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Abstract 
Heart failure (HF) is the most common hospital discharge diagnosis among the elderly. It accounts 
for nearly 1.4 million hospitalizations and $21 billion in spending per year in the United States. 
Readmission rates remain high with estimates ranging from 15-day readmission rates of 13%, 30- 
day readmission rates of 25%, to 6-month readmission rates of 50%. The Center for Medicare and 
Medicaid Services (CMS) has started penalizing hospitals with higher than expected readmission 
rates. Objective: To identify factors associated with increased 30-day readmission among heart 
failure patients in an inner-city community-based teaching hospital. Methods: A retrospective co- 
hort study of patients with principal discharge diagnosis of acute Heart Failure between 2008 and 
2010. Demographic, clinical characteristics, length of stay, discharge medications, disposition and 
all-cause 30-day readmission were abstracted from the hospital’s administrative database and 
analyzed. Results: Almost 8 out of 10 patients were 65 years or older (mean age 75.4 ± 14.3) and 
51% were female. The in-hospital mortality rate was 2.7% (95% confidence interval [CI], 1.6% - 
4.3%) with a median length of stay of 5.0 days (Interquartile range of 3 - 7). The all-cause 30-day 
readmission rate was 17.7% (95% CI 14.9% - 20.8%). By univariate analysis, readmissions were 
predicted by black race, prior history of HF, length of stay of more than 7 days and discharge to 
extended care facility (ECF). By logistic regression analysis, black race (OR 2.4, 95% CI 1.4 - 3.8), 
prior history of HF (OR 1.7, 95% CI 1.5 - 2.6) and discharge to an ECF (OR 2.4, 95% CI 1.5 - 3.7) 
were the independent predictors of 30-day readmission. HF accounted for 43.7% of the readmis- 
sions. Conclusion: Prior diagnosis of HF, black race, and discharge to an ECF were independent 
predictors of 30-day readmission in this cohort, and over half of the readmissions were for rea- 
sons other than HF. 
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1. Introduction 
The most common cause of both hospitalizations and readmissions in the medicare program is heart failure (HF) 
leading to nearly 1.4 million hospitalizations in 2007 alone [1] [2]. More than $39 billion was spent on the care 
of patients with heart failure in 2010 in the United States with about $21 billion spent on hospitalization [3]. 

Readmission rates after initial hospitalization for HF remain high. Patients experience an estimated 15-day 
readmission rate of 13%, a 30-day readmission rate of 25%, and 6-month readmission rates of 50% [4] [5]. 
These readmissions have been estimated to cost the American public >$15 billion per year [6]. Nearly 90% of 
the readmissions including those of HF are potentially preventable [1] [6]. 

Reducing readmissions has become a policy focus because it represents an opportunity to simultaneously im- 
prove quality and reduce costs. The National Quality Forum has endorsed hospital risk-standardized readmission 
rates (RSRRs) as performance measures, and the Centers for Medicare & Medicaid Services publicly report 
these rates. The Patient Protection Affordable Care Act of 2010 has created new incentives to reduce readmis- 
sions using the publicly reported measures. From fiscal year 2013, the Centers for Medicare have started pena- 
lizing hospitals with higher than average HF readmissions rates. Hospitals with high readmission rates can lose 
up to 3% of their medicare reimbursement by 2015 [7]. 

Identification of high-risk patients prone to frequent readmissions is imperative to help clinicians focus their 
most resource-intensive disease management efforts on these patients. In addition, a better understanding of the 
major correlates of readmission could contribute to the development of more effective interventions. A number 
of predictors for HF have been identified, and research groups have proposed statistical models and risk scores 
to increase accuracy and precision to determine patient readmission risk after hospital discharge for HF [8]-[15]. 
Given the heterogeneous nature of the HF population, a “one-size fits-all” approach to risk stratification is not 
appropriate. Re-admission risks vary across population groups. This retrospective cohort study examines the 
predictors of heart failure readmission in an inner city hospital. 

2. Method 
This was a retrospective cohort study conducted in a 425-bed, inner-city, community-based, teaching hospital in 
the New England region of the United States. The catchment area of the hospital includes a large inner-city pop- 
ulation with associated more affluent suburbs. The Institutional Review board (IRB) approved the study and 
waived requirement of informed consent from individual patients. All patients with a primary discharge diagno- 
sis of heart failure between January 1, 2008 through December 31, 2010 were eligible for inclusion. Data were 
extracted from the administrative electronic database of the hospital using a uniform data abstract sheet. Ab- 
stracted records included demographic information (age, gender, race, ethnicity), payer status, admission and 
discharge diagnoses, co-morbid conditions, medications, major echocardiographic findings, length of stay, in- 
hospital mortality and discharge disposition. 

3. Data Analysis 
For purposes of the study, subjects were categorized on the basis of race and ethnicity into White non-Hispanics 
(WHITES), Black non-Hispanics (Blacks), Hispanics, and all others. Patients’ payer status was categorized as 
Medicare, Medicaid (including city welfare), Commercial Insurance, and self-Pay. Discharge disposition was 
classified as Home (with or without services), or Extended Care facility (including skilled nursing facility, 
long-term care, or rehabilitation facility) or Hospice care. 

The primary outcome of interest was 30-day all cause re-admission. Secondary outcomes included CHF-spe- 
cific 30-day re-admission, 7-day all cause re-admission, in-hospital mortality, and length of stay. For purposes 
of the study, the very first hospitalization for CHF within the study period was considered the index admission, 
and subsequent hospitalizations for the same patient were considered readmissions. 
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The data were analyzed using Epiinfo. Non-parametric variables were compared using the Wilcoxon rank 
sum test. Differences between means were compared using the analysis of variance (ANOVA) or student t-test. 
Differences between proportions were compared using the chi-square test. 95% confidence intervals were com- 
puted using exact binomials. A two-tailed p-value of <0.05 was considered statistically significant. 

4. Results 
A total of 712 patients, with mean age of 75.4 + 14.3, were included in the study. The baseline characteristics of 
the patients are shown in Table 1. About 78.9% were aged 65 years or older, 51% were women and the majority 
(70.7%) was white. Significant co-morbid conditions included hypertension (80.4%), chronic kidney disease 
stage 3 or worse (52.9%), atrial fibrillation (43.1%) and diabetes mellitus (45.3%).  

The median length of stay was 5 days and the overall in-hospital mortality rate was 2.7%. Among the patients 
discharged from the hospital, the 30-day all cause re-admission rate was 17.7% (95% CI: 14.9% - 20.8%). The 
major reasons for re-admission were CHF exacerbations (43.4%), other cardiac conditions (11.5%), infections  
 

Table 1. Baseline characteristics of the patients. 

Overall (N = 712) 

Age, mean ± SD 75.4 ± 14.3 

Age ≥ 65 years 547 (78.9%) 

Male gender 349 (49%) 

Race  

White 502 (70.7%) 

Black 135 (19.0%) 

Hispanic 67 (9.4%) 

Others 9 (0.9%) 

Body Mass Index median (IQR) 28.2 (24.3 - 34.9) 

Insurance  

Medicare 608 (85.4%) 

Medicaid 77 (10.8%) 

Commercial 22 (3.1%) 

Self-pay 5 (0.7%) 

Discharge destination  

Home 486 (70.4%) 

SNF 192 (27.8%) 

Hospice 11 (1.6%) 

Prior HF 416 (59.6%) 

Diabetes mellitus 318 (45.3%) 

Hypertension 566 (80.4%) 

Atrial fibrillation 304 (43.1%) 

Chronic obstructive pulmonary disease 138 (19.7%) 

Chronic kidney disease Stage III 372 (52.9%) 

Ejection fraction ≥ 50% 294 (50.9%) 
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(10.7%), neurological conditions (7.4%) and renal problems (6.6%) as shown in Table 2. 
From the univariate analyses, re-admitted patients were more likely to have pre-existing CHF at the time of 

their initial hospitalization, had prolonged initial hospital stay of at least 7 days, were Black or were discharged 
to an ECF as shown in Table 3. 

Based on the multivariate logistic regression analyses, the major independent predictors of 30-day re-admis- 
sion were discharge to an ECF (adjusted Odds ratio [OR] of 2.4, 95% CI 1.54 - 3.73; p < 0.001), being Black 
(adjusted OR 2.4, 95% CI 1.48 - 3.83; p = 0.001) and having prior CHF at the time of initial admission (adjusted 
OR 1.7, 95% CI 1.50 - 2.58; p = 0.017) as shown in Table 4. 

5. Discussion 
Readmission from heart failure has emerged as an important, potentially preventable, contributory cause of high 
hospital expenditure. Multiple factors, including female gender, low income status, single marital status, ad- 
vanced age, co-morbid conditions (such as depression, coronary artery disease diabetes mellitus, atrial fibrilla- 
tion, anemia, chronic kidney disease), worsening renal function, elevated cardiac troponin and increased length 
of initial hospitalization have been identified as potential predictors from previous studies [8] [13] [16]-[20]. 

In this retrospective cohort study, based on hospitalized patients in an inner city community-based teaching 
hospital, many of the prior identified predictors had no significant association with early heart failure re-admis- 
sion rates. Three factors—prior heart failure diagnosis, discharge to extended care facility, and being of black 
race, emerged as the most important independent predictors for readmission in our population. The overall 
30-day re-admission rate of 17.5% in our institution was lower than the national average and most (56.6%) were 
for reasons other than worsening heart failure, similar to the findings of Muzzarelli et al. [16]. 

The association of black race and increased risk of re-admission in this cohort has been identified in some 
prior studies [8] [21]-[23]. This excess readmission rate was independent of insurance status or significant 
co-morbid conditions. It is likely that being black was a surrogate measure of other unmeasured factors such as 
low income and poor post-discharge follow-up, factors which have been associated with higher re-admission 
rates in other studies [22]. Prior heart failure found in our study as an independent predictor of early heart failure 
readmissions has been noted in some other studies [11] [24]. 

The higher readmission rates for patients discharged to SNF is not new [8] [25] though an earlier study sug- 
gested otherwise [21]. Patients discharged to ECF would tend to be older, sicker, less ambulatory, and more  
 

Table 2. In-hospital and readmission outcomes. 

Length of stay (IQR) 5 days (3 - 7) 

In hospital mortality rate 2.7% (95% CI, 1.6% - 4.3%) 

All-cause 30 day readmission rate 17.7% (95% CI, 14.9% - 20.8%) 

Reasons for Readmission  

HF 43.4% 

Other cardiac diagnosis 11.5% 

Infections 10.7% 

Neurological 7.4% 

Renal 6.6% 

Pulmonary 6.6% 

Others 13.8% 

Mean time to readmission ± SD 14.4 ± 9.2 

Days to readmission  

Within 7 days 38 (31.1%) 

Within 14 days 69 (53.3%) 
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Table 3. Predictors of readmission: Univariate analysis. 

Characteristics No Readmission (n[%]) Readmission (n[%]) p Value* 

Age    

<65 Years 117 (80.1%) 29 (19.9%) p = 0.25 

65 - 78 Years 268 (82.0%) 59 (18.0%) p = 0.27 

>85 Years 183 (84.3%) 34 (15.7%) p = 0.16 

Male Sex 279 (82.3%) 60 (17.7%) p = 0.5 

Race    

Black 99 (73.9) 35 (26.1) p = 0.003 

Non-Black 469 (84.4%) 87 (15.6%)  

Body Mass Index ≥ 30 206 (80.2%) 51 (19.8%) p = 0.06 

Medicaid Insurance 57 (77.0%) 17 (23.0%) P = 0.1 

Non-Medicaid Insurance 506 (82.8%) 105 (17.2%)  

Hypertension 465 (93.0%) 93 (7.0%) p = 0.43 

Diabetes Mellitus 266 (83.1%) 52 (16.9%) p = 0.29 

Atrial Fibrillation 237 (80.1%) 59 (19.9%) p = 0.09 

Chronic Obstructive Pulmonary Disease 108 (81.2%) 25 (18.8%) p = 0.35 

Obstructive Sleep Apnea 60 (80.0%) 15 (20.0%) p = 0.29 

Prior HF 317 (79.1%) 84 (20.9%) p = 0.003 

Coronary Artery Disease 287 (82.0%) 63 (18.0%) p = 0.46 

Ejection Fraction ≥ 50% 264 (93%) 20 (7.0%) p = 0.13 

Estimated GFR    

<60 294 (82.3%) 63 (17.7%) p = 0.49 

<30 72 (79.1%) 19 (20.9%) p = 0.19 

Albumin < 3 g/L 63 (75.0%) 21 (25.0%) p = 0.06 

Pneumonia 109 (82.6%) 23 (17.4%) p = 0.42 

Pulmonary Edema on Chest x-Ray 319 (89.9%) 64 (10.1%) p = 0.2 

Acute Kidney Injury 91 (79.0%) 23 (21.0%) P = 0.16 

Length of Stay > 7 Days 113 (75.8%) 36 (24.2%) p = 0.01 

Loop Diuretic 395 (83.5%) 78 (16.5%) p = 0.13 

Elevated Troponin 66 (76.6%) 20 (23.3%) p = 0.09 

Elevated ProBNP 384 (82.4%) 82 (17.6%) p = 0.17 

Discharge to Skilled Nursing Facility 140 (72.9%) 52 (27.1%) p < 0.001 
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Table 4. Predictors of readmission: Multivariate analysis. 

 Hazard Ratio 95% Confidence Interval p Value 

Black Race 2.4 1.48 - 3.83 p = 0.001 

Discharge to SNF 2.4 1.54 - 3.73 p < 0.001 

LOS > 7 days 1.4 0.91 - 2.32 p = 0.12 

Prior History of HF 1.7 1.50 - 2.58 p = 0.017 

 
likely to be depressed with their stay at the ECF compared to those discharged home. On one hand, ECF patients 
are more likely to adhere to their treatment regimens and are also more likely to be readily identified when they 
begin to decompensate as compared to those discharged home. However, these patients are frailer with mul- 
tiple comorbidities and poorer performance status. Further studies would be needed to better understand this 
finding. 

The study was limited by its retrospective nature, limitation to one institution, lack of exploration of the ade- 
quacy of post-discharge follow-up, and the limited information on psycho-social factors. Despite these limita- 
tions, the study has identified important predictive factors for 30-day re-admission that might provide initial ba- 
sis for remedial action. Our study calls for the development of better networks to provide inner city black pa- 
tients with better follow-up and education, as well as the need for hospitals to partner with ECFs to develop bet- 
ter strategies to manage the complex, elderly HF patient with multiple comorbidities. Once identified with HF, 
patients need consistent education and follow-up to enhance compliance and ensure they receive appropriate evi- 
dence based therapy to improve long term outcomes. 
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