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Abstract

Hospitals are required to report all-cause 30-day resadmissions for patients discharged with heart 

failure. Same-cause readmissions have received less attention but may differ for heart failure with 

reduced ejection fraction (HFrEF) versus heart failure with preserved ejection fraction (HFpEF). 

The ARIC study began abstracting medical records for cohort members hospitalized with acute 

decompensated heart failure (ADHF) in 2005. ADHF was validated by physician review, with 

HFrEF defined by ejection fraction <50%. Recurrent admissions for ADHF were analyzed within 

30 days, 90 days, 6 months, and 1 year of the index hospitalization using repeat-measures Cox 

regression models. All recurrent ADHF admissions per patient were counted rather than the more 

typical analysis of only the first occurring readmission. From 2005 to 2014, 1,133 cohort members 

survived at least 1 hospitalization for ADHF and had ejection fraction recorded. Half were 

classified as HFpEF. Patients with HFpEF were more often women and had more comorbidities. 

The overall ADHF readmission rate was greatest within 30 days of discharge but was higher for 

patients with HFrEF (115 vs 88 readmissions per 100 person-years). After adjustments for 

demographics, year of admission, and co-morbidities, there was a trend for higher ADHF 

readmissions with HFrEF, relative to HFpEF, at 30 days (hazard ratio [HR] 1.41, 95% confidence 

interval [CI] 0.92 to 2.18), 90 days (HR 1.39, 95% CI 1.05 to 1.85), 6 months (HR 1.47, 95% CI, 

1.18 to 1.84), and 1 year (HR 1.42, 95% CI 1.18 to 1.70) of follow-up. In conclusion, patients with 

HFrEF have a greater burden of short- and long-term readmissions for recurrent ADHF.
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Each year, ~6 million Americans with heart failure spend a collective total of ~6.5 million 

days in the hospital.1 Heart failure is not only a leading cause of hospitalization for 

Medicare beneficiaries but also the most common discharge diagnosis for patients 

subsequently readmitted within 30 days.2 The Affordable Care Act requires hospitals to 

publicly report 30-day all-cause readmissions for patients discharged with heart failure, with 

excessive readmissions penalized by the Centers for Medicare and Medicaid Services.3 

However, the majority of readmissions are for causes other than recurrent acute 

decompensated heart failure (ADHF).2,4 The presentation of heart failure is heterogenous,5 

and the clinical course and frequency of acute decompensation may differ by heart failure 

type. We investigated recurrent ADHF readmissions in patients with heart failure with 

reduced ejection fraction (HFrEF) versus patients with heart failure with preserved ejection 

fraction (HFpEF) in the Atherosclerosis Risk in Communities (ARIC) Study. Unique to our 

analysis, short- and long-term readmissions were analyzed by counting all hospitalizations 

per patient as the outcome rather than only the first readmission.

Methods

The ARIC study is an observational, population-based cohort of 15,792 mostly white or 

black adults in 4 US communities: Forsyth County, North Carolina; Washington County, 

Maryland; Jackson, Mississippi; and Minneapolis, Minnesota. Study participants were 

recruited with informed consent and have been prospectively followed since enrollment 

(1987 to 1989). To date, participation in the ARIC cohort study has involved 6 completed in-

person study visits, with annual telephone contact during interim years and surveillance of 

hospitalized events. All research activities are approved by local institutional review boards 

from the 4 ARIC communities.

In 2005, the ARIC study began abstracting medical records for cohort members hospitalized 

with heart failure, as previously described.6 At the time of this writing, heart failure events 

were adjudicated through December 31, 2015. To allow at least 1 year of follow-up for 

recurrent ADHF readmissions, we considered hospitalizations with discharge dates from 

January 1, 2005 to December 31, 2014 eligible for study inclusion. Demographics, medical 

histories, and laboratory values were collected from the hospital record by trained 

abstractors. Laboratory values were abstracted by recording the worst and last values over 

the course of the hospitalization. For the purposes of our analysis, the last laboratory values 

were analyzed because these are temporally closer to hospital discharge and likely more 

pertinent to subsequent outcomes.

When available, left ventricular ejection fraction (EF) was abstracted from inpatient 

transthoracic echocardiography reports. In the event that patients were not evaluated by 

echocardiography during the hospital visit, an available EF documented within 2 years 

before hospital admission was abstracted from the medical record. In these instances, 

transthoracic echocardiography was prioritized first for EF abstraction, followed by cardiac 

magnetic resonance imaging, computed tomography, radionucleotide ventriculograms, 

coronary angiography, stress testing, and transesophageal echocardiograms.
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Using standardized criteria, hospitalizations were classified by physician reviewers as 

definite ADHF, probable ADHF, stable chronic heart failure, not heart failure, or 

unclassifiable, based on diagnostic reports from the hospital record, physician notes, and 

discharge summaries.6 ADHF was differentiated from stable, chronic heart failure by 

evidence of new onset or worsening signs or symptoms. Consistent with previous analyses 

of hospital readmissions in patients discharged with heart failure,7–9 we defined HFrEF by 

an EF <50% and considered an EF ≥50% to be evidence of HFpEF. However, other cut 

points have been defined in the literature.10 Recently, the European Society of Cardiology 

proposed sub-dividing an EF <50% into midrange (40% to 49%) and reduced (<40%) EF 

classifications.11

We considered the first occurring hospitalization for definite or probable ADHF with an in-

hospital assessment of EF to be the index hospitalization. In the event that no ADHF 

hospitalizations per patient included inpatient echocardiography, the first occurring ADHF 

hospitalization from 2005 to 2014 with a historical EF recorded within 2 years was 

considered the index hospitalization. Subsequent hospitalizations for definite or probable 

ADHF within 30 days, 90 days, 6 months, and 1 year of the index hospitalization discharge 

date were considered ADHF readmissions. Transfers were defined by relocation to another 

acute care hospital or relocation to a rehabilitation unit of the same hospital generating a 

separate admission. To avoid misclassification with readmission, transfers were excluded 

from the analysis.

All statistical analyses were carried out using SAS 9.4 (SAS Institute, Cary, North Carolina). 

Continuous variables were assessed for normality and compared using t tests or Wilcoxon 

rank-sum tests, as appropriate. Categorical variables were compared using chi-square test. 

Each recurrent ADHF readmission per patient was counted within 30 days, 90 days, 6 

months, and 1 year of the index hospitalization discharge date, with censoring only at death 

or at the end of the observation period. Point estimates for the readmission, death, or 

composite incidence rates were calculated by summing all occurrences of the outcomes of 

interest, divided by the total amount of person-time at risk. Hazard ratios (HRs) of ADHF 

readmissions, death, or composite were analyzed using repeat measures Cox regression, with 

robust estimators accounting for within-subject correlation between recurrent readmissions.

Previous research suggests that hospital readmissions for patients with heart failure are 

strongly influenced by race, socioeconomic status, insurance type, age, and medical literacy.
12–15 To account for these factors, regression models were adjusted for demographics (age, 

sex, race), insurance status, geographic location (Forsyth County, North Carolina; Jackson, 

Mississippi; Minneapolis, Minnesota; Washington County, Maryland), and education (<12 

years, 12 to 16 years, >16 years). To account for temporal differences in medical 

management and readmission policies, we also adjusted for year of hospital admission. 

Because HFrEF and HFpEF are associated with multiple co-morbidities that may influence 

precipitation and onset of ADHF, our final models additionally adjusted for baseline 

characteristics that were routinely measured and statistically differed between the 2 types of 

heart failure. Model adjustment decisions were made a priori.
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Several sensitivity analyses were also carried out. In the first sensitivity analysis, we 

excluded 143 patients with heart failure type classified by a historical EF. In the second 

sensitivity analysis, we constructed competing risk repeat-measures Cox regression models 

using the subdistribution hazard as described by Fine and Gray.16 In the third sensitivity 

analysis, we examined the impact of various EF partition values on readmissions HRs. 

HFrEF was compared with HFpEF using EF cut points of <55% versus ≥55%, <45% versus 

≥45%, 40% to 49% versus ≥50%, and <40% versus ≥50%.

Results

From January 1, 2005 to December 31, 2014, a total of 1,282 cohort members survived at 

least 1 hospitalization for definite or probable ADHF. Of these, 1,133 (88%) had available 

EF data, with 990 (87%) based on inpatient echocardiograms from the index hospitalization. 

Half were classified as HFrEF. Patients with HFrEF more often had a history of coronary 

heart disease; however, patients with HFpEF carried a greater number of co-morbidities 

(Table 1).

As shown in Table 2, the majority of readmitted patients had a single ADHF 

rehospitalization irrespective of observation period. The maximum number of recurrent 

ADHF readmissions per patient was 2, 4, 5, and 8, within 30 days, 90 days, 6 months, and 1 

year of the index hospitalization discharge date, respectively. Compared with HFpEF, a 

greater percentage of patients with HFrEF was readmitted at least once for recurrent ADHF 

by 30 days (8% vs 6%), 90 days (16% vs 13%), 6 months (25% vs 19%), and 1 year (32% 

vs 26%) of follow-up. The unadjusted mortality was comparable for the 2 types of heart 

failure but slightly higher with HFrEF at 30 days and 1 year of follow-up.

When analyzed as an incidence rate, the overall ADHF readmissions peaked during the first 

30 days (101 readmissions per 100 person-years [PYs]) and then decreased dramatically 

until reaching 57 readmissions per 100 PYs by 1 year of follow-up. When stratified by heart 

failure type (Figure 1), ADHF readmissions rates were consistently higher for HFrEF than 

HFpEF. Death rates followed a similar pattern, peaking at 30 days (76 deaths per 100 PYs) 

then falling to 36 deaths per 100 PYs by 1 year of follow-up. As shown in Figure 1, the 30-

day and 1-year death rates were higher with HFrEF but comparable with HFpEF at 90 days 

and 6 months. As with ADHF readmissions rates and death rates, composite event rates were 

highest within the first 30 days of the index hospital discharge (177 events per 100 PYs) and 

steadily decreased until reaching 93 events per 100 PYs by 1 year of follow-up. When 

stratified by heart failure type, composite event rates were consistently higher with HFrEF at 

30 days (200 vs 153 events per 100 PYs), 90 days (141 vs 119 events per 100 PYs), 6 

months (128 vs 101 events per 100 PYs), and 1 year (105 vs 81 events per 100 PYs).

After adjustment for demographics and co-morbidities, a 40% higher hazard of ADHF 

readmissions was consistently observed for HFrEF relative to HFpEF across all observation 

periods (Figure 2). Although this trend did not achieve significance until 90 days of follow-

up, readmission HRs were similar at 30 days (HR 1.41), 90 days (HR 1.39), 6 months (HR 

1.47), and 1 year (HR 1.42). In contrast, the relative hazard of death was not significantly 

greater with HFrEF at any observation period but was marginally higher by 1 year of follow-
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up. When composite outcomes were considered, HFrEF was associated with a 20% to 30% 

higher hazard of ADHF readmissions and/or death, which attained significance by 6 months 

and 1 year of follow-up (Figure 2).

HRs from unadjusted and minimally adjusted models are shown in Appendix Table S1 and 

are comparable with the fully adjusted models. HRs were also similar when excluding the 

143 patients with heart failure type classified by a historical EF (Appendix Table S2). 

Likewise, analyzing ADHF readmissions by repeat-measures competing risk models had 

minimal impact on the estimates (Appendix Table S3). When defining heart failure type by 

various EF partition values, the 1-year hazard of ADHF readmissions remained higher with 

HFrEF irrespective of the cut point (Figure 3). Maximum numbers of ADHF readmissions 

per patient and mortality by 1 year of follow-up are shown for various classifications of 

HFrEF in Appendix Table S4.

Discussion

In this analysis from the ARIC study, we investigate the burden of recurrent ADHF 

readmissions for patients discharged with HFrEF and HFpEF. Unique to our investigation, 

we examined total repeated admissions in short- and long-term follow-up intervals, which 

were validated by physician review. Despite evidence-based treatment options,17 patients 

with HFrEF were consistently observed to have a 40% higher hazard of ADHF readmissions 

than those with HFpEF, both in short- and long-term follow-up. Composite event rates were 

also higher with HFrEF but largely driven by the greater number of ADHF readmissions 

rather than differences in mortality.

In the global literature, most7–9,18 but not all19 registries report marginally higher unadjusted 

long-term ADHF readmissions for patients with HFrEF compared with HFpEF. These 

registries considered ADHF readmission to be a single event, defined by the first recurrent 

hospitalization for worsening heart failure. Others reported a composite cumulative 

incidence of ADHF readmission and/or death. However, none considered multiple ADHF 

readmissions per patient. Unlike previous investigations, we counted all recurrent ADHF 

readmissions per patient, allowing a more comprehensive evaluation of the ADHF 

readmission burden. The Enhanced Feedback for Effective Cardiac Treatment trial is one of 

the few other studies counting all recurrent heart failure readmissions as an outcome.20 

Heart failure readmissions were significantly higher for Canadian patients with HFrEF 

compared with HFpEF (43 vs 35 per 100 PYs); however, follow-up time for incidence rates 

was divided into varying patient-specific intervals, limiting generalizability to 30-day, 90-

day, 6-month, and 1-year benchmarks. As we observed in the ARIC study, readmission rates 

for ADHF are not constant over time but peak within the first 30 days of hospital discharge 

and then steadily decrease.

The Centers for Medicare and Medicaid Services currently penalize excessive 30-day all-

cause readmissions for patients discharged with heart failure.3 Recent analyses suggest these 

policies may have had unintended consequences by increasing mortality for patients with 

heart failure.21 Critics have proposed quality metrics based on longer duration of follow-up, 

with a focus on same-cause rather than all-cause readmissions.22,23 If such changes were 
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enacted, hospitals with a greater case mix of HFrEF may receive more penalties due to the 

greater burden of recurrent ADHF readmissions. However, impending modification of the 

existing readmissions policy is far from certain.

One potential application of our analysis may be the planning and design of clinical trials. 

Recent investigations have incorporated multiple recurrent readmissions into study end 

points. This captures a more comprehensive assessment of the patient experience and may 

also increase the statistical power compared with traditional end points based on only the 

first readmission. Notable examples of heart failure trials analyzing multiple recurrent 

readmissions include the Prospective Comparison of ARNI with ARB Global Outcomes in 

HF With Preserved Ejection Fraction trial24 and the Torsemide Comparison With 

Furosemide for Management of Heart Failure trial.

Our study has some limitations. This was an observational analysis and was based on data 

available in the hospital record. B-type natriuretic peptide was not uniformly measured 

across the hospitals, with 33% of index hospitalizations recording pro-B-type natriuretic 

peptide. Although the ARIC study was initiated in 1987, ADHF hospitalizations before 2005 

were not included. Approximately 10% of patients discharged alive with a classification of 

ADHF were missing EF data. Additionally, echocardiograms were clinically indicated and 

unstandardized, with inevitable variations in imaging protocols, quality, and interpretations. 

We classified heart failure type by an EF cut point of 50%, but other partition values have 

been used in the literature. Importantly, the results were comparable in our sensitivity 

analysis defining HFrEF by various other EF cut points. It is possible our analysis of short-

term readmissions was underpowered, given the low number of ADHF readmissions within 

30 days of discharge. Nonetheless, relative hazards of ADHF readmissions remained higher 

for HFrEF irrespective of the observation period.

Our analysis also has several noteworthy strengths. The ARIC study is a population-based 

biracial cohort representing 4 economically diverse regions of the United States. Rather than 

relying solely on ICD-9 codes as in previous studies, ADHF hospitalizations in the ARIC 

study were verified (classified and adjudicated) by physician review. Hospitalizations for 

cohort members were closely monitored, providing information not only on the first 

readmission following hospital discharge but also on all readmissions within an observation 

period. Altogether, these strengths allow an interpretation of “real-world” heart failure 

readmissions outcomes, which are socially, financially, and clinically relevant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Crude incidence rates* of ADHF readmissions for participants of the Atherosclerosis Risk in 

Communities Study who survived at least 1 hospitalization for ADHF during 2005 to 2014. 

*Incidence rates are per 100 PYs and count all recurrent ADHF admissions per patient 

within 30 days, 90 days, 6 months, and 1 year of the index hospitalization.
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Figure 2. 
Adjusted* HRs of death, ADHF readmission, or composite in participants of the ARIC study 

who survived at least 1 hospitalization for ADHF during 2005 to 2014. HRs contrast HFrEF 

to HFpEF. *Adjusted for age, race, sex, year of index hospitalization, insurance status, 

geographic location (Forsyth County, North Carolina; Jackson, Mississippi; Minneapolis, 

Minnesota; Washington County, Maryland), education (<12 years, 12 to 16 years, >16 

years), obesity, hypertension, coronary heart disease, chronic obstructive pulmonary disease, 

stroke, thyroid disease, depression, and hemoglobin.
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Figure 3. 
Adjusted* HRs of recurrent ADHF readmission within 1 year of discharge from the index 

hospitalization in participants of the ARIC study surviving at least 1 hospitalization for 

ADHF during 2005 to 2014. HRs contrast HFrEF with HFpEF using various ejection 

fraction partition values to define HFrEF and HFpEF. *Adjusted for age, race, sex, year of 

index hospitalization, insurance status, geographic location (Forsyth County, North Carolina; 

Jackson, Mississippi; Minneapolis, Minnesota; Washington County, Maryland), education 

(<12 years, 12 to 16 years, >16 years), obesity, hypertension, coronary heart disease, chronic 

obstructive pulmonary disease, stroke, thyroid disease, depression, and hemoglobin.
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