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Access to veterinary care is a complex problem that sits at the intersection of a number
of societal factors including income inequality, access to transportation, language and
cultural differences as well as the spatial distribution of veterinary care providers. This
research aims to create an index evaluating accessibility of veterinary care across the
contiguous United States and thus fill an important gap in the literature. The location
and number of employees of veterinary clinics were aggregated at the county level.
Projected pet population and household counts were used to normalize the number of
employees to provide a relative assessment of the distribution of care access. Existing US
Census data was used as percentile rankings to identify counties which may experience
additional, non-spatial, barriers to care. By combining the percentile rankings of each
of the variables, an overall index was created, evaluating the relative accessibility of
veterinary care in each of the counties of the contiguous US. This work can be used
by organizations looking to improve access to care or by policymakers considering
legislation that impacts this issue. It may also be of use to individuals in human health care
as they consider the intersection of human wellness and companion animal wellness.

Keywords: access to care, veterinary geographic distribution, veterinary shortage, veterinary care index,
veterinary staffing, veterinary care desert

INTRODUCTION

Over time, there has been a steady increase in the number of companion animals that are not
receiving veterinary care with cats being the most affected (from 32 to 45% in the period between
1998 and 2011) (1). During this same period, the cost of veterinary medical care has been rising
faster than wider inflation but also faster than the rapidly increasing costs of human health care
(2). The average American spends 47% more on equivalent veterinary care today than a decade
ago (3). The functional impact is that a lower proportion of people are seeking care for their pets
(4) resulting in what is considered the greatest current threat to companion animal welfare in the
US (5).

Cost of veterinary care is an often cited barrier to veterinary care (3, 6). It was also cited as
the most common reason individuals chose to use nonprofit spay and neuter clinics over private
practice clinics (7). A major study by Bayer in 2011 highlighted an alarming decrease in the
demand for veterinary care (6) with a follow up study completed in 2014 which showed increasing
client citing of cost and stress to animals as reasons for not visiting veterinarians, especially for
preventative care (8). A full review of the articles published over nearly two decades indicated that
fully 61% of articles published on access to care issues included cost as part of their article (9).
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Challenges of discussing financial issues with pet caregivers is also
cited as a primary source of job-related stress for veterinarians
(10). What results is a conflict for veterinarians who have to
consider the suffering and impacts to an animal’s quality of life
and a client’s ability to pay for needed care (10).

The issue of cost as a barrier is also not limited to low income
individuals. Researchers have found economic barriers to care
existing at poverty, low income and mid income levels (5) and
across racial and ethnic groups (11, 12). The AVCC (5) report
identifies the most common barriers to veterinary care as self-
reported through a survey. Distance to the vet clinic, veterinary
care cost and transportation in general all emerged as significant
barriers in this research (5). Additionally, barriers to affordability
of care are reported in urban regions as well as remote, rural
regions where care centers are sometimes not available at all
(13). Lack of veterinary facilities, or an inability for individuals
to physically access facilities is cited as an additional barrier to
care (3).

Cultural differences or a lack of awareness of the need
for companion animals to receive veterinary care is another
possible barrier that might co-occur with economic barriers in
low-income communities (7, 14). Language barriers are also
commonly cited as a barrier in provision of care in human health
(15) and it is likely that similar challenges exist in other care
settings, such as veterinary care. In a recent survey, only 8% of
veterinary clinics reported having staff that could speak Spanish
fluently and that language challenges decreased satisfaction
with veterinary experiences (16). Considering income/poverty
status alone in determining who faces access to veterinary care
(hereafter A2C) barriers thus is an inadequate measure of needs
assessment (7).

When caregivers are unable to access veterinary care for their
companion animals, they may be forced to rehome/surrender
them to a shelter (17), euthanize them (18), or avoid obtaining
a pet in the first place and thus lose out on the benefits of having
a companion animal (19). For example, Weiss et al. (17) found
that upwards of 40% of individuals rehoming animals indicated
that access to free or low cost veterinary care would be something
that would've helped them retain their pet.

There is an identified lack of geographic research that explores
access to veterinary care issues (9). Geographic Information
Systems is a powerful tool to visualize the distribution of
veterinary facilities relative to the socio-economic status and
other barriers to care. This research aims to fill the existing
gap in the literature through the creation of a spatial index
that incorporates the main variables impacting access to
veterinary care.

MATERIALS AND METHODS

The objective of this research is to introduce a spatial index that
assesses the relative risk of experiencing barriers to accessing
veterinary care for companion animals across the contiguous
United States at the county level. An aggregate percentile rank
variable was derived for each county using the data and methods
described below. Variables for entry in the index were chosen

based on the existing research around barriers in access to
veterinary care as discussed in the introduction.

Scope and Scale

The geographic unit of analysis is at the county level. Counties
are a familiar unit of analysis for communicating data to the
public. Access to Care for human populations is often measured
and reported at the county level in this context providing
a comparative justification for this unit. The Robert Woods
Johnson County Health Rankings is one example (20). As some
organizations move toward a One Health model that includes
companion animal wellness as part of the human wellness
continuum of care, using a similar geographic unit of analysis
will add value in how the results of this analysis can be used as
part of existing human based A2C maps and datasets. One Health
acknowledges the link between non-human animal wellness and
human wellness including the psychosocial value of the human-
animal bond, zoonotic disease transmission and other factors
(21). The proposed index covers the contiguous United States
because the pet demographic data used in the analysis did not
include values for Alaska and Hawaii.

Data

Socioeconomic Variables

The Centers for Disease Control (CDC hereafter) originated the
Social Vulnerability Index (SVI hereafter) as a tool for evaluating
the relative vulnerability of populations across the United States
during times of disaster (22). The index contains a number of
different variables organized under four main themes. Variables,
expressed as percentile ranks, were chosen for this research using
the 2018 version of the SVI. The variables were chosen based
on their relevance to barriers to veterinary care identified in
the extant literature as discussed in the introduction. The rank
percentiles of the number of people in poverty, the per capita
income, the number of people with no access to a vehicle and the
number of people who speak English less than well were selected
to enter into our analysis. The 2018 SVI was accessed through
Living Atlas in ArcGIS Online at the county level. The SVI data
is built using Census derived data, see Flanagan et al. (22) for
a detailed discussion of the variables and the methods used to
calculate them (22).

Veterinary Coverage Variable

The coverage of veterinary care is conceptualized as the aggregate
number of veterinary clinic employees normalized by the
predicted pet population in any given county in the US and
expressed as the number of clinic employees per 1,000 pets. The
number of employees is used in lieu of the number of clinics due
to the range of sizes of veterinary clinics that would impact their
functional capacity to provide coverage for any given population.
This includes all type of employees, ranging from administrative
support staff to veterinary assistants and technicians. While not
all clinic staff are engaged in delivery of direct care, additional
supporting staff may increase the capacity for care through
efficiency gains [see for example (23)]. Clinics can range in size
from small, single veterinarians with limited support staff to
large corporate-owned facilities with several veterinarians and
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numerous support staff (24). This composite variable was created
using the data described in the following two subsections.

Veterinary Employees
Veterinary clinic locations and number of employees were
obtained using ESRI’s GIS online suite of applications.
Veterinary clinics were defined using the North American
Industry Classification System. The North American Industry
Classification System (hereafter NAICS) provides a standardized
method for classifying industries across the continent of North
America (25). For purposes of this research, the NAICS code
541940 was used which captures all types of veterinary clinics.
According to the NAICS definition: “This industry comprises
establishments of licensed veterinary practitioners primarily
engaged in the practice of veterinary medicine, dentistry, or
surgery for animals; and establishments primarily engaged in
providing testing services for licensed veterinary practitioners
(26)”. While they are technically part of the 541940 code,
businesses listed as laboratory testing services facilities were
removed from the results since they do not provide direct services
to companion animals and may serve a large geographic area.
The database that the business info drawn from is maintained
by ESRI through data gathered by Infogroup (27). Infogroup
sources authoritative business data on a large number of
industries in the US which are then geocoded for mapping
purposes (27). The vintage of the data accessed are January of
2020 for the clinic employee counts and April of 2020 for the
clinic locations (28).

Pet Population

For purposes of this research, “pets” are defined as household
cats and dogs. Estimating the population of companion animals
at the county level can be challenging. There is not one single
approach to doing this that is standardized and broadly agreed
upon (29). A number of pet demographic surveys have been
completed, most notably the routine surveys conducted by the
American Veterinary Medical Association (AVMA hereafter)
and the American Pet Products Association. Other smaller scale
social science surveys have been completed [see Applebaum (29),
for a detailed comparison and discussion]. Using the General
Social Survey as one additional approach that was recently
advanced (29).

For purposes of this research, the 2017-2018 AVMA
Pet Demographic survey was used because it is generally
recognized within the veterinary industry, accessible through
the AVMA and periodically repeated to update the data.
The AVMA survey reports, among other things, estimates
of pet ownership rates and total estimated population of
cats and dogs at the state level. State total pet populations
were directly extrapolated for use at the county level in this
research. While this is imperfect it provides a first step toward
understanding the spatial variability in the proposed index.
See the AVMA Pet Demographic Sourcebook for a detailed
discussion of their methodology (executive summary publicly
available at: AVMA-Pet-Demographics-Executive-Summary.pdf
with full report available through the AVMA).

The household count estimate from 2016 (to match the
vintage of the AVMA survey) at the county level was obtained
through ArcGIS online [see ESRI documentation for explanation
of methodology and data sources (30)]. The 2019 household
count was also obtained from the same source.

Methods

Ratio of Veterinary Employees to Pet Population

The AVMA total pet population estimate for each state was
divided by the state’s Census estimate 2016 household count and
then multiplied by the 2019 household count at the county level.
This was used to represent the projected pet population at the
county level in order to have a method to normalize the number
of veterinary employees. Normalized Intensive Statistics provide
a way to present data in comparative form by dividing the raw
value by a given basis, a common tool in mapping (31). Further,
normalization is recommended when the resulting visualization
is symbolized as a choropleth map (31).

Ranking Scores

Rank percentiles were calculated for each of the variables entered
into the index. Rank percentile is defined as the proportion of
scores in a distribution that an individual score is greater than
or equal to. Already calculated values for the variables obtained
from the SVI were used. For the veterinary employee to pet
population ratio, the values were ranked in order from lowest to
highest since lower levels of employees are equated with higher
vulnerability to keep ranking logic consistent with the Social
Vulnerability Index. For county level aggregated index ratings,
the scores were ranked in order from highest to lowest. Percentile
ranks were calculated with the following equation:

Rank — 1
N-—1

Percentile Rank =

where N = the total number of data points. For the veterinary
employee to pet population variable, all sequences of ties are
assigned the average of the corresponding ranks so as not to
underweight the more frequent zero value. For the county level
percentile ranks the smallest of the corresponding ranks was used
for any sequences of ties.

Once percentile rank calculations were completed for the
veterinary coverage all of the percentile ranking values were
summed at the county level. Then a composite percentile ranking
was calculated for a final index value that was visualized in
ArcGIS online. As such, the resulting index values are relative
and not absolute. This approach is used because of the lack
of research around the level of veterinary employee coverage
that is optimal and the complex relationship between income
and absolute affordability of care. In the resulting index, values
approaching one have the highest access to veterinary care while
those approaching zero have the lowest access to veterinary care.
For ease in communicating the data, the fractional output was
then multiplied by a factor of 100 such that 100 is the most
accessible ranking and 0 the least. The resulting index represents
the Veterinary Care Accessibility Score (VCAS, hereafter). Lastly,
a state overview was created by compositing the values of all of
the VCAS within each state and calculating a simple average.
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updated map is available at: www.accesstovetcare.org

FIGURE 1 | The Veterinary Care Accessibility Score: a relative measure of accessibility to veterinary care across the contiguous US. An online interactive and routinely
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RESULTS

Veterinary Care Accessibility Score

As discussed, the Veterinary Care Accessibility Score combines
the percentile rankings for five factors that have been identified
in the extant literature as impacting access to veterinary care. The
resulting VCAS are displayed in Figure 1 as a choropleth map at
the county level as quintiles.

Counties do not operate in isolation, however, and so there
may be an added effect when there are multiple counties in
a region that have lower levels of accessible veterinary care.
Figure 2 shows the results of the state average VCAS symbolized
by quintiles.

Similarly, the proportion of counties that fall within the lowest
quantile of the VACS can also given insight in to the challenges
confronted at the state level. Figure 3 displays the proportion
of counties in each state that fall at the lowest quartile of the
national VCAS.

Lastly, the raw number of households located within each
state that have among the lowest quartile of access to veterinary
care at the county level is a final way to view the results. Some
counties with low access may also have a small population
while others may have very high populations. This way of
viewing the data can help to quantify the relative order of
magnitude of need in any given state relative to other states.
Figure 4 summarizes the count of households that are located
in counties within the lowest quartile of the VCAS aggregated
by state.

DISCUSSION

There are noticeable regions that have low access to veterinary
care as visible on the previous figures. These areas may be
optimal opportunities to expand access to care services. The
results can also help bring attention to a few different aspects of
the challenges surround access to veterinary care. For example,
considering the confluence of the factors used to assign scores
is indicative of the complexity of the access to chare challenge.
It also can be used to show the magnitude of the problem. For
example, the results have identified that there are just over 21
million households residing within counties ranked in the lowest
(least accessible) quantile, representing an estimated 25.2 million
companion animals. As such, the VCAS represents an important
snapshot into the challenges of access to veterinary care across the
contiguous US. It highlights places of opportunities for programs
aimed at increasing access for underserved populations. It also
provides a tool for policymakers as they consider how policies
could be used to encourage better access to veterinary care.
While the VCAS could be used in a variety of contexts, it
lends itself to four potential use cases by different stakeholders
in the access to veterinary care arena: (1) Animal welfare funding
agencies could use the VCAS to help focus efforts and resources in
areas the greatest potential for impact; (2) Service providers (for-
profit and nonprofit) could use the VCAS to identify potential
markets for new or expanded services; (3) Policymakers could
use the VCAS to gain insight into the accessibility of veterinary
care in their communities, and address deficiencies through
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FIGURE 2 | State Average Veterinary Care Accessibility Score by quintile.
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FIGURE 3 | Proportion of counties falling in the lowest quartile of the national VACS by symbolized by quintiles.

Frontiers in Veterinary Science | www.frontiersin.org 5 April 2022 | Volume 9 | Article 857644


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Neal and Greenberg

Veterinary Care Accessibility Index

- ‘.‘ Number of households with VCAS 25 or below

FIGURE 4 | Count of Households in each state that fall within counties in the lowest quartile of the Veterinary Care Accessibility Score.
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policy changes and other programs; (4) Researchers could use the
VCAS to inform further explorations into the topic of veterinary
access to care as well as intersections with human healthcare and
other “one health” topics. The rankings could also be helpful for
animal shelters who are interested in understanding the needs of
their communities as it relates to access to care service. Further,
shelters may be able to use deficiencies in access to veterinary care
in their communities to seek support for programs that increase
access as part of initiatives to keep animals in their homes and
avoid shelter surrender.

Many questions remain about what an optimal distribution
of veterinary clinics would be. This is confounded by the fact
that simply having physical access to a clinic does not actuate
true access due to the other variables discussed in the index
formulation. Different communities would likely need different
solutions. The problem of access to care is enormous and the
solutions will thus need to take different forms dependent on
available resources and the socioeconomic conditions in the
individual communities. The VCAS represents a starting point
in conceptualizing potential solutions based on the unique traits
of individual communities.

There are some distinct limitations to this study. Any choice
of a political geographic unit does present a modifiable areal unit
problem because the shape and size of the unit of analysis can
impact the results of the spatial analysis (32). An ecological fallacy
can be also be a concern, particularly when considering access to
care in aggregate. For example, one cannot assume that everyone
in a county has high access to care, despite the county as a whole
having high access. Some counties may have very significant
levels of income disparity and clinics are not distributed evenly

across the landscape in a county. Pockets of very low access may
thus nest within even high access communities and vice versa.
So what is true for the county is not necessarily true for every
individual household in that county. This research treated all
clinics as having equal contribution to the capacity for care in
the area of analysis. This is an additional limitation as different
types of clinics (specialty, emergency and general care) contribute
differently to the access to veterinary care in a community as do
hours of operation. State policies regarding the scope of practice
of veterinary technicians may also influence how much service
is provided per unit of employees. Lastly, mobile clinics may
provide service to a broader geographic area.

The likelihood of sharing the home with a companion animal
(and the number of animals per home) is not stable over space
and can vary by the rural/urban character of a region, family
size, income and other factors (29, 33). Thus, the actual number
of companion animals in any given county could likely deviate
from the estimates used in the index. The explanatory impact
of these trends on the density of clinics could be explored in
future research.

Lastly, this research presents one picture in time. The
socioeconomics, pet populations as well as the locations of clinics
and numbers of employees will shift over time necessitating an
update of the analysis. Routine updating of the map will be
important to maintain its usefulness

There are many opportunities to advance understanding
of the geographic distribution of access to care through
future research. Advances in understanding the distribution of
pets across the landscape would be one important example.
Additional understanding of the barriers to access to care could
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also improve the index particularly as it relates to differing
levels of care (preventative, sick, emergency etc) or income and
education levels of pet guardians. Examining the geography
at other units of analysis, such as census tract, would refine
understanding of the distribution and the functional impact
of spatial disparities. Understanding the optimal number of
employee to pet ratio would not only allow the index to be
conceptualized more absolutely, and less relative, it would also
provide important parameter specification for other geographic
approaches to evaluation access to care, particularly at finer
scales. Further research into the distribution of different types
of clinics, such as emergency care, would also add to the
understanding of this complex issue.

REFERENCES

1. -Econ-Rpt4-Mkt-Vet-Services.Pdf. (2017). Available online at: https://www.
avma.org/sites/default/files/resources/2017-econ-rpt4- mkt-vet-services.pdf
(accessed January 5, 2022).

2. Einav L, Finkelstein A, Gupta A. Is American Pet Health Care (Also) uniquely
inefficient? Am Econ Rev. (2017) 107:491-5. doi: 10.1257/aer.p20171087

3. Stull JW, Shelby JA, Bonnett BN, Block G, Budsberg SC, Dean RS,
et al. Barriers and next steps to providing a spectrum of effective health
care to companion animals. ] Am Vet Med Assoc. (2018) 253:1386-
89. doi: 10.2460/javma.253.11.1386

4. Wolf CA, Lloyd JW, Black JR. An examination of US consumer pet-related
and veterinary service expenditures, 1980-2005. ] Am Vet Med Assoc. (2008)
233:404-13. doi: 10.2460/javma.233.3.404

5. Avcc-Report.Pdf. (2018). Available online at: http://avcc.utk.edu/avee-report.
pdf (accessed January 5, 2020).

6. Volk J, Felsted K, Thomas ], Siren W. Executive summary of phase 2 of the
bayer veterinary care usage study. ] Am Vet Med Assoc. (2011) 239:1311-
16. doi: 10.2460/javma.239.10.1311

7. White SC, Scarlett JM, Levy JK. Characteristics of clients
animals served by high-volume. Stationary, nonprofit spay-neuter
clinics. ] Am Vet Med Assoc. (2018) 253:737-45. doi: 10.2460/javma.2
53.6.737

8. VetCareUsageStudy_WhitePaper.Pdf 2014. Available online at: https://cdn.
ymaws.com/www.movma.org/resource/resmgr/Docs/VetCareUsageStudy_
WhitePaper.pdf (accessed January 8, 2022).

9. LaVallee E, Mueller MK, McCobb E. A systematic
of the literature addressing veterinary care for underserved
communities. JAAWS. (2017) 20:381-94. doi: 10.1080/10888705.2017.13
37515

10. Kipperman BS, Kass PH, Rishniw M. Factors that influence small
animal veterinarians’ opinions and actions regarding cost of care and
effects of economic limitations on patient care and outcome and
professional career satisfaction and burnout. JAVMA. (2017) 250:785-
94. doi: 10.2460/javma.250.7.785

11. Decker Sparks JL, Camacho B, Tedeschi P, Morris KN. Race and
ethnicity are not primary determinants in
services in underserved communities in the United States. J Appl
Anim  Welf Sci. (2018) 21:120-29. doi: 10.1080/10888705.2017.13
78578

12. Parker-Pope T. How Much Would You Spend on a Sick Pet? (2010)
Available online at: https://well.blogs.nytimes.com/2010/06/09/how-much-
would-you-spend-on-a-sick-pet

13. Boissonneault C, Epp T. Reflections on the provision of veterinary services
to underserved regions: a case example using Northern Manitoba. Can Vet J.
(2018) 59:491-9.

14. -Pets-for-Life-Report.Pdf. (2012). Available https://www.
humanesociety.org/sites/default/files/docs/2012- pets- for-life- report.pdf
(accessed January 5, 2022).

and

review

utilizing  veterinary

online at:

DATA AVAILABILITY STATEMENT

The data analyzed in this study is subject to the following
licenses/restrictions: data from AVMA and ESRI are owned by
those entities and so cannot be shared. Requests to access these
datasets should be directed to sue@accesstovetcare.org.

AUTHOR CONTRIBUTIONS

SN: project conceptualization, data extraction and analysis,
and manuscript writing. MG: project conceptualization, edited
manuscript, and created the figures. Both authors contributed to
the article and approved the submitted version.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

. Ali PA, Watson R. Language barriers and their impact on provision of care

to patients with limited english proficiency: nurses” perspectives. J Clin Nurs.
(2018) 27:€1152-60. doi: 10.1111/jocn.14204

. Landau RE, Beck A, Glickman LT, Litster A, Olynk Widmar NJ, Moore

GE. Preparedness of small animal veterinary practices to communicate with
Spanish-speaking pet owners with limited proficiency in english. ] Am Vet
Med Assoc. (2016) 248:690-99. doi: 10.2460/javma.248.6.690

. Weiss E, Gramann S, Spain CV, Slater M. Goodbye to a Good Friend: An

Exploration of the Re-Homing of Cats and Dogs in the U.S. Open J Anim
Sci. (2015) 5:435-56. doi: 10.4236/0jas.2015.54046

. Boller M, Nemanic TS, Anthonisz JD, Awad M, Selinger J, Boller EM,

et al. The effect of pet insurance on presurgical euthanasia of dogs
with gastric dilatation-volvulus: a novel approach to quantifying economic
euthanasia in veterinary emergency medicine. Front Vet Sci. (2020)
7:590615. doi: 10.3389/fvets.2020.590615

. Avcc-Report.Pdf n.d. Available online at: https://avcc.utk.edu/avee-report.pdf

(accessed May 1, 2019).

Explore Health Rankings | County Health Rankings Model. n.d. County
Health Rankings and Roadmaps. Available online at: https://www.
countyhealthrankings.org/explore- health- rankings/measures- data-sources/
county-health-rankings- model (accessed January 8, 2022).

Atlas RM, Maloy SR. One Health : People, Animals, and the Environment.
Washington, DC: ASM Press (2014).

Flanagan BE, Gregory EW, Hallisey EJ, Heitgerd JL, Lewis B. A social
vulnerability index for disaster management. ] Homel Secur Emerg. (2011)
8:1-24 doi: 10.2202/1547-7355.1792

Lockworth CR, Craig SL, Liu J, Tinkey PT. Training veterinary care
technicians and husbandry staff improves animal care. ] Am Assoc Lab Anim.
(2011) 50:84-93.

Sizing Up n.d. American Veterinary Medical Association. Available online
at: https://www.avma.org/javma-news/2011-12-15/sizing (accessed July 2,
2020).

NAICS Classification Manual, 2017 n.d. Available online at: https://gumroad.
com/1/2017-NAICS-Classification- Manual (accessed July 10, 2020).
SICCODE.com. NAICS Code 541940-Veterinary Services. (2017). Available
online  at: https://siccode.com/naics-code/541940/veterinary-services
(accessed January 1, 2017).

McKay G. Methodology Statement: 2019 US Business Locations and Business
Summary Data. Redlands, CA: esri. (2019).

Business Data—Esri Demographics | Documentation (2020). Available online
at: https://doc.arcgis.com/en/esri- demographics/data/business.htm (accessed
January 5, 2022).

Applebaum ], Peek CW, Zsembik BA. Examining U.S. pet ownership
using the general social survey. The Social Science Journal. (2020) 1-
10:1728507. doi: 10.1080/03623319.2020.1728507
J10268_Methodology_Statement_2019-2024_Esri_US_Demographic_Updates.Pdf
n.d. Available online at: https://downloads.esri.com/esri_content_doc/dbl/
us/J10268_Methodology_Statement_2019-2024_Esri_US_Demographic_
Updates.pdf (accessed December 25, 2021).

Frontiers in Veterinary Science | www.frontiersin.org

April 2022 | Volume 9 | Article 857644


mailto:sue@accesstovetcare.org
https://www.avma.org/sites/default/files/resources/2017-econ-rpt4-mkt-vet-services.pdf
https://www.avma.org/sites/default/files/resources/2017-econ-rpt4-mkt-vet-services.pdf
https://doi.org/10.1257/aer.p20171087
https://doi.org/10.2460/javma.253.11.1386
https://doi.org/10.2460/javma.233.3.404
http://avcc.utk.edu/avcc-report.pdf
http://avcc.utk.edu/avcc-report.pdf
https://doi.org/10.2460/javma.239.10.1311
https://doi.org/10.2460/javma.253.6.737
https://cdn.ymaws.com/www.movma.org/resource/resmgr/Docs/VetCareUsageStudy_WhitePaper.pdf
https://cdn.ymaws.com/www.movma.org/resource/resmgr/Docs/VetCareUsageStudy_WhitePaper.pdf
https://cdn.ymaws.com/www.movma.org/resource/resmgr/Docs/VetCareUsageStudy_WhitePaper.pdf
https://doi.org/10.1080/10888705.2017.1337515
https://doi.org/10.2460/javma.250.7.785
https://doi.org/10.1080/10888705.2017.1378578
https://well.blogs.nytimes.com/2010/06/09/how-much-would-you-spend-on-a-sick-pet
https://well.blogs.nytimes.com/2010/06/09/how-much-would-you-spend-on-a-sick-pet
https://www.humanesociety.org/sites/default/files/docs/2012-pets-for-life-report.pdf
https://www.humanesociety.org/sites/default/files/docs/2012-pets-for-life-report.pdf
https://doi.org/10.1111/jocn.14204
https://doi.org/10.2460/javma.248.6.690
https://doi.org/10.4236/ojas.2015.54046
https://doi.org/10.3389/fvets.2020.590615
https://avcc.utk.edu/avcc-report.pdf
https://www.countyhealthrankings.org/explore-health-rankings/measures-data-sources/county-health-rankings-model
https://www.countyhealthrankings.org/explore-health-rankings/measures-data-sources/county-health-rankings-model
https://www.countyhealthrankings.org/explore-health-rankings/measures-data-sources/county-health-rankings-model
https://doi.org/10.2202/1547-7355.1792
https://www.avma.org/javma-news/2011-12-15/sizing
https://gumroad.com/l/2017-NAICS-Classification-Manual
https://gumroad.com/l/2017-NAICS-Classification-Manual
https://siccode.com/naics-code/541940/veterinary-services
https://doc.arcgis.com/en/esri-demographics/data/business.htm
https://doi.org/10.1080/03623319.2020.1728507
https://downloads.esri.com/esri_content_doc/dbl/us/J10268_Methodology_Statement_2019-2024_Esri_US_Demographic_Updates.pdf
https://downloads.esri.com/esri_content_doc/dbl/us/J10268_Methodology_Statement_2019-2024_Esri_US_Demographic_Updates.pdf
https://downloads.esri.com/esri_content_doc/dbl/us/J10268_Methodology_Statement_2019-2024_Esri_US_Demographic_Updates.pdf
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Neal and Greenberg

Veterinary Care Accessibility Index

31. GIS Manual: Mapping with Quantitative Data. n.d. Available online at: http://
www.pbcgis.com/normalize/ (accessed July 3, 2020).

32. Nakaya T. An information statistical approach to the modifiable areal unit
problem in incidence rate maps. Environment and Planning A. (2000) 32:91-
109. doi: 10.1068/a31145

33. Poresky RH, Daniels AM. Demographics of pet presence and
attachment. Anthrozods. (1998) 11:236-41. doi: 10.2752/0892793987870
00508

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Neal and Greenberg. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org

April 2022 | Volume 9 | Article 857644


http://www.pbcgis.com/normalize/
http://www.pbcgis.com/normalize/
https://doi.org/10.1068/a31145
https://doi.org/10.2752/089279398787000508
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Putting Access to Veterinary Care on the Map: A Veterinary Care Accessibility Index
	Introduction
	Materials and Methods
	Scope and Scale
	Data
	Socioeconomic Variables
	Veterinary Coverage Variable
	Veterinary Employees
	Pet Population

	Methods
	Ratio of Veterinary Employees to Pet Population
	Ranking Scores


	Results
	Veterinary Care Accessibility Score

	Discussion
	Data Availability Statement
	Author Contributions
	References


