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Abstract

Background: The association of historical redlining policies—a marker of structural racism

—with contemporary heart failure (HF) risk among Black and White individuals is not well-

established.

Methods: We aimed to evaluate the association of redlining with the risk of HF among White 

and Black race Medicare beneficiaries. Zip-code level redlining was determined by the proportion 

of historically redlined areas using the Mapping Inequality Project within each Zip-code. The 

association between higher Zip-code redlining proportion (Quartile 4 vs. Quartiles 1–3) and HF 

risk were assessed separately among Black and White Medicare beneficiaries using generalized 

linear mixed models adjusted for potential confounders, including measures of Zip-code level 

Social Deprivation Index (SDI).

Results: 2,388,955 Medicare beneficiaries (Black N=801,452; White N=1,587,503; mean age: 

71 years; men: 44.6%) were included. Among Black beneficiaries, living in Zip-codes with higher 

redlining proportion (Q4 vs. Q1-3) was associated with increased risk of HF after adjusting for 

age, sex, and comorbidities (RR [95% CI]: 1.08 [1.04–1.12], P<0.001). This association remained 

significant after further adjustment for area-level SDI (RR [95% CI]: 1.04 [1.002–1.08], P=0.04). 

A significant interaction was observed between redlining proportion and SDI (P-interaction<0.01) 

such that higher redlining proportion was significantly associated with HF risk only among 

socioeconomically distressed regions (above median SDI). Among White beneficiaries, redlining 

was associated with a modestly lower risk of HF after adjustment for age, sex, and comorbidities 

(RR [95% CI]: 0.94 [0.89–0.99], P=0.02).

Conclusions: Historical redlining is associated with an increased risk of HF among Black 

patients. Contemporary Zip-code level SDOH modifies the relationship between redlining and 

HF risk, with the strongest relationship between redlining and HF observed in the most 

socioeconomically disadvantaged communities.

Keywords

Redlining policies; socioeconomic distress; structural racism; racial disparities; heart failure

INTRODUCTION

Heart failure (HF) affects 6.2 million people in the US and disproportionately impacts 

individuals of Black race.1 Black patients are diagnosed at earlier ages, have worse health 

status, and are more frequently hospitalized than their White counterparts.1–4 These racial 
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disparities have been attributed to differences in access to healthcare and exposure to adverse 

social determinants of health (SDOH), though their relationship to upstream macro-social 

factors is not well understood.5,6

Structural racism—which encompasses “historical, cultural, institutional and interpersonal” 

discriminatory practices against Black and other underrepresented racial and ethnic 

communities—underlies race-related health disparities in the US and has been identified 

by the American Heart Association as a key target of research aimed to address disparities 

in cardiovascular health.7 However, the pervasive nature of structural racism has resulted in 

challenges in studying and quantifying its effects on health.

In this setting, the study of “redlining”, discriminatory housing practices enacted in the 

1930s, may help explain the persistent impacts of structural racism on health among Black 

and other minoritized individuals today. Many present-day differences in neighborhood 

environments can be attributed to such policies that became institutionalized following 

the US Federal Government’s creation of the Home Owners’ Loan Corporation (HOLC), 

which graded neighborhoods across an investment risk spectrum based on neighborhood 

racial and ethnic makeup.8,9 Redlining practices led to the designation of neighborhoods 

with a high proportion of Black and other underrepresented racial and ethnic groups as 

high-risk areas for investment (indicated in red in HOLC maps), leading to systematic 

disinvestment in communities of color and denial of mortgages and homeownership to 

generations of Black adults and individuals of other racial minority groups.10,11 Despite the 

passage of the Fair Housing Act of 1968 to combat the practice of redlining, contemporary 

data demonstrate that historically redlined neighborhoods continue to experience more 

poverty, urban violence, poorer air quality, less resilient housing markets, and less access 

to fresh foods than non-redlined neighborhoods.12,13 Furthermore, residents of historically 

redlined communities have been demonstrated to have shorter life expectancies and worse 

cardiovascular health than their counterparts, reflecting the persisting impacts of structural 

racism on health.14,15

Racial disparities in HF incidence and outcomes have been attributed to differences in 

exposure to risk factors for HF and socioeconomic disadvantage. However, the contribution 

of structural discrimination as captured in redlining practices to racial disparities in 

HF incidence has not previously been described.16 Moreover, the extent to which this 

relationship is explained by current SDOH factors has not been evaluated. Accordingly, we 

examined the association of historical redlining with the incidence of HF among Medicare 

beneficiaries after adjustment for known confounding by risk factor burden. We additionally 

assessed interactions by contemporary area-level measures of SDOH to assess the degree to 

which such factors modify the relationship between historical redlining and contemporary 

health outcomes.

METHODS

Data used for the study are covered under a data use agreement with the Centers for 

Medicare and Medicaid Services and are not available for distribution by the authors, but 

they may be obtained with an approved data use agreement.
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Study cohort

We identified self-reported non-Hispanic White and non-Hispanic Black beneficiaries with 

available residential Zip-codes from the Medicare Beneficiary Summary Files between 2014 

and 2019 and linked their data with the available Zip-code level redlining data (N=1044 

Zip-codes).17 Individuals of other races were excluded due to low numbers available for 

analysis within the Medicare cohort for Zip-code level analysis. Beneficiaries with a history 

of HF or myocardial infarction in the preceding two years, less than two years of Medicare 

coverage before the study start date, or who were enrolled in a Medicare Advantage plan, 

and who were younger than 40 years were excluded. At the Zip-code level, 2922 Zip-codes 

had available data on redlining. Of these, we excluded Zip-codes that had greater than 50% 

missingness of HOLC scores (N=1833), significant overlap of A and D HOLC areas in the 

same Zip-code (N=21) (see description below), and those with fewer than 10 beneficiaries 

from a specific race (N=24), resulting in a total of 1044 Zip-codes included in the final 

analysis. Of note, because some Zip-codes contained White beneficiaries only (N=23) or 

Black beneficiaries only (N=2), the total number of Zip-codes included varied by race group 

in the final analysis. The detailed cohort derivation for our study is shown in eFigure-1. 

Medicare Beneficiary Summary Files were used to extract patients’ age, sex, self-reported 

race, enrollment dates and residential Zip-codes. A lookback period of two years was used to 

determine patients’ comorbidities based on all international classification of diseases (ICD) 

codes submitted in any claim and using Elixhauser’s method.18,19 Developed and validated 

in administrative datasets, the Elixhauser’s Comorbidity Index uses a comprehensive set of 

30 comorbidity measures to provide a weighted index score which may impact the risk of 

hospitalization and mortality in longitudinal studies.19 The Institutional Review Board at the 

Cleveland Clinic approved the study with waiver of informed consent.

Zip-code level redlining measures

Primary measure (Zip-code level redlining proportion): The primary exposure of 

interest was beneficiary residential Zip-code redlining proportion, defined as the percentage 

of a given Zip-code exposed to historical redlining practices at the date of enrollment. The 

redlining proportion was obtained from The Mapping Inequality Project.17 In summary, 

HOLC mortgage security risk maps from the 1930s were digitized and overlaid with 2010 

census tracts using ArcGIS. Within each Zip-code, the proportion of HOLC risk category-

D (corresponding to “Hazardous” census tracts and indicated by red in historical maps) 

was calculated as a ratio of total Zip-code area. Because modern Zip-code boundaries do 

not exactly overlay 1930s census tract maps, it was possible for a single census tract to 

contribute HOLC grades to multiple Zip-codes, and for a single Zip-code to be comprised 

of multiple census tracts. As a result, it was common for a single Zip-code to receive 

contributions from multiple census tracts of different HOLC residential security grades. 

Furthermore, because not all areas within a Zip-code received a corresponding HOLC-

graded census tract, it was possible for a single Zip-code to have a large degree of HOLC 

score missingness. Given the possibility of a high degree of missingness within a single 

Zip-code, we excluded Zip-codes that had greater than 50% missingness of HOLC scores 

as described above. The proportion of category D census tracts within each Zip-code was 
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assessed continuously and categorically as quartiles, with quartile 4 representing the highest 

proportion of redlined area at the Zip-code level.

Secondary measure (weighted mean HOLC score): We additionally calculated 

Zip-code level HOLC scores by using the weighted mean of HOLC residential security 

grades and the relative area within each Zip-code boundary to evaluate consistency in our 

results across different approaches to measuring redlining at the Zip-code level. In this 

approach, each HOLC risk category was assigned a numeric value as follows: (grade-A 

“Best”: 1), (grade-B “Still Desirable”: 2), (grade-C “Definitely Declining”: 3), and (grade-D 

“Hazardous”: 4). For example, if a Zip-code was comprised of two census tracts of equal 

size of 50%, with one contributing grade-A (1 point) and one contributing grade-B (2 

points), the Zip-codes would receive a HOLC score of 1.5. As a second example, if a Zip-

code had one grade-A census tract contributing 35%, one grade-B census tract contributing 

35%, and 30% missing data, the weighted HOLC score would be calculated only using the 

known data, thus resulting in a score 1.5. We excluded Zip-codes which had both grade-A 

and grade-D census tracts contributing, as the weighted mean scores are not representative 

of the true degree of redlining occurring within the Zip-code. Zip-codes were then stratified 

into quartiles based on HOLC score, where Q4 indicated the highest HOLC score (most 

hazardous or least desirable neighborhoods).

Zip-code-level SDOH parameters

Residential Zip-codes for Medicare beneficiaries were linked to an index of Zip-code-level 

socioeconomic deprivation. The Social Deprivation Index (SDI) is a composite measure 

of Zip-code-level deprivation based on 7 demographic characteristics collected in the 

American Community Survey including poverty rate, education, employment, housing 

(percentage living in rented or crowded housing units), household characteristics (single-

parent households), and access to transportation. Scores range from 0–100 and represent 

percentile rank in relation to other surveyed Zip-codes, with higher scores corresponding 

to higher socioeconomic distress. For the present analysis, high versus low socioeconomic 

deprivation at the Zip-code level was identified using data-derived median thresholds.

Study outcomes

The key outcome of interest was incident HF as identified by hospitalization with a primary 

diagnosis of HF through December 2019. The primary diagnosis of HF was determined 

as admission to the hospital with ICD-9 (428.*, 402.01, 402.11, 402.91, 404.01, 404.11, 

404.91, 404.03, 404.13, 404.93) or ICD-10 codes (I50.*, I11.0, I13.0, I13.2), consistent 

with prior approaches.20 Patients were followed and censored at the time of event, death, 

Medicare dis-enrollment, or end of the study.

To assess the robustness of the observed association between redlining and HF, a 

falsification endpoint analysis was also performed for the outcome of hip fracture as defined 

by hospitalization with primary diagnosis codes for hip fracture (ICD-9 Code: 820*, 821 or 

ICD-10 code: S72*).
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Statistical Methods

The unit of analysis for the present study was Zip-code. As described above, redlining 

was assessed continuously as the category D census tracts proportion of the total Zip-code 

area (0–100%) and by quartiles, where quartile 4 reflected “redlined Zip-codes” with the 

highest proportion of redlined area within a Zip-code and quartiles 1–3 representing “non-

redlined Zip-codes” with relatively low levels of redlining. We evaluated Zip-code level 

patient and neighborhood SDOH characteristics (SDI scores) in redlined and non-redlined 

Zip-codes. Patient characteristics were reported for each as the median (25th and 75th 

percentile) of the Zip-code-level proportions (for categorical patient characteristics) and Zip-

code-level median (25th, 75th percentile) of Zip-code-level means (for continuous patient 

characteristics) and compared across the 2 groups using the Kruskal-Wallis test. Crude 

incidence rates of HF among beneficiaries of Black and White race were calculated for 

redlined and non-redlined Zip-codes. The association between residing in redlined Zip-codes 

(Q4) vs. the other three quartiles (Q1-Q3) and risk of HF was assessed by constructing 

generalized linear mixed models using Poisson distribution and log link, with new onset 

HF as the outcome, patient characteristics as a fixed effect, Zip-code as a random intercept, 

and the log time in follow up to the event, death or censoring as an offset term. The 

models were constructed separately among Black and White beneficiaries considering 

the well-established differences in the experience of structural racism and adverse SDOH 

burden among Black vs. White race individuals. The models were adjusted for the 

following covariates, Model-1: age, sex; Model-2: age, sex, and comorbidities defined by 

the Elixhauser algorithm. The association between continuous redlining proportion and risk 

of HF was also assessed using similar models and restricted cubic splines with adjustment 

for age, sex, and comorbidities (3 knots).

To evaluate the contribution of Zip-code level SDOH parameters toward the association 

between redlining and HF risk, additional models were constructed including variables 

in Model-2 and SDI score (Model-3). There was no evidence of collinearity between 

redlining proportion and SDI (variance inflation factor=1.4). We evaluated the proportional 

contribution of neighborhood-level SDOH factors to the observed association between 

redlining and HF risk by evaluating the change in the parameter estimate with and without 

adjustment for SDI.21 Interaction between SDI score and redlining status was assessed 

in Model-3. If significant interaction was noted, SDI-stratified (above and below median) 

analysis was performed to evaluate the association of redlining with incident HF across 

strata of SDI in each race group separately, adjusting for age, sex, and comorbidities.

We additionally repeated primary analyses assessing the relationship of redlining with 

the risk of HF using an alternate measure of redlining incorporating all HOLC grades 

to generate a continuous HOLC score for each Zip-code. The association between living 

in Zip-codes with high HOLC score (Q4 vs. Q1-3) and the risk of HF was assessed 

separately among Black and White beneficiaries using the models described above. Finally, 

we conducted falsification endpoint analyses evaluating the association of categorical and 

continuous measures of the Zip-code proportion with risk of hip fractures using adjusted 

generalized mixed models and restricted cubic splines with the same adjustments as 

Model-2. The analysis was performed using SAS version 9.4 (SAS Institute, Inc, Cary, NC), 
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R version 4.1.2 (R Foundation for Statistical Computing, Vienna, Austria), and GraphPad 

Prism version 8. A 2-sided P value <0.05 was considered statistically significant.

RESULTS

Baseline Characteristics

The study included 2,388,955 Medicare beneficiaries (Black race N=801,452; White race 

N=1,587,503; mean[SD] age=71.2[11.6]; men=44.6%) with a median follow-up time of 

6 years (total follow-up 12,427,571 person-years). The median Zip-code-level redlining 

proportion varied by quartile, with redlined Zip-codes reflecting 78.3% (IQR: 61.0, 97.2%) 

redlined proportion in the highest quartile versus only 3.4% (IQR: 0, 17.6%) in the 

lower three quartiles in non-redlined Zip-codes. Black (vs. White) beneficiaries in the 

study were younger and more commonly lived in redlined Zip-codes (27.7% vs. 15.8%). 

Black beneficiaries residing in redlined (vs. non-redlined) Zip-codes demonstrated a higher 

prevalence of some comorbidities, including COPD, CKD, and anemia (Table-1). White 

beneficiaries residing in redlined (vs. non-redlined) Zip-codes also had a higher prevalence 

of comorbidities such as diabetes, hypertension, anemia, CKD, and liver disease (Table-1). 

Among both White and Black Medicare beneficiaries, SDI scores were higher in redlined 

Zip-codes as compared to non-redlined Zip-codes (Table-1). There was a modest correlation 

between redlining proportion and SDI scores (r=0.40) in the overall study cohort.

Association of Redlining with Risk of HF among Beneficiaries of Black and White Race

Among Black beneficiaries, the unadjusted cumulative incidence of HF was higher 

among those living in redlined (vs. non-redlined) Zip-codes (1035 vs. 992 events per 

100,000 person-years). In age and sex-adjusted analysis, living in Zip-codes with higher 

redlining proportion (Q4 vs. Q1-3) was significantly associated with a higher risk of 

HF (RR[95%CI]: 1.09[1.05–1.13] P<0.001, Model-1). This association persisted after 

adjusting for comorbidities (RR[95%CI]: 1.08[1.04–1.12] P<0.001, Model-2 Table-2). 

Similar patterns of association were observed using a continuous measure of redlining 

proportion with a higher risk of HF among beneficiaries living in areas with a greater 

proportion of redlining (RR[95% CI]: 1.04[1.03–1.06], P<0.001) (Figure-1, Table S1).

Among White beneficiaries, the unadjusted cumulative incidence of HF was modestly lower 

for those living in redlined (vs. non-redlined) Zip-codes (747 vs. 809 events per 100,000 

person-years). In adjusted models, living in Zip-codes with high redlining proportion was 

associated with a modestly lower risk of HF after adjustment for age, sex, and comorbid 

diseases (Q4 vs. Q3-Q1, RR[95% CI]: 0.94[0.89–0.99], P=0.02, Model-2 Table-2). A 

similar pattern of results was observed in continuous analysis of redlining with a modest, 

statistically insignificant association between redlining proportion and risk of HF after 

adjustment for age, sex, and comorbidity burden (Figure-1, Table S1).

Contribution of Contemporary SDOH to Historical Redlining associated risk of HF

Among Black beneficiaries, the relationship between living in redlined Zip-codes and HF 

risk attenuated in magnitude but remained statistically significant after adjustment for SDI 

(RR[95% CI]: 1.04[1.002–1.08], P=0.04, Model-3 Table-2]. A similar pattern of results was 
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noted using continuous measures of redlining proportions (Table S1). SDI accounted for 

50% of the association between the highest redlining Zip-codes and HF risk. The interaction 

between redlining quartile and SDI score was significant for HF among Black beneficiaries 

(P-interaction<0.001). In stratified analysis by SDI, living in redlined Zip-codes was 

significantly associated with a higher risk of HF only among socioeconomically distressed 

regions (above median SDI) but not for Zip-codes with SDI below the median levels. 

Figure-2, Table-3). In the fully adjusted model with the continuous redlining score, redlining 

remained significantly associated with HF risk in Black beneficiaries after adjusting for 

SDI score, though the relationship was attenuated (RR[95% CI]: 1.02[1.01–1.04], P=0.004, 

Model-3 Table S1).

White participants living in redlined Zip-codes had a modestly lower risk of HF after 

accounting for SDI [RR[95% CI]: 0.90[0.85–0.95], P<0.001, Model-3 Table-2]. The 

interaction between redlining categories and SDI score was also significant for the risk 

of HF among White beneficiaries (P-interaction=0.002). In stratified analysis by SDI strata, 

higher redlining proportions were associated with a lower risk of HF across both SDI strata, 

with a stronger association noted among Zip-codes with the lowest levels of socioeconomic 

distress (Figure-2, Table-3).

Association of HOLC score and risk of HF

We additionally evaluated the relationship between the weighted mean HOLC score and the 

risk of HF, where the Q4 Zip-code corresponded to communities deemed more hazardous 

by HOLC grading, and Q1-3 corresponded to more desirable communities based on the 

HOLC grading. Consistent with primary analysis, among Black adults, higher HOLC score 

was significantly associated with a higher risk of HF after adjustment for age, sex, and 

comorbidities (Q4 vs. Q1-3, RR[95%CI]: 1.08[1.04–1.12], P<0.001, Model-2 Table S2]. 

This association was attenuated but remained significant after further adjustment for the SDI 

score. Among White beneficiaries, a higher HOLC score was associated with a modestly 

lower risk of HF in the most adjusted model (Table S2).

Falsification Endpoint analysis

We observed no significant association between redlining and incidence of hip fracture at 

the Zip-code level among Black patients when adjusting for age, sex, and comorbidities 

(Black race: RR[95% CI]: 1.04[0.98–1.10], P=0.2). Among White patients, a modest inverse 

relationship was observed between Zip-code level redlining and risk of hip fractures (White 

race: RR[95%CI]: 0.95[0.92–0.99], P=0.01) (Table S3).

DISCUSSION

In this study, we observed several important findings. Notably, more than a quarter of 

Black beneficiaries resided in historically redlined areas, compared to only 15.7% of 

White beneficiaries. Among Black Medicare beneficiaries, living in Zip-codes with a high 

proportion of redlining area was significantly associated with a higher risk of HF. This 

association was largely driven by the higher burden of adverse SDOH in Zip-codes with 

high levels of redlining, though the relationship between redlining and HF risk was strongest 
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among Black beneficiaries living in the most socially disadvantaged Zip-codes. Furthermore, 

the association between living in communities with more redlining and the risk of HF 

persisted after adjustment for cardiovascular risk factors and socioeconomic risk factors 

among Black beneficiaries, highlighting the unique contribution of discriminatory redlining 

practices on the risk of HF among Black adults decades later. In contrast, among White 

beneficiaries, a modest inverse relationship was observed between higher Zip-code level 

proportion of redlining and risk of HF.

This study builds upon a growing body of literature implicating structural racism and 

racist policies in modern disparities in health. Prior work has demonstrated that Black 

individuals residing in historically redlined communities are exposed to greater levels of 

environmental pollutants, residential segregation, and reduced access to green spaces and 

health services.22–26 In turn, associations between historical redlining and health have been 

observed starting at birth and extending throughout individuals’ lifespans with an increased 

risk of asthma, cancer, higher post-operative mortality and complication rates, and reduced 

life expectancy.15,22,27–30 Moreover, a recent study by Mujahid et al. evaluated the impacts 

of historical redlining on cardiovascular health and found that Black individuals living in 

historically redlined communities had lower cardiovascular health scores and reported more 

adverse health behaviors and risk factors than those living in areas not affected by prior 

redlining.31

Our findings extend these observations to the risk of HF, whereby we observed an increased 

risk of HF for Black adults living in Zip-codes where redlining was prevalent. Consistent 

with prior observations of chronic disinvestment in redlined communities, we observed a 

greater concentration of socioeconomic distress in redlined Zip-codes that contributed to 

the relationship between redlining and incident HF risk. This disparity in socioeconomic 

disadvantage across redlining categories reflects how neighborhood characteristics may 

drive poorer access to education, employment, wealth, and health and contribute to 

disparities in healthcare access.32 We also found that adverse SDOH at the Zip-code level 

accounted for a large proportion of the increased risk of HF among Black individuals living 

in redlined areas.

However, among Black individuals, in fully adjusted models accounting for a wide array 

of SDOH, the relationship between redlining and HF risk remained significant, suggesting 

that the effects of redlining may extend beyond traditional SDOH. Additionally, the highest 

risk of HF was observed among Black beneficiaries living in redlined Zip-codes with 

the highest levels of socioeconomic distress, demonstrating how the persisting impacts 

of redlining may be felt most in the most disadvantaged communities. This residual 

risk, although modest at the Zip-code level, may be related to the impacts of residential 

segregation, which has been shown to associate with adverse cardiovascular outcomes 

in non-Hispanic Black communities, chronic discrimination, disparities in healthcare 

delivery, and other unmeasured risks.33–35 Prior studies have elucidated how exposure 

to chronic discrimination may contribute to adverse cardiometabolic health by means of 

upregulated stress pathways,36 reduced access to healthcare and resources, and increased 

unhealthy behaviors.34,37 Moreover, persistent gaps in cardiovascular mortality between 

Black and White adults have been demonstrated in wealthy communities and among highly 

Mentias et al. Page 9

Circulation. Author manuscript; available in PMC 2024 July 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



educated Black men, suggesting that while cardiovascular outcomes may be influenced 

by socioeconomic disparities, the impact of structural racism on health disparities likely 

extends beyond the neighborhood and individual wealth.38,39 Notably, the risk conferred 

by redlining was unique to HF and was not observed for the outcome of hip fractures, 

supporting the conclusion that the neighborhood environment is of particular importance to 

cardiovascular health, which may be more influenced by long-term exposure to psychosocial 

stress, socioeconomic disadvantage, and reduced access to healthcare.

The relationship between redlining and the risk of HF notably varied by race such 

that the risk of HF among White individuals living in redlined Zip-codes was modestly 

lower than in non-redlined Zip-codes after adjustment for socioeconomic factors. This 

observation is consistent with prior literature demonstrating null or protective effects of 

racial segregation on cardiovascular health among White individuals living in predominantly 

White neighborhoods, and inter-neighborhood differences that are primarily mediated by 

differences in socioeconomic factors.31,34 Redlining policies targeted Black and other 

minoritized individuals by design, limiting the ability of Black families to generate wealth 

through homeownership and driving a persistent wealth gap by race.40 Furthermore, the 

modest inverse effect of redlining seen in the most adjusted models for White beneficiaries 

may reflect the effects of gentrification, leading to an influx of well-educated, high-income 

White residents with a low cardiovascular morbidity burden to low-income primarily 

underrepresented racial and ethnic communities, or of competing risk of disease among 

the most disadvantaged White individuals.

Policy Implications:

Our study has important policy implications. We find that legacies of residential 

segregation continue to impact disparities in cardiovascular health today, driven and 

amplified by socioeconomic disadvantage. These findings highlight the need for aggressive 

social interventions targeting improvement in neighborhood-level SDOH, particularly in 

disadvantaged communities, to lower the risk of HF. Efforts to expand affordable housing 

access in historically “desirable” neighborhoods for individuals from low-income and 

underrepresented racial and ethnic groups and to reinvest in disadvantaged communities 

through favorable tax benefits or incentives may help to shift historical residential patterns 

and provide the groundwork for infrastructure growth, particularly within predominantly 

Black communities. State and local governments should also consider an equitable approach 

to investing in the public services and goods available to residents of historically redlined 

areas and initiate policies to protect housing and rental markets in Black communities 

at risk of gentrification, displacement, and the ensuing disruption of social networks that 

risk exacerbating underlying disparities in HF risk among Black individuals.41 Finally, 

healthcare organizations in historically redlined and disadvantaged areas may facilitate 

access to benefits programs and federal and state tax incentives and offer structured 

education and mentoring for their constituents to assist in community wealth building and 

engagement.42

In addition to targeted investment in historically redlined areas, direct policy action aimed at 

preventing ongoing disparities in lending may be needed. Although the practice of redlining 
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was officially ended by the Fair Housing Act, disparities in lending persist in some parts 

of the US, and were recently identified by the US Department of Justice as a priority in 

addressing a growing gap in homeownership between White and Black Americans.43 Policy 

interventions such as the Community Reinvestment Act of 1977 have aimed to directly 

address gaps in lending and have helped ease disparities, but enforcement of fair lending 

practices remains suboptimal and poses an ongoing health risk to future generations of Black 

and minority Americans.44

Our study has multiple strengths, including the use of a large claims-based dataset reflecting 

a nationally representative cohort of US adults with validated HF outcomes. Moreover, in 

this study, we present a novel approach to linking granular outcomes data with existing 

neighborhood-level measures of structural racism and socioeconomic disparities, providing 

a unique insight into the relationship between indices of structural racism and health 

outcomes. This study also has several limitations. First, HOLC scores were only one of the 

multiple policy approaches used to systematically reduce access to homeownership, credit 

lines, and insurance for Black individuals. Prior work has found that HOLC maps were 

neither the first nor the best sources of information about real estate risk levels.8 As such, 

this measure of redlining likely does not capture the full extent of discriminatory lending 

policies and serves as only one proxy for assessing the impacts of structural racism. Second, 

although we present two unique approaches to the measurement of redlining at the Zip-code 

level with consistency in our findings across both, each represents an approximation of this 

exposure and cannot exactly quantify redlining, which in practice was conducted at the 

census-tract level based on century-old zoning maps. Third, our study also has limitations 

owing to missingness in redlining data at the Zip-code level particularly in rural and less 

populous regions of the US where redlining maps are either unavailable or current Zip-code 

designations are subject to missingness. Although this limits the generalizability of our 

findings to areas where historical redlining maps are available, the study of redlining 

as a predominantly urban phenomenon is also reflective of the historical reality of this 

particular form of housing discrimination and captures the persistent effect of this policy on 

individuals continuing to live in redlined communities. Fourth, though we attempt to adjust 

for individual comorbidities and established socioeconomic distress indices, we cannot 

exclude the possibility of residual confounding by unmeasured risks. Fifth, our study is 

limited in its ability to assess patient-level social factors, thus we are unable to assess prior 

tenure in a redlined Zip-code or lifetime HF risk associated with redlining. Finally, as the 

focus of our study was an exploration of structural drivers of HF disparities in the Black 

population, we did not examine data on differences among other racial and ethnic groups 

who may have been impacted by discriminatory lending and residential segregation due to 

inadequate numbers for Zip-code level analysis in the Medicare cohort.

In summary, historical redlining policies differentially affect HF risk by race in the US, 

with redlining conferring a significantly higher risk of HF among Black individuals. Drivers 

of historic redlining policies include adverse SDOH factors, but these factors do not fully 

explain the increased HF risk in Black patients. Future work to further explore the unique 

impacts of systemic racism on health disparities among Black populations is warranted.
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CLINICAL PERSPECTIVE

What is New?

• Black patients living in Zip codes exposed to historical redlining practices 

experience a higher risk of heart failure than those living in non-redlined 

areas.

• The higher risk of heart failure among Black patients living in redlined Zip 

codes is largely driven by the high burden of adverse social determinants of 

health. These findings highlight one of the mechanisms by which structural 

racism has contributed to ongoing disparities in cardiovascular health.

What are the Clinical Implications?

• Additional research is needed to understand the individual-level effects of 

exposure to residential social deprivation and redlining over the course of a 

lifetime to better identify individuals most in need of social intervention to 

address HF risk.

• Targeted public health policy aimed at addressing residential disparities in HF 

risk by increasing access to “desirable” neighborhoods for Black individuals 

and by reinvesting in communities exposed to historical redlining practices is 

needed to lower the risk of HF in this population and address racial disparities 

in HF outcomes.
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Figure 1: 
Association between Zip code-level redlining proportion and risk of heart failure

Caption: Spline plots show the relationship between continuous redlining proportion and the 

crude rate (panel A) and adjusted rate (panel B – adjusted for age, sex, and comorbidity 

burden) of heart failure among Black (blue) and White (red) beneficiaries. HF rates are 

calculated per 100,000 person-years.
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Figure 2: 
Association between Zip code-level redlining proportion and risk of heart failure among 

individuals above and below median Social Deprivation Index (SDI) score

Caption: Spline curves demonstrating the risk of HF among White (panel A) and Black 

(panel B) Medicare beneficiaries among those above the median SDI (blue) or below the 

median SDI (red). The models are adjusted for age, sex, and comorbidities. HF rates are 

calculated per 100,000 person-years.
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Table 1:

Patient characteristics of White and Black Medicare beneficiaries across redlining quartiles.

Black race (N=801,452) White race (N=1,587,503)

Not redlined Q1-Q3 Redlined
Q4 P value Not redlined Q1-Q3 Redlined

Q4 P value

Percent redlined area
(median, 25th-75th)

3.6 (0–18.3) 78.2 (61. 0–96.2) 3.4 (0–17.6) 78.3 (61–96.7)

Number of Zip-codes 765 256 783 259

Number of Beneficiaries 579,767 221,685 1,337,330 250,173

SDI (median, 25th-75th) 77 (47.5–92) 95 (81–98) <0.001 75.5 (46–92) 94 (80–98) <0.001

Zip-code Level Patient Characteristics [median (25th-75thpercentile)]

Age, years 67.6 (64.9–70) 67.9 (65.6–69.3) 0.8 72.5 (70.4–74) 70.5 (68.1–72.4) <0.001

Male (%) 46 (42.1–52) 47.1 (43.3–51.8) 0.2 45.2 (43–48) 49.2 (45.2–53.5) <0.001

Diabetes (%) 8.8 (7.2–10.6) 9.1 (8–10.5) 0.07 5.3 (3.9–6.8) 6.4 (4.4–8.7) <0.001

Hypertension (%) 18.8 (16.3–22) 19.3 (17.2–21.9) 0.07 15.6 (13.6–17.9) 16.2 (13.4–20) 0.03

Anemia (%) 7.3 (5.7–9.1) 7.6 (6.3–9) 0.03 4.9 (4–6.1) 5.6 (4.3–7.3) <0.001

CKD (%) 4.6 (3.5–5.7) 4.9 (4.2–5.8) 0.006 2.4 (1.9–2.9) 2.6 (1.9–3.5) 0.006

COPD (%) 5.9 (4.2–7.7) 6.4 (5.1–7.6) 0.004 5.2 (3.8–7.4) 6.8 (4.5–10.2) <0.001

CAD (%) 4 (3–5.2) 4 (3.1–5) 0.7 4.7 (3.8–5.7) 4.5 (3.6–6.1) 0.9

Liver disease (%) 1.1 (0.6–1.8) 1.3 (0.8–1.8) 0.03 0.9 (0.6–1.4) 1.3 (0.8–2.1) <0.001

Stroke (%) 1.6 (1–2.2) 1.5 (1–2) 0.1 1.4 (1.0–1.7) 1.3 (0.9–2) 0.6

Prior pacemaker (%) 0.3 (0–0.5) 0.3 (0–0.5) 0.08 0.6 (0.4–0.8) 0.6 (0.2–0.8) 0.006

Peripheral vascular disease 
(%) 2 (1.4–2.7) 2.2 (1.7–2.7) 0.03 1.9 (1.4–2.4) 2 (1.4–2.7) 0.07

Valvular disease (%) 0.8 (0.3–1.3) 0.8 (0.6–1.3) 0.5 1.5 (1.2–2) 1.4 (0.9–1.7) <0.001

Metastatic tumor (%) 0.5 (0–0.7) 0.5 (0.3–0.8) 0.003 0.5 (0.4–0.7) 0.5 (0.2–0.7) 0.06

Tumor without metastasis 
(%) 1.2 (0.6–1.6) 1.1 (0.7–1.5) 0.3 1.2 (1–1.5) 1.2 (0.8–1.6) 0.3

Redlining quartiles 1–3 represents non-redlined Zip-codes, while quartile 4 reflect Zip-codes with the highest proportion of redlined census tracts.

Patient characteristics are reported as the median (25th-75th percentile) of the Zip-code-level proportions (for categorical patient characteristics) 

and median (25th-75th percentile) of Zip-code-level means (for continuous patient characteristics).

Abbreviations: SDI - Social Deprivation Index; CKD - chronic kidney disease; COPD - chronic obstructive pulmonary disease; CAD - coronary 
artery disease.
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Table 2:

Adjusted association between Zip-code-level redlining proportion with the risk of heart failure in White and 

Black beneficiaries.

Beneficiaries of Black Race Beneficiaries of White Race

RR (95% CI) P Value RR (95% CI) P-Value

Model 1 1.09 (1.05–1.13) <0.001 0.94 (0.88–0.99) 0.02

Model 2 1.08 (1.04–1.12) <0.001 0.94 (0.89–0.99) 0.02

Model 3 1.04 (1.002–1.08) 0.04 0.90 (0.85–0.95) <0.001

Zip-code-level redlining proportion assessed categorically as Quartile 4 (highest proportion of redlined area) compared to Quartiles 1–3 (reference, 
lowest proportion of redlined area).

Model 1 includes age + sex. Model 2 includes model 1 + comorbidities. Model 3 includes age, sex, comorbidities + Social Deprivation Index.

Models are generalized linear models, with patients’ variables as fixed effects, Zip-code as random intercept, with Poisson distribution and log time 
patient was alive as offset term.

Abbreviations: RR = risk ratio. CI = confidence interval.
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Table 3:

Association between the categorical measure of Zip-code-level redlining proportion (Q4 vs. Q1-3) and risk of 

heart failure across strata (above and below median) of Social Deprivation Index scores.

Black beneficiaries White beneficiaries

RR (95% CI) P value P-interaction RR (95% CI) P value P-interaction

Below Median SDI 1.03 (0.98–1.09) 0.2
<0.001

0.82 (0.74–0.91) <0.001
0.002

Above Median SDI 1.05 (1.00–1.10) 0.05 0.92 (0.87–0.98) 0.01

Separate models were constructed for beneficiaries of Black and White race and for each stratum of Social Deprivation Index. Models were 
adjusted for age, sex, and comorbidities.

Abbreviations: SDI – Social Deprivation Index, RR – Risk Ratio, CI – Confidence Interval.
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