— A ccotifitable Care M

Comparison of Healthcare Delivery Systems
in Low- and High-Income Communities

CHRISTINA A. NGUYEN, AB; MICHAEL E. CHERNEW, PHD; ISABEL OSTRER,AB; AND NANCY D. BEAULIEU, PHD

ABSTRACT

Objectives: To compare supply of and access to physicians and hospitals for low-
and high-income communities in the United States following the Affordable Care Act.
Study Design: Cross-sectional study using 2015 data on physicians and hospitals
from CMS, SK&A, commercial claims, and the American Hospital Association.
Methods: We computed densities of primary care and specialty physicians in
low- and high-income zip code tabulation areas (ZCTAs), further stratified by urban,
suburban, and rural categories.We also estimated geodetic distances to the nearest
general acute care, teaching, children’s, and psychiatric hospitals for each ZCTA.
Results: Urban low-income ZCTAs were 0.5% more likely to have very low primary
care physician density (<5 physicians per 10,000 population) relative to high-income
ZCTAs.The disparity was great in rural areas (where the analogous figure was 1.7%)
and greatest in suburban areas, where low-income ZCTAs were 7.4% more likely to
have very low primary care density relative to high-income ZCTAs.The percentage
of urban and suburban low-income ZCTAs with very low specialty physician density
was |.3 to 1.4 times larger than that of high-income ZCTAs. Although the average
distance to a general acute care hospital was similar for low- and high-income
ZCTAs (median difference range, 0.4-2.1 miles), residents of rural low-income areas
had to travel substantially farther to teaching, children’s, and psychiatric hospitals
(10.2-35.6 miles).

Conclusions: Our findings document geographic variation in provider supply
related to income and suggest that improving access to care may require greater
attention to local delivery systems.
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ne of the chief goals of the Affordable Care Act (ACA) was

to expand access to healthcare to all Americans, particu-

larly through insurance coverage.! However, while health
insurance increases access to care, it does not guarantee such access.>?
Specifically, the structural aspects of the local delivery system—
supply, location, and organization of healthcare resources—all vary
widely across markets, but they have received much less attention
than coverage as a driver of disparate access. Although considerable
literature relates availability of primary care to beneficial outcomes
and lower costs,*” it does not focus on disparities in access related
to income. Although many studies have shown that Medicaid
expansions have reduced the number of uninsured Americans,*!!
few studies have looked at primary care supply after many states’
Medicaid expansions took effect in 2014. The effects of improved
financial access for disadvantaged populations depend on the nature
of their local delivery systems.

Barriers to access posed by lack of healthcare facilities and trained
physicians has been well documented.'*" Policies to address scarcity
of healthcare resources date back to at least the 1946 Hill-Burton Act.
Today, the Health Resources and Services Administration identifies
Health Professional Shortage Areas (HPSAs) or Medically Underserved
Areas/Populations based on shortage designation criteria that it
develops in collaboration with state partners.'® However, the HPSA
definition of a shortage area is based on context and specific applica-
tions, not a broad assessment of community needs. While adequacy of
the supply of providers for low-income individuals is largely unknown,
dependence on local safety net providers is substantial and potentially

12.19/11



Table 1. Socioeconomic Characteristics of US Population in Low- and High-Income ZCTAs*

All ZCTAs

Number of individuals 316,196,416

Number of ZCTAs 32,322

lI:;rl_centage of individuals below 200% 344 10
Percentage of individuals above 500% 2585, -0.7
FPL

Median household income in $ 52,063 -0.8
Percentage with household income 15.6 0.8
below 100% FPL

Percentage receiving SSI 5.4 0.5
Percentage receiving public assistance 2.8 0.3
income

Percentage receiving SNAP benefits 13.4 0.7
Percentage black 12.6 0.1
Percentage Hispanic 171 0.06
Percentage uninsured 13.0 0.6
Percentage insured by Medicaid 13.7 0.7
Percentage with high school education 86.3 -0.6
Percentage with disability 12.4 0.5
Percentage 16 years or older in labor 63.8 -0.5
force

Percentage younger than 18 years 23.3 0.1
Percentage aged 18-64 years 141 -0.1
Percentage 65 years or older 64.9 -0.05

Correlation
With Percentage
Below 200% FPL

Low-Income High-Income Low-Income as a
ZCTAs ZCTAs Percentage of High-
Income ZCTAs
27,621,556 46,531,012
3232 3232
64.9 13.8 4.70
6.6 54.2 0.12
26,839 82,518 0.33
855 5.7 6.23
10.9 2.5 4.36
6.0 1.2 5.00
313 8.5 9.00
29.2 5.4 5.41
40.0 8.7 4.60
22.9 5.9 3.88
29.9 4.3 6.95
69.1 95.3 0.72
14.7 8.1 1.81
57.7 68.2 0.85
27.3 22.7 1.20
62.5 62.8 1.00
10.2 14.5 0.70

FPL indicates federal poverty level; SSI, Supplemental Security Income; SNAP, Supplemental Nutrition Assistance Program; ZCTA, zip code tabulation area.

“The table reports weighted averages at the national level and by low- and high-income ZCTA groups. For most of the socioeconomic status measures, there were complete data for
all 32,322 ZCTAs included in our analyses. There were missing data for a few of the measures (maximum of 4.3% missing median household income). The correlations between
each measure and percentage below 200% FPL were estimated using unweighted data. All correlations were statistically significant at the 0.001 level.

precarious'”'®: Today, 1 in 13 Americans obtain care from the 10,000
community health center sites funded by the ACA."”

Much of the existing literature relating provider supply to
outcomes focuses on rural areas. Prior research suggests that rural
populations experience greater difficulties in accessing needed care
compared with urban populations.”® Rural areas often encounter
challenges in attracting and retaining providers because providers
feel “overburdened and underpaid,” among other reasons, compared
with those in urban areas.?**'

Yet rural is not synonymous with low income, and quantitative
analyses of delivery systems in low-income areas are lacking despite
the focus on access expansion policies for low-income populations.
Existing research on this topic is largely qualitative and in the form
of case studies of high-functioning safety net organizations.?** The

large literature on the safety net generally takes the provider as the
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unit of observation and hence cannot speak to differences among
communities in access to care associated with the local availability
of providers. There has been little research to characterize healthcare
delivery systems in low-income communities nationally.

We use a unique relational database to examine potential barriers
to access and to quantify variation in the supply of primary care and
specialty physicians, as well as general acute care and specialty hospi-
tals, across the United States. In this paper, we present a large-scale,
national description of the local healthcare delivery systems found in
low- versus high-income communities following the ACA.

METHODS

Zip Code Tabulation Areas

We selected zip code tabulation areas (ZCTAs) as our primary
unit of observation, excluding 667 ZCTAs with fewer than 10
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residents and 517 ZCTAs with missing income data. Our final
database included 32,322 ZCTAs with 316,196,416 residents
(99.9% of the US population in 2015).

ZCTAs capture variation in income better than larger units such
as primary care service areas (PCSAs). There is often substantial
income heterogeneity among the constituent zip codes within a
single PCSA, for example. Because individuals may seek care outside
of their ZCTAs, we assign to each ZTCA measures of provider
supply that encompass a wider area (described below).

Measuring Income
Consistent with previous research''%?” and using income data from
the American Community Survey (ACS), we classified a ZCTA
as low-income if the percentage of individuals with income below
200% of the federal poverty level (FPL) fell in the top decile of the
national distribution (57.4%-100% population <200% FPL; distri-
butions were computed using all ZCTAs with poverty data and after
the population size restriction for metropolitan areas). Analogously,
we classified a ZCTA as high-income if the percentage of individ-
uals with income above 500% of the FPL fell in the top decile of
the national distribution (43.0%-100% of population >500% FPL).
Our results were robust to other thresholds, such as percentage of
individuals with income below 100% or below 300% of the FPL.
In a sensitivity analysis, we classified low- and high-income
ZCTAs based on their state income distributions and refer to these
as relative low- and high-income ZCTAs. Specifically, we classified
ZCTAs in each state as being a low- (or high-) income community if
the percentage of individuals in the ZCTA with low (high) income
fell in the top decile of the state distribution. Income distributions
vary from state to state, and relative low-income status in a state
may be as important for disparities as national low-income status.
Implications for state- and federal-level policy may also differ.

Provider Supply

Physicians. Our data on practicing physicians and their practice
locations were derived from 2015 data from the CMS Provider
Enrollment, Chain, and Ownership file; SK&A physician file;
and CMS MAX Provider Characteristics (verified in the National
Plan and Provider Enumeration System) file. The total number
of physicians included in this study (n = 818,951) compared
favorably with numbers in other sources. The American Medical
Association Masterfile contains 829,962 physicians in 2013 and
the 2014 SK&A data file contains 565,000 unique physician
National Provider Identifiers. Nurse practitioners and physi-
cian assistants also deliver care to patients, in some states do not
require physician supervision, and sometimes serve as patients’
primary care clinicians. However, they were excluded from this
study because there was no comprehensive data source on these
nonphysician clinicians.
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Because some patients cross ZCTA lines for care, we assigned
to each ZCTA the physician supply of its PCSA. The ZCTA unit
of analysis captures low income more accurately than broader
geographic areas, whereas PCSA-level physician supply considers
border crossing and more accurately represents the service area in
which an individual obtains care. Specifically, we computed primary
care and specialist physician density (ie, number of physicians per
10,000 population) for each PCSA and assigned these measures to
their corresponding ZCTAs. We counted the 236,575 physicians
who practiced at more than 1 site by proportions; for example, a
physician who practiced at 2 sites was assigned 0.5 effort at each.

We classified physicians as primary care or specialist. Physicians
trained in family medicine, pediatrics, and internal medicine (with
no subspecialty training) were classified as primary care physicians.
We included only non—hospital-based specialists in our tabulations
of specialist supply (ie, not emergency medicine, radiology, anesthe-
siology, or pathology). Of the 818,951 National Provider Identifiers
included in this study, 274,449 (33.5%) were classified as primary
care physicians and 396,588 (48.4%) as specialists.

Hospitals. Our hospital data were derived from CMS’ Provider
of Services file, the American Hospital Association survey, and the
SK&A hospital file from 2015. We classified 6337 short-term acute
care hospitals into general acute care (n = 5033), children’s (n = 187),
and psychiatric (n = 2402) hospitals. We identified 1302 (22.0%)
teaching hospitals based on the hospital’s receipt of graduate medical
education payments from CMS in 2015.%8 A hospital could be clas-
sified as more than 1 type.

We computed 2 measures of the availability of hospital services.
First, we computed geodetic distances (shortest curve between
2 points along the surface of the earth) from each ZCTA centroid
to the closest general acute care, psychiatric, children’s, and teaching
hospital. To reduce the effects of outliers, we winsorized the distances
at 1% and 99% for each respective type of hospital and geographic
category. Second, analogous to how we assigned PCSA data to
ZTCAs for physician supply, we assigned to each ZCTA the number
of beds (by hospital type) in the Hospital Service Area (HSA) in
which it was located. We converted zip codes to ZCTAs and then
assigned each ZCTA to an HSA using a zip code to HSA crosswalk
from Dartmouth Adlas. A total of 170 ZCTAs could not be assigned
to an HSA.

Urban/Suburban/Rural Classification

Building on methods from a previous study and corresponding to
geographical distinctions in the Behavioral Risk Factor Surveillance
Survey,” we classified ZCTAs as urban, suburban, or rural (see
eAppendix [available at ajmc.com]). The proportion of individ-
uals in urban areas was high across both low- and high-income areas
(eAppendix Table 1). Although it was 10-fold smaller in terms of
individuals, rural areas had nearly twice as many ZCTAs as urban
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Table 2. Distribution of Primary and Specialty Care Density per
10,000 Population: Number (%) of ZCTAs

Low- High- Low- High- Low-
Income Income Income Income Income
Total
7CTAs 881 864 517 1677 1782
Primary
care
<5 771 752 504 1511 1730
(87.5) (87.0) (97.5) (90.1) (97.1)
5-9 89 85 13 124 52
(10.1) (9.8) (2.5) (7.4) (2.9)
10-14 8 (0.9) 17 (2.0) 0 42 (2.5) 0
215 13 (1.5) 10 (1.2) 0 0 0
Specialty
<5 560 433 476 1080 1711
(63.6) (50.1) (92.1) (64.4) (96.0)
5-9 185 310 30 390 71
(21.0) (35.9) (5.8) (23.3) (4.0)
10-14 77 30 5 139 0
(8.7) (3.5) (1.0) (8.3)
15-19 18 (2.0) 31 (3.6) 6(1.2) 28(1.7) 0
20-24 16 (1.8) 28(3.2) 0 7 (0.4) 0
25-29 7 (0.8) 19 (2.2) 0 11(0.7) 0
30-34 2 (0.2) 13 (1.5) 0 22 (1.3) 0
35-39 6 (0.7) 0 0 0 0
40-44 1(0.1) 0 0 0 0
245 9 (1.0) 0 0 0 0

ZCTA indicates zip code tabulation area.

areas. The number of high-income individuals in suburban areas was
comparable with that in urban areas, but there were twice as many
suburban as urban ZCTAs. Using data from the 2010 US Census®
and rolling 5-year ACS estimates for 2011 to 2015,>' we tabulated
socioeconomic characteristics for each ZCTA in our sample.

Statistical Analysis

We first compared the distributions of provider supply in low-
and high-income urban, suburban, and rural communities. Next,
we used weighted linear regression analysis to examine the rela-
tionship between the percentage of low-income ZCTA residents
and the supply of physicians (in the ZCTA’s PCSA) and hospital
services (in the ZCTA’s HSA).

To assess whether the relationship between physician avail-
ability and income varied by urban/suburban/rural designation,
we included interaction terms between our measure of low-income
(ie, percentage of ZCTA residents with incomes <200% FPL) and
urban/suburban/rural indicators. Because physicians affiliated with
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hospitals may have a wider service area than the PCSA, we
controlled for the presence of a general acute care hospital
in the PCSA. If we drop this control, the disparities that
we measure are attenuated because low-income areas with

High-
Incgme general acute care hospitals have higher physician supply
(see eAppendix). Standard errors were clustered at the
669 PCSA level.
In a sensitivity analysis, we estimated regressions with state
fixed effects to explore whether income-related differences in
638 provider supply operate on a national and/or state level.
(95.4)
24 RESULTS
(3.6) Our final data set included 32,322 ZCTAswith 316,196,416
7 (1.1) residents: 27.6 million (8.7%) in low-income ZCTAs and
0 46.5 million (14.7%) in high-income ZCTAs. ZCTAs iden-
tified as low-income for this study represent socioeconom-
588 ically disadvantaged populations with high concentrations
(87.9) of poverty and racial and ethnic minorities and substantially
53 lower rates of health insurance (Table 1).
(7.9) Low-income ZCTAs were concentrated in the southern
18 region of the United States and high-income ZCTAs in the
(2.7) northeast and mid-Atlantic regions (eAppendix Figure).
10(1.5)  Low-income ZCTAs were disproportionately located in
0 rural areas (57% compared with 21% of high-income
ZCTAs), whereas the majority of high-income ZCTAs were
0 located in suburban areas (52% compared with 16% of
0 low-income ZCTAs). Seventy-six percent of people from
0 low-income ZCTAs and 44% of people from high-income
0 ZCTAs lived in urban areas (eAppendix Table 1).
0

Physician Disparities

Urban low-income ZCTAs were 0.5% more likely than
high-income ZCTAs to have very low primary care physician
density (we define this to be fewer than 5 physicians per 10,000
population) (Table 2). The disparity was great in rural areas
(where the analogous figure was 1.7%) and greatest in suburban
areas, where low-income ZCTAs were 7.4% more likely to have
very low primary care physician density. The percentage of
low-income ZCTAs in urban and suburban areas with very low
specialty physician density was 1.3 to 1.4 times larger than that
for high-income ZCTAs (63.6% vs 50.1% in urban areas; 92.1%
vs 64.4% in suburban areas).

There was considerable variation within states in both physi-
cian supply and rates of low-income ZCTAs (eAppendix Table 2);
82% of total variation in low-income percentage was within states
(97% for primary care and 93% for specialty supply). Relative
income-related disparities in physician supply might be present if
providers chose to locate in higher-income areas within states. To
investigate within-state income-related disparities, we added state
fixed effects to our regression models. The within-state estimates of
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Table 3. Median Distance and Hospital Beds by Income and Urban/Suburban/Rural Classification®

I O S T S Y "

Low-
Income

Number of ZCTAs 881
GAC hospitals

Median distance in miles to closest GAC hospital 2.2

Median GAC hospital beds per 10,000 in HSA 20.3
Teaching hospitals

Median distance in miles to closest teaching hospital 2.7

Median teaching hospital beds per 10,000 in HSA 18.6
Children’s hospitals

Median distance in miles to closest children’s hospital 10.1

Median children’s hospital beds per 10,000 in HSA 1.7
Psychiatric hospitals

Median distance in miles to closest psychiatric hospital 2.6

Median psychiatric hospital beds per 10,000 in HSA 17.3

High- Low- High- Low- High-
Income Income Income Income Income
866 521 1682 1830 684
2.7 6.2 4.7 14.5 12.4
16.5 16.9 15.4 19.2 17.1
4.0 21.3 7.7 42.0 28.7
14.1 13.2 16.7 14.8 11555
9.9 5585 17.9 85.3 69.9
1.3 1.6 1.9 0.9 0.8
3.4 13.4 5.7 28.3 18.1
12.3 141 16.4 185 14.8

GAC indicates general acute care; HSA, hospital service area; ZCTA, zip code tabulation area.
“The table reports winsorized conditional median distances and beds. Because medians are conditional, there is slight variation in the sample size for each subgroup.

disparities were smaller but still significant for primary care physi-
cians (median density was 27% greater for high-income ZCTAs
compared with 50% greater) and specialists in suburban areas
(70% greater compared with 147% greater) (eAppendix Tables 2
and 3).

Regressions suggested a significant linear relationship between the
percentage of a ZCTA’s population with income below 200% of the
FPL and the supply of physicians in the ZCTA’s PCSA. We plotted
the association between ZCTA percent low-income and physician
density separately by urban/suburban/rural category (Figure; see
eAppendix Tables 4 and 5 for the full set of regression coefficients).
In suburban areas, these regression results implied that moving from
the 75th percentile of percent low-income (45.8%) to the 25th
percentile (23.4%) was associated with an increase in suburban areas
of 0.6 primary care and 1.6 specialist physicians per 10,000 PCSA
population. The mean percentage of ZCTA residents living below
200% of the FPL was 35.5% (median, 34.2%; SD, 17.1%; range,
0%-100%).

Hospital Disparities
On average, residents in low-income urban areas lived closer to
general acute care, teaching, and psychiatric hospitals than resi-
dents in high-income urban areas (Table 3). However, differential
median distances were large for teaching, children’s, and psychi-
atric hospitals in suburban and rural areas (ranging from 15.6 to
30.7 miles).

‘We modeled the relationship between the percent of ZCTA resi-
dents who were low-income and the distance between the ZCTA’s
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centroid and the closest hospital (eAppendix Tables 6-8). On
average, residents of low-income ZCTAs needed to travel 0.5 and
0.2 miles longer to get to the closest general acute care hospital in
suburban and rural areas, respectively. Differential distances were
similar for teaching, children’s, and psychiatric hospitals.

DISCUSSION

In this national study, we documented that physician supply
is lower in low- compared with high-income communities and
that residents in low-income communities need to travel greater
distances to specialty but not necessarily general acute care hospi-
tals. Disparities in physician supply for low- versus high-income
communities are greater in suburban areas and for specialty
physicians. Disparities were lessened but not eliminated when we
examined within-state variation in income and provider supply.
Our findings likely underestimate the extent of income dispari-
ties in access to healthcare because some physicians do not deliver
services to uninsured or Medicaid patients.

Prior work has shown geographic variation in the delivery of
healthcare and the importance of the relationship between provider
availability and rates of utilization of services such as physician
visits.?>4 Provider availability is also related to quality of care.*’
However, much of this work is outdated, and more recent debates
on disparities have limited evidence-based discussion of delivery
system infrastructure. This study quantifies the current local delivery
systems on a national scale by describing the supply of primary care
and specialty physicians, as well as access to different types of hospi-
tals. We show that disparities exist between low- and high-income
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Figure. Association Between ZCTA Percent Low-Income and
Supply of Primary Care and Specialty Physicians

Association Between ZCTA Percent Low-Income
and Supply of Primary Care Physicians

= Urban ~So
= = Suburban ~.
o L Rural ‘ ‘ ‘ ‘
0 20 40 60 80 100

Physician Density (per 10,000 population)

% Below 200% FPL

Association Between ZCTA Percent Low-
Income and Supply of Specialty Physicians

Physician Density (per 10,000 population)

0 T T T T ]
0 20 40 60 80 100

% Below 200% FPL

FPL indicates federal poverty level; ZCTA, zip code tabulation area.

communities, particularly in physician supply in suburban areas and
in distance to specialty hospitals for residents in rural areas.

Limitations
Our study focuses on one piece of the pathway from access to
outcomes (ie, delivery system). Although there is support for this

relationship in the literature, 4

our lack of claims data prevents
us from making connections to outcomes in this paper. We cannot
be certain that areas with fewer providers are underserved or that
places with more abundant providers are overserved. In addition,
it is possible that some of the uninsured, particularly those in
low-income, urban areas, utilize emergency department or safety
net clinics as a default primary care access point. We did not have
these data. Nevertheless, given concerns about primary care short-
ages generally, we think it is unlikely that residents in low-income
communities with access to fewer primary care physicians are opti-
mally served and believe that policies to address health disparities
would benefit from greater attention to the local delivery system.
Similarly, given the increasing interest among policy makers in
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transportation issues for low-income patients, understanding travel
distances is important.

There are also measurement issues worth noting. First, defining
markets is challenging because patients can cross boundaries. The
measurement of disparities in provider supply related to income
may be sensitive to how markets are defined and academic medical
centers are treated. Large urban medical centers have many academic
physicians who see patients on a part-time basis. These centers are
mostly located in urban, often low-income, communities and may
artificially inflate provider supply estimates. Second, without recent
national Medicaid claims data, we could not examine the extent to
which being restricted to providers who accept Medicaid contrib-
uted to disparities in access. Third, we did not have cost and quality
data for comparing within and across urban, suburban, and rural
areas. Fourth, because of data limitations, we could not identify all
of the sites in which nonphysician providers such as nurse practi-
tioners delivered care, and therefore did not include them in our
analyses. Finally, our results are based on averages across all markets,
masking much heterogeneity at the local level. Although the hetero-
geneity within and across local areas may make it difficult to gener-
alize across the United States, this high-level view is important for
informing both federal and local policy.

CONCLUSIONS

This study complements other related work. Specifically, recent
studies of access focus attention on health insurance expansions
(ie, patients” ability to pay for care).?#10284145 The 2016 National
Healthcare Quality and Disparities report documented income-
and race-related disparities in healthcare utilization and quality.”
A more recent study by Chetty and colleagues went a step further
in documenting substantial local area variation in income-related
disparities in health outcomes that were uncorrelated with
health insurance coverage.“ This study on local delivery systems
broadens the policy discussion to include nonfinancial barriers to
accessing care such as the resources and services available in local
communities.

The stratification of our analyses by urban, suburban, and
rural areas generated findings consistent with and complemen-
tary to those of Schnake-Mahl and Sommers.”” Based on data
from a nationally representative survey defining access as having
health insurance, a usual source of care, unmet need due to cost,
and receipt of a routine checkup, they find that suburban low-in-
come residents face higher barriers to accessing care. Combining
their findings with ours suggests that suburban areas may be
high-potential places for delivery system interventions to close the
divide between the low- and high-income residents. Improving
access to care for low-income populations may require greater
attention to provider availability and access to specialty hospitals
in local delivery systems.

The American Journal of Accountable Care®



Author Affiliations: Massachusetts Institute of Technology, Sloan
School of Management (CAN), Cambridge, MA; Department of
Health Care Policy, Harvard Medical School (CAN, MEC, NDB),
Boston, MA; University of California, San Francisco, School of
Medicine (I0), San Francisco, CA.

Source of Funding: Rescarch reported in this study was supported
by The Commonwealth Fund under award number 20160683. The
content is solely the responsibility of the authors and does not neces-
sarily represent the official views of The Commonwealth Fund.
Author Disclosures: The authors report no relationship or financial
interest with any entity that would pose a conflict of interest with the
subject matter of this article.

Authorship Information: Concept and design (CAN, MEC, IO,
NDB); acquisition of data (CAN, 10, NDB); analysis and interpre-
tation of data (CAN, MEC, 10, NDB); drafting of the manuscript
(CAN, NDB); critical revision of the manuscript for important
intellectual content (CAN, MEC, NDB); statistical analysis (CAN,
10, NDB); obtaining funding (MEC); administrative, technical, or
logistic support (CAN, 10); and supervision (CAN, NDB).

Send Correspondence to: Christina A. Nguyen, AB, Massachusetts
Institute of Technology, MIT Sloan School of Management, 100 Main
St, E62-489, Cambridge, MA 02142. Email: canguyen@mit.edu.

REFERENCES

1. Garrett B, Gangopadhyaya A. Who gained health insurance
coverage under the ACA, and where do they live? Urban Institute
urban.org/sites/default/files/publication/86761/2001041-
who-gained-health-insurance-coverage-under-the-aca-and-where-do-
they-live.pdf. Published December 2016. Accessed June 18, 2019.

2. Sommers BD, Maylone B, Blendon R], Orav EJ, Epstein AM.
Three-year impacts of the Affordable Care Act: improved medical
care and health among low-income adults. Health Aff (Millwood).
2017;36(6):1119-1128. doi: 10.1377/hlthaff.2017.0293.

3. Sommers BD, McMurtry CL, Blendon RJ, Benson JM, Sayde
JM. Beyond health insurance: remaining disparities in US health
care in the post-ACA era. Milbank Q. 2017;95(1):43-69. doi:
10.1111/1468-0009.12245.

4. Penchansky R, Thomas JW. The concept of access: definition and

website.

relationship to consumer satisfaction. Med Care. 1981;19(2):127-
140. doi: 10.1097/00005650-198102000-00001.

5. Starfield B, Shi L, Macinko J. Contribution of primary care to
health systems and health. Milbank Q. 2005;83(3):457-502. doi:
10.1111/j.1468-0009.2005.00409.x.

6. Starfield B. Primary care and equity in health: the impor-
effectiveness and

tance to equity of responsiveness to

peoples’ needs. Humanity Soc. 2009;33(1-2):56-73. doi:
10.1177/016059760903300105.
7. DeVoe JE, Petering RP, Krois L. A usual source of care: supple-

ment or substitute for health insurance among low-income

ajmc.com

— A ccotifitable Care M

children? Med Care. 2008;46(10):1041-1048. doi:
MLR.0b013e3181866443.

8. Sommers BD, Gunja MZ, Finegold K, Musco T. Changes in
self-reported insurance coverage, access to care, and health under
the Affordable Care Act. JAMA. 2015;314(4):366-374. doi:
10.1001/jama.2015.8421.

9. Kaestner R, Garrett B, Chen J, Gangopadhyaya A, Fleming C.
Effects of ACA Medicaid expansions on health insurance coverage
and labor supply. J Policy Anal Manage. 2017;36(3):608-642. doi:
10.1002/pam.21993.

10. Wherry LR, Miller S. Early coverage, access, utilization, and
health effects associated with the Affordable Care Act Medicaid
expansions: a quasi-experimental study. Ann Intern Med.
2016;164(12):795-803. doi: 10.7326/M15-2234.

11. Sommers BD, Kenney GM, Epstein AM. New evidence on the
Affordable Care Act: coverage impacts of early Medicaid expan-
sions. Health Aff (Millwood). 2014;33(1):78-87. doi: 10.1377/
hlchaff.2013.1087.

12. Lynch JW, Kaplan GA, Pamuk ER, et al. Income inequality and
mortality in metropolitan areas of the United States. Am J Public
Health. 1998;88(7):1074-1080. doi: 10.2105/AJPH.88.7.1074.
13. Short PE, Graefe DR, Swartz K, Uberoi N. New estimates
of gaps and transitions in health insurance. Med Care Res Rev.
2012;69(6):721-736. doi: 10.1038/jid.2014.371.

14. Kushel MB, Gupta R, Gee L, Haas JS. Housing insta-
bility and food insecurity as barriers to health care among
low-income Americans. | Gen Intern Med. 2006;21(1):71-77. doi:
10.1111/j.1525-1497.2005.00278.x.

15. 2016 National Healthcare Quality and Disparities Report.

10.1097/

Agency for Healthcare Research and Quality website. ahrq.gov/
research/findings/nhqrdr/nhqdr16/index.html.  Published July
2017. Accessed June 18, 2019.

16. What is shortage designation? Health Resources and Services
Administration ~ website.  bhw.hrsa.gov/shortage-designation/
what-is-shortage-designation. Updated August 2019. Accessed
June 18, 2019.

17. Gaskin DJ, Hadley J. Population characteristics of markets
of safety-net and non-safety-net hospitals. / Urban Health.
1999;76(3):351-370. doi: 10.1007/BF02345673.

18. Frick K, Shi L, Gaskin DJ. Level of evidence of the value
of care in federally qualified health centers for policy making.
Prog Community Heal Partnersh. 2007;1(1):75-82. doi: 10.1038/
jid.2014.371.

19. Lewis C, Riley B, Abrams MK. Care for millions at risk
as community health centers lose billions in funding. The
Fund
blog/2017/care-millions-risk-community-health-centers-lose-
billions-funding. Published December 21, 2017. Accessed June
18, 2019.

Commonwealth website.  commonwealthfund.org/

12.19/17



20. Douthit N, Kiv S, Dwolatzky T, Biswas S. Exposing some
important barriers to health care access in the rural USA. Public
Health. 2015;129(6):611-620. doi: 10.1016/j.puhe.2015.04.001.
21. Brems C, Johnson ME, Warner TD, Roberts LW. Barriers
to healthcare as reported by rural and urban interprofes-
sional providers. J Interprof Care. 2006;20(2):105-118. doi:
10.1080/13561820600622208.

22. Newacheck PW, Hughes DC, Stoddard JJ. Children’s access
to primary care: differences by race, income, and insurance status.
Pediatrics. 1996;97(1):26-32.

23. Meyer H. Life in the ‘lean’ lane: performance improvement at
Denver Health. Health Aff (Millwood). 2010;29(11):2054-2060.
doi: 10.1377/hlthaff.2010.0810.

24. Sandberg SE, Erikson C, Owen R, et al. Hennepin Health:
a safety-net accountable care organization for the expanded
Medicaid population. Health Aff (Millwood). 2014;33(11):1975-
1984. doi: 10.1377/hlthaff.2014.0648.

25. Cebul RD, Love TE, Einstadter D, Petrulis AS, Corlett JR.
MetroHealth Care Plus: effects of a prepared safety net on quality
of care in a Medicaid expansion population [erratum in Health Aff
(Millwood). 2015;34(9):1611. doi: 10.1377/hlthaff.2015.0989].
Health Aff (Millwood). 2015;34(7):1121-1130. doi: 10.1377/
hlthaff.2014.1380.

26. Marquis MS, Rogowski JA, Escarce JJ. Recent trends and
geographic variation in the safety net. Med Care. 2004;42(5):408-
415. doi: 10.1097/01.mlr.0000124243.59446.5¢.

27. Short PE, Lefkowitz DC. Encouraging preventive services for
low-income children: the effect of expanding Medicaid. Med Care.
1992;30(9):766-780.d0i: 10.1097/00005650-199209000-00002.
28. Data tables: graduate medical education for teaching hospi-
tals. Robert Graham Center website. graham-center.org/rgc/maps-
data-tools/data-tables/gme.html. Accessed April 10, 2018.

29. Schnake-Mahl AS, Sommers BD. Health care in the
suburbs: an analysis of suburban poverty and health care access.
Health Aff (Millwood). 2017;36(10):1777-1785. doi: 10.1377/
hlthaff.2017.0545.

30. 2010 U.S. Census data. United States Census Bureau website.
factfinder.census.gov/faces/nav/jsf/pages/download_center.xhtml.
Accessed April 10, 2018.

31. American Community Survey (ACS) 5-year estimates. United
States Census Bureau website. https://factfinder.census.gov/faces/
nav/jsf/pages/download_center.xhtml. Accessed April 10, 2018.
32. Dartmouth Medical School. The Dartmouth Atlas of Health
Care in the United States. Chicago, IL: American Hospital
Publishing; 1999.

33. Fisher ES, Wennberg DE, Stukel TA, Gottlieb D], Lucas FL,
Pinder EL. The implications of regional variations in Medicare
spending. part 1: the content, quality, and accessibility of care.

Ann Intern Med. 2003;138(4):273-287. doi: 10.7326/L16-0612.

18/12.19

34. Fisher ES, Wennberg DE, Stukel TA, Gottlieb DJ, Lucas
FL, Pinder EL. The implications of regional variations in
Medicare spending. part 2: health outcomes and satisfac-
tion with care. Ann Intern Med. 2003;138(4):288-298. doi:
10.7326/0003-4819-138-4-200302180-00007.

35. Fisher ES, Wennberg JE. Health care quality, geographic varia-
tions, and the challenge of supply-sensitive care. Perspect Biol Med.
2003;46(1):69-79. doi: 10.1353/pbm.2003.0004.

36. Wennberg DE. Variation in the delivery of health care: the
stakes are high. Ann Intern Med. 1998;128(10):866-868. doi:
10.7326/0003-4819-128-10-199805150-00012.

37. Wennberg JE. Understanding geographic variations in health
care delivery. N Engl | Med. 1999;340(1):52-53. doi: 10.1056/
NEJM199901073400111.

38. Phillips K, Morrison KR, Andersen R, Aday LA. Understanding
the context of healthcare utilization: assessing environmental and
provider-related variables in the behavioral model of utilization.
Health Serv Res. 1998;33(3, pt 1):571-596.

39. Aday LA, Andersen R. A framework for the study of access to
medical care. Health Serv Res. 1974;9(3):208-220.

40. Derose KP, Gresenz CR, Ringel JS. Understanding disparities
in health care access—and reducing them—through a focus on
public health. Health Aff (Millwood). 2011;30(10):1844-1851.
doi: 10.1377/hlthaff.2011.0644.

41. Collins SR, Rasmussen PW, Doty MM, Beutel S. The rise in
health care coverage and affordability since health reform took
effect: findings from the Commonwealth Fund Biennial Health
Insurance Survey, 2014. Issue Brief (Commonw Fund). 2015;2:1-16.
42. Schoen C, Radley DC, Riley B, et al. Health care in the two
Americas: findings from the scorecard on state health system perfor-
mance for low-income populations, 2013. The Commonwealth
Fund website. commonwealthfund.org/publications/fund-reports/
2013/sep/health-care-two-americas-findings-scorecard-state-health-
system. Published September 18, 2013. Accessed June 18, 2019.
43. Golberstein E, Gonzales G, Sommers BD. California’s early ACA
expansion increased coverage and reduced out-of-pocket spending
for the state’s low-income population. Health Aff (Millwood).
2015;34(10):1688-1694. doi: 10.1377/hlthaff.2015.0290.

44. Griffith K, Evans L, BorJ. The Affordable Care Act reduced socio-
economic disparities in health care access. Health Aff (Millwood).
2017;36(8):1503-1510. doi: 10.1377/hlthaff.2017.0083.

45. Sommers BD, Blendon RJ, Orav EJ, Epstein AM. Changes
in utilization and health among low-income adults after Medicaid
expansion or expanded private insurance. JAMA Intern Med.
2016;176(10):1501-1509. doi: 10.1001/jamainternmed.2016.4419.
46. Chetty R, Stepner M, Abraham S, et al. The association between
income and life expectancy in the United States, 2001-2014 [erratum
in JAMA. 2017;317(1):90. doi: 10.1001/jama.2016.18691]. JAMA.
2016;315(16):1750. doi: 10.1001/jama.2016.4226.

The American Journal of Accountable Care®



eAppendix

Urban/Suburban/Rural Zip Code Classification

Building on methods from a previous study and corresponding to geographical
distinctions made in the reporting of the Behavioral Risk Factor Surveillance Survey,! we
classified ZCTAs as urban, suburban, or rural. Using the 2010 Census metro and micro
delineation file, we identified the principal city in each core based statistical area (CBSA), then
employed a crosswalk to flag as urban the ZCTAs located in each principal city. Using the
Census urban area relationship file, we flagged as rural all ZCTAs determined to be not in urban
areas. All ZCTAs not flagged as urban or rural were classified as suburban; we reclassified 41

urban ZCTAs with fewer than 20 residents per square mile as suburban ZCTAs.?



eAppendix Figure. Distribution of low- and high-income ZCTAs across the U.S.
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eAppendix Table 1. Number of ZCTAs and population by income and urban/suburban/rural

classification.
Low-income High-income
Urban Suburban Rural Urban Suburban Rural

Number of 881 521 1,830 866 1,682 684
ZCTAs

(27.3%) (16.1%) (56.6%) (26.8%) (52.0%) (21.2%)
Population 21,097,640 4,719,594 1,804,321 | 20,423,396 25,490,284 617,331

(76.4%) (17.1%) (6.5%) (43.9%) (54.8%) (1.3%)

eAppendix Table 2. Physician density by urban/suburban/rural classification and income.

Urban Suburban Rural

Low- High- Low- High- Low- High-

income income | income income |income  income
Number of ZCTAs 881 864 517 1,677 1,782 669
Median PCP density 2.1 23 1.2 1.8 1.2 1.4
Mean PCP density 2.5 2.9 6.3 2.0 3.1 5.2
Median specialist density | 3.8 5.0 1.5 3.7 1.0 1.5
Mean specialist density 1.2 2.4 5.1 1.4 1.2 1.8

Notes: Medians and means are both winsorized. Means are weighted by ZCTA population.



eAppendix Table 3. Physician density by urban/suburban/rural classification and relative

income.
Urban Suburban Rural
Relative  Relative | Relative Relative | Relative  Relative
Low- High- Low- High- Low- High-
income  income income  income income  income
Number of ZCTAs 902 959 526 1,261 1,723 946
Median PCP density 12.8 13.2 8.2 10.4 7.8 8.2
Mean PCP density 15.3 15.4 8.9 12.2 9.3 10.2
Median specialist density | 19.8 21.1 8.9 15.1 5.2 7.4
Mean specialist density 28.0 28.6 11.4 20.0 7.5 12.0

Notes: Medians and means are both winsorized. Means are weighted by population.



eAppendix Table 4. Relationship between percent low-income and physician supply (density per 10,000 population) with hospital flag.

Coefficients Primary Care Density Specialist Density
% Low-Income (urban) -0.006 -0.004 0.002 0.004 -0.007 -0.008 0.008 0.010
(0.004) (0.003) (0.004) (0.004) (0.008) (0.007) (0.009) (0.008)
Suburban X % Low-Income -0.021*** -0.009* -0.024%*x* -0.014** -0.066%** -0.034%*x* -0.068%** -0.042%*x*
(0.004) (0.004) (0.005) (0.004) (0.009) (0.008) (0.010) (0.009)
Rural X % Low-Income -0.007 0.006 -0.008 -0.002 -0.020* 0.003 -0.023** -0.013
(0.004) (0.004) (0.004) (0.004) (0.008) (0.008) (0.009) (0.008)
Urban (reference) 1.965%** 1.212%** 2.086%** 1.412%%* 2.716%** 2.716%** 2.7742%%* 1.623%***
(0.145) (0.184) (0.159) (0.192) (0.297) (0.297) (0.328) (0.411)
Suburban 0.200 -0.327* 0.232 -0.277 1.162%** -0.275 0.855* -0.431
(0.154) (0.145) (0.173) (0.163) (0.340) (0.324) (0.365) (0.336)
Rural -0.199 -0.910%** -0.392%* -0.784%*x* -1.254%*x* -2.248%** -1.664%** -2.072%%*
(0.174) (0.156) (0.163) (0.149) (0.325) (0.298) (0.343) (0.313)
Hospital in PCSA 0.769%*** 0.931%*** 0.556%** 0.638#** 2.280%** 2.7TTH*E 2.065%** 2.399%**
(0.068) (0.070) (0.083) (0.073) (0.117) (0.133) (0.109) (0.115)




State Fixed Effects included

Weighted by ZCTA

population
Sample N
R-squared

F

No

Yes

31,851

0.027

52.65

Yes

Yes

31,851

0.082

11.53

No

No

31,851

0.010

42.32

Association between ZCTA percent low-income and physician supply

Urban

Suburban

Rural

-0.006

-0.026%**

-0.012%**

-0.004

-0.013%***

0.002

0.002

-0.022%**

-0.006%***

Yes

No

31,851

0.033

10.08

0.004

-0.010%**

0.002

No

Yes

31,851

0.071

108.1

-0.007

-0.073%***

-0.027%**

Yes

Yes

31,851

0.130

18.62

-0.008

-0.042%**

-0.005

No

No

31,851

0.065

149.3

0.008

-0.060%***

-0.015%**

Yes

No

31,851

0.095

22.92

0.010

-0.032%**

-0.003

Notes: Low-income is defined as below 200% FPL. Urban is the reference group for all regressions. In models with state fixed effects, urban

ZCTAs in California is the reference group. Standard errors in parentheses (clustered by PCSA).

% p<0.001, ** p<0.01, * p<0.05



eAppendix Table 5. Relationship between percent low-income and physician supply (density per 10,000 population) without hospital flag.
Coefficients Primary Care Density Specialist Density
% Low-Income (urban) -0.005 -0.003 0.002 0.005 -0.005 -0.004 0.010 0.013
(0.004) (0.003) (0.004) (0.004) (0.008) (0.007) (0.009) (0.008)
Suburban X % Low-Income  -0.018%** -0.008* -0.022%*x* -0.014** -0.059%** -0.03 ] *** -0.063*** -0.041%**
(0.004) (0.004) (0.005) (0.004) (0.009) (0.008) (0.010) (0.009)
Rural X % Low-Income -0.008 0.004 -0.009* -0.003 -0.023** -0.002 -0.026** -0.016
(0.004) (0.004) (0.004) (0.004) (0.008) (0.008) (0.009) (0.009)
Urban (reference) 2.6071#** 2.025%** 2.552%** 1.972%%* 4.604*** 3.727%** 4.475%%* 3.727%**
(0.136) (0.175) (0.146) (0.181) (0.310) (0.396) (0.329) (0.404)
Suburban 0.029 -0.453** 0.091 -0.369* 0.654 -0.650 0.334 -0.776*
(0.154) (0.148) (0.176) (0.165) (0.347) (0.341) (0.371) (0.346)
Rural -0.297 -0.997%*x* -0.435%* -0.836%** -1.547%** -2.506%** -1.824 % -2.2609%**
(0.175) (0.158) (0.162) (0.149) (0.337) (0.317) (0.347) (0.322)
State Fixed Effects included No Yes No Yes No Yes No Yes
Yes Yes No No Yes Yes No No

Weighted by ZCTA

population




Sample N 31,851 31,851 31,851
F-Statistic 0.015 0.066 0.007

R-squared 41.46 8.982 37.17

Association between ZCTA percent low-income and physician supply

Urban -0.005 -0.003 0.002
Suburban -0.023 %% -0.010%** -0.020%**
Rural -0.012%** 0.002 -0.007%**

31,851

0.029

8.839

0.005

-0.009**

0.001

31,851

0.037

88.52

-0.005

-0.063***

-0.027%**

31,851 31,851
0.083 0.042
13.46 82.19
-0.004 0.010

-0.035%** -0.053%***

-0.006 -0.016%***

31,851

0.066

16.00

0.013

-0.028%***

-0.004

Notes: Low-income is defined as below 200% FPL. Urban is the reference group for all regressions. In models with state fixed effects, urban

ZCTAs in California is the reference group. Standard errors in parentheses (clustered by PCSA).

% p<0.001, ** p<0.01, * p<0.05



eAppendix Table 6. Hospital distance and percent low-income, weighted by ZCTA population (N = 32,322).

Coefficients General Acute Care Teaching Hospital Children’s Hospital Psychiatric Hospital
Hospital
% Low-Income (urban) -0.0160***  -0.00817* 0.0262 0.0598%** -0.0503 0.123%** 0.0130 0.0249*
(0.00277)  (0.00327) (0.0139) (0.0136) (0.0724) (0.0327) (0.0101) (0.00978)
Suburban X % Low-Income 0.0453***  0.0198** 0.284#** 0.189#** | (0.767*** 0.427%*** 0.226%** 0.152%**
(0.00580)  (0.00608) (0.0231) (0.0228) (0.0882) (0.0487) (0.0164) (0.0163)
Rural X % Low-Income 0.157%#** 0.130%** 0.378*** 0.312%%* | (.658*** 0.365%** 0.297%** 0.252%**
(0.0166) (0.0153) (0.0305) (0.0285) (0.111) (0.0534) (0.0222) (0.0209)
Urban (reference) 4.087#** 3.220%** 10.05%** 3.301%*** [ 45.00%** 18.08*** 6.308*** 3.817***
(0.111) (0.165) (0.524) (0.589) (3.423) (1.386) (0.336) (0.424)
Suburban 0.622%#** 1.829%** -3.237%#* 1.581 S2321% % RUTS3HHE D 4T 5HE 1.451%**
(0.179) (0.222) (0.781) (0.831) (3.911) (1.709) (0.463) (0.500)
Rural 4.626%** 5.454%** 13.72%%% 13.34%** [ 23 47%%* 20.87%** 7.889%** 8.843%#*
(0.603) (0.567) (1.195) (1.134) (4.984) (2.182) (0.804) (0.786)
State Fixed Effects included No Yes No Yes No Yes No Yes
Weighted by ZCTA population Yes Yes Yes Yes Yes Yes Yes Yes




Sample N
R-squared

F

32,322
0.113

809.2

32,322
0.238

123.4

32,322
0.113

1011

32,322
0.296

238.4

32,322
0.032

343.2

32,322
0.770

480.6

32,322
0.139

1105

32,322
0.259

218.0

Notes: Low-income is defined as below 200% FPL. Urban is the reference group for all regressions. In models with state fixed effects, urban

ZCTAs in California is the reference group. Standard errors in parentheses (clustered by PCSA).
**% p<0.001, ** p<0.01, * p<0.05



eAppendix Table 7. Minimum distance to hospital and percent low-income, unweighted (N = 32,322).

Coefficients General Acute Care Teaching Hospital Children’s Hospital Psychiatric Hospital
Hospital
% Low-Income (urban) -0.0202 0.0112 0.0227 0.0885%** -0.0458 0.170%** 0.00613 0.0531**
(0.0186) (0.0131) (0.0311) (0.0215) (0.101) (0.0376) (0.0226) (0.0169)
Suburban X % Low-Income 0.0648** 0.0267 0.350%** 0.215%** | (0.764%** 0.504*** 0.260%*** 0.137%**
(0.0246) (0.0176) (0.0412) (0.0288) (0.134) (0.0504) (0.0298) (0.0227)
Rural X % Low-Income (0.233 %% 0.116%** (0.208#** 0.136%** | (.855%** 0.224%** 0.273 %% 0.156%**
(0.0219) (0.0156) (0.0367) (0.0255) (0.119) (0.0446) (0.0266) (0.0201)
Urban (reference) 4.524%#%* 3.173%%* 11.70%** 4.118%** | 49 47+%* 19.79%** 7.107%** 4.435%**
(0.770) (0.662) (1.287) (1.083) (4.175) (1.894) (0.933) (0.852)
Suburban 1.141 3.392%** -1.657 6.6627*** | -17.09%** -3.696 -1.150 6.244***
(0.952) (0.691) (1.593) (1.129) (5.167) (1.975) (1.155) (0.889)
Rural 4.658H** 7.243%%* 24 3% 24.59%%% | 3(.18%** 30.24%** 14.5]%** 15.92%**
(0.905) (0.651) (1.513) (1.064) (4.909) (1.861) (1.097) (0.838)
State Fixed Effects included No Yes No Yes No Yes No Yes
Weighted by ZCTA population No No No No No No No No




Sample N
R-squared

F

32,322
0.059

404.8

32,322
0.537

680.5

32,322
0.126

931.8

32,322
0.589

841.6

32,322
0.049

334.4

32,322
0.870

3929

32,322
0.119

873.8

32,322
0.512

614.8

Notes: Low-income is defined as below 200% FPL. Urban is the reference group for all regressions. In models with state fixed effects, urban

ZCTAs in California is the reference group. Standard errors in parentheses (clustered by PCSA).
**% p<0.001, ** p<0.01, * p<0.05



eAppendix Table 8. Association between percent low-income and distance to closest hospital

without state fixed effects and weighted by ZCTA population.

Coefficients General Acute Teaching Hospital Children’s Psychiatric
Care Hospital Hospital Hospital
Urban -0.016%** 0.026 -0.050 0.013
Suburban 0.029%#:** 0.310%** 0.717%** 0.239%#:%*
Rural 0.147#** 0.404#** 0.608#** 0.310%**

% p<0.001, ** p<0.01, * p<0.05
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