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Abstract

Background—Heart failure is the leading cause for 30-day all-cause readmission, the reduction 

of which is a goal of the Affordable Care Act. There is a growing interest in understanding the 

impact of evidence-based heart failure therapy on 30-day all-cause readmission. In the current 
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study, we examined the impact of angiotensin-converting enzyme inhibitors or angiotensin 

receptor blockers (ACEI-ARBs) on 30-day all-cause readmission in heart failure.

Methods—Of the 1384 hospitalized Medicare beneficiaries with heart failure and left ventricular 

ejection fraction <45% discharged alive from 106 Alabama hospitals (1998–2001) without prior 

ACEI-ARB use and without known contraindications to ACEI-ARB use, 734 received new 

predischarge prescriptions for these drugs. Using propensity scores for ACEI-ARB initiation, we 

assembled a matched cohort of 477 pairs of patients balanced on 32 baseline characteristics (mean 

age 75 years, 46% women, 26% African American).

Results—30-day all-cause readmissions occurred in 18% and 24% of matched patients receiving 

and not receiving ACEI-ARBs, respectively (hazard ratio {HR}, 0.74; 95% confidence interval 

{CI}, 0.56–0.97; p=0.030). ACEI-ARB use was also associated with lower risk of 30-day all-

cause mortality (HR, 0.56; 95% CI, 0.33–0.98; p=0.041) and of the combined endpoint of 30-day 

all-cause readmission or 30-day all-cause mortality (HR, 0.73; 95% CI, 0.56–0.94; p=0.017). All 

associations remained significant at 1-year post-discharge.

Conclusions—Among hospitalized patients with heart failure and reduced ejection fraction, the 

use of ACEI-ARBs was associated with a significantly lower risk of 30-day all-cause readmission 

and 30-day all-cause mortality; both beneficial associations persisted during long-term follow-up.

Keywords

ACEI or ARB; heart failure; hospital readmission

Heart failure is the leading cause of hospital admission and readmission for Medicare 

beneficiaries aged 65 years and older in the United States.1 The 2010 Patient Protection and 

Affordable Care Act has made provisions for financial penalties for hospitals with above-

average 30-day all-cause readmissions. In 2014, when the law was first implemented, 66% 

of hospitals paid $227 million, a 2% loss in total Medicare inpatient payments for the year.2 

According to the Congressional Budget Office, over the next 10 years, hospitals may 

collectively lose about 7 billion dollars in Medicare payments for failing the cost-driven 

metric of 30-day all-cause readmission.3 As the 30-day all-cause readmission rate in heart 

failure remains high,1 and few intervention appears to be effective,4 there is a growing 

interest in understanding the role of evidence-based therapy on 30-day all-cause readmission 

in patients with heart failure.

National heart failure guidelines recommends the use of angiotensin-converting enzyme 

inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) in patients with heart failure and 

reduced ejection fraction.5 These drugs have favorable hemodynamic and neuroendocrine 

effects and have been shown to improve clinical outcomes in patients with heart failure and 

reduced ejection fraction.6 Heart failure medications with a favorable hemodynamic effect 

may alleviate symptoms and may also reduce hospital admission and readmission.7–9 in the 

current study, we tested the hypothesis that discharge prescription of ACEIs or ARBs will be 

associated with lower 30-day all-cause hospital readmission in patients with heart failure and 

reduced ejection fraction.
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MATERIALS AND METHODS

Data Source and Study Patients

The current study is based on the Alabama Heart Failure Project, the details of which have 

been described previously.7,10,11 Briefly, medical records of 8555 unique fee-for-service 

Medicare beneficiaries discharged with a principal discharge diagnosis of with heart failure 

from 106 Alabama hospitals between July 1, 1998 and October 31, 2001 were abstracted by 

trained technicians.10 A diagnosis of heart failure was based on the International 

Classification of Diseases, 9th Revision, Clinical Modification codes for heart failure. Of the 

8555 patients, 8049 were discharged alive, of which 5479 (68%) had data on left ventricular 

ejection fraction and 3067 (55%) had ejection fraction <45%.

Assembly of an Inception Cohort

To minimize bias associated with prevalent use of drugs, we created an inception cohort by 

excluding 1591 (52% of the 3067) patients who were receiving ACEIs or ARBs prior to 

hospital admission.12 We also excluded 92 patients who had prior documented records of 

contraindications or intolerance to these drugs or had baseline serum potassium greater than 

5.5 mEq/ml. Because of emerging evidence of benefit of ACEIs or ARBs in heart failure 

patients with chronic kidney disease, these patients were not excluded.13,14 Of the 1384 

patients with heart failure and reduced ejection fraction and without any contraindication for 

use of ACEIs or ARBs, 734 (53%) received discharge prescriptions for these drugs. 

Extensive data on other baseline characteristics including demographics, medical history, 

medications at discharge, hospital course, and discharge disposition were also collected by 

chart abstraction. 7,10

Propensity Matching: Assembly of a Balanced Cohort

Due to imbalances in the baseline characteristics between patients receiving and not 

receiving ACEIs or ARBs (Table 1 and Figure 1), propensity score matching approach was 

used to assemble a balanced cohort of patients receiving and not receiving these drugs.15,16 

Propensity scores or predicted probability of receiving a discharge prescription for ACEIs or 

ARBs were estimated for each of the 1384 patients using a non-parsimonious multivariable 

logistic regression model using 32 baseline characteristics as covariates.7,13,17,18 Using a 

greedy matching protocol described elsewhere,17,18 we were able to match 477 patients 

receiving ACEIs or ARBs with 477 patients not receiving these drugs who had similar 

propensity scores. Absolute standardized differences before and after matching were 

estimated for all 32 baseline characteristics to examine between-group covariate balance and 

were presented as a Love plot.19 An absolute standardized difference of 0% indicates no 

residual bias, and differences <10% are considered inconsequential.

Outcomes

The primary outcome of the current analysis was 30-day all-cause readmission. Secondary 

outcomes included 30-day readmissions due to heart failure, 30-day all-cause mortality, and 

30-day composite end point of 30-day all-cause mortality or all-cause readmissions. In 

addition, we also examined these outcomes at one year after index hospital discharge. Data 
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on all outcomes and time to first occurrence of each outcome were obtained from the 

Centers for Medicare and Medicaid Services Medicare data files.7,10

Statistical Analysis

Baseline characteristics were compared using Pearson’s Chi-square and Wilcoxon rank-sum 

tests for pre-match, and McNemar’s test and paired sample t-test for post-match 

comparisons, as appropriate. Cox regression models were used to examine associations of 

ACEI or ARB use with all outcomes among matched patients.7,11 In addition, we used 

Kaplan-Meier survival analysis to generates plots for 30-day all-cause readmissions by 

ACEI or ARB use in the matched cohort. All statistical tests were two-tailed with a p-value 

<0.05 considered significant. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: 

IBM Corp. was used for data analyses.

RESULTS

Baseline Characteristics

Matched patients had a mean age (±SD) of 75 (±10) years, 46% were women, and 26% were 

African American. Pre-match imbalances in the distribution of age, race, history of prior 

heart failure, comorbidities and treatment between cohort receiving and not receiving ACEIs 

or ARBs were well balanced after matching (Table 1 and Figure 1).

Associations with 30-Day Outcomes

30-day all-cause readmission occurred in 18% (88/477) and 24% (116/477) of matched 

patients receiving and not receiving a discharge prescription for ACEIs or ARBs, 

respectively (hazard ratio {HR} associated with ACEI or ARB use, 0.74; 95% confidence 

interval {CI}: 0.56–0.97; Table 2 and Figure 2). Findings from our sensitivity analysis 

demonstrate that of the 477 matched pairs, 180 patients clearly outlived their matched 

counterparts, 102 of which were receiving ACEIs or ARBs. In the absence of hidden bias, a 

sign-score test for matched data with censoring suggest that beneficial association of ACEI 

or ARB use with 30-day all-cause readmission maybe sensitive to a potential unmeasured 

confounder (p=0.0736).

There was no evidence of heterogeneity in the association of ACEI or ARB use with 30-day 

all-cause readmission in subgroups of patients based on an estimated glomerular filtration 

rate cutoff of 45 mL/min/1.73 m2. ACEI or ARB use was associated with significantly lower 

risk of 30-day heart failure readmission (7% vs. 14% for those not receiving these drugs; 

HR, 0.52; 95% CI, 0.35–0.79; Table 2). This association was insensitive to a potential 

unmeasured confounder (58 of the 92 patients who clearly outlived their matched 

counterparts were receiving ACEIs or ARBs; sign-score test p=0.0123).

30-day all-cause mortality occurred in 4% and 7% of patients receiving and not receiving 

ACEIs or ARBs, respectively (HR, 0.56; 95% CI, 0.33–0.98; Table 2). For this outcome, of 

the 53 patients that clearly outlived their matched counterparts, 34 received ACEIs or ARBs 

(sign-score test p=0.0394). The use of ACEIs or ARBs was also associated with a 

significantly lower risk for 30-day all–cause mortality or all-cause readmission (HR, 0.73; 
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95% CI, 0.56–0.94; Table 2). This association was also insensitive to a potential unmeasured 

confounder (sign-score test p = 0.0312).

Associations with 12-Month Outcomes

During the first year after hospital discharge, 64% and 69% of patients receiving and 

receiving ACEIs or ARBs had all-cause readmissions, respectively (HR, 0.81; 95% CI, 

0.69–0.95; Table 3). A discharge prescription of ACEI or ARB was associated with a 

significant lower risk for other one-year outcomes (Table 3).

DISCUSSION

Findings from the current study demonstrate that among a well-balanced cohort of older 

Medicare beneficiaries with heart failure and reduced ejection fraction who were 

hospitalized for acute decompensation a new discharge prescription for ACEIs or ARBs was 

associated with a significantly lower risk of 30-day all-cause and heart failure readmissions. 

The use of these drugs was also associated with lower risk of 30-day all-cause mortality, as 

well as the combined outcome of 30-day all-cause mortality or all-cause readmission. These 

beneficial associations persisted at one year after index hospitalization. These findings based 

on propensity-matched cohort of real world patients with heart failure provide new insights 

about the role of ACEIs or ARBs in lowering the risk of 30-day all-cause readmission in 

these patients, an important contemporary outcome of financial implication.

The lower 30 day all-cause readmissions associated with discharge initiation of ACEIs or 

ARBs observed in our study, is almost entirely explained by lower rate of heart failure 

readmissions. In our study among 477 pairs of matched patients receiving vs. not receiving 

ACEIs or ARBs, there were 116 events of 30-day all-cause readmission in patients not 

receiving these drugs, of which 65 were due to worsening heart failure and 51 were due to 

non-heart failure related causes. On the other hand, among those receiving these drugs, there 

were 88 events of 30-day all-cause readmission of which 35 were heart failure related and 53 

were non-heart failure related. Therefore, the 28 (116 – 88) fewer events of 30-day all-cause 

readmission among those receiving ACEIs or ARBs can be almost entirely explained by the 

30 (65 – 35) fewer events of 30-day heart failure readmission in that group. Findings from 

the Studies of Left Ventricular Dysfunction (SOLVD) – Treatment trial and the Candesartan 

in Heart failure - Assessment of moRtality and Morbidity (CHARM) – Alternative trial 

suggest that the long-term clinical benefits of ACEIs or ARBs in patients with heart failure 

and reduced ejection fraction are mediated by its favorable effects on ventricular remodeling 

and disease progression.20,21 Findings from those trials also demonstrated that the clinical 

benefits of these drugs start early and are likely mediated by their favorable hemodynamic 

effects, which also likely explain the beneficial associations observed in our study. To the 

best of our knowledge this is the first study to demonstrate a beneficial association of ACEIs 

or ARBs with 30-day all-cause readmission in real world patients with heart failure and 

reduced ejection fraction.

Despite limitations of the cost-driven metric of 30-day all-cause readmission, heart failure 

remains the leading cause for this outcome, which has gained new importance due to 

provision of financial penalties in the Affordable Care Act for hospitals with higher than 
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average readmission rates. ACEIs or ARBs are under-prescribed despite evidence of a 

favorable survival and hospitalization benefits.22,23 Importantly, these drugs are often 

temporarily discontinued in patients with renal insufficiency despite emerging evidence of 

their beneficial effects in these patients.13,14 Further, these drugs are often not restarted in 

the outpatient setting.24 Findings from our study suggest that initiation of ACEIs or ARBs 

prior to hospital discharge may provide additional benefit of lowered 30-day all-cause 

readmissions in patients with heart failure and reduced ejection fraction. This is important as 

hospitals are under pressure to identify means to lower 30-day all-cause readmission, and 

many are adopting expensive transition of care interventions with little proven benefit.4

Several potential limitations of our study merit discussion. Patients were restricted to fee-

for-service Medicare beneficiaries from a single state during 1999–2001. Of this cohort, 

only 30% were receiving beta-blockers, very few receiving aldosterone antagonists, and 

presumably, none receiving device-based interventions. However, neither of these drugs have 

any proven benefit for 30-day all-cause readmission and despite other modern advances in 

device-based therapy, the 30-day readmissions rates remains high.1 Another limitation of 

study was lack of data on dosage of ACEIs or ARBs at discharge as well as post-discharge 

adherence data.

Conclusions

Among Medicare beneficiaries with heart failure and reduced ejection fraction hospitalized 

for acute decompensation, compared to patients not receiving ACEIs or ARBs, those 

receiving these drugs had lower risk of 30-day all-cause readmission and 30-day all-cause 

mortality, and these beneficial associations persisted up to one year post-discharge. Our 

findings of clinical effectiveness of ACEIs or ARBs in reducing 30-day all-cause hospital 

readmission in the real-world patients with heart failure and reduced ejection fraction 

suggest that these drugs may play an important role in reducing readmission, a growing 

public health problem and a target for financial penalties under the Affordable Care Act.
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Clinical significance

• Angiotensin-converting enzyme inhibitor and angiotensin receptor 

blocker use is associated with lower risk of 30-day all-cause 

readmissions and 30-day all-cause mortality in older hospitalized 

Medicare beneficiaries with heart failure and reduced ejection fraction.

• These beneficial associations persisted for one year after discharge.

Sanam et al. Page 9

Am J Med. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Love plot displaying absolute standardized differences for 32 baseline characteristics of 

hospitalized Medicare beneficiaries with heart failure and left ventricular ejection fraction 

<45% receiving and not receiving a new discharge prescription for angiotensin-converting 

enzyme inhibitors or angiotensin receptor blocker, before and after propensity score 

matching
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Figure 2. 
Kaplan-Meier plots displaying association between pre-discharge initiation of angiotensin-

converting enzyme inhibitors (ACEIs) or angiotensin receptor blocker (ARBs) and 30-day 

all-cause readmission in a propensity-matched cohort of hospitalized Medicare beneficiaries 

with heart failure and left ventricular ejection fraction <45%. (CI=confidence interval)
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Table 2

Association between pre-discharge initiation of angiotensin-converting enzyme inhibitors (ACEIs) or 

angiotensin receptor blocker (ARBs) and 30-day post-discharge outcomes in a propensity-matched cohort of 

hospitalized Medicare beneficiaries with heart failure and left ventricular ejection fraction <45%

30-day outcomes

% (events)
Absolute
risk diff.*

Hazard ratio†
(95% confidence interval)

ACEIs or ARBs

No (n=477) Yes (n=477)

All-cause readmission 24% (116) 18% (88) −6% 0.74 (0.56–0.97); p=0.030

Heart failure readmission 14% (65) 7% (35) −7% 0.52 (0.35–0.79); p=0.002

All-cause mortality 7% (35) 4% (20) −3% 0.56 (0.33–0.98); p=0.041

All-cause mortality or all-cause readmission 28% (133) 21% (100) −7% 0.73 (0.56–0.94); p=0.017

*
Absolute risk differences were calculated by subtracting percent events in patients receiving no ACEIs or ARBs from those receiving those drugs

†
The hazard ratios compared patients receiving ACEIs or ARBs versus those not receiving these drugs. These hazard ratios were calculated by 

treating patients without events during the first 30 days as censored.
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Table 3

Association between pre-discharge initiation of angiotensin-converting enzyme inhibitors (ACEIs) or 

angiotensin receptor blocker (ARBs) and 1-year post-discharge outcomes in a propensity-matched cohort of 

hospitalized Medicare beneficiaries with heart failure and left ventricular ejection fraction <45%

1-year outcomes

% (events)
Absolute
risk diff.*

Hazard ratio†
(95% confidence interval)

ACEIs or ARBs

No (n=477) Yes (n=477)

All-cause readmission 69% (329) 64% (304) −5% 0.81 (0.69–0.95); p=0.008

Heart failure readmission 38% (179) 29% (136) −9% 0.68 (0.54–0.84); p=0.001

All-cause mortality 37% (178) 31% (148) −6% 0.77 (0.62–0.96); p=0.020

All-cause mortality or all-cause readmission 78% (374) 73% (347) –5% 0.82 (0.70–0.94); p=0.006

*
Absolute risk differences were calculated by subtracting percent events in patients receiving no ACEIs or ARBs from those receiving those drugs

†
The hazard ratios compared patients receiving ACEIs or ARBs versus those not receiving ACEIs or ARBs. These hazard ratios were calculated by 

treating patients without events during the first 12 months as censored.
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