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Background: Our. practice-based research network (PBRN) is conducting an outreach intervention to
increase health insurance coverage for patients seen in the network. To assist with outreach site selection, we sought an understandable way to use electronic health record (EHR) data to locate uninsured
patients.
Methods: Health insurance information was displayed within a web-based mapping platform to demonstrate the feasibility of using geographic information systems (GIS) to visualize EHR data. This study
used EHR data from 52 clinics in the OCHIN PBRN. We included cross-sectional coverage data for patients aged 0 to 64 years with at least 1 visit to a study clinic during 2011 (n ⴝ 228,284).
Results: Our PBRN was successful in using GIS to identify intervention sites. Through use of the
maps, we found geographic variation in insurance rates of patients seeking care in OCHIN PBRN clinics.
Insurance rates also varied by age: The percentage of adults without insurance ranged from 13.2% to
86.8%; rates of children lacking insurance ranged from 1.1% to 71.7%. GIS also showed some areas of
households with median incomes that had low insurance rates.
Discussion: EHR data can be imported into a web-based GIS mapping tool to visualize patient information. Using EHR data, we were able to observe smaller areas than could be seen using only publicly
available data. Using this information, we identified appropriate OCHIN PBRN clinics for dissemination
of an EHR-based insurance outreach intervention. GIS could also be used by clinics to visualize other
patient-level characteristics to target clinic outreach efforts or interventions. (J Am Board Fam Med
2014;27:804 – 810.)
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The Affordable Care Act (ACA) has provided new
opportunities for individuals to obtain health insurance,1 yet many could still experience gaps in coverage because of switching between different pro-
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grams.2 Health insurance facilitates access to health
care services and improves outcomes;3–5 therefore
these gaps are concerning. Electronic health record
(EHR) functions used to manage chronic disease6,7
have been shown to be effective in tracking patients’ health insurance coverage,8 and panel man-
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Methods
Study Setting and Data Sources
OCHIN, Inc. (originally called the Oregon Community Health Information Network, renamed
“OCHIN” as other states joined), is a collaboration
of CHCs and other primary care organizations that
serve vulnerable populations.24 OCHIN provides
and maintains a comprehensive EHR infrastructure
for all member clinics, including practice management data (similar to insurance claims data), and
medical record data. The data are checked, cleaned,
and stored in an electronically searchable central
repository.25 All OCHIN clinics share this single,
linked EHR, and patients have one unique record
across all sites. The OCHIN PBRN, founded in
2006, includes all OCHIN members, representing
more than 300 clinics across 18 states.24
Study Population and Variables
This study used EHR data from 52 OCHIN clinics
in Oregon that had implemented full EHR capabilities by January 1, 2011. Oregon OCHIN clinics
are located throughout the state in both urban and
rural areas and reﬂect the population of the state;
the western portion of Oregon is the most populous area and includes the largest cities (i.e., Portland, Eugene, and Salem). All patients aged ⬍1 to
64 years with at least 1 visit to 1 of these clinics
between January 1, 2011, and December 31, 2011,
were included in the study (N ⫽ 228,284). We
excluded patients ⬎64 years of age because most
65-year-old patients are eligible for Medicare and
less likely to lack insurance.
Insurance status was assessed cross-sectionally at
each patient’s ﬁrst visit during the study year
(2011). We categorized the patients’ insurance status as not insured, privately insured, or publicly
(including Medicaid and/or Medicare) insured at
that 1 visit only. We stratiﬁed results by age because Medicaid insurance eligibility rules are different for individuals ⬍19 years old. We aggregated patients by their insurance status within ZIP
codes. ZIP codes that contained ⬍10 patients in
any of the insurance categories were excluded.
Spatial Visualization
This study was conducted in collaboration with
The Robert Graham Center and The Health
Foundation of Greater Cincinnati, who are leaders
in using GIS mapping tools for health innovation
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agement systems could be adapted to identify patients and reach out to those without insurance.9
Practice-based research networks (PBRNs) are an
ideal setting in which to develop and test the effectiveness of tools to monitor patients’ insurance status8 and to facilitate communications to patients
about new health insurance programs.10
To investigate ways to address this important issue, our PBRN developed and is currently testing
tools to identify patients without health insurance and
conduct outreach to assist them in gaining appropriate coverage.10 The OCHIN PBRN is made up
largely of community health centers (CHCs) that
have historically cared for patients regardless of
health insurance status. Thus, many of the patients at
these CHCs will beneﬁt from new ACA health insurance programs.1,11 We worked with our PBRN steering committee and patient engagement panel (PEP)
on this project. The PBRN steering committee includes a diverse group of stakeholders with varying
degrees of research experience (eg, clinicians, practice
managers, academic researchers), and the PEP is
made up of patients who are seen in network clinics.
To decide which clinics should take part in the study
to test the tools, the committee wanted to know
which clinics saw the largest percentages of uninsured
patients. Tabular data could have been used to highlight the population attributes of the network, but we
have found that complicated data tables are difﬁcult to
digest, especially for stakeholders without research
expertise. Therefore, we wanted to test the feasibility
of using geographic information systems (GIS) as an
alternative way of presenting EHR data to make understanding easier.
GIS technologies have shown promise in helping public health ofﬁcials and health care systems to
better understand their communities’ and patients’
health and to geographically visualize factors that
affect health.12,13 For example, GIS has been used
to show neighborhood assets and needs,14,15 map
disease clusters,16 –18 and plan the location of health
care services.19 –22 Few studies have experimented
with the use of GIS to visualize EHR data,12,23 and
to our knowledge, EHR data has not been previously used to visualize health insurance coverage
for a population of patients based on their geographic location. Thus, in this article we demonstrate the use of GIS to visualize patients’ coverage
status from EHR data as a way to engage stakeholders in identifying potential intervention sites to
target for a research study.

Results
Our PBRN was successful in using GIS to help
identify intervention sites. Through the use of
maps, we found geographic variation in insurance
rates of patients seeking care in OCHIN PBRN
clinics. Insurance rates also varied by age: fewer
adults than children had coverage. The percentage
of adults without insurance ranged from a low of
only 13.2% seen in 1 practice to a high of 86.8%.
The percentage of children (⬍19 years old) without insurance coverage ranged from 1.1% to
71.7%. With few exceptions, geographic locations with higher rates of adults without insurance also had higher rates of children lacking
insurance (Figure 1).
OCHIN clinics serving the highest percentage
of patients without insurance were located in 4
counties in the state of Oregon: Lincoln, Benton,
Polk, and Marion (Figure 2). We used GIS to
compare this information to other communitylevel characteristics to see insurance rates in conjunction with other social determinants of health.
For example, there were some areas with the lowest
median household income that also had low insurance rates, though not all areas followed this pattern (Figure 2). For example, a large percentage of
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OCHIN CHC patients in Benton County were not
insured, but median incomes were near the national
average, ranging from $48,600 to $60,658 per year.

Discussion
This article demonstrates how EHR data can be
deployed in a web-based GIS mapping tool and
used by stakeholders to identify areas in need of a
speciﬁc intervention. The study identiﬁed ZIP
codes with the highest percentage of uninsured
patients. We used these ﬁndings, along with population density information and input from the
steering committee and the PEP on the needs of
the potential communities, to identify sites to disseminate EHR-based health insurance outreach
tools. These tools, designed by the OCHIN PBRN
and clinic end users, were created to support outreach to patients who may be eligible for health
insurance programs and are currently being pilot
tested.10 More information regarding this project
will become available once the tools are implemented throughout the clinics and their utility
studied (Figure 3).
In the future, we envision GIS being used for
research and by clinics in our PBRN. GIS could be
used for OCHIN PBRN projects, including recruitment of practices into studies aligned with
practice and community needs and dissemination
and implementation strategies to target the densest
geographic areas. For example, the tools designed
to conduct health insurance outreach could later be
used to affect those who are underinsured; our
PBRN could use GIS to visualize and identify the
areas with large percentages of patients without
appropriate coverage. We found that EHR data
offer beneﬁts beyond the types of data usually available in GIS maps, such as enabling visualization of
a smaller area than might be possible with publicly
available data (eg, US Census data). Using EHR
data can also help to identify areas where publicly
available data might not be sufﬁcient for understanding the characteristics of a community. In our
case, EHR data were helpful to see patients living
in a median income area (based on publicly available data) with large numbers of patients without
insurance (based on EHR data). With this ﬁnding,
we were able to identify clinics that might not have
been targeted for an intervention if we used publicly available data alone, without the EHR data.
In addition to assisting with project decisions,
the OCHIN PBRN is exploring how to make GIS
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and community needs assessment. Several of their
data portals integrate data from diverse sources
such as the Centers for Disease Control and Prevention, the National Center for Health Statistics,
the US Census Bureau, and statewide Medicaid and
Medicare data.
We extracted relevant study data from the
OCHIN EHR into a de-identiﬁed data set that
contained aggregated counts of patients by ZIP
code. Patient health insurance information was displayed within the HealthLandscape, LLC, mapping platform, which combines and displays various
sources of health, socioeconomic, and environmental information to characterize communities and
promote better understanding of their health.26
We engaged the PBRN steering committee and the
PEP in an iterative process to create communityrelevant displays for web-based mapping of insurance coverage. OCHIN PBRN members used the
mapping tool to identify practices with large numbers of patients without health insurance coverage.
This study was approved by the institutional review
board at our institution.

tools available directly to network clinics and how
best to work with them to use the tools. GIS tools
can be used at the clinic level to investigate clinically
relevant questions and visualize patient-level characteristics and determinants of health. This could help
clinics to target outreach efforts or community interventions. For example, areas with a high prevalence of chronic disease or low rates of preventive
cancer screening can be used to inform the development of a program that sends educators on home
visits or forms a partnership among community
health workers to focus on needed disease prevention. Because most EHR-based panel management
systems have limited ability to display tables or
graphs, GIS provides a new, easily understandable
way for clinicians, patients, community leaders, and
researchers to see where interventions are needed.
GIS can also enable public health and primary care
professionals to more easily engage with each other
and set priorities for partnerships based on the
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prevalence of conditions among shared populations. These data will also support efforts to identify potential partners in public health, social service, and community agencies to integrate
population health improvement.
Limitations
Use of this geographic visualization of EHR data to
conduct insurance surveillance is most relevant for
clinics with a large percentage of patients without
insurance or patients with sporadic coverage. Clinics that see mostly insured patients may be interested in mapping different EHR variables. GIS
mapping can be time consuming, and clinicians
have not traditionally been paid for this type of
work. In the future, however, new GIS software
may improve the feasibility of this type of work,
and population-based capitated payment systems
may increase both the necessity of and compensation for outreach planning.
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Figure 1. Children and Adults without Health Insurance: Rates Visualized from Electronic Health Record Data from
Clinics in the OCHIN Practice-based Research Network (PBRN), by ZIP code. (A) Percentage of children without
insurance at first visit: <1–18 years of age with at least one visit to any OCHIN PBRN clinic in 2011. (B)
Percentage of adults without insurance at first visit: 19 – 64 years of age with at least one visit to any OCHIN PBRN
clinic in 2011.

To take full advantage of similar GIS capabilities, PBRNs will need to address multiple technical
issues including data aggregation, completeness,
and accuracy. For example, there may be instances
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of incorrect or incomplete ZIP codes for a number
of patients, and systems for tracking patients who
move often (eg, patients covered by Medicaid) or
are seen at ⬎1 clinic need to be developed. Howhttp://www.jabfm.org
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Figure 2. Areas with High Rates of Adults and Children without Insurance in OCHIN and Median Household Income
Rates by Oregon County by ZIP code. (A) Percentage of children without insurance at first visit in Lincoln, Benton,
Polk, Marion Counties, Oregon: <1–18 years of age with at least one visit to any OCHIN PBRN clinic in 2011 (B)
Percentage of adults without insurance at first visit in Lincoln, Benton, Polk, Marion Counties, Oregon: 19 – 64
years of age with at least one visit to any OCHIN PBRN clinic in 2011. (C) Median Household Income (in dollars) at
first visit in Lincoln, Benton, Polk, Marion Counties, Oregon: <1– 64 years of age with at least one visit to any
OCHIN PBRN clinic in 2011.
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ever, Bailey and colleagues27 found that only 10%
of patients in a sample of OCHIN clinics in Oregon had a visit at ⬎1 clinic. ZIP codes themselves
have limitations; because the geographic areas
comprising ZIP codes vary in size, we lose the
visualization of some of the small ZIP codes in
dense urban areas. However, the ZIP code is the
easiest way to use address data without further
manipulation (such as a crosswalk to census tract).
In addition, the percentages shown on the maps
were not standardized; some ZIP codes with a small
number of patients may have had a large percentage of uninsured patients. Thus, we did not rely
solely on the maps but used the knowledge of our
steering committee, PEP, and clinics to make the
ﬁnal determination of where the tools should be
implemented.

Conclusion
The visualization of EHR data using GIS webbased mapping was useful in identifying communi-
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ties with a large percentage of patients without
insurance in the OCHIN PBRN. These ﬁndings
have directly informed the dissemination of an
EHR-based health insurance outreach intervention. Using additional EHR data elements, this
method could be generalized for use by PBRNs,
primary care clinicians, public health ofﬁcials, and
others to identify a wide array of practice and community needs and to appropriately implement targeted interventions.

The authors acknowledge the OCHIN PBRN Steering Committee and clinics and the Patient Engagement Panel that contributed to this study.
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