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ORIGINAL RESEARCH

Differential Treatment and Outcomes for
Patients With Heart Attacks in Advantaged
and Disadvantaged Communities

, MD, MSc

Yu-Chu Shen @, PhD; Nandita Sarkar, PhD; Renee Y. Hsia

BACKGROUND: Racially and ethnically minoritized groups, people with lower income, and rural communities have worse access
to percutaneous coronary intervention (PCI) than their counterparts, but PCI hospitals have preferentially opened in wealthier
areas. Our study analyzed disparities in PCl access, treatment, and outcomes for patients with acute myocardial infarction
based on the census-derived Area Deprivation Index.

METHODS AND RESULTS: We obtained patient-level data on 629419 patients with acute myocardial infarction in California be-
tween January 1, 2006 and December 31, 2020. We linked patient data with population characteristics and geographic coor-
dinates, and categorized communities into 5 groups based on the share of the population in low or high Area Deprivation Index
neighborhoods to identify differences in PCl access, treatment, and outcomes based on community status. Risk-adjusted
models showed that patients in the most advantaged communities had 20% and 15% greater likelihoods of receiving same-
day PCI and PCI during the hospitalization, respectively, compared with patients in the most disadvantaged communities.
Patients in the most advantaged communities also had 19% and 16% lower 30-day and 1-year mortality rates, respectively,
compared with the most disadvantaged, and a 15% lower 30-day readmission rate. No statistically significant differences in
admission to a PCI hospital were observed between communities.

CONCLUSIONS: Patients in disadvantaged communities had lower chances of receiving timely PCl and a greater risk of mortality
and readmission compared with those in more advantaged communities. These findings suggest a need for targeted interven-
tions to influence where cardiac services exist and who has access to them.

Key Words: acute myocardial infarction m Area Deprivation Index ® cardiac outcomes m disadvantage
B percutaneous coronary intervention

See Editorial by Mukaz and Cushman.

community in which one lives affect access to

percutaneous coronary intervention (PCl) ser-
vices, and is this level of disadvantage associated
with treatment and outcome disparities? Prior litera-
ture has shown that racially and ethnically minoritized
groups, as well as people with lower income and those
in rural communities, have worse access to PCI than
their counterparts.'~2 Hospitals with PCI services have

How does the overall level of disadvantage in the

preferentially opened in areas with wealthier hospitals,
higher rates of private insurance, and less state regula-
tion of new cardiac catheterization laboratories.

A significant limitation of existing studies is the iden-
tification of communities by a single dimension, such
as income, race and ethnicity, or rurality, rather than a
multidimensional understanding of disadvantage. Such
measures extend beyond traditional variables, such as
income and employment, to also include less traditional
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CLINICAL PERSPECTIVE

What Is New?

e The results of our study show significant dis-
parities in percutaneous coronary intervention
access, treatment, and outcomes based on
community level of disadvantage; patients in
the most advantaged communities had a 20%
higher likelihood of same-day percutaneous
coronary intervention and a 16% to 19% lower
likelihood of mortality compared with patients in
the most disadvantaged communities.

What Are the Clinical Implications?

e These findings illuminate the association be-
tween neighborhood disadvantage status and
the ability to access and receive timely percu-
taneous coronary intervention, as well as dis-
parities in outcomes by neighborhood-level of
disadvantage, suggesting a need for targeted
public health interventions that distribute car-
diac care more equitably across disadvantaged
areas.

Nonstandard Abbreviations and Acronyms

ADI Area Deprivation Index

variables, such as housing (eg, median rent, percentage
of owner-occupied housing units, percentage of units
without complete plumbing), education, and household
characteristics (eg, single-parent households, percent-
age of households without a motor vehicle). These ad-
ditional measures are useful because they reflect the
more complicated realities of the intersection of socio-
economic factors that affect people’s lives.

These nuanced indices can also be helpful for more
precisely understanding where disparities in PCl care
exist, which is crucial, because timely PCl has been
associated with better patient outcomes.*® This study
aimed to determine whether patients with acute myo-
cardial infarction (AMI) in areas with high levels of depri-
vation experienced differences in PCl access, treatment,
and outcomes compared with those in areas with lower
levels of deprivation. A community-level approach was
used to categorize communities based on the percent-
age of residents living in neighborhoods with a high or
low Area Deprivation Index (ADI), a validated marker of
neighborhood-level socioeconomic disadvantage that
combines 17 measures of employment, income, hous-
ing, and education from the American Community Survey
to create a score for each geographic unit in the United
States.®'? Using all-payer nonpublic patient discharge
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data from California between 2006 and 2020, we com-
pared differences in access to PCI facilities, treatment,
and health outcomes among patients with AMI across
the community disadvantage gradient, from those who
lived in the most advantaged to most disadvantaged
communities. In our secondary analysis, we further strati-
fied our results by type of AMI, and explored whether the
disadvantage gradient grew or reduced over time.

METHODS
Data Availability

Because of the sensitive nature of the data collected for
this study, requests to access the data set from qualified
researchers trained in human subject confidentiality pro-
tocols may be sent to the California Department of Health
Care Access and Information at https://hcai.ca.gov/.

Study Population and Data Sources

The study population included 629419 patients with
AMI between January 2006 and December 2020 re-
siding in 1723 zip code communities in California.
Data were merged from multiple sources. First, we
obtained patient data from the California Department
of Health Care Access and Information. We combined
both nonpublic patient discharge data and nonpublic
emergency department data to capture a complete co-
hort of AMI patients and linked these patient records
to vital statistics via unique patient identifiers. Relevant
data elements from the patient data included patients’
resident zip code, admission date, source of admis-
sion, demographics (eg, age, sex, race, and ethnicity),
insurance status at the time of admission, International
Classification of Diseases, Ninth and Tenth Revision
(ICD-9 and ICD-10) diagnostic codes, treatments re-
ceived (identified through /ICD-9 and ICD-10 procedure
codes), comorbidities, and date of death. Second, we
procured the data to calculate the ADI at the Census
block group level from the Neighborhood Atlas,®1°
which ranks each neighborhood’s socioeconomic
well-being based on the following dimensions: income,
education, employment, and housing quality.'° Third,
we obtained facility procedure volumes from the Office
of Statewide Health Planning and Development facility
use data to identify whether a hospital was PCl capable.
Lastly, we linked the patient data with zip code—level
population characteristics and geographic coordinates
from the American Community Survey and the Census
based on residential zip code.

Categorizing Zip Code Communities From
Most Advantaged to Most Disadvantaged

Because we limited our study population to California,
we used the state-specific ADI for this analysis. At the
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neighborhood (ie, census block group) level, state-
specific ADI values ranged from 1 to 10 and repre-
sented 10 deciles of socioeconomic conditions, where
the most advantaged neighborhoods (ie, most favora-
ble, or least deprived socioeconomic condition) were
given a value of 1, and the most disadvantaged (most
deprived socioeconomic condition) were given a value
of 10.

Although ADI was defined at the neighborhood
level, our community was defined at the zip code level
because the zip code was the smallest geographic
unit available from our patient data. Following a strat-
egy that maps neighborhood populations to zip code
communities (described in more detail in Data S1),
we determined the percentage of each communi-
ty’s population living in a high ADI neighborhood (ie,
if the state-specific ADI value was 9 or 10) or a low
ADI neighborhood (if the state-specific ADI value was 1
or 2). We then categorized communities into 5 groups
based on the share of the population in low or high-
ADI neighborhoods. Specifically, the most advantaged
communities were defined as zip codes with >50% of
the population living in low ADI neighborhoods; like-
wise, the most disadvantaged communities were de-
fined as zip codes with >50% of the population in high
ADI neighborhoods. Relatively advantaged communi-
ties had 25% to 50% of the population in low ADIs,
and relatively disadvantaged communities had 25%
to 50% of the population in high ADIs. The rest of the
Zip codes (those with <25% of the population in high
and low ADIs) were defined as mixed communities. To
track communities consistently over time, these com-
munity ADI categories were made time-invariant based
on ADI values from 2015 (the earliest year available on
the Neighborhood Atlas website). Our past experience
working with these types of community-level measures
showed that they were highly correlated over time.'®

Defining a Hospital’s PCI Capacity and
Population Access
Following prior work,'®'* we used a volume-based
threshold to identify a hospital’s PCI capability. A hos-
pital was defined as PCl-capable if it performed at least
50 PCI procedures per year based on PCl volumes re-
ported in the Office of Statewide Health Planning and
Development facility data.’® The advantage of using a
volume-based definition is that it minimizes errors from
self-reported measurements, such as those published
in the American Hospital Association’s annual surveys.
Once we identified PCl-providing hospitals, we
measured the population’s geographic access to these
PCI hospitals using driving time. Specifically, for each
zip code community, we identified whether there was
a PCI hospital available to residents in that community
within a 15-minute drive from the geographic center (as
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listed in the US census) of the community. We com-
puted the actual driving time between each community—
hospital pair using automation software from Stata that
interfaced with HERE Technologies’ web-based plat-
form.'817 We chose a threshold of 15 minutes based
on thresholds reported in other studies'®2° and prior
literature showing that the majority of hospital visits are
within 15 minutes of a patient’s residence.?!

Statistical Analysis

The main outcomes of this study included: (1) admis-
sion to a PCI hospital, (2) receipt of PCI on the day of
admission (subsequently referred to as same-day PClI),
(3) receipt of PCI during the hospitalization, and (4)
time-specific health outcomes (30-day and 1-year mor-
tality, 30-day readmission rate). In our main analysis,
we included receipt of coronary angiography as part
of PCI treatment because this procedure represents a
prelude to revascularization and accounts for clinical
realities of failed PCl and/or anatomy that is not suit-
able for PCI. In our sensitivity analysis, we used a more
conservative approach whereby we counted PCI only,
rather than both PCI and coronary angiography. For
health outcomes, we focused on time-specific mortality
rather than in-hospital mortality so that results were not
driven by variation across hospitals’ discharge or other
practices, and instead captured potential differences in
longer-term health outcomes.

We implemented a linear probability model with
county fixed effects to control for any unobserved time-
invariant heterogeneity across counties. Our key inde-
pendent variables were the 4 dummies used to capture
each community’s disadvantage status, from the most
disadvantaged (reference community) to the most ad-
vantaged. In addition, we estimated robust standard
errors that accounted for intracommunity correlation
among patients from the same county.?? All models
controlled for patient demographics, including age
groups, sex, race, and ethnicity, as well as health insur-
ance (private, Medicare, Medicaid, indigent care, unin-
sured/self-pay, and others), the 22 Elixhauser patient
comorbid indicators, and an indicator for ST-segment-
elevation myocardial infarction (STEMI) to control for
underlying individual patient health conditions.?324

In addition to the main models discussed above,
we implemented the following additional models to
further explore differential experiences by patients in
each type of community. First, we stratified the sample
by patients with STEMI versus non-STEMI (NSTEMI).
In general, treatment for patients with STEMI tends
to be protocolized, and this stratified analysis allowed
us to investigate whether standardization reduced or
widened disparities across communities. Second, to
test whether differences across the 5 types of com-
munities changed over time, we implemented a set of
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models through which we interacted time trends with
community disadvantage status. Third, we tested the
robustness of our results by classifying patients into 5
community types using an alternative ADI index con-
structed directly at the zip code level (details described
in Data S1).° Institutional review board approval for this
study was provided by the University of California, San
Francisco, and informed consent was not required be-
cause the study did not involve human subjects.

RESULTS

Figure 1 shows that in this study population of
629419 patients with AMI, between January 2006
and December 2020, 15% of patients lived in each
of relatively disadvantaged and most disadvantaged
communities, 48% lived in mixed communities, 14%
in relatively advantaged communities, and 8% in most
advantaged communities. The percentage of patients
who did not have a PCI hospital within 15 minutes in-
creased across the community disadvantage gradient,
from 17% in the most advantaged communities to 63%
in the most disadvantaged communities.

Table 1 shows that patient characteristics differed
significantly between the most advantaged and most
disadvantaged communities (patient characteristics
for the other 3 types of communities are included in
Table S1). Communities that were classified as most
disadvantaged had a higher proportion of Black

PCI in Advantaged and Disadvantaged Communities

residents (8%) compared with the most advantaged
communities (3%), as well as a substantially higher
percentage of Hispanic residents (25% in the most
disadvantaged, compared with 6% in the most ad-
vantaged communities). Residents of these disadvan-
taged communities also tended to be younger, with a
larger proportion of residents <65years of age (43%
in disadvantaged communities, compared with 33%
in advantaged communities) and a smaller proportion
of residents >85years of age (12% in disadvantaged
compared with 20% in advantaged communities).
Disadvantaged communities also had a higher pro-
portion of patients with diabetes (41%, compared with
28% in advantaged communities), chronic pulmonary
disease (24% versus 15% in advantaged communi-
ties), and obesity (18% versus 11% in advantaged
communities).

When examining admission to a PCl-capable hos-
pital, patients in the most disadvantaged communities
were less likely to be admitted to a PCI hospital (74%
admitted) compared with patients in the most advan-
taged communities (88% admitted). Patients in the
most disadvantaged communities were also more likely
to be admitted to a PCI hospital with low PCI volume
(32% of patients in disadvantaged versus 26% in ad-
vantaged communities) and less likely to receive same-
day PCl (34% compared with 40% in advantaged
communities). Furthermore, 30-day readmissions
were more likely among patients in disadvantaged

most disadvantaged

relatively disadvantaged

mixed community

relatively advantaged

most advantaged

T
20 40 60
percent of population

I - population in each community type
_ % population without access to PCI within 15 min of community

Figure 1.
disadvantage status.

California’s population and PCl access distribution by community

Blue bars represent the percentage of patients in each of the 5 community types. Red bars
represent the percentage of patients who did not have a PCI hospital within a 15-minute
drive of their community. PCI indicates percutaneous coronary intervention.
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Table 1. Descriptive Statistics of Patient Characteristics (2006-2020)

Most disadvantaged
Total population Most advantaged community community
Characteristic N % N % N %
Patient demographics
Race and ethnicity
Asian 62832 10% 6797 14% 4103 4%
Black 47507 8% 1302 3% 7423 8%
Hispanic 122727 19% 3099 6% 23886 25%
White 363133 58% 34143 71% 56785 59%
Other non-White races’ 33342 5% 2712 6% 4089 4%
Women 240005 38% 16818 35% 38380 40%

Age distribution at time of admission, y

<65 248349 39% 15715 33% 4141 43%
65-69 76030 12% 5220 1% 12257 13%
70-74 73001 12% 5289 1% 11569 12%
75-79 70630 1% 5736 12% 10578 11%
80-84 66916 11% 6181 13% 9135 9%

85+ 93176 15% 9741 20% 11187 12%

Patient conditions

STEMI 168563 27% 14319 30% 24252 25%
Peripheral vascular disease 84169 13% 6966 15% 11218 12%
Pulmonary circulation disorders 24266 4% 1874 4% 3760 4%
Diabetes 236429 38% 13650 28% 39755 41%
(uncomplicated+complicated)
Renal failure 157860 25% 10923 23% 22907 24%
Liver 15414 2% 1010 2% 2557 3%
Cancer 19094 3% 1881 4% 2497 3%
Dementia 24471 4% 2007 4% 3172 3%
Valvular disease 75009 12% 6673 14% 10479 11%
Hypertension 487208 77% 34900 73% 75908 79%
(uncomplicated+complicated)
Chronic pulmonary disease 122832 20% 7108 15% 23417 24%
Rheumatoid arthritis/collagen 14266 2% 1211 3% 2078 2%
vascular
Coagulation deficiency 35707 6% 2895 6% 4585 5%
Obesity 102449 16% 5473 1% 17393 18%
Substance use 39429 6% 2068 4% 7928 8%
Depression 38629 6% 2975 6% 6024 6%
Psychosis 34946 6% 2607 5% 5029 5%
Hypothyroidism 72020 1% 5937 12% 10584 11%
Paralysis and other neurological 49528 8% 3867 8% 7234 8%
disorder
Ulcer 2041 0% 142 0% 316 0%
Weight loss 22299 4% 1275 3% 3265 3%
Fluid and electrolyte disorders 139871 22% 9720 20% 21127 22%
Anemia (blood loss and deficiency) 130039 21% 9023 19% 18725 19%
Admission status and treatment received
Admitted to PCI hospital 478841 76% 42372 88% 71388 74%
Admitted to low-volume PCI 189045 30% 12415 26% 30388 32%
hospital
(Continued)
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Table 1. Continued
Most disadvantaged
Total population Most advantaged community community
Characteristic N % N % N %
Received same-day PCl 219306 35% 19255 40% 32745 34%
Received PCI during hospitalization 400830 64% 32226 67% 61652 64%
Health outcomes
30-d mortality 54041 9% 4196 9% 8631 9%
1-y mortality 110016 17% 8047 17% 17686 18%
30-d readmission 159850 25% 10327 21% 24715 26%
Total patients (N) 629419 100% 48033 8% 96272 15%

PCl indicates percutaneous coronary intervention; and STEMI, ST-segment-elevation myocardial infarction.
fAmerican Indian or Alaskan Native; Native Hawaiian or Other Pacific Islander; Non-Black and Non-White and Non-Hispanic; or Other

communities (26% compared with 21% in advantaged
communities).

Figure 2 (full results shown in Table S2) shows the risk-
adjusted results of the association between community

disadvantage status and the 6 treatment and outcomes
measures. Figure 2A shows that although the probabil-
ity of admission to a PCI hospital was 7.0 percentage
points higher in the most advantaged communities

A Admitted to PCI hospital

D 30-day mortality
0

most disadvantaged | 090 Do
(reference)
. . 0.p3 -0.44
relatively disadvantaged ' 1 o1
. . -3.43 -0.90
mixed community * |
. .74 -1.79
relatively advantaged ' * |
6.95 -2.05
most advantaged ' ° { —o—

B Received same-day PCI

E 1-year mortality

most disadvantaged | 0-‘20 o.' 20
(reference)
) ) 1.43 -1.07
relatively disadvantaged H——i —e—
q 5 .81 -1.54
mixed community Ho— o
. 3.12 -3.00
relatively advantaged —e— —0—
5.92 -3.89

most advantaged

C Received PCI

during hospitalization

F 30-day readmission

most disadvantaged 0.po 0.po
(reference) | ¢ g
. . 1.78 -0.82
relatively disadvantaged —1—— —
. . -0.%1 -0/06
mixed community —e— [ |
. 2.84 -1.88
relatively advantaged ——— ' *
7.98 -4.63
most advantaged —— ' o y
T T T T T T T T T T T T T
-2 9 6 -3 0 3 6 9 12 15 -8 -6 -4 -2 0 2

Figure 2. Risk-adjusted treatment and outcome differences by community disadvantage status.

Risk-adjusted probability differences in admission to a PCl hospital (A), receipt of same-day PCI (B), receipt of PCI during hospitalization
(C), 30-day mortality (D), 1-year mortality (E), and 30-day readmission (F) for each of the 4 community types, when compared with the
most disadvantaged communities. Outcomes are controlled for county fixed effects, patient demographics, health insurance status,
22 Elixhauser patient comorbid indicators, and an indicator for ST-segment-elevation myocardial infarction. Error bars represent 95%
Cls. PCl indicates percutaneous coronary intervention.
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compared with the most disadvantaged communities,
this coefficient was estimated with a wide 95% CI (95%
Cl, —=1.3 to 15.2); thus, there were no statistically signif-
icant differences across the 5 community types (all four
95% Cls included 0) for this outcome. Figure 2B shows
that the risk-adjusted probability of receiving same-
day PCI was higher for patients in advantaged com-
munities than in disadvantaged communities. Patients
in relatively and most advantaged communities had a
3.1 (95% ClI, 1.0-5.2) and 5.9 (95% ClI, 3.8-8.0) per-
centage point greater likelihood of receiving same-day
PCI, respectively, representing a 10% and 20% relative
increase, compared with patients in the most disad-
vantaged communities. Similarly, Figure 2C shows that
patients in the most advantaged communities were 8.0
percentage points more likely to receive PCI during the
hospitalization (95% CI, 3.2-12.8) compared with the
most disadvantaged communities. Given the base rate
of 54% in the most disadvantaged communities for this
outcome, the 8.0 percentage point increase represents
a 15% relative difference between the 2 communities.
The disadvantage status gradient was also evident
when examining mortality outcomes of comparable pa-
tients with similar comorbidities. Figure 2D and 2E re-
veal that mortality was lowest in the most advantaged
communities and highest in the most disadvantaged
communities. For example, 30-day mortality rates in the
most advantaged communities were 2.1 (95% ClI, —-2.7
to —1.4) percentage points below the most disadvan-
taged communities. With an average 30-day mortality
likelihood of 11% in the most disadvantaged commu-
nity, this difference represents a 19% relative gap be-
tween the most advantaged and most disadvantaged
communities. Compared with the most disadvantaged
communities, the 1-year mortality gap ranged from a
1.1 (95% ClI, —1.8 to —0.4) percentage point decrease
for relatively disadvantaged communities to a 3.9 (95%
Cl, -4.8 to -3.0) percentage point decrease for the
most advantaged communities. Given the average 1-
year mortality of 24% in the reference community, the
relative difference between the most disadvantaged
communities and the most advantaged communities
was 16%. When examining 30-day all-cause readmis-
sions, patients in the most advantaged communities
had a 4.6 (95% CI, -8.5 to -0.8) percentage point
lower readmission rate (15% relative decrease) com-
pared with the most disadvantaged communities.
Table 2 shows that the disparity gradient was
smaller for patients with STEMI than for those with
NSTEMI in terms of probability of receiving same-day
PCIl. A 6.3 (95% ClI, 4.8-7.7) and 4.9 (95% CI, 0.6—
9.3) percentage point gap was observed for patients
with NSTEMI and STEMI, respectively, in the most ad-
vantaged communities compared with the most disad-
vantaged communities. These differences represent a
37% and 9% relative increase in likelihood of same-day
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PCI for patients with NSTEMI and STEMI, respectively,
in the most advantaged communities, given the base-
line same-day PClI rates of 17% for NSTEMI and 53%
for STEMI.

The disparities across communities observed in
Figure 2 were persistent and stable over time. In our in-
teraction models looking at time trends and outcomes
by community disadvantage status (Table S3), interac-
tion terms were not statistically significant for any of the
models, meaning that the disparities across the 5 types
of communities did not shrink or widen over time.

We performed several robustness checks. First,
our sensitivity analysis showed a similar disparity gra-
dient across all outcomes pertaining to the 5 commu-
nity types when we used the alternative ADI definition
constructed directly at the zip code-level (Table S4).
Second, our results remained the same after using a
more restrictive PCI definition (by excluding receipt of
coronary angiography). Third, the disparity gradient in
health outcomes persisted even after controlling for the
site of admission and treatment received, albeit at a
smaller magnitude (Table S5). In other words, having
received the same treatment did not eliminate health
disparities. Finally, the disadvantage gradient persisted
when our analysis was restricted to only urban commu-
nities (Table S6), suggesting that our findings were not
driven entirely by rural communities, which represented
8% of patients in this population (rural designation was
based on the Federal Office of Rural Health Policy).?®
Almost half of the patients in rural areas were in the
most disadvantaged communities, whereas only about
100 patients in rural areas lived in communities classi-
fied as most or relatively advantaged.

DISCUSSION

In this analysis of 629419 patients with AMI from 2006
to 2020, we observed significant disparities across
the 5 community types for 5 out of the 6 outcomes
examined. Compared with the most disadvantaged
communities, patients in the most advantaged com-
munities had a 20% higher likelihood of same-day PCI,
15% higher likelihood of PCI during the hospitalization,
19% and 16% decreases in 30-day and 1-year mortal-
ity rates, respectively, and a 15% decrease in 30-day
readmission rates. The 3 different time-specific health
outcomes all displayed a disparity gradient from the
most advantaged to most disadvantaged communi-
ties, illustrating both a dose response and the severity
of the observed disparity.

Previous literature has shown that Black patients
with AMI are less likely to be admitted to revascular-
ization programs than White patients,?® are less likely
to receive PCI during a hospital admission, 32728 and
have significantly higher 1- and 5-year mortality rates
when compared with White patients.?*3" Our findings
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add to this literature by showing that disparities exist
not only when evaluating outcomes based on a single
dimension, such as race or income, but also on a larger
level of overall community disadvantage. The widen-
ing geographic disparities in PCI shown by prior litera-
ture,® therefore, may also be related to a community’s
level of disadvantage and where financial incentives do
or do not exist for providing these services.

This is even more sobering given that the demand
for PCI care is likely higher in disadvantaged commu-
nities compared with advantaged communities, be-
cause incidence of AMI is higher in communities with
a greater proportion of racially and ethnically minori-
tized residents.333* Taken together, our findings sug-
gest that the observed disparities in patient access are
not driven by lower demand for care in disadvantaged
communities, but instead that patients who need care
are not receiving the same level of care as their advan-
taged counterparts.

Notably, when evaluating differences in disparities
in our stratified analyses of patients with NSTEMI ver-
sus STEMI, the probability of admission to a PCI hos-
pital and receipt of PCI (both same-day and PCI during
hospitalization) showed greater disparities across
communities when looking at NSTEMI versus STEMI.
One interpretation of these findings is that standard-
ized protocols that exist for STEMI may improve ac-
cess to timely PCI for disadvantaged populations and
could potentially be applied to other conditions. This is
consistent with prior literature showing that disparities
in receiving critical AMI treatment between Black and
White individuals are more pronounced in patients with
NSTEMI compared with STEMI.3 Our findings eluci-
date and expand on this previously observed relation-
ship by showing that disparities in NSTEMI treatment
exist beyond singular measures such as race, and
persist even when looking more broadly at community
disadvantage.

Given the multidimensional factors underlying struc-
tural discrimination in the US health care system, it is cru-
cial to include several social determinants of health when
studying cardiac care disparities at the community level.
Furthermore, it is notable that the observed disparities
did not change over the study period, despite reports by
Healthy People 2030 that eliminating health disparities is
one of the highest priorities of the federal government®®;
the observed disparities across all 5 groups persisted to
the same degree year after year.

To our knowledge, this is the first study to use
the 17-component census-derived ADI to evaluate
community-level disparities in PCI hospital expansion
and patient access and outcomes. Previous studies
have used the ADI in models evaluating cardiovascu-
lar disease risk and chronic disease management’—0;
however, less is known about how, or if, area depriva-
tion affects access to and outcomes of cardiac care,
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particularly for patients with AMI. By analyzing dispar-
ities in access to cardiac care not only by 1 or 2 fac-
tors, but instead across several social determinants of
health, this study reveals broader structural forces at
play impacting patient care in the cardiac care system.
The observed association between neighborhood dis-
advantage level and access, treatment, and outcome
disparities suggests that the social determinants of
health included in the ADI are important contributors
to poor cardiac health in disadvantaged areas. These
findings could inform future research on the mecha-
nisms underlying this relationship and help target pub-
lic health interventions that distribute cardiac care,
such as opening PCl-capable hospitals more equitably
across disadvantaged areas.

At a broader level, these findings reveal that funda-
mentally, structural discrimination within the cardiac
care system is motivated and reinforced by financial
incentives for equipped hospitals to open in more ad-
vantaged areas with a higher proportion of affluent,
nonminoritized residents. This is likely influenced by the
fact that 25% to 40% of a hospital’s net revenue is de-
rived from cardiac services alone,*' suggesting that a
community’s potential profitability is a significant factor
considered in deciding whether or not to open a PCI
hospital. Our findings suggest that there may be an op-
portunity for more targeted interventions to influence
where services exist and who has access to them.
Initiatives such as certificate-of-need laws and chang-
ing reimbursement mechanisms, for example, could
serve as potential levers to encourage care where it
is most needed.’*? Further research examining how
these types of policy interventions, as well as others,
could affect access to cardiac care is vital.

Limitations

Our study has several important limitations. First, our
analysis is limited to California. Although California has
the largest population of all 50 states (12% of the US
population), and the population is diverse, our results
are not generalizable to the rest of the United States.
Second, our analyses rely on an administrative data-
base rather than clinical data or medical charts. We
therefore do not have granularity on the severity of pa-
tient ilness beyond comorbidities nor time-to-treatment
metrics. However, using administrative data is critical
for this type of population-based study; the alterna-
tive of using hospital-based or patient registries, such
as the American College of Cardiology/American Heart
Association’s Acute Coronary Treatment and Intervention
Outcomes Network Registry-Get With The Guidelines
and catheterization percutaneous coronary intervention
Registry, would result in a biased sample, because we
would not be able to capture patients with AMI who did
not receive treatment in these registries. Third, health
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disparities across community disadvantage types might
be driven by differences in underlying population health.
We addressed this concern by controlling for patients’
comorbid conditions. Moreover, our descriptive statistics
showed that the age distribution was younger in the most
disadvantaged communities, and younger age is usually
associated with lower mortality among the AMI popula-
tion. However, we cannot completely eliminate the pos-
sibility that the disparity gradient is driven by underlying
health differences, especially because individuals from
disadvantaged communities tend to have greater diffi-
culty accessing a usual source of care.*® Finally, although
we were able to show a clear disparity gradient in access,
treatment, and outcomes among the AMI population by
community disadvantage status, our data do not contain
information such as lifestyle, care-seeking behaviors, or
other environmental factors that would allow us to fully
explore why this disparity gradient exists. We partially ex-
plored other potential factors by comparing patients who
were admitted to similar sites and received treatment,
but access to, and receipt of, cardiac technology only
reduced the disparity gradient by a small amount.

CONCLUSIONS

When using the multidimensional ADI to define com-
munity disadvantage status, patients living in disadvan-
taged communities were less likely to be admitted to
a PCI hospital, had a lower chance of receiving same-
day PCI and PCI during the hospitalization, and expe-
rienced poorer health outcomes than those living in
advantaged communities, including a higher likelihood
of hospital readmission and increased 30-day and 1-
year mortality rates.
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