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Abstract

Background: Socioeconomic disadvantage is associated with greater risks of hospital 

readmission and mortality among patients with heart failure (HF). However, it is less clear whether 

socioeconomic disadvantage has an immediate and/or lasting impact on risk of admissions 

following the diagnosis of HF.

Methods: We used electronic health record (EHR) data of patients aged 65 years and older 

with newly diagnosed HF between January 2015 and July 2018 in the Duke University Health 

System with up to eight years of follow-up. We assessed the association between neighborhood-

level disadvantage measured by Area Deprivation Index ([ADI] lower, moderate, or higher) and 

hospital admissions within 30-, 90-, and 180-days after HF diagnosis using multivariable logistic 
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regression models. We also assessed risks of recurrent admissions over follow-up using Prentice, 

Williams, and Peterson models with total time.

Results: In our cohort of 5889 patients (mean (SD) age: 75 (6) years; 51% female; 67% 

non-Hispanic White), 71% patients had at least one admission, and nearly 50% of patients 

died over a median follow-up of 5.6 years. Unadjusted models showed that patients residing 

in higher disadvantaged neighborhoods had incrementally increasing risks for admissions within 

30-days (odds ratio, [95% CI]: OR=1.17, [0.99 −1.38]), 90-days (OR=1.18, [1.03–1.35]), and 

180-days (OR=1.23, [1.08–1.40]) after diagnosis compared with patients in lower disadvantaged 

areas. These risks were no longer significant after adjusting for patients’ clinical and non-clinical 

characteristics (30-days (OR=1.09, [0.90–1.31], 90-days (OR=1.07, [0.92–1.25]), and 180-days 

(OR=1.10, [0.96–1.27]). However, patients living in higher disadvantaged areas had significantly 

greater risks of recurrent admissions over follow-up (hazard ratio [95% CI]: HR=1.11 [1.05–1.16]; 

P<.001) compared with patients in lower disadvantaged areas.

Conclusions: Our findings suggest that HF patients’ residing in areas of socioeconomic 

disadvantage are at higher risk for recurrent admissions and thus should be considered for targeted 

intervention strategies.
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INTRODUCTION

Heart failure (HF) is the leading cause of hospitalizations among older adults in the United 

States.1 Despite advances in the identification and management of clinical factors associated 

with HF, and the implementation of financial penalties to healthcare systems (i.e., Hospital 

Readmission Reduction Program [HRRP]), readmissions in HF patients are on the rise in 

the U.S.1,2 Increasingly, the role of non-clinical factors (i.e., social determinants of health 

[SDOH]) are being evaluated to better identify HF patients who may be at increased risk of 

poor outcomes.3–5 For example, area deprivation index (ADI)6,7 is among the most widely 

used indicators of a patient’s socioeconomic environment that can be readily accessed from 

residential addresses in electronic health records (EHR), making it a practical tool for 

identifying patients with socioeconomic disadvantage and greater healthcare needs.7

To date, the majority of studies that report an association between socioeconomic 

disadvantage and readmissions in patients with HF primarily focus on 30-day 

readmissions.7–11 From a patient-centered standpoint, however, focusing on a system-level 

performance measure (30-day readmission)4,12 is problematic for several reasons. First, 

most hospitalized patients with HF (~80%) do not experience a readmission within 30 

days of discharge.13–16 Relatedly, the risks of readmission are only relevant after failing 

to prevent a preceding (index) admission. Second, current studies largely overlook the 

cumulative impact of socioeconomic disadvantage on the progression of HF and its 

implications for longer-term outcomes.5 Finally, targeting 30-day readmissions invariably 

diverts attention from preventing hospitalizations in the large percentage of patients 
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who are diagnosed with HF in an outpatient setting.17–22 Consequently, we have a 

limited understanding of how socioeconomic disadvantage impacts the progression of 

hospitalizations that develop over the course of the illness.

Drawing from a large prospective cohort of patients with newly diagnosed HF, the 

objectives for the current study were threefold. First, to examine whether and to what extent 

neighborhood-level socioeconomic disadvantage has an impact on the risks of admissions in 

the period (within 30-, 90-, and 180-days) shortly after an initial diagnosis of HF. Second, 

to examine the longer-term impact of socioeconomic disadvantage on the recurrent risks 

of admission that accumulate during the progression of HF. Third, to identify whether 

patients’ clinical and/or non-clinical characteristics account for the association between 

neighborhood-level socioeconomic disadvantage and risks of early and recurrent admissions 

in patients with HF.

METHODS

The study was approved by the Institutional Review Board (PRO00110816) at Duke 

University. This retrospective analysis of EHR data did not require informed consent. Due 

to the sensitive nature of the data, qualified researchers with appropriate human subjects 

training may send requests to the corresponding author to access the data that were used in 

this study.

Study Participants

Our observational cohort study included patients aged 65 years and older with an index 

diagnosis of HF occurring between January 1, 2015 and July 28, 2018 at the Duke 

University Health System. The index HF diagnosis was identified using International 

Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) or Tenth 

Revision (ICD-10-CM) diagnosis codes (ICD-9-CM: 428*, 402.01, 402.11, 402.91, 404.01, 

404.03, 404.11, 404.13, 404.91, 404.93; ICD-10-CM: I50*, I11.0, I13.0, I13.2).23–25 To 

correctly identify an index diagnosis of HF, all eligible patients were required to have at least 

one hospital/clinic encounter in the prior year and no prior documentation of HF in their 

EHR. The index HF diagnosis was obtained from in/outpatient encounters.23 Additionally, 

we limited our patient cohort to those living in the six counties proximate to the Duke Health 

System (Chatham, Durham, Granville, Orange, Person, and Wake counties) to maximize the 

likelihood that patients’ admissions were captured in the health system. To limit the impact 

of potential survival bias, we included patients diagnosed with HF at ages 65 to 85 who were 

followed up to age 90.

Of the 6,437 patients with an index diagnosis of HF, we excluded patients who had 

erroneous date of death (n=1), were discharged to hospice care following their index HF 

diagnosis in an inpatient setting (n=98), or died at the time of their diagnosis, i.e. during the 

hospitalization for inpatients or the date of diagnosis for outpatients (n=195). Patients were 

also excluded if they had an index diagnosis of rheumatic HF (n=3), had invalid residential 

addresses (n=121), or had missing information on marital status, smoking, or body mass 

index (BMI) (n=130). Our analytic cohort comprised 5,889 patients with an index HF 
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diagnosis of HF (Figure 1). All EHR data were extracted using Duke Enterprise Data 

Unified Content Explorer (DEDUCE)26 and Epic’s enterprise data warehouse (Caboodle).27

Study Variables

Primary Outcome.—All hospital admissions were abstracted from the EHR and defined 

as all-cause hospitalizations occurring from the date of index diagnosis (for patients 

diagnosed with HF in an outpatient setting) or from the date of discharge from the index 

hospitalization (for patients diagnosed with HF in an inpatient setting) until death or end 

of follow-up on July 28, 2023. We defined early admissions as those occurring within 30-, 

90-, or 180-days after the diagnosis of HF to assess the immediate, vulnerable phases of 

treatment/care among patients diagnosed in inpatient and outpatient settings.28 Recurrent 

admissions included all hospitalizations occurring over the entire eight-year follow-up 

period.

Secondary Outcome: All-cause mortality was abstracted from the EHR and was 

adjudicated by integrating data from the Duke EHR system, the Death Master Files from 

National Technical Information Services, and the North Carolina death index from the 

Social Security Administration.26 Early mortality was defined as deaths occurring within 

30-, 90-, or 180- days after HF diagnosis, and long-term mortality included all deaths 

occurring over the entire follow-up period.

Neighborhood-level Socioeconomic Disadvantage.—The ADI is a U.S. Census-

based composite indicator of neighborhood-level socioeconomic conditions provided by 

the Neighborhood Atlas29 that encompasses 17 key indicators (e.g., education, occupation, 

income, employment, housing conditions) at the Census block group neighborhood 

level.6,7 We used 9-digit zip codes from the patients’ residential address in the EHR to 

link information on state-level ADI (range:1–10)—with higher values indicating greater 

neighborhood-level socioeconomic disadvantage. To account for its skewed distribution and 

nonlinear relationship with clinical outcomes,30–36 we categorized ADI into tertiles, with the 

lowest tertile (values 1–2) representing lower disadvantage and the highest tertile (values 

5–10) representing higher disadvantage.

Covariates.—Patients’ baseline non-clinical and clinical characteristics were extracted 

from the EHR. Non-clinical characteristics included patients’ age (years), sex (male or 

female), marital status (married or not), smoking history (never, former, or current), and 

health insurance (Medicare fee-for-service [FFS], Medicare Advantage, or other). Eighty 

patients with unknown health insurance were included in the other category. We also 

included measures of self-reported race and ethnicity (non-Hispanic Black, non-Hispanic 

White, or other racial and ethnic groups) to account for previously documented differences 

in neighborhood disadvantage and poor outcomes in HF patients.37 The other racial and 

ethnic group included Asian patients (N=76), Hispanic patients (N=78), American Indian 

or Alaskan patients (N=8), patients indicating two or more races (N=21), and other 

demographic groups (N=123); the limited numbers of patients in the other racial and 

ethnic group prohibited further categorization for analysis. Clinical characteristics included 

HF diagnosis setting (outpatient or inpatient), BMI in kg/m2, and baseline diagnoses of 
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major cardiovascular and comorbid conditions including hypertension (HTN), diabetes 

mellitus (DM), hyperlipidemia, anemia, atrial fibrillation (or flutter), coronary heart disease 

(CHD), stroke (or transient ischemic attack [TIA]), chronic kidney disease (CKD), chronic 

obstructive pulmonary disease (COPD), malignancy (excluding malignant neoplasms of the 

skin), and depression. Baseline diagnoses were identified in the one-year period preceding 

the index diagnosis of HF and extracted using ICD-9-CM/ICD-10-CM codes.38

Statistical Analysis

First, we compared the non-clinical and clinical characteristics of patients across low, 

moderate, and high neighborhood-level disadvantage using chi-square tests for categorical 

variables and Kruskal-Wallis tests for continuous variables. Second, we assessed the 

association of neighborhood-level disadvantage with early admissions and mortality (30-, 

90-, and 180- days after HF diagnosis) using multivariable logistic regression models. Third, 

risks for recurrent admissions were examined using the Prentice, Williams, and Peterson 

model with total time (PWP-TT).39 The PWP-TT is a conditional model that stratifies 

patients based on the number of admissions experienced during follow-up. This allows 

the baseline hazards to differ between successive admissions, such that all patients are at 

risk for the first stratum (i.e., admission), but only those with an admission in a previous 

stratum are at risk in the successive stratum.39,40 The PWP-TT model uses time since 

study entry and relies on discontinuous risk intervals which account for the length of stay 

(LOS) of each admission so that a patient cannot be at risk for a new admission during an 

ongoing admission.39,40 Robust standard errors were used to account for the within-person 

correlation among admissions. Finally, we assessed the association between neighborhood-

level disadvantage and long-term mortality using Cox proportional hazards models.

We tested the association of neighborhood-level disadvantage and early/recurrent admissions 

(and mortality outcomes) using a series of nested models: model 1 (unadjusted), model 2 

(model 1 + non-clinical characteristics: age, sex, race and ethnicity, marital status, smoking 

history, and health insurance) and model 3 (model 2 + clinical characteristics: location of 

index HF diagnosis, BMI, and cardiovascular and comorbid conditions). We also tested 

interactions to assess whether there were gender and/or race and ethnicity differences 

in the associations between neighborhood-level disadvantage and HF outcomes in the 

multivariable-adjusted models (model 3) for early and recurrent admissions.37 All analyses 

were performed using Stata 18.0 (StataCorp LP, College Station, TX). P values < 0.05 were 

considered statistically significant.

RESULTS

Table 1 shows the overall and ADI-stratified characteristics of our study population. With a 

mean (SD) age of 75 (6) years at HF diagnosis, our cohort of 5889 patients included females 

(51%), non-Hispanic White patients (67%), married individuals (55.7%), and Medicare 

FFS beneficiaries (61.2%). The mean (SD) BMI was 30.2 (7.6) kg/m2, and 51% patients 

received their index HF diagnosis in an inpatient setting. Common baseline comorbidities 

were HTN (86%), hyperlipidemia (64.1%), DM (42%), CHD (50.8%), CKD (36.3%), atrial 

fibrillation (38.9%), and anemia (35.7%). During a median follow-up of 5.6 years, 71% 
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patients had at least one admission and 37% patients had 3 or more admissions. A total of 

15,752 admissions were observed and the principal diagnoses were related to HF (14.2%), 

other CVD conditions (16.7%), and non-CVD conditions (69.1%). The median number 

of admissions was 2 (interquartile range: 0–4), and nearly 50% of patients died over the 

follow-up period.

Compared with patients living in lower disadvantage areas, patients living in higher 

disadvantaged areas were more likely to be younger, female, unmarried, have higher BMI, 

a greater prevalence of comorbidities, and to be diagnosed with HF in an inpatient setting 

(Table 1). Additionally, these patients had a greater number of total admissions during 

follow-up (Figure S1) and were significantly more likely to die during follow-up (Figure 

S2).

Compared with patients living in lower disadvantaged areas, patients living in higher 

disadvantaged areas showed incrementally increasing risks of hospitalizations within 30-, 

90-, and 180-days after their diagnosis of HF (Table 2). Results from the unadjusted 

model indicated that patients living in higher disadvantaged areas were more likely to have 

greater risks for admissions within 30-days (odds ratio (OR), 95% confidence interval [95% 

CI]: 1.17, [0.99–0.38]; P=.073), 90-days (OR, 1.18, [1.03–1.35]; P=.019) and 180-days 

(OR, 1.23, [1.08–1.40]; P=.001) after their diagnosis. When we accounted for patients’ 

non-clinical characteristics, patients living in higher disadvantaged areas were more likely to 

have significantly greater risks for 180-day admissions (OR, 1.19, [1.04–1.36]; P=.014), but 

not for 30-day or 90-day admissions. When we further accounted for clinical characteristics, 

patients living in higher disadvantaged areas did not have significant risks for 30-, 90-, or 

180-day admissions. Trends for early mortality were similar and not significant across all 

three models and timepoints (Table S1).

Finally, patients living in higher disadvantaged areas were at greater risk for recurrent 

admissions across all three models (Figure 2). Results from the unadjusted model indicated 

that patients living in higher disadvantaged areas were 18% more likely to have recurrent 

admissions over the follow-up period (hazard ratio (HR), [95% CI]: 1.18, [1.12–1.23]; 

P<.001). When we accounted for non-clinical characteristics, patients living in higher 

disadvantaged areas were 14% more likely to have recurrent admissions over the follow-up 

period (HR, 1.14, [1.08–1.19]; P<.001). The risks for recurrent admissions were partially 

attenuated after inclusion of clinical characteristics, such that patients living in higher 

disadvantaged areas were 11% more likely to have recurrent admissions over the follow-up 

period (HR, 1.11, [1.05–1.16]; P<.001). Similar trends were observed for mortality over 

the long term (Figure S3). Lastly, for both early and recurrent admissions, we found 

no significant interactions between ADI tertiles and gender or ADI tertiles and race and 

ethnicity.

DISCUSSION

To our knowledge, this study is among the first to examine the association between 

neighborhood-level disadvantage and risks of early and recurrent admissions in patients 

diagnosed with HF. Following patients after their initial diagnosis of HF in an outpatient or 
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inpatient setting, our study showed that patients residing in disadvantaged areas had higher 

rates of early admissions that were largely attributable to clinical characteristics at the time 

of their diagnosis. Furthermore, we found that patients from disadvantaged neighborhoods 

had significantly greater long-term risks of recurrent admissions (and mortality) after 

adjusting for their clinical and non-clinical characteristics. These findings provide evidence 

that moves beyond system-centered outcomes (30-day readmissions) to better understand 

and address socioeconomic disparities in HF outcomes over the course of the illness.

For early outcomes, we did not find a significant association between neighborhood-level 

disadvantage and admissions (or mortality) occurring within 30-, 90-, or 180- days 

following the diagnosis of HF. These findings possibly reflect our all-inclusive focus on 

patients who were newly diagnosed in inpatient or outpatient settings—unlike previous 

studies that report associations between ADI and 30-day readmissions (or mortality) 

among patients following an index hospitalization.7–9,11,36,41 Nevertheless, we observed 

incremental risks for admissions 90- and 180-days after HF diagnosis among patients 

living in higher disadvantaged neighborhoods. The association remained robust for 180-

day admissions when we accounted for non-clinical factors; however, the association 

was no longer statistically significant after accounting for patients’ pre-existing medical 

comorbidities. These findings support the early and intensive targeting of clinical risk factors

—particularly among patients with HF living in disadvantaged neighborhoods—to prevent 

early admissions.22 The non-significant findings for early outcomes may also reflect an 

increased uptake of guideline-directed medical therapy (GDMT), which is associated with 

lower readmissions and mortality among patients with HF.42,43 Nonetheless, recent studies 

advocate for the importance of considering neighborhood-level disparities when developing 

initiatives to improve adherence to GDMT in patients with HF.3,44–46

For longer-term outcomes, we found that higher neighborhood-level disadvantage was 

associated with an 18% greater risk of recurrent admissions and was only partially 

attenuated after accounting for differences in clinical and non-clinical characteristics. 

Repeated hospitalizations are common in patients with HF and each readmission is a 

unique opportunity to upgrade existing care.13,47 However, neighborhood-level disparities 

limit patients’ access to medical, logistical, and communal support networks critical for 

managing both the acute and chronic complexities of HF. Early in HF, patients living in 

disadvantaged neighborhoods may not have timely initiation and optimization of GDMT 

or access to routine care coordination in ambulatory settings, increasing their risk for 

readmissions and mortality.44,45 In the long-term, the cumulative impact of limited medical 

and social support predisposes patients in disadvantaged neighborhoods to greater risk for 

compromised healthcare delivery as hospitals located in such neighborhoods may be unfairly 

affected by financial penalties for increased admissions.4,12,48 Consistent with existing 

literature, our findings further emphasize how socioeconomic disadvantage is a crucial 

contributor to the burden of HF admissions and should be factored into clinical decisions for 

patients managing this condition.

The results of this study contribute to a growing body of evidence demonstrating the 

utility of ADI in clinical practice.7,32 A patient’s socioeconomic environment can be readily 

accessed in EHR using zip codes and circumvents the need to solicit individual-level details 
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of a patient’s socioeconomic status. In practice, it is challenging to integrate individual-level 

socioeconomic information in clinical decision-making as it is generally not collected during 

medical encounters. Our study suggests that ADI may be a valuable tool in clinical settings 

to screen patients with long-term risks of poor outcomes and may augment triage protocols 

that better reflect the healthcare needs and social contexts of patients.5 These findings are 

also consistent with other large-scale studies showing that neighborhood-level disadvantage 

is a strong predictor of longer-term outcomes in patients managing HF.32,49 However, 

additional research is warranted to better understand the mechanisms contributing to these 

socioeconomic disparities to reduce their impact during the course of treatment and allow 

the effective allocation of community-based resources and transitional care interventions.

Our study has several strengths. First, our study uses longitudinal EHR data from a large 

regional health system serving patients from diverse socioeconomic backgrounds. Second, it 

leverages a readily-accessible and extensively validated measurement of neighborhood-level 

socioeconomic disadvantage to describe the risks of readmissions and mortality in patients 

diagnosed with HF.6,29 Third, our analysis of recurrent admissions (PWP-TT)39 provides 

an improved understanding of the risks of recurrent hospitalizations in patients diagnosed 

with HF, unlike most prior studies that predominantly focus only on the first admission 

or a 30-day readmission. This is especially important as readmissions become increasingly 

common after the first hospitalization.13,47 In addition, this approach allowed us to account 

for the discontinuous risk intervals due to the LOS for each subsequent admission (i.e., 

patients were not at risk for a new admission during an ongoing admission). However, some 

limitations also need consideration.

First, our findings may have limited generalizability as our study is limited to patients 

receiving care in the Duke Health System. Relatedly, our study does not account for the 

quality of care, regional differences in the study population, or admissions that may have 

occurred elsewhere. Nevertheless, our findings are corroborated by several existing studies 

that use a healthcare system’s EHR data and report increased readmissions and mortality 

among HF patients living in more disadvantaged neighborhoods.9,34,36,41,50 Second, the lack 

of laboratory and imaging data, as well as other sociodemographic variables not readily 

available in the EHR could result in unmeasured and residual confounding. Nonetheless, 

the clinical and non-clinical characteristics included in our study are widely available across 

health systems, and the ADI encompasses a broad range of socioeconomic indicators. Third, 

our results may underestimate the impact of higher ADI on admissions (and mortality) since 

patients living in such neighborhoods generally have insufficient access to medical care and 

consequently, less available EHR data. Fourth, we used patients’ addresses at the time of 

index HF diagnosis and did not account for any subsequent changes in residential location; 

however, residential mobility is generally low in older populations.51 Fifth, our analyses do 

not account for any commensurate changes in the baseline variables (e.g., comorbidities) 

or ongoing treatments (e.g., cardiac rehabilitation). We also acknowledge that diagnoses 

of HF in outpatient settings may be less accurate than inpatient diagnoses. Finally, the 

observational study design prevented any causal conclusions.

In summary, socioeconomic disadvantage differentially impacted risks of short- and 

long-term prognosis in a large cohort of patients diagnosed with HF. For short-term 
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outcomes, our findings support the early and intensive targeting of clinical risk factors 

(i.e., medical comorbidities) to help mitigate the excess risks observed among HF 

patients from disadvantaged backgrounds. This is especially relevant in the context of 

addressing socioeconomic disparities which are less amenable to immediate intervention 

soon after a HF diagnosis. For long-term outcomes, our findings underscore the importance 

of recognizing patients’ socioeconomic disadvantage into clinical decision-making and 

guidelines for HF management to improve outcomes during the course of care.
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Non-Standard Abbreviations and Acronyms

ADI Area Deprivation Index

BMI Body Mass Index

CHD Coronary Heart Disease

CKD Chronic Kidney Disease

COPD Chronic Obstructive Pulmonary Disease

DEDUCE Duke Enterprise Data Unified Content Explorer

DM Diabetes Mellitus

EHR Electronic Health Records

FFS Fee-For-Service

GDMT Guideline-Directed Medical Therapy

HF Heart Failure

HR Hazard Ratio

HRRP Hospital Readmission Reduction Program

HTN Hypertension

ICD-9 International Classification of Diseases, Ninth Edition

ICD-10 International Classification of Diseases, Tenth Edition
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LOS Length of Stay

OR Odds Ratio

PWP-TT Prentice, Williams, and Peterson model with Total Time

SD Standard Deviation

SDOH Social Determinants of Health

TIA Transient Ischemic Attack

REFERENCES

1. Salah HM, Minhas AMK, Khan MS, Khan SU, Ambrosy AP, Blumer V, Vaduganathan M, Greene 
SJ, Pandey A, Fudim M. Trends and characteristics of hospitalizations for heart failure in the United 
States from 2004 to 2018. ESC Heart Fail. 2022;9:947–952. doi: 10.1002/ehf2.13823 [PubMed: 
35098700] 

2. Khan MS, Sreenivasan J, Lateef N, Abougergi MS, Greene SJ, Ahmad T, Anker SD, Fonarow 
GC, Butler J. Trends in 30- and 90-Day Readmission Rates for Heart Failure. Circ Heart Fail. 
2021;14:e008335. doi: 10.1161/CIRCHEARTFAILURE.121.008335 [PubMed: 33866827] 

3. Hammond G, Johnston K, Huang K, Joynt Maddox KE. Social Determinants of Health 
Improve Predictive Accuracy of Clinical Risk Models for Cardiovascular Hospitalization, 
Annual Cost, and Death. Circ Cardiovasc Qual Outcomes. 2020;13:e006752. doi: 10.1161/
CIRCOUTCOMES.120.006752 [PubMed: 32412300] 

4. Wadhera RK, Joynt Maddox KE, Wasfy JH, Haneuse S, Shen C, Yeh RW. Association of 
the Hospital Readmissions Reduction Program With Mortality Among Medicare Beneficiaries 
Hospitalized for Heart Failure, Acute Myocardial Infarction, and Pneumonia. JAMA. 
2018;320:2542–2552. doi: 10.1001/jama.2018.19232 [PubMed: 30575880] 

5. White-Williams C, Rossi LP, Bittner VA, Driscoll A, Durant RW, Granger BB, Graven LJ, Kitko 
L, Newlin K, Shirey M, et al. Addressing Social Determinants of Health in the Care of Patients 
With Heart Failure: A Scientific Statement From the American Heart Association. Circulation. 
2020;141:e841–e863. doi: 10.1161/CIR.0000000000000767 [PubMed: 32349541] 

6. Singh GK. Area deprivation and widening inequalities in US mortality, 1969–1998. Am J Public 
Health. 2003;93:1137–1143. doi: 10.2105/ajph.93.7.1137 [PubMed: 12835199] 

7. Kind AJ, Jencks S, Brock J, Yu M, Bartels C, Ehlenbach W, Greenberg C, Smith M. Neighborhood 
socioeconomic disadvantage and 30-day rehospitalization: a retrospective cohort study. Ann Intern 
Med 2014;161:765–774. doi: 10.7326/M13-2946 [PubMed: 25437404] 

8. Murray F, Allen M, Clark CM, Daly CJ, Jacobs DM. Socio-demographic and -economic 
factors associated with 30-day readmission for conditions targeted by the hospital readmissions 
reduction program: a population-based study. BMC Public Health. 2021;21:1922. doi: 10.1186/
s12889-021-11987-z [PubMed: 34688255] 

9. Patel SA, Krasnow M, Long K, Shirey T, Dickert N, Morris AA. Excess 30-Day Heart Failure 
Readmissions and Mortality in Black Patients Increases With Neighborhood Deprivation. Circ Heart 
Fail. 2020;13:e007947. doi: 10.1161/CIRCHEARTFAILURE.120.007947 [PubMed: 33161734] 

10. Reddy YNV, Borlaug BA. Readmissions in Heart Failure: It’s More Than Just the Medicine. Mayo 
Clin Proc 2019;94:1919–1921. doi: 10.1016/j.mayocp.2019.08.015 [PubMed: 31585573] 

11. Patil S, Shah M, Patel B, Agarwal M, Ram P, Alla VM. Readmissions Among Patients 
Admitted With Acute Decompensated Heart Failure Based on Income Quartiles. Mayo Clin Proc 
2019;94:1939–1950. doi: 10.1016/j.mayocp.2019.05.027 [PubMed: 31585578] 

12. Sankaran R, Sukul D, Nuliyalu U, Gulseren B, Engler TA, Arntson E, Zlotnick H, Dimick JB, 
Ryan AM. Changes in hospital safety following penalties in the US Hospital Acquired Condition 
Reduction Program: retrospective cohort study. BMJ. 2019;366:l4109. doi: 10.1136/bmj.l4109 
[PubMed: 31270062] 

Dhingra et al. Page 10

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2025 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13. Chun S, Tu JV, Wijeysundera HC, Austin PC, Wang X, Levy D, Lee DS. Lifetime analysis 
of hospitalizations and survival of patients newly admitted with heart failure. Circ Heart Fail. 
2012;5:414–421. doi: 10.1161/CIRCHEARTFAILURE.111.964791 [PubMed: 22556322] 

14. Curtis LH, Greiner MA, Hammill BG, Kramer JM, Whellan DJ, Schulman KA, Hernandez AF. 
Early and long-term outcomes of heart failure in elderly persons, 2001–2005. Arch Intern Med 
2008;168:2481–2488. doi: 10.1001/archinte.168.22.2481 [PubMed: 19064833] 

15. Joynt KE, Jha AK. Who has higher readmission rates for heart failure, and why? Implications for 
efforts to improve care using financial incentives. Circ Cardiovasc Qual Outcomes. 2011;4:53–59. 
doi: 10.1161/CIRCOUTCOMES.110.950964 [PubMed: 21156879] 

16. Krumholz HM, Merrill AR, Schone EM, Schreiner GC, Chen J, Bradley EH, Wang Y, Wang Y, 
Lin Z, Straube BM, et al. Patterns of hospital performance in acute myocardial infarction and heart 
failure 30-day mortality and readmission. Circ Cardiovasc Qual Outcomes. 2009;2:407–413. doi: 
10.1161/CIRCOUTCOMES.109.883256 [PubMed: 20031870] 

17. Ezekowitz JA, Kaul P, Bakal JA, Quan H, McAlister FA. Trends in heart failure care: has 
the incident diagnosis of heart failure shifted from the hospital to the emergency department 
and outpatient clinics? Eur J Heart Fail. 2011;13:142–147. doi: 10.1093/eurjhf/hfq185 [PubMed: 
20959343] 

18. Ansari M, Alexander M, Tutar A, Bello D, Massie BM. Cardiology participation improves 
outcomes in patients with new-onset heart failure in the outpatient setting. J Am Coll Cardiol 
2003;41:62–68. doi: 10.1016/s0735-1097(02)02493-2 [PubMed: 12570946] 

19. Taylor CJ, Ordonez-Mena JM, Roalfe AK, Lay-Flurrie S, Jones NR, Marshall T, Hobbs FDR. 
Trends in survival after a diagnosis of heart failure in the United Kingdom 2000–2017: population 
based cohort study. BMJ. 2019;364:l223. doi: 10.1136/bmj.l223 [PubMed: 30760447] 

20. Ezekowitz JA, van Walraven C, McAlister FA, Armstrong PW, Kaul P. Impact of specialist 
follow-up in outpatients with congestive heart failure. CMAJ. 2005;172:189–194. doi: 10.1503/
cmaj.1032017 [PubMed: 15655239] 

21. Bachtiger P, Kelshiker MA, Petri CF, Gandhi M, Shah M, Kamalati T, Khan SA, Hooper G, 
Stephens J, Alrumayh A, et al. Survival and health economic outcomes in heart failure diagnosed 
at hospital admission versus community settings: a propensity-matched analysis. BMJ Health Care 
Inform 2023;30. doi: 10.1136/bmjhci-2022-100718

22. Chamberlain AM, Dunlay SM, Gerber Y, Manemann SM, Jiang R, Weston SA, Roger VL. 
Burden and Timing of Hospitalizations in Heart Failure: A Community Study. Mayo Clin Proc 
2017;92:184–192. doi: 10.1016/j.mayocp.2016.11.009 [PubMed: 28160871] 

23. Arulmurugananthavadivel A, Holt A, Parveen S, Lamberts M, Gislason GH, Torp-Pedersen C, 
Madelaire C, Andersson C, Zahir D, Butt JH, et al. Importance of diagnostic setting in determining 
mortality in patients with new-onset heart failure: temporal trends in Denmark from 1997 to 2017. 
Eur Heart J Qual Care Clin Outcomes. 2022;8:750–760. doi: 10.1093/ehjqcco/qcab073 [PubMed: 
34625809] 

24. Mard S, Nielsen FE. Positive predictive value and impact of misdiagnosis of a heart failure 
diagnosis in administrative registers among patients admitted to a University Hospital cardiac care 
unit. Clin Epidemiol 2010;2:235–239. doi: 10.2147/CLEP.S12457 [PubMed: 21042557] 

25. Roger VL, Weston SA, Redfield MM, Hellermann-Homan JP, Killian J, Yawn BP, Jacobsen 
SJ. Trends in heart failure incidence and survival in a community-based population. JAMA. 
2004;292:344–350. doi: 10.1001/jama.292.3.344 [PubMed: 15265849] 

26. Horvath MM, Winfield S, Evans S, Slopek S, Shang H, Ferranti J. The DEDUCE Guided Query 
tool: providing simplified access to clinical data for research and quality improvement. J Biomed 
Inform 2011;44:266–276. doi: 10.1016/j.jbi.2010.11.008 [PubMed: 21130181] 

27. Byon H, Ahn S, LeBaron V, Yan GF, Grider R, Crandall M. Demonstration of an Analytic Process 
using Home Health Care Electronic Health Records: A Case Example Exploring the Prevalence 
of Patients with a Substance Use History and a Venous Access Device. Home Hlth Care Man P 
2022;34:35–41. doi: 10.1177/10848223211021840

28. Abdin A, Anker SD, Butler J, Coats AJS, Kindermann I, Lainscak M, Lund LH, Metra M, 
Mullens W, Rosano G, et al. ‘Time is prognosis’ in heart failure: time-to-treatment initiation as 
a modifiable risk factor. ESC Heart Fail. 2021;8:4444–4453. doi: 10.1002/ehf2.13646 [PubMed: 
34655282] 

Dhingra et al. Page 11

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2025 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



29. Kind AJH, Buckingham WR. Making Neighborhood-Disadvantage Metrics Accessible - 
The Neighborhood Atlas. N Engl J Med 2018;378:2456–2458. doi: 10.1056/NEJMp1802313 
[PubMed: 29949490] 

30. Hensley C, Heaton PC, Kahn RS, Luder HR, Frede SM, Beck AF. Poverty, Transportation Access, 
and Medication Nonadherence. Pediatrics. 2018;141. doi: 10.1542/peds.2017-3402

31. Wadhwani SI, Bucuvalas JC, Brokamp C, Anand R, Gupta A, Taylor S, Shemesh E, Beck AF. 
Association Between Neighborhood-level Socioeconomic Deprivation and the Medication Level 
Variability Index for Children Following Liver Transplantation. Transplantation. 2020;104:2346–
2353. doi: 10.1097/TP.0000000000003157 [PubMed: 32032293] 

32. Mathews L, Ding N, Mok Y, Shin JI, Crews DC, Rosamond WD, Newton AK, Chang PP, 
Ndumele CE, Coresh J, et al. Impact of Socioeconomic Status on Mortality and Readmission in 
Patients With Heart Failure With Reduced Ejection Fraction: The ARIC Study. J Am Heart Assoc 
2022;11:e024057. doi: 10.1161/JAHA.121.024057 [PubMed: 36102228] 

33. Vart P, Matsushita K, Rawlings AM, Selvin E, Crews DC, Ndumele CE, Ballantyne CM, Heiss G, 
Kucharska-Newton A, Szklo M, et al. SES, Heart Failure, and N-terminal Pro-b-type Natriuretic 
Peptide: The Atherosclerosis Risk in Communities Study. Am J Prev Med 2018;54:229–236. doi: 
10.1016/j.amepre.2017.10.014 [PubMed: 29241718] 

34. Shirey TE, Hu Y, Ko YA, Nayak A, Udeshi E, Patel S, Morris AA. Relation of Neighborhood 
Disadvantage to Heart Failure Symptoms and Hospitalizations. Am J Cardiol 2021;140:83–90. 
doi: 10.1016/j.amjcard.2020.10.057 [PubMed: 33144159] 

35. Savitz ST, Chamberlain AM, Dunlay S, Manemann SM, Weston SA, Kurani S, Roger VL. 
Co-Occurrence of Social Risk Factors and Associated Outcomes in Patients With Heart Failure. J 
Am Heart Assoc 2023;12:e028734. doi: 10.1161/JAHA.122.028734 [PubMed: 37421274] 

36. Johnson AE, Zhu J, Garrard W, Thoma FW, Mulukutla S, Kershaw KN, Magnani JW. Area 
Deprivation Index and Cardiac Readmissions: Evaluating Risk-Prediction in an Electronic 
Health Record. J Am Heart Assoc 2021;10:e020466. doi: 10.1161/JAHA.120.020466 [PubMed: 
34212757] 

37. Lewsey SC, Breathett K. Racial and ethnic disparities in heart failure: current state and future 
directions. Curr Opin Cardiol 2021;36:320–328. doi: 10.1097/HCO.0000000000000855 [PubMed: 
33741769] 

38. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, Saunders LD, Beck CA, 
Feasby TE, Ghali WA. Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10 
administrative data. Med Care 2005;43:1130–1139. doi: 10.1097/01.mlr.0000182534.19832.83 
[PubMed: 16224307] 

39. Prentice RL, Williams BJ, Peterson AV. On the regression analysis of multivariate failure time data. 
Biometrika 1981;68:373–379.

40. Yang W, Jepson C, Xie D, Roy JA, Shou H, Hsu JY, Anderson AH, Landis JR, He J, Feldman HI, 
et al. Statistical Methods for Recurrent Event Analysis in Cohort Studies of CKD. Clin J Am Soc 
Nephrol 2017;12:2066–2073. doi: 10.2215/CJN.12841216 [PubMed: 28716856] 

41. Hu J, Kind AJH, Nerenz D. Area Deprivation Index Predicts Readmission Risk at an Urban 
Teaching Hospital. Am J Med Qual 2018;33:493–501. doi: 10.1177/1062860617753063 [PubMed: 
29357679] 

42. McCullough PA, Mehta HS, Barker CM, Houten JV, Mollenkopf S, Gunnarsson C, Ryan M, 
Cork DP. Healthcare utilization and guideline-directed medical therapy in heart failure patients 
with reduced ejection fraction. J Comp Eff Res 2021;10:1055–1063. doi: 10.2217/cer-2021-0118 
[PubMed: 34225473] 

43. Harrington J, Rao VN, Leyva M, Oakes M, Mentz RJ, Bosworth HB, Pagidipati NJ. Improving 
Guideline-Directed Medical Therapy for Patients With Heart Failure With Reduced Ejection 
Fraction: A Review of Implementation Strategies. J Card Fail. 2024;30:376–390. doi: 10.1016/
j.cardfail.2023.12.004 [PubMed: 38142886] 

44. Margolin E, Huynh T, Brann A, Greenberg B. Determinants of Guideline-Directed Medical 
Therapy Implementation During Heart Failure Hospitalization. JACC: Advances.0. doi: 
doi:10.1016/j.jacadv.2023.100818

Dhingra et al. Page 12

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2025 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



45. Mukhopadhyay A, Blecker S, Li X, Kronish IM, Chunara R, Zheng Y, Lawrence S, Dodson 
JA, Kozloff S, Adhikari S. Neighborhood-Level Socioeconomic Status and Prescription Fill 
Patterns Among Patients With Heart Failure. JAMA Netw Open. 2023;6:e2347519. doi: 10.1001/
jamanetworkopen.2023.47519 [PubMed: 38095897] 

46. Wadhera RK, Bhatt DL, Kind AJH, Song Y, Williams KA, Maddox TM, Yeh RW, Dong L, 
Doros G, Turchin A, et al. Association of Outpatient Practice-Level Socioeconomic Disadvantage 
With Quality of Care and Outcomes Among Older Adults With Coronary Artery Disease: 
Implications for Value-Based Payment. Circ Cardiovasc Qual Outcomes. 2020;13:e005977. doi: 
10.1161/CIRCOUTCOMES.119.005977 [PubMed: 32228065] 

47. Dunlay SM, Redfield MM, Weston SA, Therneau TM, Hall Long K, Shah ND, Roger VL. 
Hospitalizations after heart failure diagnosis a community perspective. J Am Coll Cardiol 
2009;54:1695–1702. doi: 10.1016/j.jacc.2009.08.019 [PubMed: 19850209] 

48. Banerjee S, Paasche-Orlow MK, McCormick D, Lin MY, Hanchate AD. Readmissions 
performance and penalty experience of safety-net hospitals under Medicare’s Hospital 
Readmissions Reduction Program. BMC Health Serv Res 2022;22:338. doi: 10.1186/
s12913-022-07741-9 [PubMed: 35287693] 

49. Rathore SS, Masoudi FA, Wang Y, Curtis JP, Foody JM, Havranek EP, Krumholz HM. 
Socioeconomic status, treatment, and outcomes among elderly patients hospitalized with heart 
failure: findings from the National Heart Failure Project. Am Heart J 2006;152:371–378. doi: 
10.1016/j.ahj.2005.12.002 [PubMed: 16875925] 

50. Guhl EN, Zhu J, Johnson A, Essien U, Thoma F, Mulukutla SR, Magnani JW. Area Deprivation 
Index and Cardiovascular Events: CAN CARDIAC REHABILITATION MITIGATE THE 
EFFECTS? J Cardiopulm Rehabil Prev 2021;41:315–321. doi: 10.1097/HCR.0000000000000591 
[PubMed: 33758155] 

51. Sergeant JF, Ekerdt DJ, Chapin R. Measurement of late-life residential relocation: why are rates 
for such a manifest event so varied? J Gerontol B Psychol Sci Soc Sci 2008;63:S92–98. doi: 
10.1093/geronb/63.2.s92 [PubMed: 18441274] 

Dhingra et al. Page 13

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2025 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



What is Known?

• Higher neighborhood-level socioeconomic disadvantage is associated with 

increased risk of poor outcomes in patients with heart failure (HF).

• However, most studies primarily focus on the association between 

neighborhood-level disadvantage and 30-day readmissions.

• Consequently, little is known about the cumulative impact of socioeconomic 

disadvantage on the progression of outcomes following a HF diagnosis.

What the Study Adds?

• Our study examines the association between neighborhood-level 

socioeconomic disadvantage and early and recurrent admissions among 

patients with newly diagnosed HF.

• Patients residing in disadvantaged neighborhoods had higher rates of early 

admissions that were largely attributable to baseline clinical comorbidities.

• Patients residing in disadvantaged neighborhoods had significantly 

greater long-term risks of recurrent admissions independent of their 

sociodemographic background and clinical comorbidities.

• Results demonstrate that a patient’s residential address is a valuable clinical 

tool to identify socioeconomically disadvantaged patients who face long-term 

risks of poor outcomes following a diagnosis of HF.
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Figure 1. Study Cohort Inclusion Criteria
Abbreviation: HF, heart failure.

*ICD10 code: I09.81 or ICD9 code: 398.91
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Figure 2. Estimated Hazard Ratios (95% Confidence Intervals) for Risks of Recurrent 
Admissions During Follow-up by Neighborhood-Level Disadvantage in Patients Diagnosed with 
Heart Failure (N=5,889)
Patients with higher neighborhood-level disadvantage were at significantly greater risk for 

recurrent admissions over follow-up compared to patients with lower neighborhood-level 

disadvantage.

Abbreviations: HR: hazard ratio; CI: confidence interval.

Note: Model 1 is unadjusted. Model 2 adjusted for age, sex, marital status, smoking 

history, and health insurance. Model 3 adjusted for Model 2 covariates + location of HF 

diagnosis, BMI, hypertension, diabetes, hyperlipidemia, anemia, atrial fibrillation, coronary 

heart disease, stroke (or TIA), chronic kidney disease, COPD, malignancy, and depression.
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Table 1.

Baseline Characteristics of Patients Diagnosed with Heart Failure (HF) by Neighborhood-Level Disadvantage

Overall (N=5,889)
Lower Disadvantage 

(N=2,377)

Moderate 
Disadvantage 

(N=1,609)
Higher Disadvantage 

(N=1,903) P

Non-Clinical Characteristics Mean (SD) or N (%)

Age (years) 74.8 (5.8) 75.2 (5.7) 74.8 (5.8) 74.4 (5.8) <.001

Gender <.001

 Female 3007 (51.1) 1092 (45.9) 854 (53.1) 1061 (55.8)

 Male 2882 (48.9) 1285 (54.1) 755 (46.9) 842 (44.3)

Race and Ethnicity <.001

 Non-Hispanic Black 1630 (27.7) 309 (13.0) 445 (27.7) 876 (46.0)

 Non-Hispanic White 3953 (67.1) 1918 (80.7) 1084 (67.4) 951 (49.9)

 Other race and ethnicity 306 (5.2) 150 (6.3) 80 (4.9) 76 (4.0)

Marital Status <.001

 Married 3279 (55.7) 1515 (63.7) 881 (54.8) 883 (46.4)

 Not married 2610 (44.3) 862 (36.3) 728 (45.3) 1020 (53.6)

Health Insurance <.001

 Medicare 3615 (61.4) 1559 (65.6) 975 (60.6) 1081 (56.8)

 Medicare Advantage 1745 (29.6) 582 (24.5) 506 (31.5) 657 (34.5)

 Other/Unknown 529 (8.9) 236 (9.9) 128 (7.9) 165 (8.7)

Smoking Status <.001

 Never smoked 2202 (37.4) 928 (39.0) 586 (36.4) 688 (36.2)

 Former smoker 3299 (56.0) 1353 (56.9) 918 (57.1) 1028 (54.0)

 Current smoker 388 (6.6) 96 (4.0) 105 (6.5) 187 (9.8)

Area Deprivation Index 
(decile) 3.8 (2.5) 1.5 (0.5) 3.5 (0.50) 6.9 (1.6) <.001

Clinical Characteristics Mean (SD) or N (%)

Location of HF Diagnosis <.001

 Outpatient 2874 (48.8) 1274 (53.6) 781 (48.5) 819 (43.0)

 Inpatient 3015 (51.2) 1103 (46.4) 828 (51.5) 1084 (57.1)

HF Type at Baseline .655

 Systolic HF 1325 (22.5) 548 (23.1) 362 (22.5) 415 (21.8)

 Diastolic/Combined HF 1807 (30.7) 717 (30.2) 508 (31.6) 582 (30.6)

 HF, unspecified 1734 (29.4) 716 (30.1) 464 (28.8) 554 (29.1)

 HF with HTN/CKD 1023 (17.4) 396 (16.7) 275 (17.1) 352 (18.5)

Body Mass Index (kg/m2) 30.2 (7.6) 29.5 (6.9) 30.4 (7.5) 30.9 (8.3) <.001

Diagnoses and Comorbidities

 Hypertension 5062 (86.0) 1974 (83.1) 1400 (87.0) 1688 (88.7) <.001

 Diabetes mellitus 2472 (42.0) 804 (33.8) 743 (46.2) 925 (48.6) <.001

 Hyperlipidemia 3773 (64.1) 1501 (63.2) 1064 (66.1) 1208 (63.5) .127

 Anemia 2104 (35.7) 815 (34.3) 573 (35.6) 716 (37.6) .077
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Overall (N=5,889)
Lower Disadvantage 

(N=2,377)

Moderate 
Disadvantage 

(N=1,609)
Higher Disadvantage 

(N=1,903) P

Non-Clinical Characteristics Mean (SD) or N (%)

 Atrial fibrillation or flutter 2289 (38.9) 1019 (42.9) 623 (38.7) 647 (34.0) <.001

 Coronary heart disease 2989 (50.8) 1195 (50.3) 806 (50.1) 988 (51.9) .465

 Stroke or TIA 1032 (17.5) 392 (16.5) 275 (17.1) 365 (19.2) .062

 Chronic kidney disease 2139 (36.3) 750 (31.6) 600 (37.3) 789 (41.5) <.001

 COPD 1549 (26.3) 564 (23.7) 433 (26.9) 552 (29.0) <.001

 Malignancy 1097 (18.6) 467 (19.6) 295 (18.3) 335 (17.6) .219

 Depression 1148 (19.5) 460 (19.4) 326 (20.3) 362 (19.0) .637

 Died during study period 2365 (40.1) 890 (37.44) 646 (40.15) 829 (43.56) <.001

Abbreviations: HTN, hypertension; CKD, chronic kidney disease; TIA, transient ischemic attack; COPD, chronic obstructive pulmonary disease; 
SD, standard deviation.
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Table 2.

Unadjusted and Adjusted Odds Ratios for Risks of Admission within 30-, 90-, and 180-Days after Diagnosis 

of Heart Failure by Neighborhood-Level Disadvantage (N=5,889)

Admitted within 30 Days after 
Diagnosis

Admitted within 90 Days after 
Diagnosis

Admitted within 180 Days after 
Diagnosis

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Model 1: Unadjusted

 Lower 
Disadvantage 1.00 1.00 1.00

 Moderate 
Disadvantage 1.08 (0.90–1.30) .397 1.06 (0.92–1.23) .425 1.04 (0.90–1.19) .609

 Higher 
Disadvantage 1.17 (0.99–1.38) .073 1.18 (1.03–1.35) .019 1.23 (1.08–1.40) .001

Model 2: Model 1 + non-clinical characteristics

 Lower 
Disadvantage 1.00 1.00 1.00

 Moderate 
Disadvantage 1.08 (0.90–1.30) .418 1.04 (0.90–1.21) .567 1.02 (0.89–1.17) .797

 Higher 
Disadvantage 1.16 (0.96–1.39) .118 1.14 (0.98–1.32) .083 1.19 (1.04–1.36) .014

Model 3: Model 2 + clinical characteristics

 Lower 
Disadvantage 1.00 1.00 1.00

 Moderate 
Disadvantage 1.06 (0.88–1.28) .561 1.02 (0.87–1.19) .834 0.98 (0.85–1.13) .744

 Higher 
Disadvantage 1.09 (0.90–1.31) .371 1.07 (0.92–1.25) .386 1.10 (0.96–1.27) .179

Abbreviations: OR: odds ratio; CI: confidence interval.

Note: Model 1 is unadjusted. Model 2 adjusted for age, sex, race and ethnicity, marital status, smoking history, and health insurance. Model 3 
adjusted for Model 2 covariates + location of HF diagnosis, BMI, hypertension, diabetes, hyperlipidemia, anemia, atrial fibrillation, coronary heart 
disease, stroke (or TIA), chronic kidney disease, COPD, malignancy, and depression.
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