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Abstract

BACKGROUND—Heart failure is the leading cause for 30-day all-cause readmission. We 

examined the impact of 30-day all-cause readmission on long-term outcomes and cost in a 

propensity score matched study of hospitalized patients with heart failure.
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METHODS—Of the 7578 Medicare beneficiaries discharged with a primary diagnosis of heart 

failure from 106 Alabama hospitals (1998–2001) and alive at 30-day post-discharge, 1519 had 30-

day all-cause readmissions. Using propensity scores for 30-day all-cause readmission, we 

assembled a matched cohort of 1516 pairs of patients with and without 30-day all-cause 

readmissions, balanced on 34 baseline characteristics (mean age 75 years, 56% women, 24% 

African American).

RESULTS—During 2-12 months of follow-up after discharge from index hospitalization, all-

cause mortality occurred in 41% and 27% of matched patients with and without 30-day all-cause 

readmission, respectively (hazard ratio {HR}, 1.68; 95% confidence interval {CI}, 1.48–1.90; 

p<0.001). This harmful association of 30-day all-cause readmission with mortality persisted 

during an average follow-up of 3.1 (maximum, 8.7) years (HR, 1.33; 95% CI, 1.22–1.45; 

p<0.001). Patients with a 30-day all-cause readmission had higher cumulative all-cause 

readmissions (mean, 6.9 vs. 5.1; p<0.001), a longer cumulative length of stay (mean, 51 vs. 43 

days; p<0.001) and a higher cumulative cost (mean, $38,972 vs. $34,025; p=0.001) during 8.7 

years of follow-up.

CONCLUSIONS—Among Medicare beneficiaries hospitalized for heart failure, 30-day all-cause 

readmission was associated with a higher risk of subsequent all-cause mortality, higher number of 

cumulative all-cause and heart failure readmissions, longer cumulative length of stay and higher 

cumulative cost.
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Heart failure is the leading cause for hospital admission and readmissions in the United 

States among adults 65 years of age and older, creating a significant healthcare burden.1 

Greater than 1 million Medicare beneficiaries are hospitalized annually with heart failure as 

their primary discharge diagnosis and about one in four of these patients are readmitted 

within 30 days of hospital discharge. Such numbers in part contribute to the nearly $17 

billion of total Medicare expenditure, prompting the need to reduce this cost with a focus on 

readmission reduction.2 Under the Affordable Care Act, hospitals with above-average 30-

day all-cause readmission rates are subject to financial penalties with a projected loss of over 

$7 billion in Medicare payments over the next 10 years.3 Among ambulatory patients with 

heart failure, hospitalization is associated with a higher risk of post-discharge mortality.4, 5 

However, little is known about the association of 30-day all-cause readmission with 

subsequent all-cause mortality and other outcomes. Moreover, this issue has not been 

investigated in a large cohort of patients using propensity score matching. In the current 

study, we examined the association of 30-day all-cause readmission with subsequent all-

cause mortality and cumulative hospitalizations, lengths of stay and costs in a propensity-

matched cohort of hospitalized heart failure patients.
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MATERIALS AND METHODS

Data Source and Study Population

The Alabama Heart Failure Project is a quality improvement registry of hospitalized heart 

failure patients, the details of which have been presented elsewhere.6 Briefly, extensive data 

on baseline characteristics, past medical history, admission and discharge medications, in-

hospital events, hospital care characteristics and laboratory values were collected on 8555 

Medicare beneficiaries discharged from 106 Alabama hospitals with a principal discharge 

diagnosis of heart failure between July 1, 1998 and October 31, 2001.6-9 A diagnosis of 

heart failure was ascertained using International Classification of Diseases, Ninth Revision, 

Clinical Modification codes. Medical records of these patients were centrally abstracted and 

then linked to Medicare outcomes data. Of the 8555 Medicare beneficiaries with heart 

failure, 8049 were discharged alive.

Exposure Variable: 30-Day All-Cause Readmission

Data on hospitalization and time of hospitalization through April 2, 2007 obtained from the 

Medicare Provider Analysis and Review File were used to ascertain 30-day all-cause 

readmission. 6-9 The Medicare Provider Analysis and Review File contains inpatient hospital 

final action stay records that summarize all services rendered to a beneficiary from the time 

of admission to a Medicare certified inpatient hospital through discharge.6 Patients admitted 

to out-of-state hospitals and those who did not have Medicare pay for their hospitalizations 

were not included. Although data on hospitalization was originally collected as an outcome 

variable, in the current analysis, 30-day all-cause hospitalization was the exposure variable 

and was defined as first hospitalization due to any cause within 30 days from index hospital 

discharge. Of the 7578 Medicare beneficiaries that were alive at 30 days post-discharge, 

1519 had a 30-day all-cause readmission.

Outcomes Data

Data on death and time of death through April 2, 2007 obtained from the Centers for 

Medicare & Medicaid Services Denominator File were used to ascertain all-cause 

mortality.6-9 The Denominator File contains data on dates of birth and death for each 

Medicare beneficiary enrolled in Medicare during a calendar year.6 The primary outcome of 

our study was all-cause mortality during post-discharge months 2 to 12. Because our 

primary exposure of all-cause readmission occurred during the first 30 days after index 

discharge, the first month post-discharge was excluded from outcomes follow-up. Data on 

total number of subsequent all-cause and heart failure-related hospital readmission, length of 

stay, charges and payments were also collected.

Assembly of a Balanced Study Cohort

To reduce bias due to imbalances in baseline characteristics between patients with and 

without a 30-day all-cause readmission, we used propensity scores for 30-day all-cause 

readmission to assemble a matched cohort in which those with and without 30-day all-cause 

readmission would be balanced on key measured baseline characteristics.10, 11 We used a 

non-parsimonious multivariable logistic regression model using 34 key baseline 
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characteristics (Figure 1) to estimate propensity scores or predicted probability for 30-day 

all-cause readmissions for each of the 7578 patients.12, 13 We then used a greedy matching 

protocol to match patients based on their propensity scores, thus assembling a cohort of 

1516 pairs of patients with vs. without a 30 day all-cause readmission (Table 1 and Figure 
1).7-9

Statistical Analyses

Descriptive pre- and post-match analyses comparing between-group differences in baseline 

characteristics for those with and without a 30-day all-cause readmission were conducted 

using Pearson chi-square and Wilcoxon rank sum tests as appropriate. Cox regression 

models were used to examine the association of 30-day all-cause readmission with the 

primary outcome of all-cause mortality among matched patients during 2 to 12 months of 

follow-up. Although matched patients with vs. without a 30-day all-cause readmission were 

balanced on 34 baseline characteristics, bias due to an unmeasured covariate is possible. 

Therefore, we conducted formal sensitivity analyses to quantify the degree of a hidden bias 

that may potentially explain away a significant association in the matched data.14 For 

mortality beyond the first year of follow-up, we used a single Cox model in which those who 

survived during the first 8 years were censored. Because the proportional hazards 

assumptions held for these models, the constant hazard ratio over the entire 8.7-year time 

frame is a viable assumption. Thus, we did not fit separate Cox models for events at 2, 4 and 

8.7 years post-discharge. We also examined the primary association of 30-day all-cause 

readmission with all-cause mortality at one year and during 8.7 years of follow-up among 

7578 pre-match patients using 3 different models: unadjusted, multivariable-adjusted (34 

baseline covariates) and adjusted for propensity scores (based on 34 covariates). We then 

examined the association of 30-day all-cause readmission with 2–12 month all-cause 

mortality in several clinically important subgroups of patients including those based on left 

ventricular ejection fraction cutoff of 45%. Finally, we used student T-test to compare total 

number of subsequent all-cause and heart failure-related hospital readmissions, cumulative 

lengths of stay, charges and payments associated with those readmissions in the matched 

cohort. Finally, to examine the impact of a longer-term readmission, we examined the 

association of 90-day all-cause readmission with subsequent all-cause mortality. All 

statistical analyses were two-tailed and p values <0.05 were considered significant. All data 

analyses were performed using SPSS Statistics for Windows, Version 23.0. (International 

Business Machines Corporation; 2012: Armonk, NY).

RESULTS

Baseline Characteristics

After matching, patients (n=3032) had a mean age of 75 years, 56% were women, and 24% 

were African American. Before matching, baseline characteristics of heart failure patients 

with vs. without a 30-day all-cause readmission were generally similar. However, those with 

a 30-day all-cause readmission were younger, likely to be sicker with a higher prevalence of 

pre-existing heart failure, coronary artery disease, diabetes mellitus, chronic obstructive lung 

disease, chronic kidney disease, cancer, and clinical factors such as pulmonary edema, 

pneumonia and pressure ulcer (Table 1). Those with a 30-day all-cause readmission also had 
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longer length of stay and intensive care use. Before matching, fewer patients in the group 

with a 30-day all-cause readmission were discharged on angiotensin-converting enzyme 

(ACE) inhibitors or angiotensin receptor blockers (ARBs) and loop diuretics. However, all 

these variables were balanced after matching as is evident from post-match absolute 

standardized differences of <10% for all 34 baseline characteristics, suggesting that the 

balance achieved was substantial and any residual bias would be inconsequential (Figure 1).

30-day All-cause Readmission and Subsequent All-cause Mortality

During the 2–12 months of post-discharge follow-up, all-cause mortality occurred in 41% 

and 27% of matched patients with and without 30-day all-cause readmission, respectively 

(hazard ratio {HR}, 1.68; 95% confidence interval {CI}, 1.48–1.90; p<0.001; Table 2 and 

Figure 2). Findings from our sensitivity analysis demonstrated that of the 857 patients who 

clearly outlived their matched counterparts during the first year of follow-up, 542 were from 

the group without a 30-day all-cause hospitalization and 315 were from the group with a 30-

day all-cause hospitalization. In the absence of a hidden bias, a sign-score test for matched 

data with censoring provides strong evidence (p <0.001) that 30-day readmission was 

associated with significantly higher risk of death during 2–12 months post-discharge follow-

up. There was no evidence of heterogeneity in the association between a 30-day all-cause 

readmission and 2–12 months all-cause mortality.

The harmful association of 30-day all-cause readmission with subsequent mortality persisted 

during 8.7 (mean, 3.1) years of follow-up (HR, 1.33; 95% CI, 1.22–1.45; p<0.001; Table 2 
and Figure 2). Of the 1376 clear survivors within matched pairs, 822 and 554 were from the 

groups without and with a 30-day all-cause hospitalization, respectively (sign-score test p < 

0.001). Unadjusted and adjusted associations among pre-match patients are displayed in 

Table 2.

30-Day All-cause Readmission and Other Outcomes

During 8.7 (mean, 3.1) years of follow-up, patients with a 30-day all-cause readmission (vs. 

without) had higher cumulative readmissions (mean, 6.9 vs. 5.1; p<0.001) and also had 

longer cumulative lengths of stay (mean, 51 vs. 43 days; p<0.001), higher charges (mean, 

$129,175 vs. $114,787; p=0.012), and payments (mean, $38,972 vs. $34,025; p=0.001) 

associated with those readmissions (Table 3). Among patients with a 30-day all-cause 

readmission, there were also higher cumulative heart failure readmissions (mean, 2.4 vs. 1.7; 

p<0.001), longer cumulative length of stay (mean, 24 vs. 20 days; p<0.001), and higher 

cumulative charges (mean, $59,609 vs. $51,358; p=0.036), and payments (mean, $17,748 vs. 

$15,123; p=0.008) compared to those who were not readmitted (Table 3).

90-Day All-cause Readmission and Subsequent Mortality

Among the 2437 pairs of matched patients with and without a 90-day all-cause readmission, 

all-cause mortality occurred in 30% and 19% of those with and without a 90-day all-cause 

readmission, respectively (HR, 1.70; 95% CI, 1.51–1.91; p<0.001) during the 4-12 months 

of post-discharge follow-up. This association persisted during 8.7 years of follow-up (HR, 

1.29; 95% CI, 1.20–1.38; p<0.001).
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DISCUSSION

The findings of the current study demonstrate that among Medicare beneficiaries 

hospitalized for heart failure, a 30-day all-cause readmission was associated with a 

significantly higher risk of mortality during the first year after post-readmission discharge, 

which persisted during longer follow-up. A similar harmful association was observed 

between 90-day all-cause readmission and subsequent mortality. Patients with a 30-day all-

cause readmission also had higher numbers of subsequent all-cause and heart failure 

readmissions, longer cumulative length of stay and higher costs associated with those 

readmissions. Previous studies have demonstrated a significant association between hospital 

admission and subsequent mortality in ambulatory patients with chronic heart failure.4, 5 

However, to the best of our knowledge, this is the first study to examine the associations of 

30-day all-cause readmission with long-term mortality, cumulative readmission, length of 

stay, and cost in a propensity matched, balanced cohort of real-world hospitalized heart 

failure patients.

There are several potential explanations for the observed higher mortality rates among heart 

failure patients with a 30-day all-cause readmission. Heart failure is associated with 

neurohormonal activation and cardiac remodeling that worsens with disease progression, 

which may be adversely affected by hospitalization, likely due to abnormal hemodynamics 

and an enhanced neurohormonal activation that underlie acute decompensation.15-18 It is 

possible that the pathophysiologic processes underlying hospitalization also underlie re-

hospitalization and may be further enhanced during readmission. The higher mortality 

among those in the 30-day all-cause readmission group may also be explained by the higher 

prevalence of baseline co-morbidities such as coronary artery disease, diabetes and in-

hospital events such as acute myocardial infarction and pneumonia, all of which may be 

associated with poor outcomes in patients with acute and chronic heart failure.19-21 

Although the prevalence of these conditions were balanced in our matched cohort, it is 

possible that these conditions were of higher severity or longer duration among those with a 

30-day all-cause readmission.

Similarly, the prevalence of new-onset heart failure was lower among those with a 30-day 

all-cause readmission, suggesting more prolonged and advanced heart failure in that group. 

The mode of death in patients with heart failure is known to change from predominantly 

sudden cardiac death to relatively predominant pump failure death, which is likely to be 

preceded by higher symptom burden and readmission rates, leading to subsequent higher 

mortality.22, 23 Although the prevalence of new-onset heart failure was balanced after 

matching, it is possible that those with a 30-day all-cause readmission had more advanced 

disease progression.

Additionally, before matching, fewer patients with a 30-day all-cause readmission were 

receiving ACE inhibitors or ARBs, likely due to the higher prevalence of hypotension and 

renal insufficiency in that group. Although, after matching, both the use of ACE inhibitors or 

ARBs and the prevalence of hypotension and renal insufficiency were balanced, we were not 

able to balance for the severity of pump failure and cardiorenal syndrome, which may have 

underlain the higher prevalence of baseline hypotension and renal insufficiency in the 
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readmission group. Finally, hospitalization due to medical conditions is often associated 

with a decline in physical function and mobility, which in turn, may adversely affect 

subsequent outcomes.24

Previous studies have demonstrated an association between hospitalizations and higher 

subsequent mortality in ambulatory patients with heart failure.4, 5 Previous studies have also 

examined cross sectional associations between readmission and mortality in hospitalized 

patients with heart failure.25, 26 However, our study is distinguished by its focus on the 

association between 30-day all-cause readmission and long-term mortality, readmission, 

cumulative length of stay, and cost, using propensity scores matching design to assemble a 

balanced cohort of real-world hospitalized heart failure patients.

Affordable Care Act provision for financial penalties for hospitals with above-average 30-

day all-cause readmissions has brought the important outcome of hospital readmission to the 

forefront of academic and policy discourse. Despite the limitations of the cost-driven metric 

of 30-day all-cause readmission, the rate for heart failure readmission remains unacceptably 

high. In 2011, heart failure accounted for 134,500 30-day all-cause readmissions (24.5% of 

all heart failure admissions) for a total cost of $1.7 billion.27 In contrast, acute myocardial 

infarction accounted for 51,300 30-day all-cause readmissions (19.8% of all AMI 

admissions) for a total cost of $0.69 billion and stroke accounted for 45,800 30-day all-cause 

readmissions (14.5% of all stroke admissions) for a total cost of $0.57 billion.27 Findings 

from our study suggest that heart failure is not only associated with a higher 30-day all-

cause readmission and cost, but also associated with a higher downstream cumulative 

readmissions and costs. Furthermore, findings from our study also highlight the impact of 

30-day all-cause readmission on patients as these patients had more cumulative 

readmissions, a longer cumulative length of stay, and a higher mortality.

Findings from our study suggest that a higher 30-day all-cause readmission is not only a risk 

factor for higher subsequent mortality but also for cumulative cost. Additionally, findings 

from our study also highlight the cost for the patients with index 30-day all-cause 

readmission who had more readmissions and longer cumulative length of stay and higher 

mortality than those without readmission. Future research needs to develop and test 

interventions that can reduce the risk of admission among ambulatory heart failure patients 

and the risk of readmission among those who are hospitalized.

Our study has several limitations. Although we used propensity scores to assemble a 

matched cohort balanced on key measured baseline characteristics, bias due to imbalances in 

unmeasured characteristics is possible. However, findings from our sensitivity analysis 

suggest that the primary harmful association between a 30-day all-cause readmission and 

2-12 month all-cause mortality observed in our study is fairly insensitive to a hidden bias. 

For a hidden covariate to explain away our primary association, it would need to be a near-

perfect predictor of 2-12 month all-cause mortality and would also need to increase the odds 

of having a 30-day all-cause readmission by 50%, which is unlikely. Our analysis was 

restricted to fee-for-service Medicare beneficiaries from a single state in an earlier era of 

heart failure management and may not be generalizable to a more contemporary population.
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CONCLUSIONS

Among hospitalized older Medicare beneficiaries with heart failure, 30-day all-cause 

readmission is associated with a higher risk of long-term all-cause mortality. It is also 

associated with a higher number of all-cause and heart failure readmissions, a longer 

cumulative length of stay and a higher cumulative cost. Future studies need to develop and 

test outpatient interventions to prevent heart failure admissions and subsequent 

readmissions.

Acknowledgments

Funding: Dr. Ahmed was in part supported by the National Institutes of Health through grants (R01-HL085561, 
R01-HL085561-S and R01-HL097047) from the National Heart, Lung, and Blood Institute.

References

1. Jencks SF, Williams MV, Coleman EA. Rehospitalizations among patients in the medicare feefor-
service program. New England Journal of Medicine. 2009; 360:1418–1428. [PubMed: 19339721] 

2. Desai AS, Stevenson LW. Rehospitalization for heart failure: Predict or prevent? Circulation. 2012; 
126:501–506. [PubMed: 22825412] 

3. Orszag PR, Emanuel EJ. Health care reform and cost control. N Engl J Med. 2010; 363:601–603. 
[PubMed: 20554975] 

4. Ahmed A, Allman RM, Fonarow GC, Love TE, Zannad F, Dell'italia LJ, White M, Gheorghiade M. 
Incident heart failure hospitalization and subsequent mortality in chronic heart failure: A 
propensity-matched study. J Card Fail. 2008; 14:211–218. [PubMed: 18381184] 

5. Bello NA, Claggett B, Desai AS, McMurray JJ, Granger CB, Yusuf S, Swedberg K, Pfeffer MA, 
Solomon SD. Influence of previous heart failure hospitalization on cardiovascular events in patients 
with reduced and preserved ejection fraction. Circ Heart Fail. 2014; 7:590–595. [PubMed: 
24874200] 

6. Feller MA, Mujib M, Zhang Y, Ekundayo OJ, Aban IB, Fonarow GC, Allman RM, Ahmed A. 
Baseline characteristics, quality of care, and outcomes of younger and older medicare beneficiaries 
hospitalized with heart failure: Findings from the alabama heart failure project. Int J Cardiol. 2012; 
162:39–44. [PubMed: 21621285] 

7. Ahmed A, Fonarow GC, Zhang Y, Sanders PW, Allman RM, Arnett DK, Feller MA, Love TE, Aban 
IB, Levesque R, Ekundayo OJ, Dell'Italia LJ, Bakris GL, Rich MW. Renin-angiotensin inhibition in 
systolic heart failure and chronic kidney disease. Am J Med. 2012; 125:399–410. [PubMed: 
22321760] 

8. Ahmed A, Rich MW, Zile M, Sanders PW, Patel K, Zhang Y, Aban IB, Love TE, Fonarow GC, 
Aronow WS, Allman RM. Renin-angiotensin inhibition in diastolic heart failure and chronic kidney 
disease. Am J Med. 2013; 126:150–161. [PubMed: 23331442] 

9. Ahmed A, Bourge RC, Fonarow GC, Patel K, Morgan CJ, Fleg JL, Aban IB, Love TE, Yancy CW, 
Deedwania P, van Veldhuisen DJ, Filippatos GS, Anker SD, Allman RM. Digoxin use and lower 30-
day all-cause readmission for medicare beneficiaries hospitalized for heart failure. Am J Med. 2014; 
127:61–70. [PubMed: 24257326] 

10. Rosenbaum PRRD. The central role of propensity score in observational studies for causal effects. 
Biometrika. 1983; 70:41–55.

11. Rubin DB. Using propensity score to help design observational studies: Application to the tobacco 
litigation. Health Services and Outcomes Research Methodology. 2001; 2:169–188.

12. Ahmed A, Husain A, Love TE, Gambassi G, Dell'Italia LJ, Francis GS, Gheorghiade M, Allman 
RM, Meleth S, Bourge RC. Heart failure, chronic diuretic use, and increase in mortality and 
hospitalization: An observational study using propensity score methods. Eur Heart J. 2006; 
27:1431–1439. [PubMed: 16709595] 

Arundel et al. Page 8

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13. Ahmed MI, White M, Ekundayo OJ, Love TE, Aban I, Liu B, Aronow WS, Ahmed A. A history of 
atrial fibrillation and outcomes in chronic advanced systolic heart failure: A propensity-matched 
study. Eur Heart J. 2009; 30:2029–2037. [PubMed: 19531579] 

14. Rosenbaum, PR. Sensitivity to hidden bias.. In: Rosenbaum, PR., editor. Observational studies. 
Springer-Verlag; New York: 2002. p. 105-170.

15. McKee PA, Castelli WP, McNamara PM, Kannel WB. The natural history of congestive heart 
failure: The framingham study. N Engl J Med. 1971; 285:1441–1446. [PubMed: 5122894] 

16. Colombo PC, Doran AC, Onat D, Wong KY, Ahmad M, Sabbah HN, Demmer RT. Venous 
congestion, endothelial and neurohormonal activation in acute decompensated heart failure: Cause 
or effect? Curr Heart Fail Rep. 2015; 12:215–222. [PubMed: 25740404] 

17. Biolo A, Fisch M, Balog J, Chao T, Schulze PC, Ooi H, Siwik D, Colucci WS. Episodes of acute 
heart failure syndrome are associated with increased levels of troponin and extracellular matrix 
markers. Circ Heart Fail. 2010; 3:44–50. [PubMed: 19850700] 

18. DeVore AD, Hammill BG, Sharma PP, Qualls LG, Mentz RJ, Waltman Johnson K, Fonarow GC, 
Curtis LH, Hernandez AF. In-hospital worsening heart failure and associations with mortality, 
readmission, and healthcare utilization. J Am Heart Assoc. 2014:3.

19. Ahmed A, Aban IB, Vaccarino V, Lloyd-Jones DM, Goff DC Jr. Zhao J, Love TE, Ritchie C, 
Ovalle F, Gambassi G, Dell'Italia LJ. A propensity-matched study of the effect of diabetes on the 
natural history of heart failure: Variations by sex and age. Heart. 2007; 93:1584–1590. [PubMed: 
17488764] 

20. Deedwania PC, Ahmed MI, Feller MA, Aban IB, Love TE, Pitt B, Ahmed A. Impact of diabetes 
mellitus on outcomes in patients with acute myocardial infarction and systolic heart failure. Eur J 
Heart Fail. 2011; 13:551–559. [PubMed: 21393298] 

21. Gheorghiade M, Flaherty JD, Fonarow GC, Desai RV, Lee R, McGiffin D, Love TE, Aban I, 
Eichhorn EJ, Bonow RO, Ahmed A. Coronary artery disease, coronary revascularization, and 
outcomes in chronic advanced systolic heart failure. Int J Cardiol. 2011; 151:69–75. [PubMed: 
20554334] 

22. Zile MR, Gaasch WH, Anand IS, Haass M, Little WC, Miller AB, Lopez-Sendon J, Teerlink JR, 
White M, McMurray JJ, Komajda M, McKelvie R, Ptaszynska A, Hetzel SJ, Massie BM, Carson 
PE, Investigators IP. Mode of death in patients with heart failure and a preserved ejection fraction: 
Results from the irbesartan in heart failure with preserved ejection fraction study (i-preserve) trial. 
Circulation. 2010; 121:1393–1405. [PubMed: 20231531] 

23. Carson P, Anand I, O'Connor C, Jaski B, Steinberg J, Lwin A, Lindenfeld J, Ghali J, Barnet JH, 
Feldman AM, Bristow MR. Mode of death in advanced heart failure: The comparison of medical, 
pacing, and defibrillation therapies in heart failure (companion) trial. J Am Coll Cardiol. 2005; 
46:2329–2334. [PubMed: 16360067] 

24. Brown CJ, Roth DL, Allman RM, Sawyer P, Ritchie CS, Roseman JM. Trajectories of life-space 
mobility after hospitalization. Ann Intern Med. 2009; 150:372–378. [PubMed: 19293070] 

25. Krumholz HM, Lin Z, Keenan PS, Chen J, Ross JS, Drye EE, Bernheim SM, Wang Y, Bradley EH, 
Han LF, Normand SL. Relationship between hospital readmission and mortality rates for patients 
hospitalized with acute myocardial infarction, heart failure, or pneumonia. JAMA. 2013; 309:587–
593. [PubMed: 23403683] 

26. Lee R, Homer N, Andrei AC, McGee EC, Malaisrie SC, Kansal P, McCarthy PM. Early 
readmission for congestive heart failure predicts late mortality after cardiac surgery. J Thorac 
Cardiovasc Surg. 2012; 144:671–676. [PubMed: 22713305] 

27. Hines, AL.; Barrett, ML.; Jiang, HJ.; Steiner, CA. Healthcare Cost and Utilization Project (HCUP). 
Agency for Health Care Policy and Research (AHRQ); Rockville, MD: Apr. 2014 Conditions with 
the largest number of adult hospital readmissions by payer, 2011: Statistical Brief #172.. http://
www.hcup-us.ahrq.gov/reports/statbriefs/sb172-Conditions-Readmissions-Payer.pdf. [June 7, 
2016]

Arundel et al. Page 9

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.hcup-us.ahrq.gov/reports/statbriefs/sb172-Conditions-Readmissions-Payer.pdf
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb172-Conditions-Readmissions-Payer.pdf


• Nearly one in four heart failure patients are readmitted within a month 

of hospital discharge, the reduction of which is a priority under the 

Affordable Care Act.

• Among older heart failure patients a 30-day all-cause readmission is 

associated with a higher risk of subsequent all-cause mortality, 

cumulative higher readmissions, cost and longer length of stay.
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Figure 1. 
Love plot displaying absolute standardized differences comparing 34 baseline characteristics 

between heart failure patients with and without 30 day all-cause readmission before and 

after propensity score matching (ACE= angiotensin converting enzyme; ARB=angiotensin 

receptor blockers)
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Figure 2. 
Kaplan Meier plot for all-cause mortality in a propensity-matched cohort of older heart 

failure patients with and without a 30-day all-cause readmission (HR=hazard ratio; 

CI=confidence interval)
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Table 1

Baseline Patient Characteristics of Heart Failure Patients with a 30-Day All-Cause Readmission

n (%) or mean (±SD)

Before propensity score matching After propensity score matching

30-day all-cause readmission (n=7578) 30-day all-cause readmission (n=3032)

No (n=6059) Yes (n=1519) P value No (n=1516) Yes (n=1516) P value

    Age (years) 76 (±11) 75 (±11) 0.009 75 (±11) 75 (±11) 0.967

    Female 3531 (58) 850 (56) 0.102 840 (55) 850 (56) 0.715

    African American 1550 (26) 356 (23) 0.085 349 (23) 356 (24) 0.763

    Admission from nursing home 372 (6) 92 (6) 0.904 100 (52) 92 (48) 0.763

Left ventricular ejection fraction

    <45% 2321 (38) 573 (38)

0.635

550 (36) 573 (38)

0.682    ≥45% 1852 (31) 454 (30) 465 (31) 451 (30)

    Unknown 1886 (31) 492 (32) 501 (33) 492 (33)

Past medical history

    Smoking history 681 (11) 194 (13) 0.095 185 (12) 193 (13) 0.660

    Hypertension 4267 (70) 1079 (71) 0.641 1080 (71) 1077 (71) 0.904

    Coronary artery disease 3221 (53) 917 (60) <0.001 902 (60) 914 (60) 0.657

    Diabetes mellitus 2594 (43) 726 (48) <0.001 708 (47) 725 (48) 0.536

    Stroke 1290 (20) 330 (22) 0.125 325 (21) 330 (22) 0.825

    Chronic obstructive pulmonary disease 2097 (35) 581 (38) 0.008 572 (38) 578 (38) 0.822

    Dementia 539 (9) 118 (8) 0.163 127 (8) 118 (8) 0.549

    Cancer 103 (2) 45 (3) 0.001 43 (3) 44 (3) 0.913

    Atrial fibrillation 1542 (25) 424 (28) 0.050 412 (27) 424 (28) 0.626

    Left bundle branch block 815 (14) 193 (13) 0.444 196 (13) 193 (13) 0.871

    History of heart failure 4273 (71) 1155 (76) <0.001 1145 (76) 1152 (76) 0.767

Clinical and laboratory findings

    Pulse (beats per minute) 90 (±23) 89 (±22) 0.181 88 (±22) 89 (±22) 0.431

    Systolic blood pressure (mmHg) 151 (±32) 148 (±33) 0.002 150 (±32) 148 (±33) 0.196

    Pulmonary edema by chest x-ray 4065 (67) 1040 (69) <0.001 1036 (68) 1037 (68) 0.969

    Serum creatinine (mEq/L) 1.54 (±1.3) 1.76 (±1.4) <0.001 1.81 (±1.66) 1.75 (±1.40) 0.303

In hospital events

    Pneumonia 1455 (24) 405 (27) 0.032 393 (49) 403 (51) 0.680

    Acute myocardial infarction 222 (3.7) 86 (5.7) <0.001 81 (5) 86 (6) 0.691

    Pressure ulcer 423 (7) 134 (8.8) 0.014 133 (8) 133 (8) 1.000

Hospital and care characteristics

    Rural hospital 1864 (31) 496 (33) 0.155 529 (35) 495 (33) 0.192

    Cardiology care 3144 (52) 792 (52) 0.862 776 (51) 790 (52) 0.611

    Intensive care 199 (3) 87 (6) <0.001 73 (5) 87 (6) 0.255

    In hospital length of stay 6.3 (5.6) 7.1 (5.2) <0.001 6.8 (5.6) 7.1 (5.2) 0.245

Discharge medications
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n (%) or mean (±SD)

Before propensity score matching After propensity score matching

30-day all-cause readmission (n=7578) 30-day all-cause readmission (n=3032)

No (n=6059) Yes (n=1519) P value No (n=1516) Yes (n=1516) P value

    ACE inhibitors or ARB 3734 (62) 818 (54) <0.001 797 (53) 817 (54) 0.467

    Beta blockers 1891 (31) 455 (30) 0.344 454 (30) 453 (30) 0.968

    Loop diuretics 4973 (82) 1200 (79) 0.006 1195 (79) 1200 (79) 0.824

    Digoxin 2581 (43) 623 (41) 0.264 596 (39) 622 (41) 0.335

    Potassium sparing diuretics 860 (14) 229 (15) 0.381 228 (15) 229 (15) 0.960

    Potassium supplements 2850 (47) 648 (43) 0.002 610 (40) 648 (43) 0.161

    Opioids 271 (4.5) 93 (6.1) 0.007 96 (6) 93 (6) 0.822
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Table 2

One year and Long-Term Mortality among Pre- and Post-Matched Patients by 30-day All-Cause Readmission

% (total events / total patients)

Hazard ratio
*
 (95% CI); p-value30-day all-cause readmission

No Yes

2–12 month all-cause mortality

    Pre-match unadjusted 25% (1512/6059) 41% (618/1519) 1.89 (1.72–2.08); p<0.001

    Multivariable adjusted† 1.73 (1.57–1.90); p<0.001

    Propensity score adjusted‡ 1.69 (1.54–1.86); p<0.001

    Propensity matched 27%(416/1516) 41% (616/1516) 1.68 (1.48–1.90); p<0.001

8.7 year all-cause mortality

    Pre-match unadjusted 64% (3846/6059) 75% (1138/1519) 1.51 (1.41–1.61); p<0.001

    Multivariable adjusted† 1.44 (1.34–1.54); p<0.001

    Propensity score adjusted‡ 1.39 (1.30–1.49); p<0.001

    Propensity matched 68% (1027/1516) 75% (1135/1516) 1.33 (1.22–1.46); p<0.001

*
Hazard ratios comparing patients with and without a 30-day all-cause readmission.
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Table 3

Cumulative Means for All-Cause and HF Readmissions, LOS, Charges and Payments by 30-Day All-Cause 

Readmission

No (n=1516) Yes (n=1516)
* p-value

All-cause hospital readmission (cumulative means)

    Total subsequent readmissions 5.1 6.9 P=0.001

    LOS 43 51 p<0.001

    Charges $114,787 $129,175 p=0.012

    Payments $34,025 $38,972 p=0.001

HF readmissions (cumulative means)

    Total subsequent HF readmissions 1.7 2.4 p<0.001

    LOS 20 24 p<0.001

    Charges $51,358 $59,609 p=0.036

    Payments $15,123 $17,748 P=0.008

*
Includes index hospitalization
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