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BACKGROUND: The Centers for Medicare and Medicaid
Services’ Hospital Value-Based Purchasing program uses
30-day mortality rates for acute myocardial infarction,
heart failure, and pneumonia to evaluate US hospitals,
but does not account for neighborhood socioeconomic
disadvantage when comparing their performance.
OBJECTIVE: To determine if neighborhood socioeconom-
ic disadvantage is associated with worse 30-daymortality
rates after a hospitalization for acute myocardial infarc-
tion (AMI), heart failure (HF), or pneumonia in the USA, as
well as within the subset of counties with a high propor-
tion of Black individuals.
DESIGN AND PARTICIPANTS: This retrospective,
population-based study included all Medicare fee-for-
service beneficiaries aged 65 years or older hospitalized
for acute myocardial infarction, heart failure, or pneumo-
nia between 2012 and 2015.
EXPOSURE: Residence in most socioeconomically disad-
vantaged vs. less socioeconomically disadvantaged neigh-
borhoods as measured by the area deprivation index
(ADI).
MAINMEASURE(S): All-causemortality within 30 days of
admission.
KEY RESULTS: The study included 3,471,592 Medicare
patients. Of these patients, 333,472 resided in most dis-
advantaged neighborhoods and 3,138,120 in less disad-
vantaged neighborhoods. Patients living in the most dis-
advantaged neighborhoods were younger (78.4 vs. 80.0
years) andmore likely to be Black adults (24.6% vs. 7.5%)
and dually enrolled in Medicaid (39.4% vs. 21.8%). After
adjustment for demographics (age, sex, race/ethnicity),
poverty, and clinical comorbidities, 30-day mortality was
higher among beneficiaries residing in most disadvan-
taged neighborhoods for AMI (adjusted odds ratio 1.08,
95%CI1.06–1.11) and pneumonia (aOR1.05, 1.03–1.07),
but not for HF (aOR 1.02, 1.00–1.04). These patternswere
similar within the subset of US counties with a high

proportion of Black adults (AMI, aOR 1.07, 1.03–1.11;
HF 1.02, 0.99–1.05; pneumonia 1.03, 1.00–1.07).
CONCLUSIONS: Neighborhood socioeconomic disadvan-
tage is associated with higher 30-day mortality for some
conditions targeted by value-based programs, even after
accounting for individual-level demographics, clinical co-
morbidities, and poverty. These findings may have impli-
cations as policymakers weigh strategies to advance
health equity under value-based programs.
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INTRODUCTION

As the USA shifts towards a value-based health care system,
the Centers for Medicare and Medicaid Services (CMS) has
implemented national programs that aim to improve quality of
care and patient outcomes.1 In 2008, CMS began publicly
reporting 30-day mortality rates for Medicare beneficiaries
hospitalized with acute myocardial infarction (AMI), heart
failure (HF), and pneumonia. Three years later, the Hospital
Value-Based Purchasing Program (HVBP) was implemented,
which financially penalizes or rewards hospitals based on
mortality rates for these common conditions, among other
measures.
Despite early enthusiasm for HVBP, there has been grow-

ing concern among policymakers and clinicians that the pro-
gram may be penalizing hospitals for serving socioeconomi-
cally disadvantaged populations, rather than for poor quality
care, because risk adjustment methods used by CMS do not
directly account for social risk factors.2–5 A large body of
work has shown that individual-level markers of poverty in
the Medicare population, such as dual enrollment inMedicaid,
are associated with worse outcomes.3,4,6 There is also growing
awareness that neighborhood-level factors may also be asso-
ciated with incident disease and care utilization, such as
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readmissions.3,7,8 However, less is known about the associa-
tion between neighborhood socioeconomic disadvantage and
mortality rates for conditions that are the targeted by the
HVBP.
The Area Deprivation Index, a validated composite mea-

sure of 17 poverty, education, housing, and employment indi-
cators, is a useful tool to granularly and comprehensively
evaluate the socioeconomic context of patients’ neighbor-
hood.8,9 Prior studies that have focused on the relationship
between neighborhood disadvantage and clinical outcomes
have been limited to less comprehensive definitions based
solely on income,10,11 have not focused on mortality, or have
been restricted to single or multi-center populations.8,12,13 In
addition, few analyses have examined the intersection be-
tween the area deprivation index, the racial composition of
neighborhoods, and mortality. Black Americans dispropor-
tionately experience inadequate housing conditions, poor
transportation infrastructure, economic instability, and dispar-
ities in educational and employment opportunities, due to
systemic inequities and structural racism.14 At the same time,
Black adults are more likely to be cared for at hospitals that are
disproportionately penalized by the HVBP, raising concern
that the program may be perpetuating inequities in care.15

Understanding the relationship of socioeconomic disadvan-
tage and mortality for AMI, HF, and pneumonia on a national
scale, as well as in the subset of communities with a higher
proportion of Black adults, is critically important, and could
inform ongoing efforts to design more equitable value-based
programs. Therefore, in this study, we aimed to answer the
following key questions. First, among Medicare fee-for-
service beneficiaries aged 65 years or older, is neighborhood
socioeconomic disadvantage associated with worse 30-day
mortality rates after a hospitalization for acute myocardial
infarction, heart failure, or pneumonia. Second, does neigh-
borhood socioeconomic disadvantage confer additional risk
beyond individual-level demographics and poverty (e.g., dual
enrollment), and if so, is this relationship explained by other
factors, such as hospital characteristics or residence in rural
areas? And finally, what is the association between neighbor-
hood socioeconomic disadvantage and mortality for these
conditions within Black communities in the USA?

METHODS

Institutional review board approval, including waiver of the
requirement of participant informed consent, was provided by
the Beth Israel Deaconess Medical Center.

Study Population

We used Medicare Provider Analysis and Review inpatient
files to identify Medicare fee-for-service beneficiaries aged 65

years or older with a principal discharge diagnosis of acute
myocardial infarction, heart failure, or pneumonia from Janu-
ary 1st, 2012, to September 30th, 2015. Study cohorts were
defined using International Classification of Diseases, Ninth
Revision, Clinical Modification codes used in the publicly
reported CMS mortality measures. Medicare denominator
files were used to identify patient demographics (age, sex,
race/ethnicity), dual enrollment status, and 9-digit zip code
of residence. For Medicare patients with multiple hospitaliza-
tions over the study period, we randomly selected one hospi-
talization per beneficiary. We excluded patients who were
discharged against medical advice, were not enrolled in Medi-
care fee-for-service for at least 30 days after discharge (absent
death), or were enrolled inMedicare for less than 1 year before
hospitalization. Transfers to other hospitals were linked to
their index hospitalization.
Clinical comorbidities were defined using CMS hierarchi-

cal condition categories based onMedicare inpatient claims up
to 1 year before hospitalization, and diagnosis codes per claim
were limited to the first 10 codes.16 Hospital characteristics
were identified from the American Hospital Association file.
Rurality was defined based on the 2010 Census Urban and
Rural Classification as the percent of a county’s population
living in a rural area.17 We also identified high-proportion
Black counties using data from the US Census Bureau
(2015), defined as those in the top quintile nationally in terms
of the percentage of the total population that was comprised of
Black individuals.

Neighborhood Socioeconomic Disadvantage

The neighborhood of residence for each Medicare beneficiary
was identified using 9-digit zip codes available in the Medi-
care denominator file. Each beneficiary’s 9-digit zip code was
then linked to an area deprivation index (ADI) score. The ADI
uses an aggregate of 17 poverty, education, housing, and
employment indicators drawn from US Census Data to mea-
sure neighborhood socioeconomic disadvantage (eTable 1).
The 17 indicators are weighted using factor score coefficients,
multiplied by their factor weights, and then summed for each
geographic unit. The result is then transformed into a stan-
dardized index of percentiles where neighborhoods with
higher ADI scores have higher levels of deprivation
(eTable 1).8,9 Prior national analyses ofMedicare beneficiaries
have demonstrated a threshold effect, with a marked increase
in morbidity among the top 15% most disadvantaged neigh-
borhoods nationally by ADI.8,13 Therefore, we stratified
Medicare beneficiaries according to whether they resided in
the most disadvantaged neighborhoods (top 15% of ADI
nationally) or in less disadvantaged neighborhoods (bottom
85% of ADI nationally)( 1).
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Outcomes

The primary outcome was all-cause mortality within 30 days
of admission among Medicare beneficiaries hospitalized for
acute myocardial infarction, heart failure, or pneumonia.

Statistical Analysis

Continuous variables were summarized by mean and standard
deviation; categorical variables were summarized by count
and percentage. To examine the association of neighborhood
socioeconomic disadvantage (most vs. less disadvantaged)
with 30-day mortality for each individual condition (acute
myocardial infarction, heart failure, pneumonia), we fit a
generalized linear mixed-effects model with logit link function
with 30-day mortality as the outcome; most disadvantaged
neighborhood, age, sex, and race/ethnicity as the fixed effects;
and hospital as the random effect. To understand the
individual-level effect of poverty, we additionally adjusted
for dual enrollment status, as well as clinical comorbidities,
which represent our main findings. Next, to examine the
extent which observed associations were explained by
hospital-level factors that have been previously shown to
influence mortality, we included key hospital characteristics
including ownership, teaching status, and cardiac catheteriza-
tion volume as fixed effects, in our models.18We also adjusted
for residency in a rural area, treating the rurality of each
patient’s zip code as a continuous variable, as well as US
region (based on the 9 US Census Bureau regions).19

To better understand the interplay between structural rac-
ism, neighborhood disadvantage, and clinical outcomes, we
repeated our main analysis and evaluated the association be-
tween neighborhood socioeconomic disadvantage and mortal-
ity specifically among beneficiaries from the subset of
counties with a high proportion of Black individuals.

All analyses were performed using SAS 9.3 (SAS Institute.
SAS Statistical Software. 9.3 ed. Cary, NC: SAS Institute;
2011).

RESULTS

Study Population

A total of 3,471,592 Medicare patients (mean [SD] age, 79.8
[9.0]; 52.8% female) with a principal discharge diagnosis of
acute myocardial infarction, heart failure, or pneumonia from
January 1st, 2012, to September 30th, 2015, were included in
the final study cohort. Medicare patients residing in the most
disadvantaged neighborhoods, compared to those living in
less disadvantaged neighborhoods, were younger (78.4 [SD
9.0] vs. 80.0 [SD 9.0] years), more likely to be Black (24.6%
vs. 7.5%), dually enrolled in Medicare and Medicaid (39.6%
vs. 21.8%), and reside in rural areas (34.1% vs. 23.4%)
(Table 1). The burden of clinical comorbidities was generally
greater among patients living in most disadvantaged areas.
Patients residing in most disadvantaged neighborhoods were
more likely to be admitted to public/government hospitals
(13.3% vs. 9.3%), for-profit hospitals (20.3% vs.16.4%), and
hospitals with low cardiac catheterization laboratory volumes
(39.1% vs. 33.9%) (Table 2).

Clinical Outcomes

Medicare beneficiaries living inmost disadvantaged neighbor-
hoods, compared with those living in less disadvantaged
neighborhoods, had higher observed 30-day mortality rates
for acute myocardial infarction (14.3% vs. 13.4%) and pneu-
monia (12.8% vs. 12.2%), but not for heart failure (11.7% vs.
12.9%) (Fig. 1).
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Figure 1 Observed 30-day mortality rates among Medicare patients hospitalized for acute myocardial infarction, heart failure, and pneumonia
by neighborhood socioeconomic disadvantage. The figure shows observed all-cause 30-day post-admission mortality rates among Medicare

beneficiaries aged 65 years or older hospitalized with acute myocardial infarction, heart failure, or pneumonia. Most disadvantaged
neighborhoods reflect those among the top 15% most disadvantaged neighborhoods nationally, according to the area deprivation index.

1896



Zachary et al.: Neighborhood Socioeconomic Disadvantage and MortalityJGIM

After adjustment for age, sex, and race/ethnicity, 30-day
mortality rates were higher among patients from most disad-
vantaged neighborhoods for all three conditions (acute myo-
cardial infarction (aOR 1.12, 95% CI 1.10–1.15), heart failure
(aOR 1.03, 95% CI 1.01–1.04), and pneumonia (aOR 1.07,
95% CI 1.05–1.09)) (Table 3). These patterns persisted after
also accounting for dual enrollment in Medicare and Medic-
aid, an individual-level marker of poverty, for acute myocar-
dial infarction (aOR 1.09, 95% CI 1.06–1.11) and pneumonia
(aOR 1.06, 95% CI 1.04–1.08), although the observed asso-
ciation between neighborhood disadvantage and heart failure

mortality was attenuated (aOR 1.02, 95% CI 1.00–1.04).
Overall findings were similar after additional adjustment for
clinical comorbidities. After also including key hospital char-
acteristics (teaching status, ownership status, cardiac catheter-
ization volume) in our models, 30-day mortality rates
remained higher among patients residing in the most disad-
vantaged neighborhoods for acute myocardial infarction (aOR
1.07, 95% CI 1.05–1.10) and pneumonia (aOR 1.05, 95% CI
1.03–1.07), but not for heart failure (aOR, 1.02, 95% CI 1.00–
1.04). These findings were similar after additionally adjusting
for rurality of residence and US region.

Table 1 Baseline Patient Characteristics by Neighborhood Socioeconomic Disadvantagea

Overall
(n = 3,471,592 )

Most disadvantaged (n = 333,472) Less disadvantaged
(n = 3,138,120)

P-value

Age, mean (SD), years 79.8 (9.0) 78.4 (9.0) 80.0 (9.0)
Sex (%) <0.001
Male 1,638,229 (47.2) 145,921 (43.8) 1,492,308 (47.5)
Female 1,833,348 (52.8) 187,545 (56.2) 1,645,943 (52.5)
Race/ethnicity (%) <0.001
White 2,974,608 (85.7) 234,689 (70.4) 2,739,919 (87.3)
Black 318,352 (9.2) 82,015 (24.6) 236,337 (7.5)
Non-White and non-Black 178,632 (5.1) 16,768 (5.0) 161,864 (5.2)
Dually enrolled (%)b 815,641 (23.5) 131,420 (39.4) 684,221 (21.8) <0.001
Rurality (%) 846,721 (24.4) 113,547 (34.1) 733,379 (23.4) <0.001
Primary discharge diagnosis (%) <0.001
Acute myocardial infarction 852,166 (24.5) 78,150 (23.4) 774,016 (24.7) <0.001
Heart failure 1,327,322 (38.2) 130,613 (39.2) 1,196,709 (38.1) <0.001
Pneumonia 1,292,104 (37.2) 124,709 (37.4) 1,167,395 (37.2) 0.03
Comorbid conditions (%)
Hypertension 2,355,953 (67.9) 230,352 (69.1) 2,125,601 (67.7) <0.001
Diabetes mellitus 1,228,932 (35.4) 136,975 (41.1) 1,091,957 (34.8) <0.001
Prior myocardial infarction 196,874 (5.6) 20,809 (6.2) 176,065 (5.6) <0.001
Prior heart failure 963,668 (27.8) 102,164 (30.6) 861,504 (27.5) <0.001
Stroke 78,006 (2.3) 8,179 (2.5) 69,827 (2.2) <0.001
Pneumonia 764,280 (22.0) 79,664 (23.9) 684,616 (21.8) <0.001
Respiratory failure 428,804 (12.4) 45,475 (13.6) 383,329 (12.2) <0.001
Peripheral vascular disease 292,956 (8.4) 31,492 (9.4) 261,464 (8.3) <0.001
Valvular disease 594,897 (17.1) 48,823 (14.6) 546,074 (17.4) <0.001
Arrhythmias 820,860 (23.6) 75,435 (22.6) 745,425 (23.8) <0.001
COPD 1,176,540 (33.9) 132,071 (39.6) 1,044,379 (33.3) <0.001
Renal failure 810,741 (23.4) 86,698 (26.0) 724,043 (23.1) <0.001
Cancer 354,703 (10.2) 32,344 (9.7) 322,359 (10.3) <0.001
Depression 295,070 (8.5) 28,590 (8.6) 266,480 (8.5) <0.001
Dementia 333,309 (9.6) 33,028 (9.9) 300,281 (9.6) <0.001

aMedicare beneficiaries stratified according to whether they resided in the most disadvantaged neighborhoods (top 15% of ADI nationally) or in less
disadvantaged neighborhoods (bottom 85% of ADI nationally)
bDual enrollment status missing for 0.5% of hospitalized beneficiaries

Table 2 Patient Hospitalizations by Neighborhood Socioeconomic Disadvantage and Hospital Characteristics

Overall
(n = 3,471,592 )

Most disadvantaged (n = 333,472) Less disadvantaged
(n = 3,138,120)

Hospital characteristics (%)
Teaching hospitalc 2,281,748 (65.7) 206,511 (63.1) 2,075,237 (67.7) <0.001
Ownership statusc <0.001
For-profit 569,677 (16.8) 66,411 (20.3) 503,266 (16.4)
Non-profit, private 2,494,973 (73.5) 217,250 (66.4) 2,277,723 (74.3)
Public/government 329,611 (9.7) 43,454 (13.3) 286,157 (9.3)
Cardiac catheterization volume (%) <0.001
Low 1,192,596 (34.4) 130,481 (39.1) 1,062,115 (33.9)
Medium 1,162,305 (33.5) 103,396 (31.0) 1,058,909 (33.7)
High 1,116,691 (32.2) 99,595 (29.9) 1,017,096 (32.4)
Discharge location (%) 0.95
Home 1,517,069 (43.7) 145,707 (43.7) 1,371,362 (43.7)
Skilled nursing or intermediate care facility 707,460 (20.4) 64,716 (19.4) 642,744 (20.5)
Other 1,247,063 (35.9) 123,049 (36.9) 1,124,014 (35.8)

aHospital teaching or ownership status not available for 2.2% of hospitalized beneficiaries
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As an additional analysis, we focused on the subset of
counties with high proportion of Black adults (eTable 2).
Similar to our main findings, within high-proportion Black
counties, beneficiaries from the most disadvantaged neighbor-
hoods (relative to those in less disadvantaged areas) were at
higher risk of 30-day mortality for acute myocardial infarction
(aOR 1.07, 95% CI 1.03–1.11) and pneumonia (aOR 1.03,
95% CI 1.00-1.07), but not for heart failure (aOR 1.02, 95%
CI 0.99–1.05), after adjustment for demographics, dual enroll-
ment, and clinical comorbidities (Table 4).

DISCUSSION

In this study, we found that Medicare beneficiaries ≥65 years
of age residing in the most socioeconomically disadvantaged
neighborhoods had higher 30-day mortality rates after a hos-
pitalization for acute myocardial infarction and pneumonia
compared with those living in less disadvantaged neighbor-
hoods. The association between neighborhood socioeconomic
disadvantage and increased risk of mortality persisted even
after accounting for demographics, clinical comorbidities, and
importantly, individual-level markers of poverty. These pat-
terns were similar even when we restricted our analysis to US
counties with a high proportion of Black residents. Our

findings are consistent with a prior study of the Medicare
population, which explored the relationship between neigh-
borhood socioeconomic disadvantage (based on the area dep-
rivation index) and readmissions for AMI, HF, and pneumo-
nia.8 We extend upon this evidence by demonstrating that on a
national scale, neighborhood disadvantage is independently
associated with higher 30-day mortality rates in the Medicare
population, even after accounting for individual-level poverty,
for some conditions targeted by the HVBP.
In the USA, there has been increasing concern that value-

based programs may disproportionately penalize clinicians
and health systems for serving poor and vulnerable patients
rather than for lower quality care. Safety-net hospitals and
outpatient practices that care for low-income populations, for
example, fare worse under value-based programs.5,20–22 In
addition, recent evidence suggests that hospitals that care for
a high proportion of Black adults are disproportionately pe-
nalized by value-based programs like the HVBP, even after
accounting for safety-net status.15 Hospitals that predominate-
ly care for low-income and racial/ethnic minority communities
tend to be under-resourced and have lower operating margins.
The HVBP rewards or penalizes hospitals up to 2% of Medi-
care payments, and small shifts in payment adjustments under
the HVBPmay have big implications for the financial sustain-
ability of safety-net sites, and more broadly, the health and

Table 3 Association of Neighborhood Socioeconomic Disadvantage
with 30-Day Mortality Rates for Acute Myocardial Infarction,

Heart Failure, and Pneumonia

Adjusted
odds ratio
(OR)

Confidence
interval (95%)

P
value

Acute myocardial infarction
Age and sex 1.12 1.09–1.14 <0.001
Age, sex, and
race/ethnicity

1.12 1.10–1.15 <0.001

Age, sex, race/ethnicity,
and Medicaid status

1.09 1.06–1.11 <0.001

Age, sex, race/ethnicity,
Medicaid status, and
clinical comorbidities

1.08 1.06–1.11 <0.001

Heart failure
Age and sex 0.97 0.95–0.99 0.003
Age, sex, and
race/ethnicity

1.03 1.01–1.04 0.01

Age, sex, race/ethnicity,
and Medicaid status

1.02 1.00–1.04 0.11

Age, Sex,
race/ethnicity, Medicaid
status, and clinical
comorbidities

1.02 1.00–1.04 0.08

Pneumonia
Age and sex 1.07 1.05–1.09 <0.001
Age, sex, and
race/ethnicity

1.07 1.05–1.09 <0.001

Age, Sex,
race/ethnicity, and
Medicaid status

1.06 1.04–1.08 <0.001

Age, Sex,
race/ethnicity, Medicaid
status, and clinical
comorbidities

1.05 1.03–1.07 <0.001

Table 4 Association of Neighborhood Socioeconomic Disadvantage
with 30-Day Mortality Rates for Acute Myocardial Infarction,
Heart Failure, and Pneumonia Within High-Proportion Black

Counties

Adjusted
odds ratio
(OR)

Confidence
interval (95%)

P
value

Acute myocardial infarction
Age and sex 1.11 1.07–1.15 <0.001
Age, sex, and
race/ethnicity

1.11 1.07–1.15 <0.001

Age, sex, race/ethnicity,
and Medicaid status

1.08 1.04–1.12 <0.001

Age, sex, race/ethnicity,
Medicaid status, and
clinical comorbidities

1.07 1.03–1.11 <0.001

Heart failure
Age and sex 0.94 0.92–0.97 <0.001
Age, sex, and
race/ethnicity

1.02 0.99–1.05 0.153

Age, sex, race/ethnicity,
and Medicaid status

1.01 0.98–1.04 0.386

Age, sex, race/ethnicity,
Medicaid status, and
clinical comorbidities

1.02 0.99–1.05 0.187

Pneumonia
Age and sex 1.05 1.02–1.09 <0.001
Age, sex, and
race/ethnicity

1.06 1.03–1.09 <0.001

Age, sex, race/ethnicity,
and Medicaid status

1.04 1.01–1.07 0.007

Age, sex, race/ethnicity,
Medicaid status, and
clinical comorbidities

1.03 1.00–1.07 0.040
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economic welfare (e.g., unemployment due to hospital clo-
sures) of the communities they serve. As value-based pro-
grams and alternative payment models (APM) proliferate,
policymakers should ensure that these policies prioritize health
equity,2,23 and consider accounting for both individual- and
neighborhood-level markers of socioeconomic disadvantage
to fairly compare health care system performance.
Our findings also demonstrate that a disproportionate num-

ber of Black beneficiaries live in the most disadvantaged
neighborhoods in the USA. Nearly 1 in 4 Medicare beneficia-
ries living in the most disadvantaged neighborhoods across the
country were Black adults—more than 3-fold greater than the
proportion in less disadvantaged neighborhoods. These differ-
ences reflect ongoing residential and economic segregation in
the USA,24,25 which has been driven by structural racism, and
has led to Black communities experiencing worse access to
care, including provider shortages and pharmacy deserts, as
well as greater exposure to unique sources of chronic
stress.14,18,19,26 Even after we restricted our analysis to the
subset of US counties with a high proportion of Black adults,
patients from most disadvantaged neighborhoods experienced
higher death rates after a hospitalization for acute myocardial
infarction or pneumonia, compared to those from less disad-
vantaged neighborhoods in these counties.
The association between neighborhood socioeconomic dis-

advantage and individual health is complex, and there are
several potential explanations for why in the current study,
patients from disadvantaged neighborhoods experienced
worse outcomes after a hospitalization for acute myocardial
infarction or pneumonia. The characteristics of a community
may shape and reinforce the persistence of established risk
factors for specific conditions, such as cardiovascular dis-
ease,27 and neighborhoods differ in the availability and cost
of healthy foods, accessibility, and quality of public spaces
and recreational facilities, as well as adequacy of medical
supplies.18,19,28,29 In addition, it is possible that lower quality
hospitals are more likely to be located in disadvantaged com-
munities. Finally, living in a socioeconomically disadvantaged
neighborhood is associated with worse access to post-
discharge care, including close outpatient follow-up and car-
diac rehabilitation,30 both of which are associated with better
outcomes.31,32 Collectively, these factors may contribute to
higher death rates in socioeconomically disadvantaged neigh-
borhoods, andmore broadly, suggest that strategies to improve
health outcomes may need to combine person-centered ap-
proaches with initiatives aimed at improving residential
communities.
In contrast to acute conditions targeted by the HVBP (myo-

cardial infarction, pneumonia), patients from most disadvan-
taged neighborhoods who were hospitalized with heart failure
did not experience worse mortality rates. It is possible that the
factors associated with neighborhood disadvantage (e.g., poor
outpatient follow-up, pharmacy deserts, worse access to car-
diac rehabilitation, or high-quality skilled nursing facilities)
have a more salient impact on outcomes during the vulnerable

30-day period after a hospitalization for acute, potentially life-
threatening, conditions (e.g., myocardial infarction), while
these factors exert their effect on patients with chronic condi-
tions— like heart failure— over a longer time horizon. Other
potential explanations pertain to our observation thatMedicare
patients residing in disadvantaged areas were 3 times more
likely to be Black beneficiaries. Although younger (<65 years)
Black adults have markedly higher heart failure–related mor-
tality rates compared with White adults in the USA,33 older
Black adults in the Medicare population experience lower
mortality rates after a heart failure hospitalization.10,34,35

These patterns may partially reflect survivorship bias given
the higher premature mortality rates in the Black population.
In addition, Black adults with heart failure have a higher
prevalence of salt sensitivity andmay be more prone to sudden
symptomatic pulmonary congestion.36,37 As a result, severity
of illness in this population may be lower at the time of
hospitalization in ways that were not captured in our study.
Finally, and perhaps most importantly, resiliency may contrib-
ute to lower mortality among older Black adults with chronic
conditions — like heart failure — in the face of greater
exposure to negative risk factors, including a disproportionate
burden of social, economic, and environmental barriers and
adversities.38 Future research is needed to understand how
risks and strengths in the social environment are structurally
patterned by race, ethnicity, and socioeconomic status at both
the individual and neighborhood levels, and the impact of
these structural inequities on cardiovascular disease and other
health outcomes.39, 40

Limitations

This study has several limitations. First, this study focused on
Medicare fee-for-service beneficiaries aged 65 years or older,
as hospitalization-related information about the managed care
(Medicare Advantage) population is not available for the years
of our study. Examining clinical outcomes in the managed
care population by neighborhood socioeconomic disadvan-
tage will be an important area for further research. Second,
we used administrative data linked to the area deprivation
index (ADI), but lacked granular detail on other important
factors such as social support and health literacy. Nonetheless,
the ADI incorporates 17 indicators of poverty, education,
housing, and employment, and therefore provides a more
comprehensive measure of neighborhood socioeconomic dis-
advantage than neighborhood income alone. Third, we were
unable to disentangle the extent to which worse outcomes
among beneficiaries from the most disadvantaged areas were
driven by the delivery of lower quality care, and it is possible
that hospital quality mediates the relationship between neigh-
borhood disadvantage and mortality— this remains an impor-
tant area for future study. Fourth, although the magnitude of
the association between the area deprivation index and mor-
tality that we observed was similar to prior evaluations of the
Medicare population that have focused on 30-day
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readmissions,8 we did not assess the extent to which would
change payment adjustments under the HVBP, which should
be explored future work. Fifth, neighborhood socioeconomic
disadvantage was based on the zip code of residence for each
beneficiary from 2012 to 2015, and we were unable to account
for cumulative exposure to disadvantaged neighborhoods pri-
or to the study period.41

CONCLUSION

Medicare beneficiaries residing in the most socioeconomically
disadvantaged neighborhoods had higher 30-day mortality
rates after a hospitalization for acute myocardial infarction
and pneumonia compared with those living in less disadvan-
taged neighborhoods, even after accounting for individual-
level demographics, clinical comorbidities, and poverty. The
association between neighborhood disadvantage andmortality
was similar within the subset of US counties with a high
proportion of Black residents. These findings may have im-
portant implications as CMS weighs strategies to advance
health equity under value-based programs, and indicate that
policymakers should consider accounting for neighborhood-
level markers of socioeconomic disadvantage to ensure fair
comparisons of health system performance.
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