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Policy Points:

® Policymakers in the United States should consider expanding pharmacy
practice laws to allow pharmacists to vaccinate adolescents as a way
to improve geographic access to adolescent vaccines, particularly for
human papillomavirus (HPV) vaccine, which has low uptake.

® OQur state-level analysis showed that pharmacists are more geographi-
cally dispersed than primary care physicians in the US state of Texas.

® JIncluding pharmacists among available adolescent vaccine providers
would improve the geographic distribution of vaccine providers, espe-
cially in areas with an inadequate number of primary care physicians.

Context: The largest disparities in human papillomavirus (HPV) vaccination
in the United States are due to geography. One potential way of addressing
these disparities is by improving geographic access to HPV vaccination. Two
federal panels have recommended including community pharmacists as HPV
vaccine providers as a strategy to improve opportunities for HPV vaccination
for adolescents. We sought to evaluate whether community pharmacists can
improve the number of vaccine providers in areas with primary care physician
shortages in the US state of Texas.

Methods: We gathered publicly available physician and pharmacist 2016 work-
force data from the Texas Medical Board and Board of Pharmacy. We conducted
geospatial analysis of census tracts to analyze the distribution of physicians and
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pharmacists and how pharmacists change vaccine provider coverage across the
state.

Findings: Census tracts with high numbers of physicians per capita tended to
be located near one another, in 5 of 5 analyses of Moran’s [ (median = .04).
In contrast, pharmacist rates were not spatially dependent on census tract in
any of our analyses. If pharmacists were added to primary care physicians as
vaccine providers, 35% of urban census tracts that previously had inadequate
coverage would be adequately covered, while 18% of inadequately covered rural
census tracts would become adequately covered. Overall, when pharmacists were
included with primary care physicians as vaccine providers, vaccine providers
per capita increased in 2,413 of the 4,508 urban census tracts (54%), while the
rate increased in 223 of 746 rural census tracts (30%).

Conclusions: Pharmacists are more geographically dispersed across census
tracts than primary care physicians. As a result, adding pharmacists to the
workforce would increase the availability of vaccine providers in areas with
inadequate primary care provider coverage.

Keywords: HPV vaccine, access to health care, pharmacists, geographic
factors.

HE LARGEST DISPARITIES IN HUMAN PAPILLOMAVIRUS (HPV)
vaccination coverage in the United States are geographic rather
than related to race, ethnicity, and socioeconomic status, varying
dramatically across states and regions and by rurality.'” For instance,
HPV vaccine initiation is higher among racial and ethnic minorities and
the poor,® while uptake is lower in rural areas compared to urban ones.
A growing body of state-specific studies has identified substantial vari-
ation in vaccine coverage by counties and census tracts.”'” Geographic

112 and mortality'? exist alongside lower

disparities in cancer incidence
use of preventive services. As an example, high cervical cancer burden
in Appalachia is associated with low HPV vaccination coverage,'’ a pat-
tern that is repeated in analyses of state-level data.'* Spatial targeting
of public health interventions may therefore reduce geographic dispari-
ties. One way geographic disparities could arise is through the unequal
distribution of health care workers available to a population.

The Behavioral Model of Health Services Use describes various
individual, community, and societal factors that enable health care
utilization such as vaccination, income, education, health insurance
coverage, and health systems organization.'”> While all these factors
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interplay to enable patients to obtain HPV vaccinations, a key motivator
for easy access to this vaccination service is the availability of health care
facilities and providers who administer HPV vaccine. Typically, HPV
vaccination research evaluates access to and interactions with primary
care providers such as pediatricians and family medicine physicians, as
most adolescent vaccinations in the United States are given in practices
with these 2 specialties.'®'” However, a 2010 study found a large
portion of families with children have limited access to a primary care
physician despite the substantial increase in physicians who see children
in the United States.'® As a result, poor primary care coverage in certain
areas may be a result of maldistribution of primary care physicians,
rather than due to an absolute shortage in the number of primary
care physicians. Taken together with evidence of lower health care use

19-21 2 dditional modes of access to HPV vaccination

among adolescents,
may be warranted as a strategy to improve vaccination coverage.

A recent review of nontraditional settings for HPV vaccination found
that pharmacies are particularly well suited to reach US adolescents,
given their easy access within US communities, their history admin-
istering vaccinations, and their ability to furnish vaccinations in large
volumes.??> Between 2014 and 2015, the President’s Cancer Panel and
the National Vaccine Advisory Committee recommended expanding
HPV vaccine provision in pharmacies to help improve access and
opportunities for HPV vaccination.?>* Fifty states and US territories
allow pharmacists to administer HPV vaccine (the exceptions are New
Hampshire and New York), but the level of autonomy pharmacists
have to vaccinate age-eligible adolescents varies greatly.” For instance,
pharmacy practice laws may restrict vaccination practices to certain
ages® or by the mechanism through which pharmacists can administer
HPV vaccine (eg, independent authority, standing order protocol, or
by prescription only).?® Currently, community pharmacists typically do
not provide HPV vaccine to age-eligible adolescents, but if they did
begin providing it in those states where it is allowed, they could have
a meaningful role in expanding HPV vaccination access. This may be
particularly germane in states like Texas where populations are dispersed
across large geographic areas, the distribution of primary care physicians
has limited their ability to meet population health needs, and pharma-
cists are allowed to vaccinate adolescents with HPV vaccine as young
as 14 through standing order protocol or younger than 14 through
physician referrals. The purpose of our study is to characterize the
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geographic distribution of primary care physicians who typically
provide HPV vaccination in 1 US state, Texas, and to evaluate whether
adding community pharmacists as vaccine providers would improve
access to HPV vaccination services in primary health care shortage areas.

Some evidence suggests that people live closer to pharmacists than
they do to their primary care providers. The National Association of
Chain Drug Stores reported that 93% of US residents live within 5
miles of a community pharmacy.?” The vast majority of pharmacies also
have substantial retail operations, which may allow them to be commer-
cially successful in areas where primary care practices would struggle
financially. As such, we hypothesized that primary care physicians are
more spatially clustered than pharmacists (Hypothesis 1). Furthermore, if
pharmacists are more dispersed geographically than primary care physi-
cians, this dispersion may be especially important for high-need areas,
as pharmacists could increase access to vaccination services in areas with
poor primary care provider coverage. As such, we also hypothesized that
the number of areas with adequate health care provider coverage increases
if pharmacists are included with primary care physicians as adolescent
vaccine providers (Hypothesis 2). While other important health care pro-
fessionals such as nurse practitioners and physician assistants also likely
provide adolescent vaccines, we were unable to obtain sufficiently accu-
rate practice address location or practice specialty information to include
these providers in our study. Therefore, our study focuses on primary
care physicians who are likely to administer HPV vaccine and commu-
nity pharmacists who are legally allowed to provide HPV vaccine to
adolescents.

Methods

Data Sources and Procedures

We used publicly available data to determine the geolocation and other
characteristics of primary care physicians and pharmacists in Texas.
Primary Care Physicians. Physician workforce data are publicly avail-
able from the Texas Medical Board (http://store.tmb.state.tx.us/). Our
data set included physicians licensed by December 2016 and con-
tained information about each physician’s license status, registration
dates, primary and secondary specialties, and practice type and setting.
Four physicians (1 pediatrician, 1 gynecologist, and 2 family medicine
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Figure 1A. Flow Diagram of Inclusion Criteria for Primary Care
Physicians

n=128438

Exclude if verified practice address is not in Texas
& n=52432

Keep if verified practice address in Texas
n = 176,006 Exclude those who are active but not practicing, have

l—» inactive or canceled licenses, are suspended, retired, or

Keep those who: deceased n=15246

= Have an active medical practice license
= Provide charity care

n = 60,760 Exclude those who are in administrative medicine,

> research, or not in practice or, did not answer

n=1,769

Total physicians in Texas data set as of Dec. 2016 ‘
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| research, not applicable, unknown, other

. n=3,654

Keep those whose practice is/is in:

= Partnership & group

= Solo

= Direct medical care or hospital-based

= Military

= Health management organization

= Public health service Exclude those whose primary specialties are not

n=55337 primary care (eg, anesthesiology, cardiology, psychiatry,
surgery, dermatology, oncology, emergency medicine,

t logy, ophthalmology, pathology, pain

Keep those whose primary specialties are: management, urology, vascular medicine)

= Family medicine n=40,291

= General practice

= Obstetrics & gynecology

= Pediatrics

= Public health & preventive medicine

= Urgent care medicine Exclude those whose secondary specialties are not

n=15,046 primary care (eg, anesthesiology, cardiology, psychiatry,

T surgery, dermatology, oncology, emergency medicine,
v gerontology, ophthalmology, pathology, pain

Keep those whose secondary specialties are: management, urology, vascular medicine)

= Adolescent medicine n=2,739
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= General practice

= Medicine/pediatrics

= Obstetrics & gynecology

= Pediatrics
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= Sports medicine

= Urgent care medicine

= Unspecified/not applicable
n=12,307

physicians) advised on the criteria used to identify primary care physi-
cians to include in this data set. We included physicians who had an
active practice license, a verifiable practice address in Texas that could
be geocoded, and a primary specialty in family medicine, general prac-
tice, obstetrics and gynecology, pediatrics, public health and preventive
medicine, or urgent care medicine (Figure 1 A). The final analytic sample
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Figure 1B. Flow Diagram of Inclusion Criteria for Community
Pharmacists

Total pharmacists in Texas data set as of Dec. 2016
n=45454

Exclude if verified practice address is not in Texas
n=26478

Keep if verified practice address is in Texas
n=18,976

Exclude those who have licenses that are canceled,
delinquent, expired, inactive, restricted, revoked,
surrendered, or suspended or who are on probation,
unemployed, or retired

=141

Keep those who have active pharmacy practice licenses
n=18.835

Exclude those whose practice is/is in armed services,
education, health maintenance organization, home
health, hospital-based, long-term care, mail services,
manufacturing or wholesale, nuclear, pharmacy
management, sterile products

n=7,704

Keep those who practice in:

= Retail chain pharmacies

= Independent pharmacies

= Government facility pharmacies
n=11,131

had 12,307 primary care physicians whose sociodemographic character-
istics are described in Online Appendix Table 1.

Community Pharmacists. Pharmacist workforce data are publicly
available from the Texas Board of Pharmacy (http://www.pharmacy.
texas.gov/dbsearch/tables.asp). Our data set included pharmacists
licensed by December 2016 and contained information about each
pharmacist’s license status, registration dates, and practice setting. Phar-
macists were included in the analytic sample if they had an active practice
license, had a verifiable practice address in Texas that could be geocoded,
and identified a community pharmacy as their employment type
(Figure 1B). The final analytic sample had 11,131 pharmacists whose


http://www.pharmacy.texas.gov/dbsearch/tables.asp
http://www.pharmacy.texas.gov/dbsearch/tables.asp

574 P.D. Shab et al.

sociodemographic characteristics are described in Online Appendix
Table 1.

Texas Census Tracts. We collected census tract geographic bound-
aries and demographic characteristics for Texas from the US Census
Bureau via 2016 TIGER/Line® shapefiles (ie, data files that contain
geometric location and attribute information on geographic features;
census.gov/geo/maps-data/data/tiger-data.html). We used the 2010
Decennial Census for Texas population counts for each census tract.
We also collected neighborhood sociodemographic characteristics
of each census tract using S-year estimates from the 2012-2016
American Community Survey (ACS). Texas has 5,254 census tracts with
populations ranging from 0 to 33,201 people (mean = 4,786, standard
deviation [SD} = 2,433).

Geocoding Procedures. First, we geocoded the physicians’ and phar-
macists’ locations as points using their given practice addresses. Next,
in order to get counts of physicians and pharmacists in each census
tract, the points representing the providers were joined to the shapefile
containing the census tracts’ geographic boundaries and demographic
characteristics. Only points that lay within the boundaries of each
areal unit were counted as being contained within that unit. Since
practice addresses were verified for both physicians and pharmacists,
no individual provider was dropped during the geocoding process. This
process was conducted in ESRI ArcGIS 10.5 (Redlands, California).

Statistical Analyses

Analyses determined the spatial distribution of physicians and pharma-
cists and evaluated how pharmacists changed the adequacy of vaccine
provider rates in census tracts.

Spatial Clustering of Providers. First, we evaluated the extent of spa-
tial clustering (spatial autocorrelation) of physicians and pharmacists
in Texas with Moran’s 1,® using census tracts as the units of analysis.
Moran’s [ is a global test statistic that provides a summary of the entire
study area of the level of spatial similarity observed among neighboring
observations,?” such as the rates of physicians and pharmacists in census
tracts. We defined neighboring observations using 3 methods as a means
to verify the robustness of our analysis: (1) contiguity neighbor method
using a first-order queen criterion that includes all census tracts that
share a border; (2) an inverse-distance band method with a set threshold
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30 in which census tracts whose

and a nearest-neighbor parameter of 1,
centroids are within 8,047 meters (5 miles) of each other are considered
neighbors, and if there are none, then the closest census tract is consid-
ered the neighbor; and (3) an inverse-distance band method in which the
software maximized the distance threshold so that all census tracts had
at least 1 neighbor.>® We also calculated Moran’s I using both Euclidean
(ie, ordinary straight-line distance between 2 points) and Manhattan
(ie, distance between 2 points based on strictly horizontal and verti-
cal paths) distances for the inverse-distance methods, since Euclidean
distances tend to underestimate road distances and travel times, while
Manhattan distances tend to overestimate both.?! The interpretation of
the Moran’s [ is similar to the Pearson’s product-moment correlation
coefficient in that values range from —1 to 1. We used provider rates
(ie, providers per capita) in each census tract for the Moran’s [ statistical
test to adjust for the tendencies of areas with larger populations to have
more providers.

Change in Providers Per Capita With Pharmacist Inclusion. Next, we an-
alyzed how census tracts’ vaccine providers per capita changed with the
inclusion of pharmacists, as a way to determine whether pharmacists
can help improve access to HPV vaccination in areas with primary care
health professional shortages. Primary care health professional shortage
areas (HPSAs) are defined as having 1 or fewer full-time-equivalent
primary care physician per 3,500 people living in a geographic area.’?
Using the previously calculated physician and pharmacist rates, we stan-
dardized the vaccine provider rates per 3,500 people. We then added
the 2 rates to get an overall provider rate per 3,500 people. To address
skewness, we winsorized outlying provider rates to a value of 30 or more
providers per 3,500 people (ie, at or above 99 percentile). To evalu-
ate if HPSAs moved to adequate provider coverage with the inclusion
of pharmacists, we created 2 dichotomous variables. The first variable
indicated whether a census tract had inadequate coverage (coded “0”), if
the physician-to-population ratio was less than or equal to 1:3,500, or
had adequate coverage (coded “1”), if the physician-to-population ratio
was greater than 1:3,500. The second variable used the same coding
scheme, but for physician-and-pharmacist-to-population ratio less than
or equal to 1:3,500 (coded “0”) or greater than 1:3,500 (coded “17).
We then examined the percentage of census tracts that shifted to ade-
quate provider coverage when pharmacists were included in the provider
rate.
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We next performed several subgroup analyses. First, we conducted
paired z-tests to compare the mean providers per capita, comparing
data for physicians only vs physicians and pharmacists. Second, we con-
ducted sign tests to evaluate whether median providers per capita in-
creased when pharmacists were included with physicians. Third, we
stratified analyses by urban and rural census tracts using the 2010 Cen-
sus classification, where tracts with a population greater than 2,500 were
designated as urban areas (eg, “urbanized areas” or “urban clusters”).??
We reported providers per capita at interquartile cutoffs to show how
pharmacists changed vaccine providers per capita at the 25T, 50,
and 75" percentiles. Finally, we generated choropleth maps (Figures 2
and 3) to visually depict where providers per capita increased in Texas
when pharmacists and physicians were included.

In our final set of analyses, we evaluated how vaccine providers
per capita varied across census tracts using an overall measure of
neighborhood socioeconomic status called the Area Deprivation Index
(ADI). G. K. Singh’s ADI is a proxy measure of socioeconomic status for
a geographic area using 17 indicators grouped into 4 domains: poverty,
housing, employment, and education.>® ADI scores for geographic areas
have shown validity in predicting patient-level health outcomes and
health care utilization.”> We calculated ADI scores for each census tract
in Texas using data from the 2012-2016 ACS with methods developed
by Knighton and colleagues.”” ADI scores in Texas census tracts ranged
from —140 (least deprived) to 127 (most deprived, mean = 100,
SD = 20). We conducted one-way analysis of variance to evaluate the
mean vaccine providers per capita across census tracts grouped into
ADI score quintiles.

The Moran’s I test statistic and choropleth map generation were
conducted in ESRI ArcGIS 10.5. Data cleaning, manipulation, and
statistical tests were conducted in Stata 15.1 (College Station, Texas).
All analyses used 2-tailed statistical tests with a critical @ = .05.

Results

Spatial Clustering of Providers

Census tracts with high numbers of physicians per capita tended to be
located near other census tracts with high physician-per-capita ratios (ie,
spatial clustering). In analyses at the level of census tracts, physicians
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Figure 2. Adequacy of Vaccine Provider Coverage by Census Tract

Coverage with physicians

Provider coverage status
l:l None
B 1nadequate (S1 provider : 3,500 people)
- Adequate (>1 provider : 3,500 people)

per capita exhibited spatial clustering in 5 of 5 analyses (median
I = .04; Table 1). Spatial clustering was detectable using the contiguity
neighbor method (I = .11, p < .001) and both inverse-distance methods
using Euclidian (approach 1: I = .032, p < .001; approach 2: I = .009,
p < .001) and Manhattan distance calculations (approach 1: I = .040,
p < .001; approach 2: I = .015, p < .001). However, the ratio of phar-
macists per capita by census tract did not indicate any form of spatial
dependence using any of the analytic approaches (median I = .00).
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Figure 3. Rate of Vaccine Providers per 3,500 People by Census Tract

Physicians per 3,500 people

Number of providers per 3,500 people
30 or more

15

- Greater than 0

White areas indicate census tracts
with no providers

Physicians & pharmacists per 3,500 people

Provider Rate Change With Pharmacist
Inclusion

We next examined how adding pharmacists as vaccine providers would
change adequacy of provider coverage, as well as the average number
of vaccine providers in each census tract, and whether vaccine coverage
improvements varied by rurality and ADI measure.
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Adequate Provider Coverage. Adequate provider coverage with only pri-
mary care physicians was present in 33% of census tracts (1,720/5,254;
Table 2). When pharmacists were included, 55% of census tracts
(2,867/5,254) had adequate provider coverage. Thus, among census
tracts with inadequate provider coverage, 32% shifted to adequate cov-
erage (1,147/3,534). A visualization of this shift appears in choropleth
maps in Figure 2, where black (or gray) areas represent tracts with
adequate (or inadequate) provider coverage before and after including
pharmacists. Among census tracts that had inadequate or no provider
coverage with physicians alone, 35% of urban census tracts became ad-
equate coverage areas with the inclusion of pharmacists (1,055/3,013),
while 18% of rural census tracts became adequate coverage areas with
the inclusion of pharmacists (92/521).

Provider Coverage by Rurality. The average number of providers per
capita rose when comparing physician-only rates with physician-and-
pharmacist rates in both urban and rural census tracts (urban: =
—44.3, p < .001; rural: # = —11.8, p < .001; Table 2). Increases
occurred disproportionately, with the largest increases in those tracts that
initially had relatively higher provider rates. The 25 percentile provider
rates remained unchanged with the inclusion of pharmacists across the
urban and rural stratifications. The overall median (50 percentile) rate
increased from O to 1.32 providers per 3,500 people (p < .001) with
the inclusion of pharmacists. Among urban census tracts at the S0
percentile, the vaccine provider per capita rate increased from 0 to 1.39
providers per 3,500 people (p < .001). However, the median rate among
the rural tracts remained unchanged with the inclusion of pharmacists.
Additionally, the 75 percentile provider rates all increased by more than
2 providers per 3,500 people with the inclusion of pharmacists (Table 2).
When pharmacists were included with primary care physicians, vaccine
providers per capita increased in 2,413 of the 4,508 urban census tracts
(p < .001), while the rate increased in 223 of 746 rural census tracts (p <
.001). A visualization of this rate change appears in choropleth maps in
Figure 3.

Provider Coverage by Area Deprivation. Mean ADI scores in each quintile
ranged from 70.4 (SD = 26) in the least-deprived census tracts (first
quintile) to 116.7 (SD = 3.8) in the most-deprived census tracts (fifth
quintile; Table 3). Vaccine providers per capita varied across ADI quin-
tiles (all p < .001). The rates of physicians and pharmacists followed
a similar pattern, where rates were nearly double in the least-deprived
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census tracts (first quintile) compared to the rates in census tracts in the
other 4 deprivation quintiles. The total rate of vaccine providers doubled
in each quintile when pharmacists were included with physicians.

Discussion

Two US federal panels have prioritized the inclusion of community
pharmacists as vaccinators to increase opportunities for HPV vaccina-
tion for adolescents.”>** One way pharmacists may improve vaccination
opportunities is by increasing access to adolescent vaccination services
in rural and urban areas. Our study findings suggest that community
pharmacists could improve health care provider coverage for vaccine
delivery above and beyond what primary care physicians alone offer
within communities in the US state of Texas. Pharmacists tended to
be more geographically dispersed across census tracts than primary
care physicians, and as a result giving them the ability to adminis-
ter HPV vaccine would increase the availability of vaccine providers in
areas with inadequate primary care provider coverage. Taken together
with pharmacies’ longer operating hours relative to primary care clinics
3% these

findings indicate pharmacies could help increase HPV vaccination in

and their ability to provide vaccinations without appointments,

the United States. This is all the more pressing in places like Texas
where pharmacists already have the authority to vaccinate age-eligible
adolescents. If states extend pharmacists’ role to include adolescent vac-
cination, insurance companies and federal programs, including Medicaid
and Vaccines for Children, should confer in-network provider status to
pharmacists as vaccine providers.?>>%37 It will also be important to
address medical organizations’ concerns about pharmacists furnishing
adolescent vaccines.’®*? Pharmacies must also create a sustainable busi-
ness case for providing adolescent vaccination services, create protocols
for dose reporting to primary care providers and state immunization
registries, and address vaccine delivery issues within their own practice
settings to make them more appealing for parents and adolescents. To
the best of our knowledge, our study is the first to directly compare the
geographic distribution of primary care physicians with the distribu-
tion of community pharmacists, and it provides a preliminary step to
further assess how pharmacists can alleviate geographic barriers to HPV
vaccination.
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Primary care physicians spatially clustered at the level of census tracts
while pharmacists did not, providing support for Hypothesis 1. Our
findings were robust to the different methods employed. Economic
processes may partially explain the different spatial patterns observed
between the distribution of physicians and pharmacists. First, economies
of scale, whereby the cost of rendering services reduces as the number
of services increases, may incentivize physicians to group together in
larger practices, geographically clustering them. A recent study of pri-
mary care found that larger practices had smaller ratios of nonphysician
staff (including administrative staff, nurses, and physician assistants)
per physician, likely because physicians can share this resource.*> Sec-
ond, as primary care remuneration structures shift from fee-for-service
to value-based, primary care practices may be compelled to be more
integrated with other providers in order to address health care needs of
patients and meet quality metrics set forth for compensation.* Third,
physicians have stronger network ties to other physicians who share
similar patient panel characteristics.*>%® Since medical practices tend
to provide a limited number of services by virtue of practice special-
ization (ie, practices may tend not to overlap in scope), it would be
reasonable to believe that they would gain financially by being able
to refer patients to one another as a way to increase their patient
caseload to achieve economies of scale. As such, physicians who cre-
ate formal referral networks are likely to be geographically close to one
another.”

Compared to physicians in our study, the relative geographic disper-
sion of pharmacists may be primarily facilitated by economies of scope,
whereby the cost of rendering services at pharmacies decreases with an
increase in the diversity of services provided.”” Pharmacies often have
retail operations, achieving profitability by selling a variety of products
and services. This retail emphasis in turn could incentivize pharmacy
businesses, and thus the location of pharmacists who practice there, to
be geographically dispersed to avoid competition with one another and
to be located closer to where consumers work and live for easier access.
Additionally, the diversification of products and services provided at a
pharmacy business, particularly in retail chain operations, can allow such
businesses to remain fiscally solvent despite potential losses that can oc-
cur due to poor reimbursement from insurance providers for pharmacy
services. While economies of both scale and scope provide compelling
hypotheses for how spatial patterns arise for these 2 health care provider
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types, there is a real paucity of research that could provide an empiri-
cal basis for these assertions, particularly for the pharmacy workforce.
Additionally, economies of scale and scope are 2 processes that are not
mutually exclusive, and both physician and pharmacy practices may
pursue both methods to achieve economic efficiency. Future studies can
explore economies of scale and scope as motivators behind the spatial
clustering process of these 2 provider types and may help predict how
physicians and pharmacists pick practice locations.

Pharmacists were also able to improve health care provider coverage,
consistent with Hypothesis 2. While both urban and rural areas ap-
peared to have an increase in provider coverage when pharmacists were
included, this effect was more pronounced in urban areas, where nearly
twice as many urban census tracts moved to adequate provider coverage
compared to rural census tracts. Additionally, when comparing across
the interquartile cutoffs, we saw larger increases in vaccine providers
per capita when pharmacists were included in both urban and rural
areas that already had some physicians, most notably when comparing
the S0 and 75" interquartile cutoffs. One reason for this pattern of
increased provider adequacy in certain census tracts may be a conse-
quence of an ecological Matthew effect, where areas that already have
economic advantage (eg, at least some amount of access to primary care
providers) will continue to accumulate other resources at a faster rate
(eg, the availability of pharmacists in those areas), widening disparities
with disadvantaged areas that do not exhibit the same growth.®

A previous study found that residents in metropolitan areas in 23 US
states were more likely to have geographic access to physicians com-
pared to residents in rural areas, using 3 measures of access: physician-
to-population ratios, distance traveled, and caseload per physician.*’
Similarly in our study, pharmacists, like physicians, tend to provide
care in areas with larger population growth and community wealth.
However, as geographic markets become saturated, the retail model that
increasingly drives pharmacy businesses may encourage them to spill
over to markets with lower demands such as rural areas, called the “sand
pile” hypothesis,” as Rosenthal and colleagues found when modeling
geographic access to physicians over time. Additionally, pharmacists
would increase the number of vaccine providers overall, regardless of
the socioeconomic makeup of communities in Texas, and thus increase
the availability of potential vaccine providers. Their inclusion does not
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appear to change equity in provider rates across neighborhoods’ socio-
€conomic status.

However, strategies can be implemented to help address the pref-
erential location of physicians and pharmacists in census tracts that
are urban and lower deprivation, which can alleviate disparities seen
in rural areas and areas of higher socioeconomic deprivation. For in-
stance, policymakers can look to bolster economic incentives that are
known to promote the movement of health care providers to med-
ically underserved communities as one means to improve access to
necessary primary care services like vaccinations.’*>! Additionally, US
programs have tried other alternative vaccine delivery models such as
school-located vaccination, which has been highly successful in coun-
tries like Australia, Bhutan, Rwanda, and Sweden.>> However, the effec-
tiveness and sustainability of school-located vaccination in the United
States will be limited until reimbursement mechanisms are in place to
bill for the cost and administration of vaccines; implementation chal-
lenges related to working with school districts with competing priorities
and limited resources are overcome; and low demand from families is
addressed.’?

Strengths of our study include use of a comprehensive and accurate list
of primary care physicians and community pharmacists from the Texas
Medical Board and Board of Pharmacy. We also used geospatial analysis
to understand the patterns of these 2 provider types, a novel method
in evaluating health care workforce that takes into account the spatial
dependence of our observations. Notwithstanding, our study findings
should be interpreted in light of several limitations. Our study assumed
that all included primary care physicians and community pharmacists
either provide or have the potential to provide HPV vaccine, while in
reality many of these providers may not be furnishing this vaccination
service. Additionally, we were unable to model the geographic distribu-
tion of nurse practitioners and physician assistants who also have a role in
adolescent vaccination. As such, pharmacists may have a smaller impact
in improving the adequacy of vaccine provider coverage. Our study is
also focused on health care access in the United States, so the findings
and implications we present should be interpreted with care when com-
paring HPV vaccination strategies in other countries. Finally, while we
adjusted the number of providers in each census tract by population as a
method of measuring adequate provider coverage, several other ways ex-
ist for measuring potential and realized access to providers, for example,
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by using distance lived to providers, public transit access, caseload per
provider, and other sociodemographic indicators (eg, cultural, language,
or financial) that do not derive health care access barriers to distance
alone. Examining these alternative approaches is an important area for
future research.

Conclusion

Community pharmacists could help to meaningfully improve the ade-
quacy of health care providers who can administer HPV vaccination due

22,36 Byture

to their substantial reach and availability in communities.
workforce studies should account for individual and community fac-
tors that may be associated with provider locations. Additionally, future
studies that correlate provider workforce availability with vaccination
coverage can help elucidate how geographic patterns in HPV vaccina-
tion may occur and can also help identify areas for targeted public health
interventions to address vaccination disparities. This may further the
policy case to include pharmacists as adolescent vaccine providers, espe-
cially if future studies find evidence that pharmacists are well positioned

to furnish care for medically underserved or vulnerable populations.
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