Journal of the American Medical Informatics Association, 26(8-9), 2019, 796-805
doi: 10.1093/jamia/ocz108

Advance Access Publication Date: 24 July 2019

Research and Applications

A\MI/N

INFORMATICS PROFESSIONALS. LEADING THE WAY.

Research and Applications

Advancing health equity and access using telemedicine:
a geospatial assessment

Saif Khairat,”* Timothy Haithcoat,? Songzi Liu,? Tanzila Zaman,* Barbara Edson,®
Robert Gianforcaro,® and Chi-Ren Shyu?®

'School of Nursing, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA, 2MU Informatics Institute, Univer-
sity of Missouri, Columbia, Missouri, USA, 3School of Information and Library Science, University of North Carolina at Chapel Hill,
Chapel Hill, North Carolina, USA, “Carolina Health Informatics Program, University of North Carolina at Chapel Hill, Chapel Hill,
North Carolina, USA, Virtual Care Center, UNC Healthcare, Chapel Hill, North Carolina, USA, and ®Electrical Engineering and
Computer Science Department, University of Missouri, Columbia, Missouri, USA

Corresponding Author: Saif Khairat, PhD, MPH, School of Nursing, University of North Carolina, 428 Carrington Hall,
Chapel Hill, NC 27514, USA,; saif@unc.edu

Received 9 January 2019; Revised 29 May 2019; Editorial Decision 30 May 2019; Accepted 1 June 2019

ABSTRACT

Introduction: Health disparity affects both urban and rural residents, with evidence showing that rural residents
have significantly lower health status than urban residents. Health equity is the commitment to reducing dispar-
ities in health and in its determinants, including social determinants.

Objective: This article evaluates the reach and context of a virtual urgent care (VUC) program on health equity
and accessibility with a focus on the rural underserved population.

Materials and Methods: We studied a total of 5343 patient activation records and 2195 unique encounters col-
lected from a VUC during the first 4 quarters of operation. Zip codes served as the analysis unit and geospatial
analysis and informatics quantified the results.

Results: The reach and context were assessed using a mean accumulated score based on 11 health equity and
accessibility determinants calculated for each zip code. Results were compared among VUC users, North Caro-
lina (NC), rural NC, and urban NC averages.

Conclusions: The study concluded that patients facing inequities from rural areas were enabled better health-
care access by utilizing the VUC. Through geospatial analysis, recommendations are outlined to help improve
healthcare access to rural underserved populations.
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INTRODUCTION

Health disparities are measurable differences among population
groups as a result of social, economic, racial, or ethnic characteris-
tics, and among others."*> While health disparities affect both urban
and rural residents, evidence shows that rural residents have signifi-
cantly lower health status than urban residents do.>~* This is a seri-
ous matter, given that approximately 14% of the U.S. population
lives in rural areas.®

Reasons behind higher health disparities among rural residents
are multifactorial. Rural residents travel 59% more miles than their
urban counterparts do to receive health care.” Rural residents also
face other travel barriers such as lack of public transportation.® The
lack of tertiary care facilities also lowers the quality of rural health
care.” Subsequently, this isolation causes rural residents to utilize
health care less. Additionally, many rural residents tend to be unin-
sured.>'®!" One study hypothesized that only 28% of rural families
are likely to be privately insured versus 35% of urban families.!?
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Health equity is the commitment to reduce disparities in health
outcomes and in their determinants, including social aspects.'®
Health equity is associated with social justice in health in which ev-
eryone receives the same quality of care despite socioeconomic con-
ditions. Health disparity changes are the metrics used to measure
progress toward achieving health equity.'* Therefore, reducing
health disparities may lead to better health equity.

A consistent finding across the health disparity literature is that
location matters.”>~'” Significant inequities exist and can vary across
scales from blocks to neighborhoods to regions.'® There are addi-
tional complex, myriad factors that can affect disparities.'” In rural

contexts,?*?!
2223

aging populations, family structure, healthcare ac-

24-26 and

cess, sparse populations, environmental exposures,
infrastructure®” are proven critical factors. The collection, integra-
tion, and use of these varied data are foundational to health equity
research.

Geospatial technology enables researchers to input, store, manipu-
late, analyze, and visualize spatial information.?® Geospatial analytics
uses geographic locations as points, lines, or polygons to link data and
investigate spatial relationships among various factors. Overlay and
intersection are used to build associations and assess the strength of

L 29
thOSe assoclations.

32 Applications range from quantifying the asso-
ciation between alcohol outlet density and violence®® to monitoring
climate changes.>* Geospatial technologies have been used in health
care to measure spatial accessibility to primary care in rural areas®* or
access to general health care.® It has been applied to determine areas
with a shortage of physicians.>® Finally, using a geospatial assessment,
a Costa Rica study found that the healthcare reform showed substan-
tial improvements in access to and an increase in equity of outpatient
care between 1994 and 2000.%” Although promising, geospatial analy-
sis is still underutilized in health care.

Telehealth is the delivery of health care via electronic and com-
munication technology to patients separated by geographic, time,
cultural, or social barriers.'**%*" By employing telehealth in emer-
gency departments, home health agencies reported a 75% reduction
in unplanned hospitalizations and emergency room visits.*! Tele-
health services provide a timely solution for rural communities fac-
ing many challenges in accessing health care."> However, as rural
populations age and present with more severe comorbidities, many
rural hospitals struggle to coordinate care.'* Only about half of resi-
dents in rural states live within 30 minutes of an emergency depart-
ment, and inadequate access to high-quality specialties remains a
major barrier*”
telehealth applications and their potential to address on equity issues

43 Therefore, there is a need to assess the reach of

in rural communities.

Through the combination of geospatial and data science
approaches, we can study the relationships between areas with pop-
ulations that may have higher health inequalities and the use, or
reach, of the telehealth service.

The objective of this article was to delineate a telemedicine pro-
gram and assess its reach in improving health accessibility among
vulnerable, rural populations using geospatial analytics.

MATERIALS AND METHODS

This study delineated the service area and assessed the context of the
first year, postdeployment, of a Southeastern tertiary healthcare sys-
tem service called virtual urgent care (VUC). The purpose was to eval-
uate the reach of this online, on-demand urgent care service related to
health equity and access. The 24-hour VUC service was developed to
aid individuals with medical needs who may or may not be far from

an in-person urgent care center, who need help when walk-in clinics
are closed, or have limited independent mobility.

Intervention

The VUC web portal was designed such that any patient-provider
encounter that could occur in person could be delivered through the
synchronous online portal. VUC services were advertised through
digital marketing such as social media and internet radio, radio
channels, major highway billboards, direct mail, flyers in airports,
and newsfeeds.

Patients are asked to register (an activation) an account and sub-
mit demographics and medical history information through a secure
healthcare system-branded website. To manage patient’s expecta-
tions, a comprehensive list of nonemergency medical conditions is
provided upon registration.

Prior to an on-demand appointment (an encounter), the patient
chooses either video conference or phone call to interact with a phy-
sician. During the appointment, the online doctor reviews the
patient’s medical history and symptoms to aid in diagnosis. If medi-
cation is needed, the doctor can send an electronic prescription to
the pharmacy of the patients’ choice. For security and privacy, video
chat and telephone connections are secure, and personal health in-
formation is protected. The fee associated with this service is a stan-
dard $49 per consultation session. Two institutional review board
approvals were obtained for this study.

Setting and participants

All VUC doctors are board certified in family medicine, internal
medicine, emergency medicine, or pediatrics. The online, on-
demand service is available to the public regardless of their demo-
graphics.

The patient eligibility criteria for service is an age of 2 years old
or older, access to a phone or computer with webcam and micro-
phone, and residence in North Carolina (NC). Demographic infor-
mation collected from patients included age, sex, zip code,
dependency, insurance coverage, and a timestamp.

Variables and metrics

We constructed 3 health measures—social inequity score, access in-
equity score, and a combined inequity score—to assess and describe
context. Eleven measures including social determinants and access
measures were compiled per zip code.

We used publicly available data to calculate health social ineq-
uity scores by summing 7 independent social determinant scores
that are based on percentages of each of the listed items: (1) Ameri-
can Indian, (2) African American, (3) poverty, (4) single-female
household (HH) with children under the age of 18 years old who
receive food stamps, (5) HH with individuals 60 years of age or
older who receive food stamps, (6) Medicare patients, and (7)
Medicaid patients.

Health accessibility was calculated based on 4 variables: access
to health services (emergency medical services [EMS] and medical
facilities), access to primary and secondary roadways that facilitate
travel to health services, access to internet broadband, and personal
vehicle access. A combined social and accessibility inequity score is
the total of the 7 social factors and the 4 access factors.

Reach, then, is a measure of the extent to which the VUC service
is able to spread into new areas. Reachability is the proportion of
zip codes that has at least 1 VUC encounter, for a given inequity fac-
tor of interest.
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Data collection, extraction, and cleaning

All activation and encounter data were automatically collected from
the VUC web portal and stored in a secure SAP BusinessObjects
enterprise system (SAP America, Newtown Square, PA). The Busi-
nessObjects universe maintained 2 separate tables: activations and
encounters. Both tables included the patients’ zip code and time-
stamp.

Geospatial database construction

The unit of analysis was set by the geographic resolution of the
data—the zip code. An ArcGIS shapefile of the 2016 Zip Code Tab-
ulation Area (ZCTA) was obtained from the Census Bureau. The
ZCTA is the most consistent representation of actual Zip Code
postal delivery areas and has the benefit of being used by the Census
Bureau as a statistical geographic cataloging unit. The data from the
encounters and activations tables were aggregated into counts by zip
code. The zip code served as the link to census ZCTAs as well as
other tabular information obtained. Other factors such as road, fa-
cility, and broadband access were analyzed and summarized by
ZCTA zones to obtain measures.

The activations and encounters tables were then edited to ensure
linkage to the ZCTA geospatial file. NC encounters were selected
and aggregated to obtain a single total count per zip code. This pro-
cess aided the de-identification of individual patient records. To en-
able temporal analysis, these tables were also summarized by
calendar quarter. These summary tables were then linked by zip
code and values moved to the ZCTA spatial database.

Primary sources of information for social determinants of inter-
est were obtained using the Census Bureau’s American FactFinder.
We used the 5-year 2016 American Community Survey to obtain de-
mographic, health, race, mobility (access to vehicle status), and in-
surance variables by ZCTA. For the development of some factors it
was necessary to perform tallies (Medicaid, Medicare, and access to
vehicle). Others required calculation of percentages based on total
population within the zip code for each associated factor. Six 2016
American Community Survey attribute tables were chosen and
linked to the ZCTA-geospatial file from, which the selected social
factors and access to vehicle factor were added.

Information for accessibility came from several sources. The
Census Bureau’s 2016 TIGER (Topologically Integrated Geographic
Encoding and Referencing) Line file was acquired to obtain all roads
for NC. Using the census roads ensured that they were in sync with
the Census ZCTA boundaries. The North Carolina Spatial Clearing
House NC OneMap website was used to obtain point files of EMS
and medical facilities. Finally, the broadband file was obtained from
the Federal Communications Commission website (Form 477 file)
for fixed broadband deployment at the block level.

Geospatial analysis

Accessibility was developed as a Euclidean distance layer at 100-m
grid cell resolution for each of the NC primary and secondary roads
(selection from NC TIGER roads), as well as the EMS and the
medical facilities. To obtain a single health service access measure,
the 2 distance grids for EMS and medical facilities were combined
using cell statistics to preserve only the minimum distance at any lo-
cation to the final output. Broadband data were mapped to the
block level, then rasterized to a 100-m grid. For the road, health ser-
vice, and broadband access grids, ZCTA polygon areas were then
used as zones to summarize the raster measures by ZCTA. The sum-
mary tables were then linked by zip code to the geospatial file and

Table 1. Social inequity factors and their assigned thresholds

Social inequity factors Threshold value

American Indian of total population of zip code >5%

Black/African American of total population of zip >30%
code

Total population in poverty >15%

Households with single female head of household >5%
with children under 18 years of age receiving
food stamps

Households with person >60 years of age receiving >5%
food stamps

Total population on Medicare >20%

Total population on Medicaid >20%

attributes transferred. The health service access set a threshold of
3218 m (2 miles). Primary and secondary road access set a threshold
of 5000 m (3.1 miles). Broadband access was set for a mean pro-
vider count threshold of <3.75. The mobility factor, as determined
by HHs with no access to a vehicle, was set to a threshold of >15%
of HHs within a zip code.

This research focused on encounters occurring in rural areas. A
query for population density <100 people/square mile was used to
define rural zip codes. Population density was calculated as the total
population in ZCTA divided by land area within the ZCTA (remov-
ing areas over water). To assess social inequity, attributes were que-
ried individually against all ZCTA in the state as well as just those
representing the rural component (Table 1).

Within the rural selection, each of these factors was also queried
by calendar quarter to delineate and evaluate reach and expansion
of the online, on-demand VUC program across its first year. The se-
lection of ZCTA areas resulting from each query then had that fac-
tor’s binary field calculated to 1. These fields were then summed
across all 7 social inequity components and 4 accessibility compo-
nents to calculate a final combined social and access equity score for
each ZCTA. Figure 1 displays the geospatial flowchart for creation
and calculation of the combined inequity score. Pearson correlation
was used to measure the association of the final combined social and
access equity score with each factor assessed. The correlation analy-
sis was conducted across 4 aggregations of zip code: NC statewide,
NC rural, and the NC rural with and without at least 1 VUC en-
counter.

RESULTS

We utilized data on VUC operations collected between January 11,
2018, an December 31, 2018. A total of 5343 patients registered to
use VUC, and a total of 2195 unique encounters were completed. Of
all registered patients, 646 (29.5%) patients were from rural areas
and 1548 (70.5%) were from urban areas. Out of all 901 NC zip
codes, VUC patient encounters occurred in 293 (32.5%) during the
first year of operation, showing steady increases every quarter.

The VUC served patients across NC. Figure 2A displays the
count distribution of registered VUC users by zip code. Regions
with heavy activation counts are generally located around major cit-
ies, especially the Raleigh-Durham area and Charlotte. Figure 2B
shows the total count of VUC encounters by zip code across the
state. Comparing this with Figure 2A, the VUC consultation
encounters were fewer but generally proportional with user activa-
tions.
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Figure 2. Total activations and total encounters by zip code. (a) Count of all Activations within each zip code during during the first year. (b) Count of all Encoun-
ters within each zip code during the first year. (c) Count of all Activations within each zip code as percentage of the total population of each zip code. (d) Count of
all Encounters within each zip code as percentage of the total population of each zip code

The VUC had growing acceptance and use over this first year.
Figure 3 shows in 4 maps the catchment area of the VUC service as
measured by encounters per zip code by calendar quarter. We ob-
served that the initial users (Q1) originated from urban cores in the

Research Triangle Area and Charlotte, which remained a center of
activity through the program’s first year. Moreover, in later quar-
ters, new zip codes in rural areas are added and VUC encounters
tend to be more distributed across NC.
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Figure 3. Total encounters occurring by calendar quarter by zip code across the virtual urgent care program'’s first year.
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Figure 4. Rural (blue) vs urban (orange) percentages of zip codes by final combined inequity score across North Carolina.

Rural vs urban

This study used a rural-urban stratification based on population
density (rural <100 people/square mile). This approach identi-
fied 606 rural zip codes and 295 urban zip codes. It was theo-
rized that there would be a difference between urban and rural
inequity factors as compiled at the zip code level. As can be seen

in Figure 4, when the rural and urban zip code counts within
each combined inequity score (1 =low, 11 = high) are divided by
their associated rural or urban total, the difference becomes ap-
parent. This analysis primarily focuses on encounters occurring
in rural zip codes. These also predominantly represent areas with
high inequity.
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Table 2. NC, NC rural, and the NC rural with at least 1 VUC encounter zip codes as a measure of the program’s service reach within each in-

equity component

Inequity factor Rural VUC zip codes NC zip codes NC rural zip codes
American Indian 6 5(17.14) 3(18.18)
African American 32 164 (19.51) 140 (22.86)
In poverty 99 524 (18.89) 388 (25.52)
Single-female HH with children receiving food stamps 51 265 (19.24) 183 (27.87)
>60 years of age receiving food stamps 67 368 (18.21) 296 (22.64)
Medicare 85 493 (17.24) 411 (20.68)
Medicaid 81 414 (19.57) 317 (25.55)
Health services access 88 457 (19.26) 431 (20.42)
Road access 97 527 (18.41) 430 (22.56)
Broadband access 81 371 (21.83) 325(24.92)
No vehicle 46 260 (17.69) 181 (25.41)

Values are n (%).
HH: household; NC: North Carolina; VUC: virtual urgent care.

Health inequity

On the one hand, VUC service demonstrated promising reachability
performance across all 7 inequity metrics, as measured by the per-
centage of VUC users’ unique zip codes counts in relation to the
state and rural totals. Across all social inequity parameters assessed,
the VUC served an average of 18.54% of the zip codes labeled with
at least 1 inequity criteria (Table 2). The inequity reach within the
rural zip codes was higher than the entire population, in which per-
centages ranged from a low of 18.18% for percent American Indian
to a high of 27.87% for the single-female HH with children and
receiving food stamps factor, as shown in Table 2

On the other hand, the rural reachability of VUC (n=606) in
NC for quarterly assessments as measured by number of zip codes
with at least 1 encounter recorded consistently increased: in quarter
1, the number was 43 (7.1%); in quarter 2 it was 53 (8.7%); in
quarter 3 it was 70 (11.5%); and in quarter 4 it was 74 (12.2%).
Figure 5 displays this growth for all inequity factors and across all 4
quarters.

We compared aggregated mean values based on 4 aggregations
(accumulation of zip codes statewide, urban, rural, and rural with
VUC encounter) for the social inequity score and accessibility score
as shown in Figure 1. The social inequity aggregated mean was cal-
culated to quantify the magnitude of social inequity in every VUC
user’s zip code. On average, a zip code in the rural VUC dataset
obtained 3.05 inequity metrics of the 7 possible, which is 21.5%
higher than the state average of 2.51. As well, this value is 81.5%
higher than the state urban zip code average of 1.68.

Health access

Access to health care was calculated by adding the score of available
health services, road access, broadband options, and no personal ve-
hicle access for each zip code (Table 3). Among regions identified
with poor health services, poor road access, poor broadband
options, and a higher percentage of population with no personal ve-
hicle access, VUC encounters occurred in 20.41% 22.55%,
24.92%, and 25.41% of these rural zip codes, respectively.

The accessibility inequity aggregated mean was calculated to
quantify the magnitude of inequity access in every VUC user’s zip
code. The higher the summation score is, the lower the potential
level of healthcare access is. On average, a zip code in the rural VUC
dataset obtained 2.26 inequity metrics of the 4 possible, which is
26.2% higher than the state average of 1.79 and 169% higher than
the state urban zip code average of 0.84.

Combined inequity and access

The final combined score was calculated by adding the 7 health in-
equity and 4 health access determinants. This created a score rang-
ing from 1 to 11; the greater the number is, the more inequity
factors there are that are present at threshold levels within that zip
code, thereby identifying regions with greater potential to suffer
from social and access inequity issues related to health.

Correlation analysis was used to identify the strength of each
factor’s association with the combined inequity score at the state
and rural zip code levels as well as more detailed differences within
the rural level based on presence or absence of at least 1 encounter.
These correlations are presented in Table 3.

The correlations at the state and the rural levels showed little dif-
ference with the exception of percent Medicare, health services ac-
cess, and percent no vehicle access. With this study’s focus on rural
reachability, we further examined the rural zip codes. We compared
correlations for those rural zip codes with at least 1 encounter to
those rural zip codes with no encounter to date across the equity fac-
tors included in this research (Figure 5).

The rural zip codes in which we had at least 1 encounter showed
more focus on elements of inequity, as correlations with all
percentage-based factors were stronger and access factors generally
showed poorer access. The access factor exception was health
services access metric, which showed slightly better access for rural
zip codes with at least 1 encounter.

The combined inequity score map (Figure 6) shows the final
combined inequity scores across NC. The areas located in the north-
east and southern portion of the state, map communities with domi-
nant American Indian and African American populations. These
regions tend to have higher levels of inequity based on the measures
used, but only 2 zip codes actually contain all 11 metrics. There was
a proportional relationship between the level of combined inequity
and the count of VUC encounters for zip codes. This demonstrates
the VUC service reach into rural areas with average-to-high health
inequity levels. Figure 6 shows the overall assessment of equity
across NC and the regional nature of inequities.

Overall reachability

To assess the overall context of the delineated reach of VUC, a mean
combined inequity score was calculated for each zip code and for all
zip codes. The mean combined inequity score for zip codes in which
VUC had an encounter was 5.31. This is higher than all NC zip
codes (4.30), similar to rural NC (5.17), and much higher than
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Number of Zip Codes Served within Rural North Carolina
Exceeding Component Threshold by Calendar Quarter
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Figure 5. Number of zip codes served that met individual factor thresholds within rural North Carolina per calendar quarter in the virtual urgent care’s first year of

service. HH: household; Q: quarter.

urban NC (2.52) (Table 4). In general, in zip codes where VUC
encounters occurred, the population served by the program had higher
levels of social inequity and lower access in comparison with the aver-
age inequity and access levels at both the state and rural levels.

DISCUSSION

This geoinformatics study evaluated the reachability of a VUC pro-
gram on health inequity and access in rural regions. The VUC demon-
strated promising reachability of vulnerable populations as associated
with social and access factors measured. VUC reachability averaged
23.03% of rural zip codes with 1 or more health inequity factors.

The demand for receiving care via VUC steadily increased over
the 4 quarters especially in rural areas. Among all 11 health equity

factors, VUC had substantial reachability. The highest reachability
of VUC was in zip codes with single-women HH with children un-
der 18 years of age who receive food stamps (27.86%). The lowest
reachability was in zip codes with core American Indian populations
(18.18%). The ability to consistently reach a fifth of total zip codes
in NC high health inequity levels suggests the continuity of develop-
ing affordable and on-demand telemedicine programs to provide
care to rural populations facing inequities.

Previous research findings

Rural populations face major health disparities compared with ur-
ban regions.”***” Past research has shown that telemedicine is an
emerging modality in healthcare delivery, particularly in rural areas
with geographical dispersed populations, that can provide high-
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Table 3. Correlation analysis of the combined inequity score with each inequity component assessed at zip code aggregations of NC, NC ru-

ral, and the NC rural with and without at least 1 VUC encounter

Correlation
Inequity factor Statewide Rural zip Rural without encounter Rural with encounter NC rural

zip codes codes zip codes zip codes zip codes
American Indian 0.204 0.205 0.165 0.349 33
African American 0.483 0.529 0.527 0.603 140
In poverty 0.538 0.59 0.602 0.633 388
Single-female HH with children receiving food stamps 0.491 0.5 0.484 0.587 183
>60 years of age receiving food stamps 0.639 0.59 0.574 0.73 296
Medicare 0.29 0.13 0.167 0.18 411
Medicaid 0.645 0.61 0.616 0.702 317
Health services access 0.399 0.198 0.233 0.331 431
Road access 0.296 0.168 0.265 -0.122 430
Broadband access -0.438 -0.333 -0.318 -0.451 325
No vehicle 0.384 0.429 0.396 0.67 181

NC: North Carolina; VUC: virtual urgent care.
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Figure 6. Combined social inequity and health services access: accumulation of inequity.

quality, cost-effective care.*® Previous studies show that telemedi-
cine can improve care quality, accessibility, and patient satisfaction
in rural, underserved populations.**=* This study supports the find-
ings of the aforementioned research with regards to the acceptability
of telemedicine among vulnerable populations who suffer health in-
equity and face accessibility barriers in rural regions.

Previous studies investigating the use of geographic information sys-
tems (GIS) to understand barriers among populations indicate that GIS
approaches can inform policy-based interventions focused on eliminat-
ing geographic barriers and promoting social and health equity for the
underserved.>>*® Over the past decade, epidemiology studies have uti-
lized GIS to investigate areas of health disparities, resource availability,
and health-related behaviors in fields such as cancer and environmental
epidemiology.’” This geoinformatics study assessed the reachability,
with a rural health equity focus, of an on-demand telemedicine service
to potentially address current issues to healthcare access.

Limitations and future work

Reachability was defined in this research as the occurrence of at
least 1 encounter within a zip code, which may introduce
unweighted bias between zip codes with varying numbers of encoun-
ters. This research is focused on delineating the base VUC service
area and assessing its composition with regard to inequity measures.
Although the pricing for VUC is $49, which is minimal compared
with a visit to the emergency room or urgent care clinics, the find-
ings from this study may be sensitive to payer mix and insurance

coverage. This is especially true among rural regions where insur-
ance coverage may lack among vulnerable and underserved popula-
tions. This limited the use of the VUC by presenting an association
between the use of VUC and geographical location of some under-
served vulnerable populations. Another limitation was the ZCTA
geospatial file. In certain areas of NC there exist “holes” in coverage
where no zip code exists (military base, wilderness areas, etc.) and
thus no census-related information was available at the zip code
level. This study measures health access using surrogates of distance
to primary road and distance to facility—both of which are greatly
influenced by population density. These measures may influence the
rurality scores achieved. The additional measures of no vehicle and
broadband access aid in the buffering of this affect. Despite the abil-
ity for patients to choose between a video or phone call, there are re-
mote areas where patients reported an inability to make calls either
due to lack of internet service or cell phone signal. We recognize this
as a limitation outside of our control that requires attention to facili-
tate the delivery of telehealth services.

Future work includes re-evaluating VUCs annually and compil-
ing a report at the 5-year mark. Follow-up research work will in-
clude analyzing disease prevalence by studying the association
between temporal factors (ie, influenza) and VUC use. This would
include data such as chief complaints in rural and urban areas. Fur-
thermore, in future studies, we plan to expand on the preliminary
weighted analysis of zip code encounters (Supplementary Appendix),
which is still premature given the recent implementation of VUC. In
addition, we would like to investigate the long-term effect of VUC on
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Table 4. Total combined inequity score averaged across the entire
state of NC, all rural zip codes, urban zip codes, and rural zip codes
with at least 1 VUC encounter

Zip code Combined inequity mean®
Rural VUC 138 5.31 +2.48
AlINC 901 430 =2.62
Rural NC 606 5.17 £2.42
Urban NC 295 2.52 +2.04

Values are mean =+ SD.
NC: North Carolina; VUC: virtual urgent care.
“Range: 0-11 points.

health outcomes and quality-of-life measures among vulnerable popu-
lations, especially in rural areas. Finally, we aspire to present a list of
recommendations on lessons learned to policymakers, the informatics
community, and providers and patients.

CONCLUSION

A postdeployment evaluation study of the VUC, an online, on-
demand urgent care service, has demonstrated the reachability, con-
text, and continued growth of the service. The VUC has provided care
to remote regions with vulnerable populations and limited health ac-
cess. This geoinformatics approach provided visual, evidence-based in-
formation, which resulted in recommendations to better serve places
experiencing social and access inequities. That comprises the informat-
ics contribution of this research. Particularly, this research correlates
telehealth encounters with health disparity factors to potentially im-
prove health equity and access and inform policy solutions to reduce
both health disparities and health care—related costs.
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