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Abstract

Background: Socioeconomic disadvantage is a strong determinant of adverse outcomes in
patients with heart failure (HF). However, the contribution of community-level economic distress
to adverse outcomes in HF may differ across races.

Methods: Patients of self-reported Black, White, and Hispanic race/ethnicity hospitalized with
HF between 2014 and 2019 were identified from the 100% CMS MedPAR database. We used
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patient-level residential zip code to quantify community-level economic distress based on the
distressed community index (DCI, Quintile 5: economically distressed vs. Quintiles 1-4: non-
distressed). The association of continuous and categorical measures (distressed vs. non-distressed)
of DCI with 30-day, 6-month, and 1-year risk-adjusted mortality, readmission burden, and home
time were assessed separately by race/ethnicity groups.

Results: The study included 1,611,586 White (13.2% economically distressed), and 205,840
Black (50.6% economically distressed) and 89,199 Hispanic (27.3% economically distressed)
patients. Among White patients, living in economically distressed (vs. non-distressed)
communities was significantly associated with a higher risk of adverse outcomes at 30-days and
1-year follow-up. Among Black and Hispanic patients, the risk of adverse outcomes associated
with living in distressed vs. non-distressed communities was not meaningfully different at 30-days
and became more prominent by 1-year follow-up. Similarly, in the restricted cubic spline analysis,
a stronger and more graded association was observed between DCI score and risk of adverse
outcomes in White patients (vs. Black and Hispanic patients). Furthermore, the association
between community-level economic distress and risk of adverse outcomes for Black patients
differed in rural vs. urban areas. Living in economically distressed communities was significantly
associated with a higher risk of mortality and lower home time at 1-year follow-up in rural areas
but not urban areas.

Conclusion: The association between community-level economic distress and risk of adverse
outcomes differs across race-ethnic groups, with a stronger association noted in White patients
at short- and long-term follow-up. Among Black patients, the association of community-level
economic distress with a higher risk of adverse outcomes is less evident in the short term and is
more robust and significant in the long-term follow-up and rural areas.

Keywords
Heart failure; racial disparity; economic distress; mortality; readmission

INTRODUCTION

It is estimated that more than six million patients had prevalent heart failure (HF) in the US
in 2018, and this number is projected to increase by 46% by 2030, adding more than eight
million newly diagnosed HF patients.! HF is the most common cause of hospitalization
among older adults and accounting for 1 million hospitalizations annually.2 As a result,
improvement in care quality and outcomes of patients hospitalized with HF has been one of
the key targets of the current healthcare policies.

In addition to the in-hospital care quality, community-level socioeconomic distress has
been identified as a key driver of outcomes following HF hospitalization. One-fifth of
U.S. zip codes currently demonstrate social and economic distress, including high poverty
rates, joblessness, and economic recession.3 Measures of community distress such as low
education levels, low median household income, high rates of poverty, and unemployment
are important determinants of the overall health and well-being of its residents.* ® Patients
with HF living in neighborhoods with higher socioeconomic deprivation and economic
distress have a higher risk of adverse clinical outcomes.6 However, the contribution of
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community-level socioeconomic distress to adverse outcomes in HF may differ across race
and ethnic groups, and to our knowledge, has not been evaluated comprehensively using
nation-level datasets.® This represents an important knowledge gap in our understanding of
the drivers of racial disparities in outcomes among HF patients. Accordingly, in this study,
we examined the association of community distress with the short and long-term risk of
mortality, readmission, and home time after a HF hospitalization among Black, Hispanic,
and White patients.

METHODS

The authors will not make the data, methods used in the analysis, and materials used to
conduct the research available to any researcher for purposes of reproducing the results or
replicating the procedure.

Study cohort

We identified Medicare beneficiaries who were admitted with a primary diagnosis of HF
from 01/01/2014 to 12/01/2019 utilizing International Classification of Diseases (ICD)
diagnosis version-9 codes (428. *, 402.01, 402.11, 402.91, 404.01, 404.11, 404.91, 404.03,
404.13, 404.93) and version-10 codes (150. *, 111.0, 113.0, 113.2) from the Medicare
Provider Analysis and Review (MedPar) Part A 100% Files. Figure | in supplement shows
the flowchart of the study cohort. Among patients admitted to the hospital more than once
during the study period, we included only the first admission. We excluded patients younger
than 65 years at HF admission and patients enrolled for <1 year in Fee-for-Service before
the HF admission date. We also excluded patients discharged on the admission day and
those who left against medical advice, were discharged to hospice, or received palliative
care within 30 days from HF admission date. We excluded patients with residence ZIP
codes outside the contiguous 48 U.S. states. We also excluded a ZIP code from a specific
race analysis if that ZIP code had <30 patients of that race during the study period. We
used the Medicare Beneficiary Summary Files to extract patient age, sex, race/ethnicity,
residence ZIP code, and Medicare enrollment dates. A lookback period of one year was
used to ascertain the patient’s comorbidities from all ICD diagnosis and procedure codes
submitted in any admission claim in the year before the HF admission date. The Cleveland
Clinic Institutional Review Board approved the study with waived informed consent.

Race-Ethnicity and Distressed Community Index Score

The primary exposures of interest were race-ethnicity and neighborhood economic
disadvantage measured by the Distressed Community Index (DCI) score. Race-ethnicity was
identified using the Research Triangle Institute’s Race variable in Medicare Beneficiaries
Summary Files. This variable was validated in prior studies and had high sensitivity

and specificity (>97%) against self-reported race/ethnicity in Medicare beneficiaries.” The
race variable in Medicare Beneficiary Summary files classifies patients into the following
race-ethnicity groups: non-Hispanic White, non-Hispanic Black, Hispanic, Asian/Pacific
Islander, American Indian/Alaskan Native, and others, and it is a mutually exclusive
variable. The DCI is a metric that measures the economic disadvantage of different US
communities based on residential ZIP codes.8-10 There are seven components to the metric:
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Percent of individuals older than 25 years without a high school diploma, percent of
unoccupied habitable housing units, percent of the prime-age population not working,
percent of the population with household income below the poverty line, median Zip

Code income compared with state’s median income, percent change in the number of
business establishment and change in the number of jobs. Based on these components, a
continuous score is assigned from 0 to 100, where higher numbers indicate higher levels of
community distress. Communities were then divided into five quintiles (Q1: “prosperous”;
Q2 “comfortable”; Q3: “mid-tier”; Q4: “at-risk”, and Q5:"distressed”).%: 11

Study Outcomes

Study outcomes included all-cause mortality, readmission burden calculated as the
admissions rate per 100-person months, and home-time.12-14 Mortality outcomes were
estimated from the date of HF admission. Readmission burden and home time were
calculated from the discharge date and only included patients discharged alive from the
hospital. Home time— an increasingly recognized patient-centered outcome—is defined as
the number of days the patient spends alive and at home [out of the hospital, skilled nursing
facility (SNF), or long-term acute care center (LTAC)].13 Home time is associated with
patient-centered outcomes such as self-reported health and functional status and clinical
outcomes such as readmission and mortality.13-16 Our study outcomes were assessed at
three different time points after the HF index admission; 30 days, 6 months, and 1-year
follow-up. Data on mortality were available through 8/2020, and clinical outcomes were
available through 12/2019.

Statistical analysis

The cohort was stratified by race-ethnicity and DCI-based distress status for the residential
Zip-code [distressed (Q5) vs. non-distressed (Q1-Q4)]. Within each race-ethnic group,
patient characteristics were presented for the distressed vs. non-distressed strata as the
median (25th — 75th Percentile) of Zip code-level proportions (for categorical patient
characteristics), and the median (25th — 75th Percentile) of Zip code-level means (for
continuous patient characteristics) and compared using Mann-Whitney test. For risk-
adjusted outcomes, we used generalized linear mixed models to calculate risk-adjusted
rates of home time and readmission burden rates with a random intercept for the patient
Zip code and fixed effects for patient-level variables. Variables used in risk adjustment
models were derived from a prior validated model in HF patients using Medicare data
(Table I in supplement).1” The risk adjustment models were constructed using a log link
and Poisson distribution (or logit link and binomial distribution in mortality models). The
models included an offset term of log of the time patient was alive during follow up for
rate of readmission outcome and estimated using maximum likelihood with patient Zip
code as a random effect and patient variables as fixed effects. We first tested whether the
association of community-level economic distress with adverse outcomes is different across
race-ethnic groups by conducting an interaction analysis by race-ethnicity and DCI score in
the overall cohort. Then risk-adjusted models were constructed for each race-ethnic group
separately and were used to calculate expected and predicted outcomes with and without
linear unbiased prediction modeling respectively. The predicted to expected outcome ratio
was multiplied with the overall unadjusted rates of the outcome (mortality, readmission
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burden, and home time) to calculate the risk-adjusted rates for each outcome. The risk-
adjusted outcomes of mortality, readmission, and home time at 30 days, 6 months, and
1-year follow-up were compared across distressed vs. non-distressed groups within each
race-ethnic group using Mann-Whitney U test. Additional analyses were also conducted

to compare the risk-adjusted mortality, readmission burden, and home time at each time
point between prosperous (Quintile 1) vs. non-prosperous groups (Quintile 2-5) within each
race-ethnic group.

The association between continuous measures of DCI and risk of the outcomes of interest
was also assessed using hierarchical logistic regression for mortality and generalized linear
mixed models for other outcomes. Separate models were constructed for each race-ethnic
group, outcome (mortality, readmission, and home time), and time points (30 days, 6
months, and 12 months). The models were adjusted for the same variables from the risk
adjustment model published in prior studies using ICD-9 and ICD-10 codes mapped to
each condition, using published CMS risk models (Table I in supplement).17 To assess

and visualize the potential non-linear association between community distress and study
outcomes, we modeled the DCI against the risk-adjusted outcomes with a restricted cubic
spline method using a priori-defined 5 knots located in the 5, 27.5t, 50t 77 5t. and 95t
percentiles.

Stratified analysis by rural-urban designation of patients’ residential zip code was also
performed to understand better the association between community-level economic distress
and risk of adverse outcomes for Black and White patients differ in rural vs. urban areas.
Patient was considered to live in rural area if the Zip code is designated rural by the Federal
Office of Rural Health Policy.18 The rural-urban stratified analysis was not performed for
Hispanic patients due to the small sample size of Zip codes with rural Hispanic HF patients
(N =66 Zip codes in rural areas with >30 HF patients of Hispanic race-ethnicity during the
study period).

Sensitivity Analysis

Several sensitivity and subgroup analyses were performed to assess the robustness of our
study findings. First, the association between community-level economic distress (distressed
vs. not distressed) and adverse outcomes was evaluated within each race-ethnic group using
a lower cut-off for inclusion of zip codes (>10 patients of a specific race-ethnic group during
the study period). Second, the association of community-level economic distress (distressed
vs. not distressed) with rates of skilled nursing facilities (SNF) or long-term acute care
[LTAC] use was also assessed at 30-day and 1-year follow-up. The risk-adjusted SNF/LTAC
utilization rates were evaluated using generalized linear mixed models as detailed above
with a random intercept for the zip code and fixed effects for patient-level variables. Finally,
to account for the imbalance between the White and Black race-ethnic groups in the number
of patients and the gradient in mean DCI score across the community-level distress-based
strata, sensitivity analysis was performed matching Black and White patients in a 1:1
fashion at the zip code-level DCI and comparing the risk of adverse outcomes among
distressed vs. non-distressed strata within each race-ethnic group. For this, a propensity
matching approach was used with the greedy method on the DCI with a caliper of 0.1 and
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exact method on the distressed group to create two matched groups of White and Black
race-ethnicity patients balanced on the degree of community distress. The analysis was
performed using SAS version 9.4 (SAS Institute, Inc., Cary, North Carolina), R version 4.0.2
(R Foundation for Statistical Computing, Vienna, Austria), and GraphPad Prism version 8.
A 2-sided p-value <0.05 was considered statistically significant. P values presented in the
primary analysis are corrected using the fixed discovery rate approach.

Baseline characteristics of the study cohort

The study cohort included 1,906,625 patients with HF. The race-ethnicity distribution in the
study cohort was as follows: 84.5% (N =1,611,586 from 13381 zip codes) White patients,
10.8% (N = 205,840 from 2307 zip codes) Black patients, and 4.7% (N = 89,199 from 1118
zip codes) Hispanic patients. Table 1 shows the baseline characteristics of the study cohort
stratified by community-level economic distress within each race-ethnic group. Overall,
17.9% of patients (N = 341,976) lived in distressed communities, with substantial variation
according to race-ethnic groups. The proportion of patients living in economically distressed
communities was significantly higher for Black (50.6% living in 958 economically
distressed zip codes) and Hispanic (27.3% living in 300 economically distressed zip codes)
patients compared with White patients (13.2% living in 2233 economically distressed zip
codes) (P value<0.001). The difference in mean DCI between distressed vs. non-distressed
communities was greater for White patients (88.8+5.4 vs. 36.6+£22.6) than Black (91.5+5.7
vs. 52.9£19.5) and Hispanic patients (88.945.5 vs. 54.0+19.1). At the zip code level, patients
living in distressed (vs. non-distressed communities) had a higher prevalence of COPD but
lower rates of pacemaker use and valve disease diagnosis across race-ethnic groups. The
prevalence of coronary artery disease and diabetes was significantly higher in distressed

(vs. non-distressed communities) for the White and Hispanic patients but not for the Black
patients.

Community-level economic distress and all-cause mortality

Community-level economic distress was associated with a higher risk of 30-day mortality
following HF hospitalization in the overall cohort, and the association differed across race-
ethnic groups at all study time points (P interaction <0.001 for all). Among White patients, the
risk-adjusted 30-day mortality for those living in distressed communities was 7.0% vs. 6.2%
for those living in non-distressed communities (p-value <0.001). A similar pattern was noted
in the association of community distress with mortality at longer follow-up (1-year: 36.1%
vs. 34.5% respectively, p-value <0.001) (Table 2). In contrast, risk-adjusted 30-day mortality
was not significantly different among Black patients living in distressed vs. non-distressed
communities (4.0% vs. 3.7%, p-value = 0.052). The association between community-level
economic distress and mortality was statistically significant among Black patients at longer
follow-up (1-year: 28.0% vs. 27.2% respectively, p-value <0.001) (Table 2). Similar findings
were observed when DCI score was analyzed as a continuous variable with a stronger
association between higher DCI and risk of mortality among White vs. Black patients at
each follow-up time point (30 days, 6 months, and 1 year; P interaction <0.001 for all,

Table Il in supplement, Figure 1 A&B). There was no association between community-level
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economic distress and mortality among Hispanic patients at any time point (Table 2, Figure
1 C&D).

Community-level economic distress and readmission burden

Community-level economic distress was associated with higher rates of 30-day readmission
following HF hospitalization in the overall cohort, with meaningful differences in the
association across race-ethnic groups (P interaction <0.001). Among White patients, the
risk-adjusted 30-day readmission rate for those living in distressed communities was 29.5
vs. 27.4 per 100 person-months for those residing in non-distressed communities (p-value
<0.001). A similar pattern was noted in the association of community-level economic
distress with readmission rate at longer follow up (1-year: 25.2 vs. 21.7 per 100 person-
months, p-value <0.001) (Table 2). In contrast, the 30-day risk-adjusted readmission rates
were comparable among Black patients living in distressed vs. non-distressed communities
on short-term follow-up (30-day: 26.7 vs. 26.7 per 100 person-months, p-value 0.6). A
significantly higher burden of readmission among Black patients living in distressed (vs.
non-distressed) communities was only noted in the extended follow-up period (1-year: 23.3
vs. 21.3 per 100 person-months, p-value < 0.001) (Table 2). Similar patterns of association
were noted between the continuous measure of DCI and readmission burden among White
and Black patients (Table Il in supplement, Figure 2 A&B).

Among Hispanic patients, the association between community-level economic distress and
readmission burden was similar to that observed for Black patients with no difference in
the short-term (30-days; 28.3 per 100 person-months vs. 28.2 admissions per 100 person-
months, P=0.4) and a more pronounced but statistically insignificant difference at 1 year
follow up (23.0 vs. 21.7 per 100 person-months, P=0.1). (Table 2, Figure 2 C&D)

Community-level economic distress and home time

There was evidence of an interaction between race-ethnicity and community-level economic
distress for the risk-adjusted home time in each follow-up time point (P interaction <0.001

for all). Among White patients, the risk-adjusted 30-day home time was lower among

those living in distressed vs. non-distressed communities (23.4 days vs. 24.1 days, p-value
<0.001). A similar pattern was noted in the association of community distress with home
time at longer follow-up (1-year home time: 261 days vs. 273 days, p-value <0.001). In
contrast, risk-adjusted 30-day home time was not different among Black patients living in
distressed vs. non-distressed communities (25.4 vs. 25.2 days, p=0.3). Higher community
distress was associated with significantly lower home time only at more extended follow-up
periods (1-year: 286 vs. 289 days; p-value=0.006) (Table 2). Similar patterns of association
were noted between continuous measures of DCI and risk-adjusted home time at different
time points post-discharge among White and Black patients (Table 11 in supplement, Figure
3 A&B). Among Hispanic patients, the risk-adjusted home time was not different living in
the distressed vs. non-distressed communities at every follow-up time point (Table 2, Figure
3C&D).

Additional analyses were also performed evaluating the association of community-level
economic distress with the risk-adjusted utilization rates of SNF/LTAC—a key contributor
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to time spent away from home— at 30-day and 1-year follow-up across different race-ethnic
groups. Among White patients, the risk-adjusted SNF/LTAC utilization rate was higher
among those living in distressed vs. non-distressed communities at both time points (Table
I11 in supplement). In contrast, the risk-adjusted SNF/LTAC utilization rate among Black
and Hispanic patients was not significantly different among those living in distressed (vs.
non-distressed) communities (Table 111 in supplement).

Community-level prosperous vs. non-prosperous status and risk of adverse outcomes

The association of socioeconomic prosperity — assessed by the DCI (Q1- prosperous

vs. Quintile 2-5: non-prosperous) —with the risk of adverse outcomes differed across
races/ethnic groups. Among White patients, living in a prosperous community (vs. non-
prosperous, Q1 vs. Q2-Q5) was significantly associated with lower risk of all-cause
mortality, readmission burden, and higher home time in short-term and longer-term follow-
up (Table 3). In contrast, the differences in the risk of mortality and home time among

Black patients living in prosperous vs. non-prosperous communities were not statistically
significant at 30-day or longer follow up time points. For readmission burden, Black patients
living in prosperous (vs. non-prosperous) communities had significantly lower readmission
burden only at 6 month and 1-year follow up but not at 30-days follow up (Table 3).

Among Hispanic patients, the risk of mortality at any time point and readmission burden and
home time at 30-day and 6-month follow-up were not significantly different among those
living in prosperous vs. non-prosperous communities. In contrast, Hispanic patients living in
prosperous communities had significantly lower readmission burden was higher home time
at 1-year follow up (Table 3).

Rural vs. urban location, community-level economic distress, and risk of adverse

outcomes

Among White patients, living in distressed (vs. non-distressed) communities was
significantly associated with a higher risk of mortality, readmission, and worse home time
in rural as well as urban locations (Table IV in supplement). Furthermore, White patients
living in distressed rural communities had a significantly higher mortality rate and lower
home time at 1-year than those living in distressed urban communities (mortality: 36.5%
vs. 35.7%, p<0.001; home time = 258 vs. 267 days, p <0.001). Among Black patients,
living in distressed communities was significantly associated with a higher risk of mortality
and lower home time at 1-year follow-up in rural but not urban locations (Table 1V in
supplement). Furthermore, Black patients living in distressed rural communities had a
significantly higher risk of mortality (31.7% vs. 27.1%, p<0.001) and lower home time
(269 vs. 290 days, p <0.001) than those living in distressed urban communities. Finally, the
risk of mortality and home time among patients living in non-distressed rural communities
was comparable with those living in distressed urban communities across both race-ethnic
groups.

Sensitivity analysis

In sensitivity analysis using a relaxed inclusion threshold for the race-specific analysis
zip codes (excluding zip codes with <10 patients of that race during the study period),
the pattern of association between community-level economic distress (distressed vs. non-
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distressed) and risk of adverse outcomes was similar to that observed in the primary analysis
(Table V in supplement).

In the sensitivity analysis using 1:1 DCI-matched Black and White race-ethnic groups

(N =104,230 in distressed vs. n = 101,610 in non-distressed communities for both race-
ethnic groups), the gradient in the mean DCI scores between distressed vs. non-distressed
communities was comparable across both race-ethnic groups (mean DCI in distressed vs.
non-distressed, Black patients = 91.5 £ 5.6 vs. 52.9 + 191 White patients = 88.9 £ 5.4 vs.
50.1 £ 19.5). The pattern of association between community-level economic distress and
risk of adverse outcomes in the short-term (30-days) and long-term (1-year) follow-up in the
matched cohort analysis was similar to that observed for the primary analysis (Table VI in
supplement).

DISCUSSION

In the present study of Medicare beneficiaries hospitalized with HF, we observed

that the association of community-level economic distress with adverse outcomes after
HF hospitalization differed across race-ethnic groups. Among White patients, living

in distressed (vs. non-distressed) communities was significantly associated with higher
mortality rate, higher readmission burden, and lower home time in the short-term (30-day)
as well as longer-term follow up (6-month and 1-year). In contrast, the risk of adverse
outcomes among Black patients living in distressed vs. non-distressed communities was
comparable in the short-term follow-up; it became significant and more meaningfully
different only at extended follow-up periods.

Prior studies have evaluated and compared race-ethnic disparities in the short- and
intermediate-term readmission and mortality rates in patients with HF. In the Organized
Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure
(OPTIMIZE-HF) registry, the Black (vs. White) race was an independent predictor of lower
in-hospital mortality risk.1® Similarly, in the Get With The Guidelines-HF registry, Black
(vs. White) patients had lower mortality and higher readmission risk.20: 21 Consistent with
these prior observations, we also observed lower mortality and higher readmission rates
among Black Medicare beneficiaries following HF hospitalization. The potential reasons
for the observed lower mortality but higher readmission rates among Black patients are

not well understood but may be driven by individual and community-level socioeconomic
factors. Black patients with HF were significantly younger and had a higher burden of non-
ischemic cardiomyopathy— factors associated with lower short-term mortality. Furthermore,
differences in overall HF care patterns in the outpatient setting for Black patients with

HF could also explain these outcome differences. Black patients may have lower access

to outpatient care and depend predominantly on emergency department visits for HF care,
even for medication refills or slight outpatient worsening symptoms.22 23 In contrast, White
patients have better access to outpatient care and may be hospitalized for more severe
decompensation. Future studies with better characterization of outpatient care patterns

in Black vs. White patients are needed to understand better the drivers of the observed
differences in post-discharge outcomes.
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The present study adds to our understanding of racial disparities in outcomes following

HF hospitalization by evaluating the association of neighborhood economic distress and
prosperity — assessed based on the residential zip-code—uwith the risk of adverse clinical
outcomes. We observed that a significantly higher proportion of Black and Hispanic patients
resided in the most distressed communities (50.6% and 27.3%, respectively) than White
patients (13.2%). Among patients with established HF, higher levels of neighborhood
socioeconomic deprivation have been associated with higher mortality and readmission.5: 24
We observed that the association of community-level economic distress with risk of

adverse outcomes following a HF hospitalization differed by race-ethnicity. Higher levels

of economic distress were more consistently and strongly associated with greater mortality
and readmission in White patients than Black and Hispanic patients. Among White patients,
the overall burden of economic disadvantage is low, and for those living in distressed
communities, economic disadvantage may be the primary hardship that determines short-
and long-term outcomes. In contrast, the relative burden of socioeconomic distress among
Black patients — even among those living in non-distressed communities—is high, making it
more challenging to identify meaningful differences in clinical outcomes between distressed
vs. non-distressed groups. Furthermore, the sample size of Black vs. White race-ethnic
group was smaller, which may have also contributed to the observed modest to no
association between economic distress and risk of adverse outcomes. However, in matched
cohort analysis with a balanced number of Black and White patients and comparable
gradient in mean DCI across the community-level distress-based strata score across the two
races, we observed a consistent pattern of results to the primary analysis. This suggests that
the modest association between economic distress and risk of adverse outcomes in Black
patients may not be all driven by smaller sample size and less substantive gradient in DCI
among distressed vs. non-distressed communities.

Economic distress is just one of the several societal/structural disadvantages Black patients
face as part of their lived experience. Other societal challenges may also play an important
role in predisposing Black patients to increased risk of adverse outcomes in economically
distressed and prosperous communities. 2 26 Consistent with this notion, in the analysis
comparing results among patients living in prosperous vs. non-prosperous communities,

we observed similar patterns of race-ethnic difference. Living in prosperous communities
was associated with a significantly lower risk of mortality and higher home time in White
patients but not among Black or Hispanic patients. Factors such as geographical proximity
to resources (urban vs. rural) may be an important determinant of outcomes in patients

with HF who require frequent access to care. We observed that patients living in distressed
rural communities had the highest mortality rates across both race groups, significantly
higher than patients living in distressed urban communities. Moreover, the mortality rates in
non-distressed rural communities were comparable to that of distressed urban communities.
These findings suggest that geographical proximity to resources (rural vs. urban) may be

an important and upstream determinant of adverse outcomes in patients with HF. Living in
a rural vs. urban area also modified the association of community-level economic distress
with mortality in Black patients. Among Black patients, the association of community
distress with mortality was significant in rural but not urban areas. In contrast, among White
patients, community distress was significantly associated with worse outcomes in urban and
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rural areas. These findings highlight the complex interplay of different societal factors and
social determinants factors in predicting outcomes of Black patients with HF.

The present study also included over 89,000 Hispanic patients hospitalized with HF and
evaluated the association of community distress and outcomes in this subgroup separately.
The association of community distress with the risk of adverse outcomes in Hispanic
patients with HF was not significant in short- and long-term follow-up. This may be

related to several factors. First, similar to the Black patients, the smaller sample size of the
Hispanic race-ethnic group and the relative higher burden of economic distress even among
Hispanic patients living in non-distressed communities may have biased the associations
toward null. Second, the zip code level economic distress parameters used in the present
study may not be sensitive enough to capture the individual level social determinants of
health meaningfully. This is particularly relevant for Hispanic patients who have substantial
heterogeneity in the social determinants of health, health behaviors, and cardiovascular

risk based on their backgrounds (Mexican American vs. Cuban American, Puerto Rican

vs. Guatemalan).2” Future studies that better capture Hispanic patients’ background and
individual-level data on social determinants of health across multiple domains may advance
our understanding of the drivers of adverse outcomes in this patient population.

Our study findings may be important in directing future health policies. Racial disparities

in CV outcomes are among the key public health issues in our society requiring urgent
attention.28: 22 Understanding the contribution of specific patient- and societal-level factors
to adverse outcomes across races is critical to devising and implementing successful policies
and initiatives to reduce racial disparities in HF. Our study findings provide important
insights into how community-level economic distress and rural vs. urban location of the
community may differentially modify the risk of adverse outcomes across races.

Our study has several limitations. First, we classified the study cohort based on the race-
ethnicity variable in Medicare data which has three mutually exclusive categories. However,
many patients might self-identify in more than one race-ethnicity, which could not be
accounted for in the present analysis.39 We also lacked information on census tracts, which
allows more granular geospatial analysis for clinical outcomes. Second, we lacked data
about care processes and quality during the hospitalization, specialized cardiology care
post-discharge, and the use of guideline-directed therapy on follow-up, which may differ
by economic distress status and affect downstream adverse events. Third, we also lacked
information on societal factors such as neighborhood violence, housing stability, access to
transportation, etc., which may influence the risk of adverse outcomes differently across
race-ethnic subgroups. Fourth, the risk-adjustment was based on claims data which may
be prone to coding error or missingness from lack of capture of events before Medicare
enrollment. However, the use of claims-based data for risk adjustment is standard for the
Center for Medicare and Medicaid and most health policy and health services research.
Finally, most associations in our study appear modest as these are zip code level factors,
but considering the population being studied (at zip code level), a small magnitude of
association has large absolute effects on event rates.

Circulation. Author manuscript; available in PMC 2023 January 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mentias et al.

Page 12

In conclusion, community-level economic distress is strongly associated with the risk of
adverse outcomes in White patients with HF. Among Black and Hispanic patients, the
burden of community-level economic distress is high; however, its association with a higher
risk of adverse outcomes is less evident in the short term and is more robust and significant
in the long-term follow-up. Future studies with a more granular assessment of individual-
level social determinants of health are needed to understand better the drivers of adverse
outcomes among Black and Hispanic patients with HF.
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REFERENCES

1. Virani SS, Alonso A, Aparicio HJ, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP,
Chamberlain AM, Cheng S, Delling FN, et al. Heart Disease and Stroke Statistics-2021 Update:

A Report From the American Heart Association. Circulation 2021;143:e254—e743. [PubMed:
33501848]

2. Chen J, Normand SL, Wang Y and Krumholz HM. National and regional trends in heart failure
hospitalization and mortality rates for Medicare beneficiaries, 1998-2008. JAMA 2011;306:1669—
1678. [PubMed: 22009099]

3. Economic Innovation Group. The Distressed Communities Index report Oct 4th 2020; Cited
07/19/2021. Availeble from https://eig.org/wp-content/uploads/2020/10/E1G-2020-DCI-Report.pdf;

4. Ludwig J, Duncan GJ, Gennetian LA, Katz LF, Kessler RC, Kling JR and Sanbonmatsu L.
Neighborhood effects on the long-term well-being of low-income adults. Science 2012;337:1505—
1510. [PubMed: 22997331]

5. Pastor M and Morello-Frosch R. Integrating public health and community development to
tackle neighborhood distress and promote well-being. Health Aff (Millwood) 2014;33:1890-1896.
[PubMed: 25367982]

6. Patel SA, Krasnow M, Long K, Shirey T, Dickert N and Morris AA. Excess 30-Day Heart Failure
Readmissions and Mortality in Black Patients Increases With Neighborhood Deprivation. Circ Heart
Fail 2020;13:e007947. [PubMed: 33161734]

Circulation. Author manuscript; available in PMC 2023 January 11.


https://eig.org/wp-content/uploads/2020/10/EIG-2020-DCI-Report.pdf;

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mentias et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 13

.Jarrin OF, Nyandege AN, Grafova IB, Dong X and Lin H. Validity of Race and Ethnicity Codes in

Medicare Administrative Data Compared With Gold-standard Self-reported Race Collected During
Routine Home Health Care Visits. Med Care 2020;58:e1-e8. [PubMed: 31688554]

. Charles EJ, Mehaffey JH, Hawkins RB, Fonner CE, Yarboro LT, Quader MA, Kiser AC, Rich JB,

Speir AM, Kron IL, et al. Socioeconomic Distressed Communities Index Predicts Risk-Adjusted
Mortality After Cardiac Surgery. Ann Thorac Surg 2019;107:1706-1712. [PubMed: 30682354]

. Weeks WB, Cao SY, Lester CM, Weinstein JN and Morden NE. Association Between Community

Economic Distress and Receipt of Recommended Services Among Medicare Fee-for-Service
Enrollees. J Gen Intern Med 2019;34:2731-2732. [PubMed: 31161571]

. Hawkins RB, Charles EJ, Mehaffey JH, Williams CA, Robinson WP, Upchurch GR, Kern JA,
Tracci MC and Virginias Vascular G. Socioeconomic Distressed Communities Index associated
with worse limb-related outcomes after infrainguinal bypass. J Vasc Surg 2019;70:786-794 e2.
[PubMed: 31204218]

Mehaffey JH, Hawkins RB, Charles EJ, Thibault D, Williams ML, Brennan M, Thourani VH,
Badhwar V and Ailawadi G. Distressed communities are associated with worse outcomes after
coronary artery bypass surgery. J Thorac Cardiovasc Surg 2020;160:425-432 €9. [PubMed:
31543309]

Nair R, Gao Y, Vaughan-Sarrazin MS, Perencevich E, Girotra S and Pandey A. Risk-Standardized
Home Time as a Novel Hospital Performance Metric for Pneumonia Hospitalization Among
Medicare Beneficiaries: a Retrospective Cohort Study. J Gen Intern Med 2021;36:3031-3039.
[PubMed: 33904043]

Pandey A, Keshvani N, Vaughan-Sarrazin MS, Gao Y, Fonarow GC, Yancy C and Girotra S.
Evaluation of Risk-Adjusted Home Time After Hospitalization for Heart Failure as a Potential
Hospital Performance Metric. JAMA Cardiol 2021;6:169-176. [PubMed: 33112393]

Pandey A, Keshvani N, Vaughan-Sarrazin MS, Gao Y and Girotra S. Evaluation of Risk-Adjusted
Home Time After Acute Myocardial Infarction as a Novel Hospital-Level Performance Metric for
Medicare Beneficiaries. Circulation 2020;142:29-39. [PubMed: 32408764]

Quinn TJ, Dawson J, Lees JS, Chang TP, Walters MR, Lees KR, Gain and Investigators V. Time
spent at home poststroke: “home-time” a meaningful and robust outcome measure for stroke trials.
Stroke 2008;39:231-233. [PubMed: 18032742]

Lee H, Shi SM and Kim DH. Home Time as a Patient-Centered Outcome in Administrative Claims
Data. J Am Geriatr Soc 2019;67:347-351. [PubMed: 30578532]

Khera R, Wang Y, Bernheim SM, Lin Z and Krumholz HM. Post-discharge acute care and
outcomes following readmission reduction initiatives: national retrospective cohort study of
Medicare beneficiaries in the United States. BMJ 2020;368:16831. [PubMed: 31941686]

Resources Health and Administration Services. Federal Office of Rural Health Policy (FORHP)
Data Files 2020. Cited 10/01/2021 Available from https://www.hrsa.gov/rural-health/about-us/
definition/datafiles.html;

Yancy CW, Abraham WT, Albert NM, Clare R, Stough WG, Gheorghiade M, Greenberg BH,
O’Connor CM, She L, Sun JL, et al. Quality of care of and outcomes for African Americans
hospitalized with heart failure: findings from the OPTIMIZE-HF (Organized Program to Initiate
Lifesaving Treatment in Hospitalized Patients With Heart Failure) registry. J Am Coll Cardiol
2008;51:1675-1684. [PubMed: 18436120]

Thomas KL, Hernandez AF, Dai D, Heidenreich P, Fonarow GC, Peterson ED and Yancy CW.
Association of race/ethnicity with clinical risk factors, quality of care, and acute outcomes in
patients hospitalized with heart failure. Am Heart J 2011;161:746—754. [PubMed: 21473975]

Vivo RP, Krim SR, Liang L, Neely M, Hernandez AF, Eapen ZJ, Peterson ED, Bhatt DL,
Heidenreich PA, Yancy CW, et al. Short- and long-term rehospitalization and mortality for heart
failure in 4 racial/ethnic populations. J Am Heart Assoc 2014;3:e001134. [PubMed: 25324354]
Pathman DE, Fowler-Brown A and Corbie-Smith G. Differences in access to outpatient medical
care for black and white adults in the rural South. Med Care 2006;44:429-438. [PubMed:
16641661]

Circulation. Author manuscript; available in PMC 2023 January 11.


https://www.hrsa.gov/rural-health/about-us/definition/datafiles.html
https://www.hrsa.gov/rural-health/about-us/definition/datafiles.html

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mentias et al.

23.

24.

25.

26.

27.

28.

29.

30.

Page 14

Sandhu AT, Tisdale RL, Rodriguez F, Stafford RS, Maron DJ, Hernandez-Boussard T, Lewis E
and Heidenreich PA. Disparity in the Setting of Incident Heart Failure Diagnosis. Circ Heart Fail
2021;14:e008538. [PubMed: 34311559]

Bikdeli B, Wayda B, Bao H, Ross JS, Xu X, Chaudhry SI, Spertus JA, Bernheim SM, Lindenauer
PK and Krumholz HM. Place of residence and outcomes of patients with heart failure: analysis
from the telemonitoring to improve heart failure outcomes trial. Circ Cardiovasc Qual Outcomes
2014;7:749-756. [PubMed: 25074375]

Lavizzo-Mourey RJ, Besser RE and Williams DR. Understanding and Mitigating Health Inequities
- Past, Current, and Future Directions. N Engl J Med 2021;384:1681-1684. [PubMed: 33951376]

Nayak A, Hicks AJ and Morris AA. Understanding the Complexity of Heart Failure Risk and
Treatment in Black Patients. Circ Heart Fail 2020;13:e007264. [PubMed: 32787445]

Daviglus ML, Pirzada A and Talavera GA. Cardiovascular disease risk factors in the Hispanic/
Latino population: lessons from the Hispanic Community Health Study/Study of Latinos (HCHS/
SOL). Prog Cardiovasc Dis 2014;57:230-236. [PubMed: 25242694]

Carnethon MR, Pu J, Howard G, Albert MA, Anderson CAM, Bertoni AG, Mujahid MS,
Palaniappan L, Taylor HA Jr., Willis M, et al. Cardiovascular Health in African Americans:

A Scientific Statement From the American Heart Association. Circulation 2017;136:e393—-e423.
[PubMed: 29061565]

Churchwell K, Elkind MSV, Benjamin RM, Carson AP, Chang EK, Lawrence W, Mills A, Odom
TM, Rodriguez CJ, Rodriguez F, et al. Call to Action: Structural Racism as a Fundamental Driver
of Health Disparities: A Presidential Advisory From the American Heart Association. Circulation
2020;142:e454—-e468. [PubMed: 33170755]

Flanagin A, Frey T, Christiansen SL and Committee AMAMOo0S. Updated Guidance on the
Reporting of Race and Ethnicity in Medical and Science Journals. JAMA 2021;326:621-627.
[PubMed: 34402850]

Circulation. Author manuscript; available in PMC 2023 January 11.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Mentias et al.

Page 15

Clinical perspective:
What is new?

. The burden of community-level economic distress is lower in HF patients of
white vs. Black and Hispanic race/ethnicity

. Association of community-level economic distress with adverse outcomes
after HF hospitalization differs across race-ethnic groups.

. Among Black patients, the association of community-level economic distress
with a higher risk of adverse outcomes is less evident in the short term and is
more robust and significant in the long-term follow-up and rural areas.

What are the clinical implications?

. Community-level economic distress and rural vs. urban location of the
community may differentially modify the risk of adverse outcomes across
races.

. Health policies targeting improvements in community-level social
determinants of health are needed to improve long-term outcomes in patients
with HF.
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Restricted cubic spline curves for the relation between Zip Code-level economic distress
score and risk-adjusted mortality. Restricted cubic spline curves with 5 knots at 51, 27.5t,
50th, 77.5! and 95t percentiles to show relation between Zip-code level distress score
and A) thirty-day mortality in White versus Black patients, B) one-year mortality in White
versus Black patients, C) thirty-day mortality in White versus Hispanic patients, and D)
one-year mortality in White versus Hispanic patients.
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Figure 2:
Restricted cubic spline curves for the relation between Zip Code-level economic distress

score and risk-adjusted readmission burden. Restricted cubic spline curves with 5 knots at
5th 27,5t 50th, 77,5t and 95t percentiles to show relation between Zip-code level distress
score and A) readmission burden at 30-days in White versus Black, B) readmission burden
at 1-year in White versus Black patients, C) readmission burden at 30-days in White versus
Hispanic patients, and D) readmission burden at 1-year in White versus Hispanic patients.
Readmission burden is presented as rate of admission per 100 person-month.
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Figure 3:
Restricted cubic spline curves for the relation between Zip Code-level economic distress

score and risk-adjusted home time. Restricted cubic spline curves with 5 knots at 51, 27.5t,
50th, 77.5t and 95t percentiles to show relation between Zip-code level distress score and
A) thirty-day home time in White versus Black patients, B) one-year home time in White
versus Black patients, C) thirty-day home time in White versus Hispanic patients, and D)
one-year home time in White versus Hispanic patients.
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