Mean distance(SE) 0.231(0.017) 0.771 (0.035) 1.313 (0.0356) 1.448 (0.030) 1.484 (0.025)
Median distance(SD) 0 (0.758) 0(1.573) 0.997(1.584) 1.232 (1.325) 1.338 (1.115)
Range 7.893 21.325 12.507 10.432 9.817

Accessibility scores were significantly differdsgtween white and newhite census tracts

for the0.5, 1.5, and 2mile traveldistances for the Chicago Metro Aredlon-white tracts had

higher accessibility scores for haifile distance@.805vs.0.741 p<0.0001) but had lower

accessibility scores compared to whieasugracts ata 1.5-mile travel distancé€l1.29 vs. 1.59

p<0.00]) anda 2-mile traveldistancg1.30vs. 1.65 p<0.0001). There was no difference

between nonwhite and white tracta25 miles (0.2 vs. 0.23, p 8.808 and1 mile (1.25 vs.

1.37,p = 0154). When limited to the city of Chicago only, accessibility scoessained

significantly different between white and naiite census tracts @t5mile, 1.5mile, and 2

miles (p<0.001).The difference in accessibility scorasl.5 miles (1.29 vs. 1.651) and 2 miles

(1.20 vs. 1.68yvas morepronouncedelative to the larger Cbago Metro Area.
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Pharmacy Spatial Access Ratios
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Figure 13Pharmacy Spatial Access Ratios for QuarteMile Travel Distance, Chicagc
Metro Area

Pharmacy Access Levels (n)
White

Low (931)
Medium (93)
High (14)

1

Non-White

Low (821)
Medium (103)
High (9)

Il

AR
e

[ T ‘

e |
ESHRSELE

o
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Distance Chicago Metro Area
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Pharmacy Access Levels (n)
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Figure 15 Pharmacy Spatial Access Ratios for HaiMile Travel Distance,
Chicago Metro Area Figure 16 Pharmacy Access Levels by Racial Composition for Halfile Travel Distance,
Chicago Metro Area
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Pharmacy Access Levels (n)
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Figure 18 Pharmacy Spatial Access ratios for One Mile Travel DistanceChicagc
Metro Area Figure 17 Pharmacy Access Levels byRacial Composition for One-Mile Travel Distance,

Chicago Metro Area
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Figure 19Pharmacy Spatial Access Ratios for One and One Half Mile Travel Distanc€hicagc
Metro Area Figure 20 Pharmacy Access Levels by Racial Composition for One and Ostdalf Mile Travel

Distance Chicago Metro Area
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Figure 21 Pharmacy Spatial Access Ratios for One andwo-Mile Travel Distance Chicagc

Metro Area
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Figure 22 Pharmacy Access Levels by Racial Composition fofwo-Mile Travel Distance
Chicago Metro Area
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Wal k Ti me

Of 1986 census tracts, only 1976 were ablbe mapped vieoad networkAcross all
census tracts, averagenimumwalk time to a pharmacy wd¥.2 minutes (SE = 0.37) and
medianminimumwalk time was 13.2 minuteSD = 16.3)Most census tracts had low
pharmacyaccessand most population centers withinghd 10minute walk tmes did not have
access to a community pharma@ensus tracts with high pharmacy aceesse concentrated in
central Chicago community areas awanesuburban area$Vithin the city of Chicago, median
minimumwalk timesto a pharmacyvere shortefmedian: 8.5 minutes; mean: 9.6 minutes).
While mostcensus tracts in Chicago did not have access to a pharmacy withimatgé walk,
60% of census tracts had at least one pharmacy withimarifiewalk time. At 20-minutes,
population centersm Chicago had an average ofd@mmunitypharmacies within walking
distance and, when expanded to aniute walking distance, population centers had access to

an average of ldommunitypharmacies.

Table 7 Pharmacy Accessibility Scores by Walk Time, Chicago Metro Area

Walk Time Thresholds

5 minutes 10 minutes 15 minutes 20 minutes 30 minutes
Pharmacy Access Levels
Accessibility Scores
Low <0.0& <0.1% <1.14 <0.118 <0.18
Medium 0.0820.3% 0.1260.518 1.144.05 0.118-0.393  0.1280.345
High >0.3%6 >0.518 >4.05 >0.393 >0.345
Spatial Access Ratios
Low <3.484 <1.629 <1.022 <0.903 <0.878
Medium 3.48414.093 1.6296.728  1.0223.671 0.9032.996 0.8782.386
High >14.093 >6.728 >3.671 >2.996 >2.386
Mean (SE) 0.023 (0.002) 0.077 (0.004) 1.104 (0.037) 0.131(0.004) 0.145 (0.003)
Median (SD) 0 (0.076) 0(0.157) 0416 (1.647) 0.099 (0.159) 0.123(0.133)
Range 0.789 2.133 16.592 1.251 1.043
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There were significant differences in pharmacy access based on walk time between white
and nornwhite census tractscross the Chicago Metro Aré&hite censs tracts had a higher
medianminimumwalk timeto a community pharmad0 minutes vs. 3 minutes, p<0.001)

There were no differences in average walk titoes pharmacypased on racial composition
exceptat 10-minute and 15ninute walkthresholdsResidents from newhite census tracts had
longermedianwalk times to a pharmad{ minutes vs. 10 minuteg,= 0.008)and morenon
white census tracts did not have accessdonamunitypharmacy compared to white census
tracts (45% vs. 28.6%<0.001). Differences iRharmacy Accessibility Scores and Spatial

Access Ratioare shown irkigure 23 andFigure 24. Nonrwhite census tracts hatgnificantly

lower mean accessibility scors 30-minute walk timegp<0.01). Nonwhite census tracts
had significantly higher accessibility scored @minute and 18ninute walk times (p<0.001).

There were no differences in accessibility scoresmirtute or 26minute walk times.

Mean Accessibility Scores, White vs. Ngvhite
30-min - | 01759
zo-min %5

[%2]
S
2
; 1,110
2 15-min | .. 13
=
o 10min [ 9694
=
x  5-min Q2
s H 8833
0.000 0.200 0.400 0.600 0.800 1.000 1.200

Accessibility Scores

® Non-White ®mWhite

Figure 23 Average Walk Time Accessibility Scores by Census tract Racial Composition for Chicago Metro Ar
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Mean Spatial Access Ratios, White vs. Naihite

30-min 0.891

1.097

20-min 0.951

1.044

1.006

15-min 0.996

1.047

Walk Time Thresholds

10-min 0.960

0.990

5-min 1.010

0.000 0.200 0.400 0.600 0.800 1.000 1.200
Spatial Access Ratios
® Non-White m White

Figure 24 Average Walk Time Spatial Access Ratios by Census Tract Racial Composition for Chicago Me
Area

Within the Chicago Urban Area, there were significant differences in pharmacy
accessibility scores between white and-mdrite census tracts at 4finute,15-minute, and 390
minute walk timesThe nean pharmacy accessibility scdoe nonwhite census tracts was
higher at a 1ninute walk time [§<0.001) but lower at Hminutes p=0.002) and 3@ninute
(p<0.001). Theoroportionof nonwhite census tracthatwere in high pharmacy access area
wassignificantlylower at15-minute, 26minute, and 30ninute walk timesAt a 30minute walk
time, there were more namhite census tracts in low pharmacy access ab#a5% vs. 45.1%,

p<0.001).
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Table 8 Pharmacy Access Categories and Accessibility Scores by Racial Composition for Chicaljban Area (Walk Times)

Non-White p-value
Pharmacy Accessibility Scores, mean (SE)
5-minute 0.024 (0.003) 0.023 (0002) 0.613
10-minutes 0.077 (0.005) 0.082 (0.005) <0.001
15-minutes 1.138 (0.055) 1.119 (0.051) 0.002
20-minutes 0.141 (0.006) 0.126 (0.005) 0.326
30-minutes 0.162 (0.005) 0.130 (0.004) <0.001
Pharmacy Access Categories, n(%)
- Low 888 (89.4) 810(87.9) N.S.
I Medium 91 (9.2) 103 (11.2) N.S.
Lo High 14 (1.4) 9(1.0) N.S.
Low 757 (76.2) 702 (76.1) N.S.
o £ Medium 215 (21.7) 199 (21.6) N.S.
= E High 21 (2.1) 21 (2.3) N.S.
Low 627 (63.1) 556 (60.3) N.S.
o £ Medium 301 (30.3) 326 (35.4) 0.005
— £ High 65 (6.5) 40 (4.3) 0.005
Low 536 (54.0) 515 (55.9) N.S.
o £ Medium 379 (38.2) 367 (39.8) N.S.
N E High 78 (7.9) 40 (4.3) 0.006
Low 448 (45.1) 521 (56.5) <0.001
o £ Medium 453 (45.6) 364 (39.5) <0.001
™ £ High 92 (9.3) 37 (4.0) <0.001

N.S. = Not Significant

Within the urban community areas of Chicago (i.e., Chicago city limits), pharmacy access

metrics remained significantly different between white (n=256) aneniote census tracts

(n=560). Residents from nemhite census #&cts walked a minimum of 10 minutes while

residents in white census tracts walked 7.5 minutes to reach a community pharmacy (p<0.001).

Residents within a-5r 10minute walk time to a pharmacy could travel less thamrtutes to

reach a community pharmadicross all walk time thresholds, average walk times to a

pharmacy were marginally different between groups (mean difference <1). The number of
pharmacies accessible at each walk time threshold were significantly different between census

tract racial comgpsition at 16, 15, 20, and 36@minutes. Residents from navhite census tracts
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had fewer pharmacy choices with the greatest disparity angirdfie walk time (9 pharmacies
vs. 18 pharmacies, p<0.001).
Pharmacy accessibility scoralsovariedby racial composition. Newhite census tracts
had lower accessibility scores atifnutes (0.046 vs. 0.130 p<0.001);mEnutes (1.00 vs.1.78,
p<0.001), and 3Mninutes (0.118 vs. 0.173, p<0.00Rharmacy access levels and Spatial Access

Ratios are mapjpkin Figures 2-34.
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Figure 26 Pharmacy Spatial Access Ratios for#ninute Walk Time, ChicagoMetro Area
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Figure 25 Pharmacy Access Levels by Racial Composition for-Binute Walk Time, Chicagc
Metro Area
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Pharmacy Access Levels (n)
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Figure 27 Pharmacy Spatial Access Ratios for Hninute Walk Time, Chicago Metro Area ) ) B ) ) ]
Figure 28 Pharmacy Access Levels by Racial Composition for #@inute Walk Time, Chicagc

Metro Area
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Pharmacy Spatial Access Ratios
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Figure 29 Pharmacy Spatial Access Ratios for Fainute Walk Time, Chicago Metro Area

Pharmacy Access Levels (n)
White

H

Low (666)
[ Medium (306)
I High (66)
Non-White

|| Low (565)
[ ] Medium (328)
I —

High (40)

Metro Area

170

Figure 30 Pharmacy Access Levels by Racial Composition for #inute Walk Time, Chicagc
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Figure 32 Pharmacy Access Levels by Racial Composition for 2@inute Walk Time, Chicagc

Metro Area

Figure 31 Pharmacy Spatial Access Ratios for 2tninute Walk Time, Chicago Metro Area
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Figure 34 Pharmacy Spatial Access Ratios for 3tninute Walk Time, Chicago Metro Area

Figure 33 Pharmacy Access Levels by Racial Composition for 3@inute Walk Time, Chicagc
Metro Area
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Drive Ti me

Pharmacy access analyses by drive sim@wved a nomniform distribution oicommunity
pharmacies across census tracts with higblestmacyaccessoncentratedh certral and north
sides of Chicago. Most census tracts had megibanmacyaccess with the central part of
Chicago and several localized suburban areas having the highest access. Witimninthie 5
drive threshold 41.8% ofall census tracts had low pharmamcess and 11.8% had high
pharmacy access. The medimmimumdrive time to a pharmacy wassIninutes and there was
a median of 12 pharmacies within access ofairiute drive. When averaged across all census
tracts, most residents could travel approxeha3 minutes by cao reach a pharmacpf
census tracts population centers within anfifute drive to a community pharmacgost
residents could travel between 6 and 7 minutes and reach a pharmacy, with a median of 55
pharmag choices Onaverage, residents that made ariute drive could reach 78
pharmaciesWithin a 18minute driving threshold20.6% of census tracts had high pharmacy
access and 29.6% of census tracts had low pharmacy access. Almost half of the census tracts had
mediumaccess to a pharmacy (49.8%jmilar to the 5and 16minute drive time analyses, the
10-minute drive time analysis revealed a noriform distribution of pharmacies and a more
pronounced concentration of high pharmacy access in central and northens oégloe
Chicagourbancommunity areg thoughmostcensus tracts had at least medium pharmacy
accesg51.3%) The number o€ensus tracts with high and low pharmacy access were similar
(25.2% and 23.5%, respectively). At a@inhute drive thresholdynly 10.7% of census tracts
were considered to have low pharmacy access. This finding did not change atrtimeit&0

drive threshold (10.5%Residents could reach, on average, 280 pharmacies withiman@e
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drive with a median drive time of approximatdly minutesAlthough the number of
pharmaciesvithin reachincreased with the 3tinute drivethreshold normalized accessibility
thresholds were the sankhat is, the supply to demand ratio at the census tract level did not
change and most census trdwsl at least medium access to a pharmlegirmacy

Accessibility Scores and Spatial Access Ratios are showakble 8.

Table 9 Pharmacy Accessibility Scores by Drive Time, Chicago Metro Area

Drive Time Thresholds

5 minutes 10 minutes 15 minutes 20 minutes 30 minutes

Pharmacy Access Levels
Accessibility Scores

Low <1.274 <1.254 <1.269 <1.164 <1.157
Medium 1.2742.429 1.2541.860 1.2691.738 1.1641.667 1.1571.667
High >2.429 >1.860 >1.738 >1.667 >1.667
Spatial Access Ratios

Low <1.257 <0.833 <0.838 <0.758 <0.757
Medium 1.257-2.396 0.8331.240 0.8381.151 0.7581.096 0.7571.099
High >2.396 >1.240 >1.151 >1.096 >1.099

Mean Accessibility Scores ~ 1.492 0.019) 1502 (0.01) 1.509 (0.009)  1.512 (0.008) 1.517 (0.008)
(SE)

Median Accessibility Scores  1.404 0.824  1.500 (0.483) 1.510 (0.3379) 1.504 (0.346) 1.519(0.335)
(SD)

Range 6.071 3.293 2.500 2.388 2.235

Drive timepharmacyacces$y racial composition revealed significant differences between
white and noswhite census tract#cross the larger Chicago Metro Areasidents from white
census tracts had a longer minimum drive to a pharmacy compared to residents fwehit@on
censudracts(1.7 minutes vs. 1.3 minufesNonwhite census tracts also had access to a higher
number of pharmacies within all drive time thresholds (p<0.0@dyever,when considering

the number of pharmacies relative to the population, results revealed that white census tracts had
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higherpharmacyaccessompared to nohite census tractdlon-white census tracts had more
census tracts with low pharmacy access comparedhite census tracts (25% vs. 17%, p<0.001)
and white census tracts had more census tracts with high pharmacy access (8.4% vs. 3.3%,
p<0.001). Most white census tracts (27.5%) daldasimedium access to a pharmadn
averageresidents from nomhite census tracts also had to travel farther to reach a pharmacy
(p<0.001) and had fewer choices of pharmacies (p<0.0Qithin a5-minute drive differences
in pharmacyaccessibility scorelsetween white and newhite census tracts was statistically
significant (1.38 vs. 1.61, p<0.001yimilarly, thel0-minute driveanalysisdemonstrated a
statistically significant difference between white and-mdnite census tracts in the number of
census tracts with low pharmacy access (11.0% vs 18.6%, p<0.001) armphaighacy access
(15.9% vs. 4.7%, p<0.001). The majority of both white andwbite census tracts had medium
pharmacy acceg49.4%and 50.2%, respectivelypf 588low pharmacy access census tracts
within a 1@minute drive to a pharmagcsnost 63.1%) were noAwhite. Results at 18ninuteand
20-minutedrives were similar wherenorenonwhite census tracts had lower pharmacy access
relative to white census trac{s<0.001).At a 30minute drive timemore noRwhite census
tracts had higher pharmacy access (32.5% vs J7a6&the percentage of census tracts with
low pharmacy access were the same between racial compositions (10.5%).

Accessibility scores were significantly different betwedrte andnon-white census tracts
in the Chicago Metro AredNon-white census tracts had lower accessibility scores across all
driving times, except for the a@inute drive timen which they had higher accessibility scores

(p<0.001).Mean accessibility scores andasipl access ratios are showrHigure 35andFEigure

36, respectively.
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Figure 36 AverageDrive Time Accessibility Scores by Census tract Racial Composition for Chicago Metro Ar
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Li mited t WbadMesq diffeigricdis accessibility scores was even more
pronounced. Similar to the larger metropolitan aneawhite census tracts hatgnificantly
lower accessibility scoreacross all census tracts except for tharB0ute drive timgTable 9).
Among nonwhite census tracts, accessibility scores increased as drive times increased whereas
among white census tracts, accessibility scores decreased as drive times ddoiféarseates
across alpharmacy accessmtegories (e.g., lownedium, highere significant between white
and norwhite census tracts &minutes (p<0.05)For the 1@minute, 15minute, and 20ninute
drive, differences were significantly different between white andwioite census tractt the
low and high phanacy access categories (p<0.05). An3@utes, differences were significant
for the low and medium access categorldgre were significantly momgonwhite census tracts
that had lowpharmacy access and significantly less-mdite census tracts that had high
pharmacy accesét a 30 minute drive morenonwhite census tracts hdaw pharmacy access

but there was no difference in the number of census tracts with high access toacpharm

Table 10 Pharmacy Access Categories and Accessibility Scores by Racial Composition for ChicgBoive Times)

White Non-White p-value

Pharmacy Accessibility Scores, mean (SE)
5-minute 1.684 (0.029) 1.320(0.029) <0.001
10-minutes 1.645 (0.016) 1.392 (0.016) <0.001
15-minutes 1.593 (0.118) 1.458 (0.012) <0.001
20-minutes 1.564 (0.010) 1.500 (0.010) <0.001
30-minutes 1.541 (0.010) 1.545 (0.010) N.S.
Pharmacy Access Categories, n(%)

- Low 304(30.6) 482 (52.3) p<0.001
f= Medium 528 (53.2) 374 (40.6) p<0.001
o High 160 (16.2) 66 (7.2) p<0001

Low 188 (19) 361 (39.2) p<0.001

o £ Medium 494 (50) 467 (50.7) N.S.

= £ High 310 (31) 94 (10.2) p<0.001
0 E.— 9| ow 153 (15.4) 266 (28.9) p<0.001
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Medium 513 (51.7) 483 (52.4) N.S.
High 326 (32.9) 173 (18.8) p<0.001
Low 64 (6.5) 104 (11.3) p<0.001
o £ Medium 556 (56) 552 (59.9) N.S.
N £ High 372 (37.5) 266 (28.9) p<0.001
Low 60 (6.1) 90 (9.8) p=0.001
o £ Medium 641 (64.6) 529(57.4) p=0.001
™ £ High 291 (29.3) 303 (32.9) N.S.

N.S = Not significant

Figures 38-46 show relative pharmacy access by racial composition across drive time thresholds

and corresponding Spatial Access Ratios (SPARS)
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Pharmacy Spatial Access Ratios
Pharmacy Access Levels (n)
- <1.257 Low Access
[ ] 1.257-2.388 Medium Access Whits
= ) ’ ) Low (328)
>2.396 High Access _ Medium (546)
I High (164)
Non-White
| Low (491)
[ Medium (376)
I High (66)

Figure 37 Pharmacy Spatial Access Ratios fos-minute Drive Time, Chicago Metro Area
Figure 38 Pharmacy Access Levels by Racial Composition fdi-minute Drive Time, Chicagc
Metro Area
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Figure 39 Pharmacy Spatial Access Ratiogor 10-minute Drive Time, Chicago Metro Area Figure 40 Pharmacy Access Levels by Racial Composition fdrfO-minute Drive Time, Chicagc
Metro Area
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