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Abstract

Purpose: There is now a 20% disparity in all-cause, excess deaths between urban and

rural areas, much of which is driven by disparities in cardiovascular death. We sought

to explain the sources of these disparities forMedicare beneficiaries with heart failure

with reduced ejection fraction (HFrEF).

Methods:Using a sample ofMedicarePartsA, B, andD,we created a cohort of 389,528

fee-for-service beneficiaries with at least 1 heart failure hospitalization from 2008 to

2017. The primary outcome was 30-day mortality after discharge; 1-year mortality,

readmissions, and return emergency room (ER) admissions were secondary outcomes.

We used hierarchical, logistic regression modeling to determine the contribution of

comorbidities, guideline-directedmedical therapy (GDMT), and social determinants of

health (SDOH) to outcomes.

Results: Thirty-day mortality rates after hospital discharge were 6.3% in rural areas

compared to 5.7% in urban regions (P < .001); after adjusting for patient health and

GDMT receipt, the 30-day mortality odds ratio for rural residence was 1.201 (95% CI

1.164-1.239). Adding the SDOH measure reduced the odds ratio somewhat (1.140,

95% CI 1.103-1.178) but a gap remained. Readmission rates in rural areas were con-

sistently lower for all model specifications, while ER admissions were consistently

higher.

Conclusions: Among patients with HFrEF, living in a rural area is associated with

an increased risk of death and return ER visits within 30 days of discharge from

HF hospitalization. Differences in SDOH appear to partially explain mortality differ-

ences but the remaining gap may be the consequence of rural-urban differences in HF

treatment.
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2 DRIVERSOF RURALDISPARITIES INHEART FAILURE

INTRODUCTION

More than 60 million people, almost 1/5th of the US population, live

in rural areas.1 These individuals, on average, have higher rates of car-

diovascular risk factors, including smoking,2 obesity,3 and diabetes,4

which likely contribute to the higher prevalence of common cardiac

conditions like heart failure (HF) in rural areas.5 While the overall inci-

dence of HF in the United States has fallen over the last 3 decades, the

incidence of new disease is actually rising again in some rural areas.5

Over the last 30 years, urban/rural disparities in health outcomes

have worsened and there is now a 20% disparity in all-cause, excess

deaths between urban and rural areas,6 much of which is driven by

disparities in cardiovascular death.7,8 While HF mortality has been

declining among patients in urban areas, HF mortality in rural areas

has remained relatively stable, and in some areas, appears to be

increasing.5 Recent data from 6 southeastern Minnesota counties

found that among patients with HF, living in a rural area was indepen-

dently associated with an 18% increased risk of death.9 Other work

using theCDC’sWONDERdatabase found that age-adjustedmortality

rates were consistently higher for rural residents with HF compared to

urban residents with HF.10

The reasons for this highermortality rate among rural residentswith

HF are notwell understood. Higher comorbidity burdens,2–4,7 subopti-

mal implementation of guideline-directed medical therapy (GDMT),11

and social determinants of health (SDOH)12–14 have all been pro-

posed as potential explanations. The aim of this study is to investigate

why rural HF mortality is higher than in urban areas. Furthermore,

because HF decompensation events as identified by heart failure hos-

pitalizations (HFH) and visits to the emergency room (ER)15,16 have

long been associated with mortality in HF17,18 with relationships

that appears to vary by rurality,9,19 differences on these measures

were explored. We hypothesize that for patients with heart fail-

ure with reduced ejection fraction (HFrEF) aged 65 and over, the

rural-urban gap could be explained in part by 3 general factors: dif-

ferential comorbidity burdens, variation in the use of GDMT, and

SDOH.

METHODS

Study population

We used the 100% national sample of patients enrolled in both

Medicare Parts A and B and a random 40% sample for Part D enroll-

ment to create a cohort of 389,528 fee-for-service (FFS) beneficiaries

with at least 1 HFH (index admission) for HFrEF between 2008

and 2017. We required 1 year of FFS coverage prior to and after

the index HFrEF admission to determine patient characteristics and

outcomes. Only the patient’s first HFH for HFrEF during the study

period was included to avoid over-counting high utilizers. Patients

who died during admission, were transferred to another facility, were

in post-acute care 30 days after discharge (to enable determination

of drug use after discharge), left against medical advice, or received

advanced therapies were excluded since we could not reliably assess

their outcomes. Patients with a previously placed durable ventric-

ular assist device or a prior cardiac transplant were also excluded

as they represent more advanced disease which requires different

management. HFrEF was defined using International Classification of

Diseases (ICD) 9 and 10 codes and a previously validatedmethodology

(Appendix S1).20,21

Baseline characteristics

Age, sex, race/ethnicity, and dual-enrollment status were obtained

directly from theMasterBeneficiary SummaryFile. ZIP code-level esti-

mates for socioeconomic variables were obtained using the patient’s

ZIP code and 5-year estimates from the 2012 American Commu-

nity Survey data.22 Patient residence and geographic region of resi-

dence was ascertained using the patient’s ZIP code and US Census

regions.23

Predetermined variables of interest

Comorbidities were determined using the well-validated Elix-

hauser comorbidity algorithm.24 GDMT use was determined using

National Drug Codes from Medicare Part D for beta-blockers,

renin-angiotensin-aldosterone system inhibitors (RAASi) (including

angiotensin-converting enzyme inhibitors, angiotensin II receptor

blockers, and angiotensin and neprilysin inhibitors) and mineralocor-

ticoid receptor antagonists (MRAs). Sodium-glucose cotransporter-2

(SGLT-2) inhibitors were not included given that their United States

Food and Drug Administration (FDA) approval date occurred after

our study period. Use of these medications was determined based

on the presence of a claim for a drug fill within 30 days of discharge

from the index (ie, qualifying) hospitalization. SDOH were assessed

using individual-level dual-eligibility status and the area deprivation

index (ADI), which is a standardized 4-dimensional evaluation of a

region’s socioeconomic conditions encompassing poverty, housing,

employment, and education.25 Since ADI is based on census blocks, for

purposes of this analysis, it was aggregated to ZIP codes by weighting

each component tract’s measure by how many of the ZIP’s residences

are in the tract.

Exposure

Rurality was assessed using the beneficiary’s address at the time of

the index HFrEF admission and rural-urban commuting areas (RUCA)

codes.26 RUCA codes classify ZIP codes using population density,

urbanization, and commuting patterns. In this study, we classified ZIP

codes as “urban” if the primary commuting flow was to, or within, an

urban area, or if at least 30% of the secondary flow was to an urban

area (Appendix S2).9
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ZEITLER ET AL. 3

Outcomes

The primary outcome was 30-day mortality after hospital discharge.

Secondary outcomes included 30-day readmission and 30-day ER vis-

its (without hospitalization), and 1-year mortality and readmission

rates.We also considered trends between 2008 and 2017 for outcome

variables.

Statistical methods

Hierarchical, logistic regression modeling was used to examine the

association between rurality and outcomes with increasing complex-

ity from Model 1 to Model 4 as groups of independent variables were

added serially. This approach was based on the a priori hypothesis that

groups of independent variables (rather than single variables) would

be associated with differential outcomes based on rurality. For exam-

ple, GDMTwas included as a group of independent variables inModels

3 and 4 since this might be meaningfully different between urban

and rural groups based on access to HF specialists, whereas no such

hypothesis exists for the individual components of GDMT. The models

were as follows:

1. Model 1 (base model): age+ sex+ race/ethnicity: This model con-

trols only for differences in age, sex, and race and serves as the

baselinemodel for subsequent analyses.

2. Model 2 (comorbidities): Model 1 + comorbidities: In addition

to the variables in Model 1, this model also includes patient-level

comorbidities, prior HFHs (1, 2, or 3+), and the presence/absence

of an implantable cardioverter defibrillator (ICD).

3. Model 3 (GDMT): Model 2 + GDMT: In addition to the variables

in Model 2, this model also includes GDMT use before and after

hospital discharge.

4. Model 4 (SDOH): Model 3 + SDOH: In addition to the variables in

Model 3, this model also includes ADI and dual-eligibility status.

A full listing of the variables included in each model is included in

Appendix S3.

These 4 models were used to better understand why outcomes dif-

fered according to urban/rural status. (In sensitivity analysis for the

primary outcome of 30-day mortality, we also consider Model 1 with

just the addition of SDOH.) All hypotheses were tested using 2-sided

tests, and P values <.05 were considered significant. All analyses were

performed between September 2021 and October 2022 using SAS

version 9.4. This study is compliant with the Strengthening the Report-

ing of Observational Studies in Epidemiology (STROBE) guidelines for

cross-sectional studies and was approved by the Institutional Review

Board at Dartmouth HitchcockMedical Center.

RESULTS

The study cohort included 389,528 patients with HFrEF admitted for

acute decompensated heart failure between January 31, 2008, and

December 31, 2017 (Table 1). Twenty-five percent (n = 98,0447) lived

in rural areas, and 75% (n= 2291,481) lived in urban areas. Age distri-

butionswere similar, and 53%of patients in rural and urban areaswere

women. In rural areas, 6% of patients identified as Black, compared to

10%ofpatients in urbanareas.Onaverage, patients living in rural areas

were more socioeconomically disadvantaged, as evidenced by greater

likelihoodofMedicaid-eligibility (dual eligibility), lowermedian income,

and lower rates of bachelor’s degree completion. Comorbidity rates

are notable for modestly higher rates of peripheral vascular disease in

urban areas (26% vs 21%) and chronic lung disease (34% vs 31%) in

rural areas. A full description of all Elixhauser comorbidities is available

in Appendix S4.

HF therapies prior to hospitalization were similar between urban

and rural cohorts. A similar proportion of patients fromurban and rural

areas had an ICD in situ (13.2% vs 12.4%). GDMT use prior to HFH

was slightly higher in rural areas: beta blocker 51.8% rural versus 51.2%

urban; RAASi 50.7% rural versus 49.2% urban; and MRA 10.2% rural

versus 8.8% urban areas (Table 1).

Unadjusted 30-day outcome rates are displayed in Table 2. Death

within 30 days of discharge was higher in rural areas, 6.3% versus

5.7%, P<.001. ER visits within 30 days were also higher in rural areas,

11.9% versus 9.6% P<.001. Unadjusted 30-day readmission rateswere

lower in rural areas, 20.6% versus 21.3%, P<.001. At 1 year, mortality

was similar between groups in urban and rural areas (32.3% vs 31.8%),

and readmissionswere higher among patients in urban areas (61.9% vs

63.9%).

Between 2008 and 2017, 30-day outcome trends are displayed in

Figure 1 and show decreases in 30-day mortality (−0.8% rural; −1%

urban) and readmission rates (−4.2% rural;−3.5%urban) and increases

in 30-day ER visits (+1.5% rural; +1.1% urban). One-year outcome

trends are shown in Figure 2. Mortality (−4% rural; −4.5% urban) and

readmission (−7.9% rural; −7.1% urban) rates declined for all benefi-

ciaries. Across the years, 30-daymortality and 30-day ERuse remained

higher in rural areas. The urban and rural 30-day and 1-year readmis-

sion trend lines began to separate between 2012 and 2013, which is

when the Hospital Readmission Reduction Programwas implemented.

Table 3 provides estimates for each of themodels with an increasing

number of covariates. For 30-day mortality, the baseline odds ratio for

the rural variablewas 1.152 (95%CI 1.128-1.188).With the addition of

prior HFHs, comorbidities, and the presence of an ICD, the odds ratio

rose to 1.178 (95% CI 1.143-1.215); adding GDMT further increased

the odds ratio to 1.201 in Model 3 (95% CI 1.164-1.239). In Model

4, both the ADI measure (odds ratio 1.618, 95% CI 1.46-1.793) and

the individual dual-eligibility variable (odds ratio 1.050, 95% CI 1.017-

1.084) were positive and significant. Including SDOH variables (Model

4) reduced the odds ratio for rural residence by 0.061-1.140 (95% CI

1.103-1.178). In sensitivity analysis, we added the SDOH variables to

just the baselineModel 1, leading to amortality odds ratio for rural res-

idence of 1.089 (95% CI 1.055-1.124), or a decline in the odds ratio of

0.063. When considering 1-year mortality, the baseline odds ratio for

rurality (Model 1) is lower in magnitude (1.059, 95% CI 1.042-1.076)

compared to the 30-day odds ratio. When all additional variables are

included including SDOH, the odds ratio declines to 1.034 (95% CI

1.017-1.052).
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4 DRIVERSOF RURALDISPARITIES INHEART FAILURE

F IGURE 1 30-Day outcome trends, 2008-2017.

F IGURE 2 One-year outcome trends,
2008-2017.

In Table 3, we present additional model estimates for sec-

ondary outcome variables. The odds ratio for 30-day readmission

in Model 1 was 0.969 (95% CI .951-.986), while for Model 4

with all covariates added, the odds ratio was essentially unchanged

(0.954, 95% CI .935-.972); results were similar when considering 1-

year readmission. For ER visits, the baseline estimates (Model 1)

showed higher rates in rural areas (odds ratio 1.286, 95% CI 1.257-

1.317), with similar findings for the other 3 Models (for Model

4 with all covariates, the odds ratio was 1.259, 95% CI 1.229-1.

291).

DISCUSSION

While 20%of theUS population lives in rural areas, approximately 25%

of FFSMedicare beneficiarieswithHFrEF live in rural areas. Compared

to patients in urban areas, patients in rural areas with HFrEF are more

likely to beWhite, live in theMidwest and South, and be socioeconom-

ically disadvantaged. As previous studies had found, we also measured

a rural disadvantage for patients with HFrEF, with a baseline 30-day

odds ratio of death of 1.152. These findings confirm prior work9,27 and

extend those prior findings to a larger nationally representative sam-

ple. We also found that in rural areas, 30-day ER visit rates are higher,

while 30-day readmission rates are lower.

We hypothesized that this excess mortality could be the conse-

quence first of higher rates of comorbidities, including prior hospital-

izations and rates of ICD presence. Prior work has demonstrated that,

on average, comorbidity rates arehigher in rural areas28 andareknown

to be associated with outcomes as is the burden of prior HFH. Further-

more, the presence of an ICD would be expected to reduce the risk of

mortality among eligible patients with HFrEF,29,30 but this treatment

is applied less frequently among populations in rural areas. Second,

we hypothesized that a lack of access to primary care could lead to

lower use of guideline-directedmedical therapy (GDMT) in rural areas,

which could further explain the rural-urban gap inmortality. Finally, we

hypothesized that rural areas could suffer from a larger health burden

arising from SDOH.

We were surprised to find that the unexplained rural-urban gap

in outcomes, as summarized by the rural odds ratio, became larger

with the introduction of comorbidities and prior hospitalization and

ICD use; this was because Medicare beneficiaries in rual areas are

slightly healthier than their urban counterparts. For those baseline
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ZEITLER ET AL. 5

TABLE 1 Beneficiary characteristics by rurality, 2008-2017.

Rural Urban

N % N %

98,047 25.24 291,481 74.75

Age (years)

66-74 30,210 30.81 81,866 28.09

75-84 38,832 39.61 111,366 38.21

85+ 29,005 29.58 98,249 33.71

Female sex 51,924 52.96 154,202 52.90

Race

White 87,775 89.52 235,698 80.86

Black 6,058 6.18 29,624 10.16

Hispanic 2,436 2.48 17,036 5.84

Other 1,778 1.81 9,123 3.13

Geographic region

Midwest 32,175 32.82 69,183 23.73

Northeast 10,252 10.46 71,103 24.39

South 45,679 46.59 108,556 37.24

West 9,941 10.14 42,639 14.63

Socioeconomic status

Dual eligible 35,897 95,217

%with bachelor’s

degreea
17.82 30.24

%Under federal

poverty linea
18.39 14.68

Area deprivation

indexa (average)

106.47 97.19

#Hospitalizations in prior year

0 45,400 46.30 138,471 47.51

1-2 40,043 40.84 116,574 40.00

3+ 12,604 12.86 36,436 12.50

Elixhauser comorbiditiesb

Hypertension 79,755 81.3 241,352 82.8

Peripheral vascular

disease

20,998 21.4 75,071 25.8

Chronic lung disease 33,145 33.8 91,449 31.4

Diabetes 43,426 44.3 129,212 44.3

Renal failure 25,720 26.2 81,548 28.0

ICD in place 12,186 12.4 38,599 13.2

GDMT use at admissionc

Beta-blocker 50,745 51.8 149,121 51.2

RAAS inhibitor 49,720 50.7 143,540 49.2

MRA 9,980 10.2 25,721 8.8

(Continues)

TABLE 1 (Continued)

Rural Urban

N % N %

GDMT use at discharged

Beta-blocker 47,641 48.6 138,525 47.5

RAAS inhibitor 39,429 40.2 111,431 38.2

MRAc 12,544 12.8 33,989 11.7

Notes: GDMT is guideline-directed medical therapy (beta blocker + RAAS

inhibitor + MRA); RAAS is renin-angiotensin aldosterone system; MRA

is mineralocorticoid receptor antagonist; ICD is implantable cardioverter

defibrillator.

Beta-blockers include: carvedilol, metoprolol, and bisoprolol (all HFrEF-

specific beta-blockers).

RAAS inhibitors include: angiotensin-converting enzyme (ACE) inhibitors,

angiotensin II receptor blockers (ARBs), and angiotensin and neprolysin

inhibitors (ARNIs).

MRA is mineralocorticoid receptor antagonists which include: spironolac-

tone and eplerenone.
aDetermined at the ZCTA-level.
bSelect comorbidities, full comorbidity details in Appendix S3.
cDefined by≥1 drug fill during 90 days prior to admission.
dDefined by≥1 drug fill within 30 days of hospital discharge.

TABLE 2 Short- and long-term outcomes, by rurality, 2008-2017.

Rural Urban

N % N % P value

30d death 6,223 6.3% 16,676 5.7% <0.001

30d readmission 20,208 20.6% 62,081 21.3% <0.001

ER visit within 30d 11,712 11.9% 27,915 9.6% <0.001

1 yr death 31,637 32.3% 92,809 31.8% 0.008

1 yr readmission 60,670 61.9% 186,389 63.9% <0.001

Note: 30d is 30 days; 1 yr is 1 year; ER is emergency room.

comorbidities measured in the specific population in these analyses,

someweremoreprevalent in the rural cohort (eg, chronic lungdisease),

while others were more prevalent in the urban cohort (eg, peripheral

vascular disease), and otherswere nearly equal (eg, diabetes). Similarly,

in this study, we showed that appropriate GDMTuse rates are higher in

rural areas; since GDMT use is associated with better outcomes,31,32

this widens the rural/urban gap and makes such differences harder

to explain. Thus, our first 2 hypotheses seeking to explain excess

mortality in rural areas were not supported by the data.

However, SDOH,which included both individual-levelmeasures (eg,

dual eligibility) and area-levelmeasures (eg, ADI), do appear to partially

explain the gap in rural and urban health outcomes for this sample of

older patients with HFrEF. This is an intriguing result because at least

some SDOH measures are modifiable to some degree. SDOH include

socioeconomic status, education, environment, employment, support

networks, and health care access, which are known to be strongly
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6 DRIVERSOF RURALDISPARITIES INHEART FAILURE

TABLE 3 Hierarchical models for outcomes, by rurality, 2008-2017.

Odds ratio for rural Lower 95%CI Upper 95%CI P value

Deathwithin 30 days

BaselineModel 1: Age/Sex/Race 1.152 1.118 1.188 <0.001

Model 2: Age/Sex/Race+HFH+ ICD+Comorbidities 1.178 1.143 1.215 <0.001

Model 3: Age/Sex/Race+HFH+ ICD+Comorbidities+GDMT 1.201 1.164 1.239 <0.001

Model 4: Age/Sex/Race+HFH+ ICD+Comorbidities+GDMT+ SDOH 1.140 1.103 1.178 <0.001

Readmissionwithin 30 days

BaselineModel 1: Age/Sex/Race 0.969 0.951 0.986 <0.001

Model 2: Age/Sex/Race+HFH+ ICD+Comorbidities 0.976 0.958 0.994 0.009

Model 3: Age/Sex/Race+HFH+ ICD+Comorbidities+GDMT 0.979 0.961 0.997 0.020

Model 4: Age/Sex/Race+HFH+ ICD+Comorbidities+GDMT+ SDOH 0.954 0.935 0.972 <0.001

ER visit (without hospitalization) within 30 days

BaselineModel 1: Age/Sex/Race 1.286 1.257 1.317 <0.001

Model 2: Age/Sex/Race+HFH+ ICD+Comorbidities 1.292 1.262 1.323 <0.001

Model 3: Age/Sex/Race+HFH+ ICD+Comorbidities+GDMT 1.291 1.262 1.322 <0.001

Model 4: Age/Sex/Race+HFH+ ICD+Comorbidities+GDMT+ SDOH 1.259 1.229 1.291 <0.001

Deathwithin 1 year

BaselineModel 1: Age/Sex/Race 1.059 1.042 1.076 <0.001

Model 2: Age/Sex/Race+HFH+ ICD+Comorbidities 1.090 1.072 1.108 <0.001

Model 3: Age/Sex/Race+HFH+ ICD+Comorbidities+GDMT 1.101 1.083 1.119 <0.001

Model 4: Age/Sex/Race+HFH+ ICD+Comorbidities+GDMT+ SDOH 1.034 1.017 1.052 <0.001

Readmissionwithin 1 year

BaselineModel 1: Age/Sex/Race 0.932 0.918 0.946 <0.001

Model 2: Age/Sex/Race+HFH+ ICD+Comorbidities 0.936 0.922 0.951 <0.001

Model 3: Age/Sex/Race+HFH+ ICD+Comorbidities+GDMT 0.937 0.923 0.952 <0.001

Model 4: Age/Sex/Race+HFH+ ICD+Comorbidities+GDMT+ SDOH 0.902 0.887 0.916 <0.001

Note: HFH is heart failurehospitalization categorizedas1, 2, or 3+; GDMT is guideline-directedmedical therapy for heart failure; SDOH is social determinants

of health including area deprivation index (ADI) at the ZIP code level andMedicare/Medicaid dual eligibility.

associated with health outcomes,33–35 and rural disparities have been

described in other diseases.36–39 Additional work to describe which

SDOH and combinations of SDOH are most strongly associated with

patient outcomes in different types of rural areas could meaningfully

inform regional quality improvement initiatives, system and commu-

nity partnerships, and policy discussions focused on improving rural

care. At a minimum, these findings based on aggregated SDOH mea-

sures reinforce a growing body of evidence supporting the evaluation

of SDOHupon hospital discharge for HF patients.28,40,41

Despite the importance of SDOH, there still remains an unexplained

rurality gap of 1.140 in the 30-day mortality odds ratio. That it is so

high (especially relative to the 1-year mortality odds ratio of 1.034) is

suggestive of rural-urban differences in inpatient and ER care for HF

patients. For example, this study and others have noted rising rates

of ER use within 30 days of hospital discharge and lower readmission

rates in rural areas.9 These 2 trends together raise concern about rural

hospital bed capacity, which is known to be more limited than urban

bed capacity and which has been negatively impacted by recent rural

hospital closures.42 In practice, this may result in prolonged manage-

ment of patients with HF in the ER setting, deferring of admission by

clinicians even when clinically indicated to reduce the risk of decom-

pensation, or acting as a deterrent to communitymembers with HFrEF

who might otherwise seek inpatient care. Indeed, lower readmission

rates at 30 days and 1 year among the rural cohortmay partially reflect

these pressures alongwith the potential impact of alternative payment

programswhich use readmission rates to determine financial penalties

and may have inadvertently incentivized suboptimal outcomes in rural

areas where hospital margins are thinner and the threat of financial

penalties is, therefore, greater.

LIMITATIONS AND STRENGTHS

While this study presents new findings that expand our understanding

of rural HFrEF care specifically and rural chronic disease management

more broadly, it should be interpreted within the context of its lim-

itations. The primary limitation of this study is its reliance on claims

data. While this affords a large, national sample size, it does limit the

 17480361, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jrh.12803, W

iley O
nline L

ibrary on [02/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



ZEITLER ET AL. 7

granularity of the data that can be examined; findings based on char-

acteristics summarized by area (eg, ADI) cannot necessarily be applied

to each individual patient in the cohort. Second, in the absence of a

consensus on how to define rurality in claims data and to simplify the

analyses, rurality was divided into only 2 categories: rural and urban

based on associated RUCA codes. Future studies may explore differ-

ent approaches to measuring rurality, as well as including additional

healthmeasures, including clinical lab values, imaging data, and cardiac

resynchronization therapy.

The third key limitation is that our study relies on the FFSMedicare

population. While highly reliable from a longitudinal perspective, the

use ofMedicare data restricts our findings to patients≥65 years of age

with continuous FFS coverage and Part D enrollment. Thus, the results

may not be generalizable to younger, non-Medicare patients. Finally,

as with any observational study, we cannot exclude the potential for

unmeasured confounding.

Despite these limitations, the use of claims data in this study allows

us to present large, nationally representative findings extending many

prior studies that were smaller or limited to single centers or specific

regions.5,9 The prior studies that did use larger samples did not sepa-

rate reduced and preserved ejection fraction,43,44 thereby limiting the

possibility of considering appropriate drug use. Finally, we used RUCA

codes at the ZIP code level to define rurality. This allowed us to exam-

ine rural “pockets” within more metropolitan counties and vice versa

and afforded us amore nuanced assessment of rurality as compared to

country or hospital referral region-level approaches.26

CONCLUSIONS

Among patients with HFrEF, the associations of HF outcomes with liv-

ing in a rural area versus an urban one are mixed. On the one hand,

despite greater odds of a return ER visit within 30 days of hospi-

tal discharge hospital discharge for HF exacerbation, living in a rural

area is associated with a lower risk of hospital readmission at 30

days and 1 year. On the other hand, living in a rural area is asso-

ciated with a significantly increased risk of death at 30 days and 1

year following HF hospitalization. When accounting for SDOH at the

patient and area level, observed urban-rural differences in mortality

among patients with HFrEF are diminished, but there is still a clinically

important gap in mortality risk for patients in rural areas that may be

related to differences in themanagement of HF in the ER and inpatient

settings.
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