
© 2018 Chamberlain et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine 2018:11 127–141

International Journal of General Medicine Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
127

O R I G I N A L  R E S E A R C H

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/IJGM.S150676

Determining 30-day readmission risk for heart 
failure patients: the Readmission After Heart 
Failure scale

Ronald S Chamberlain1–5 
Jaswinder Sond1 
Krishnaraj Mahendraraj1 
Christine SM Lau1,3 
Brianna L Siracuse1

1Department of Surgery, Saint 
Barnabas Medical Center, Livingston, 
2Department of Surgery, Rutgers 
New Jersey Medical School, Rutgers 
University, Newark, NJ, USA; 3St. 
George’s University School of 
Medicine, Grenada, West Indies; 
4Department of Surgery, Banner MD 
Anderson Cancer Center, Gilbert, AZ, 
USA; 5Department of Surgery, Valley 
Cancer Surgical Specialists, Phoenix, 
AZ, USA

Background: Chronic heart failure (CHF), which affects >5 million Americans, accounts for 

>1 million hospitalizations annually. As a part of the Hospital Readmission Reduction Program, 

the Affordable Care Act requires that the Centers for Medicare and Medicaid Services reduce 

payments to hospitals with excess readmissions. This study sought to develop a scale that reli-

ably predicts readmission rates among patients with CHF.

Methods: The State Inpatient Database (2006–2011) was utilized, and discharge data including 

demographic and clinical characteristics on 642,448 patients with CHF from California and 

New York (derivation cohort) and 365,359 patients with CHF from Florida and Washington 

(validation cohort) were extracted. The Readmission After Heart Failure (RAHF) scale was 

developed to predict readmission risk.

Results: The 30-day readmission rates were 9.42 and 9.17% (derivation and validation cohorts, 

respectively). Age <65 years, male gender, first income quartile, African American race, race 

other than African American or Caucasian, Medicare, Medicaid, self-pay/no insurance, drug 

abuse, renal failure, chronic pulmonary disorder, diabetes, depression, and fluid and electrolyte 

disorder were associated with higher readmission risk after hospitalization for CHF. The RAHF 

scale was created and explained the 95% of readmission variability within the validation cohort. 

The RAHF scale was then used to define the following three levels of risk for readmission: low 

(RAHF score <12; 7.58% readmission rate), moderate (RAHF score 12–15; 9.78% readmission 

rate), and high (RAHF score >15; 12.04% readmission rate). The relative risk of readmission 

was 1.67 for the high-risk group compared with the low-risk group.

Conclusion: The RAHF scale reliably predicts a patient’s 30-day CHF readmission risk based 

on demographic and clinical factors present upon initial admission. By risk-stratifying patients, 

using models such as the RAHF scale, strategies tailored to each patient can be implemented 

to improve patient outcomes and reduce health care costs.

Keywords: heart failure, readmission, risk factors, risk assessment, RAHF scale, hospital 

readmission reduction program, HRRP, SID database

Introduction
Chronic heart failure (CHF) is the most common cause of readmission for Medicare 

patients in the USA. The Heart Disease and Stroke Statistics Report (2016) from the 

American Heart Association estimated that the prevalence of heart failure is ~5.7 mil-

lion, and an estimated 1 million hospital stays were attributable to CHF.1 The discharge 

rate for patients with CHF increased from 400,000 in 1979 to 1,084,000 in 2005.2 As of 

2010, hospitalization rates remained consistently >1 million.1 In 2014, US health care 

costs accounted for 17.5% of the gross domestic product (GDP) (~$3.0 trillion) com-
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pared to 9.18% of the GDP ($260 billion) in 1980.3 At this 

current rate, by 2040, the cost of health care could reach 30% 

of the GDP.4 In 2014, Medicare paid $173 billion on outpa-

tient and inpatient services to 4,700 hospitals, a 4% increase 

from the year before.5 The American Heart Association esti-

mates that the total direct costs (defined as medical spending) 

for treating CHF will rise to $53 billion in 2030, more than  

double the $21 billion in 2012.6 Hospital readmissions  

consume significant resources and are a financial burden on 

the US health care system. In 2005, Medicare 7-day hospital 

readmission rates were 6.2% and 30-day readmission rates 

were 17.6%. A majority of these 7- and 30-day readmissions 

were considered preventable (84 and 76%, respectively).7 The 

15-day CHF readmission rates were 12.5%, costing ~$600 

million.7 As a result of increased spending on Medicare 

reimbursements, the Medicare Payment Advisory Commis-

sion (MedPAC) predicted higher health care premiums and 

taxes.7 To address the burgeoning cost of hospital readmis-

sions, the Affordable Care Act (ACA) was established and 

signed into law in March 2010 by President Barack Obama.8 

The ACA created the Hospital Readmissions Reduction 

Program (HRRP), which required the Centers for Medicare 

and Medicaid Services (CMS) to penalize hospitals with high 

rates of readmissions by reducing hospital reimbursements 

effective October 2012.7,9 According to the CMS, a “read-

mission” was defined as an admission to a hospital within 

30 days of a discharge from the same or another hospital.7 At 

the initiation of the HRRP in October 2012, CMS predicted 

that >2/3 of hospitals would be receiving fines, accounting 

for up to 1% of their Medicare reimbursement.9 It was also 

predicted that these penalties would increase to 3% by 2015, 

affecting 2,217 hospitals, and ~$280 million loss in Medicare 

funds.9 This program provided significant incentives for both 

health care professionals and hospitals to reduce readmis-

sions and improve patient outcomes. The Healthcare Cost 

and Utilization Project (HCUP) (2015) reported a decline in 

all-cause 30-day readmission rates among patients with CHF 

from 25.1% in 2009 to 23.5% in 2013, with an estimated 

$200 million cost saving.10 Furthermore, in 2016, MedPAC 

reported a decline in preventable readmissions from 19.5% in 

2010 to 17.0% in 2014 among CHF patients.5 Given the high 

prevalence of CHF, and the penalties associated with high 

readmission rates, it is crucial to understand factors associ-

ated with increased readmission risk and develop strategies 

at reducing readmission risk among high-risk groups. This 

study examined a large cohort of patients with CHF in an 

effort to identify specific factors associated with readmis-

sions and to develop a predictive readmission nomogram 

that could reliably predict 30-day readmission risk. This scale 

can then be used by physicians to risk stratify patients with 

CHF and identify high-risk patients at index admission, so 

that their conditions can be optimized and interventions can 

be implemented to avoid these readmissions.

Methods
The State Inpatient Database (SID), a part of the HCUP of 

the Agency for Healthcare Research and Quality, was utilized 

for this study. The HCUP SID consists of individual discharge 

data files from data organizations in 47 participating states. 

In general, the SID is composed of annual, state-specific files 

that share common data elements and encompass ~90% of 

that state’s hospital inpatient discharge records. Data from 

2006 and 2011 were extracted from four states (California, 

New York, Washington, and Florida). There were 642,448 

patients from California and New York (derivation cohort) 

and 365,359 patients from Florida and Washington (validation 

cohort) with index admissions meeting the criteria for CHF 

with International Classification of Disease (ICD)-9 codes 

428.0, 428.1, 428.20, 428.21, 428.22, 428.23, 428.30, 428.31, 

428.32, 428.33, 428.40, 428.41, 428.42, 428.43, and 428.9 

that were identified. Demographic and clinical data extracted 

included age, gender, race, median income quartile, insurance/

primary payer, length of stay, discharge location, the presence 

of noncardiac comorbidities, and CHF readmission. Readmis-

sion time for CHF was limited to 30 days, and readmissions 

for reasons other than CHF were excluded (Figure 1). Lengths 

of initial hospitalizations were calculated, and 30-day CHF 

readmission and overall inpatient mortality were examined. 

All patient data were de-identified, and no personal patient 

identifying information has been included. Approval to con-

duct this study was obtained from the Institutional Review 

Board (IRB) at Saint Barnabas Medical Center (IRB # 13-55).

Statistical analysis was performed using Chi-square tests, 

and univariate analysis was conducted with binary logistic 

regression. Statistical significance was accepted at P<0.01. 

Factors that were statistically significant in the univariate 

analysis were included in the multivariate analysis. To deter-

mine the strength of association, odds ratios (OR) and 95% 

confidence intervals (CI) were calculated. SAS statistical 

software, Version 9.3 (SAS Institute, Inc., Cary, NC, USA), 

was utilized for all data analysis, and values <10 were not 

reported, as per SID reporting guidelines.

Variables determined to be significantly associated with 

Readmission After Heart Failure (RAHF) (P<0.01) for the 

derivation cohort (New York and California) were used to 

construct the RAHF scale. To prevent giving too much weight 
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to any factors, these threshold cutoffs were chosen a priori. 

The following formula was used to calculate the scores for 

each variable:

 

OR
OR

RAHF score for the variable−
∑ −( ) × =

1
1

100%

To ensure scale accuracy, the scale was validated against 

a separate cohort of patients from Washington and Florida. 

RAHF scores were generated for patients, and logistic regres-

sion and residual plots were performed to determine the fit of 

the RAHF scale. Individuals with missing data for variables 

were excluded, and the RAHF scale was only applied to 

people without missing data.

Results
Demographics and clinicopathological 
data
A total of 642,448 patients from New York and California 

(derivation cohort) and 365,359 patients from Washington 

and Florida (validation cohort) were identified as having been 

admitted for CHF from the SID (2006–2011). Demographic 

Figure 1 Flowchart of data exclusions used to create the Readmission After Heart Failure risk scale.
Note: *ICD-9 codes for heart failure: 428.0, 428.1, 428.20, 428.21, 428.22, 428.23, 428.30, 428.31, 428.32, 428.33, 428.40, 428.41, 428.42, 428.43, and 428.9.
Abbreviation: ICD, International Classification of Disease.

Derivation cohort

Starting population 19,472,54439,667,498

494,067880,669

480,732857,627

365,359642,448

Total heart failure
population*

Total heart failure
population with
revisit variable

(the revisit variable was needed to track
readmissions)

Unique heart failure
patients with revisit

variable
(patients with multiple visits were included

in the readmitted or not readmitted groups, not
both, to avoid overcounting)

(State Inpatient database of New York and California
from 2006 to 2011)

Validation cohort
(State Inpatient database of Florida and Washington

from 2006 to 2011)
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and clinicopathological distributions for both derivation and 

validation cohorts were similar (Tables 1 and 2, respectively). 

Most patients were Caucasian (derivation cohort: 62.4%; 

validation cohort: 72.3%) and aged 65–84 years (derivation 

cohort: 48.7%; validation cohort: 50.8%). Male-to-female 

ratio was similar among both cohorts (derivation cohort: 

0.98:1; validation cohort: 1.07:1). The most common comor-

bidities were hypertension (derivation cohort: 71.54%; vali-

dation cohort: 73.14%), diabetes mellitus (derivation cohort: 

42.80%; validation cohort: 42.66%), renal failure (derivation 

cohort: 34.08%; validation cohort: 34.01%), and chronic 

pulmonary disease (derivation cohort: 33.77%; validation 

cohort: 38.76%). Index admission mortality rates were also 

similar (derivation cohort: 3.7%; validation cohort: 2.90%).

Readmissions
The overall readmission rate in the derivation cohort was 

9.42%, with highest readmission rates among African 

Americans (12.57%), patients aged <65 years (11.06%), 

and patients with a history of drug abuse (16.89%) and renal 

failure (11.45%) (Figure 2). Similarly, the overall readmission 

rate in the validation cohort was 9.17%, with highest readmis-

sion rates among African Americans (12.4%), patients aged 

<65 years (10.74%), and patients with a history of drug abuse 

(16.33%), acquired immunodeficiency syndrome (AIDS) 

(14.99%), and renal failure (11.29%) (Figure 3).

Univariate analysis
On univariate analysis of the derivation cohort, factors identi-

fied as significantly affecting readmission rates included age, 

race, income quartile, primary payer, AIDS, alcohol abuse, 

anemia, chronic pulmonary disease, depression, diabetes, 

drug abuse, fluid and electrolyte disorder, liver disease, 

peripheral vascular disease, psychoses, and renal failure; 

P<0.01 (Table 3). Similarly, in the validation cohort, all of 

these variables except for second income quartile, alcohol 

abuse, and liver disease were found to significantly affect 

readmission rates; P<0.01 (Table 4).

Multivariate analysis
On multivariate analysis of the derivation cohort, factors 

determined to be independently associated with increased 

readmission rates included age <65 years (OR 1.14; 95% 

CI, 1.11–1.18), male gender (OR 1.13; 95% CI, 1.11–1.15), 

African American (OR 1.34; 95% CI, 1.30–1.37), race 

other than Caucasian and African American (OR 1.10; 95% 

CI, 1.07–1.12), first income quartile (OR 1.09; 95% CI, 

1.07–1.12), Medicare (OR 1.33; 95% CI, 1.29–1.38), Med-

icaid (OR 1.72; 95% CI, 1.65–1.78), self-pay (OR 1.14; 95% 

CI, 1.07–1.22), chronic pulmonary disease (OR 1.15; 95% 

CI, 1.13–1.17), depression (OR 1.08; 95% CI, 1.05–1.12), 

diabetes (OR 1.12; 95% CI, 1.10–1.14), drug abuse (OR 

1.65; 95% CI, 1.57–1.73), fluid and electrolyte disorder (OR 

1.03; 95% CI, 1.01–1.05), and renal failure (OR 1.37; 95% 

CI, 1.34–1.39); P<0.01 (Table 3).

Similarly, in the validation cohort multivariate analysis, 

factors determined to be independently associated with 

increased readmission rates were age <65 years (OR 1.22; 

95% CI, 1.17–1.28), age 65–84 years (OR 1.06; 95% CI, 

1.03–1.09), male gender (OR 1.11; 95% CI, 1.09–1.14), 

African American (OR 1.38; 95% CI, 1.34–1.43), race other 

than Caucasian and African American (OR 1.34; 95% CI, 

1.29–1.38), first income quartile (OR 1.07; 95% CI, 1.03–

1.10), Medicare (OR 1.45; 95% CI, 1.39–1.53), Medicaid 

(OR 1.82; 95% CI, 1.72–1.94), chronic pulmonary disease 

(OR 1.12; 95% CI, 1.09–1.15), depression (OR 1.06; 95% 

CI, 1.02–1.10), diabetes (OR 1.18; 95% CI, 1.15–1.21), drug 

abuse (OR 1.53; 95% CI, 1.40–1.66), peripheral vascular 

disorder (OR 1.07; 95% CI, 1.04–1.11), and renal failure 

(OR 1.35; 95% CI, 1.31–1.38); P<0.01 (Table 4).

RAHF scale
Factors associated with an increased 30-day CHF readmis-

sion risk from the multivariate analysis were included in the 

creation of the RAHF scale. Each variable was assigned a 

score based on its OR (Table 5). The RAHF scale was then 

used to predict a patient’s readmission risk for the New York 

and California states (derivation cohort). The percentage of 

patients readmitted for each score was plotted, and logistic 

regression with residual plots was performed (Figure 4A and 

B). An R2 of 0.9845 was calculated, meaning that the RAHF 

score could explain 98.45% of readmission variability.

To assess the accuracy of the RAHF scale, a validation 

cohort with two different states was used. Logistic regression 

with residual plots was performed, and an R2 value of 0.9588 

was calculated, meaning that the RAHF scale could explain 

95.88% of readmission variability (Figure 5A and B).

Determining cutoff points for risk groups
The average RAHF score was 12.08 (standard deviation [SD], 

8.01) for patients who were not readmitted and 14.25 (SD, 

8.69) for patients who were readmitted. Therefore, we set 

our cutoff points for the RAHF score at <12 for a low risk of 

readmission, 12–15 for moderate risk, and >15 for high risk. 

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of General Medicine 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

131

RAHF scale

Table 1 Demographic and comorbidities data involving 642,448 heart failure patients of derivation cohort

Characteristics 2006 2007 2008 2009 2010 2011 Total (%)

N 114,747 109,612 105,889 105,578 104,328 102,294 642,448
Age (years)
0–64 28,696 (25.0) 27,545 (25.1) 26,072 (24.6) 26,403 (25.0) 26,296 (25.2) 26,237 (25.7) 161,249 (25.1)
65–84 57,941 (50.5) 54,400 (49.6) 52,132 (49.2) 50,711 (48.0) 49,762 (47.7) 47,673 (46.6) 312,619 (48.7)
85+ 28,091 (24.5) 27, 652 (25.2) 27,668 (26.1) 28,454 (27.0) 28,260 (27.1) 28,369 (27.7) 168,494 (26.2)
Gender
Male 56,027 (48.9) 53,449 (48.8) 52,224 (49.4) 52,421 (49.7) 52,049 (49.9) 51,384 (50.3) 317,554 (49.5)
Female 58,559 (51.1) 56,023 (51.1) 53,540 (50.6) 53,042 (50.3) 52,170 (50.1) 50,809 (49.7) 324,152 (50.5)
Race
Caucasian 71,873 (64.7) 67,304 (63.2) 64,859 (62.7) 64,223 (62.1) 62,589 (61.2) 60,314 (60.2) 391,162 (62.4)
African American 16,193 (14.6) 15,612 (14.7) 15,269 (14.7) 15,329 (14.8) 15,109 (14.8) 14,673 (14.6) 92,185 (14.7)
Others 22,996 (20.7) 23,630 (22.2) 23,396 (22.6) 23,808 (23.0) 24,500 (24.0) 25,243 (25.2) 143,573 (22.9)
Income quartile
First 31,968 (28.8) 30,762 (29.0) 29,298 (28.5) 28,797 (28.1) 28,905 (28.5) 28,506 (28.7) 178,236 (28.6)
Second 28,022 (25.2) 26,707 (25.2) 26,245 (25.5) 26,423 (25.8) 25,568 (25.2) 25,211 (25.4) 158,176 (25.4)
Third 27,831 (25.0) 26,282 (24.8) 25,480 (24.8) 25,189 (24.6) 24,840 (24.5) 24,748 (24.9) 154,370 (24.8)
Fourth 23,347 (21.0) 22,435 (21.1) 21,847 (21.2) 21,962 (21.5) 21,977 (21.7) 20,864 (21.0) 132,432 (21.2)
Primary payer
Medicare 84,812 (75.3) 80,450 (74.9) 78,162 (75.2) 77,826 (75.2) 77,096 (75.5) 75,532 (75.6) 473,878 (75.3)
Medicaid 11,427 (10.1) 10,772 (10.0) 10,467 (10.1) 10,681 (10.3) 10,781 (10.6) 10,891 (10.9) 65,019 (10.3)
Private insurance 13,847 (12.3) 13,447 (12.5) 12,732 (12.3) 12,274 (11.8) 11,466 (11.2) 10,963 (11.0) 74,729 (11.9)
Self-pay 2,530 (2.3) 2,718 (2.6) 2,527 (2.4) 2,733 (2.7) 2,810 (2.7) 2,466 (2.5) 15,784 (2.5)
Length of stay (days)
≤2 31,326 (27.3) 30,081 (27.4) 29,091 (27.5) 29,621 (28.1) 29,995 (28.8) 29,404 (28.7) 179,518 (27.9)
3 18,251 (15.9) 17,421 (15.9) 17,166 (16.2) 17,574 (16.6) 17,194 (16.5) 17,296 (16.9) 104,902 (16.3)
4 14,877 (13.0) 14,544 (13.3) 13,951 (13.2) 13,804 (13.1) 13,712 (13.1) 13,584 (13.3) 84,472 (13.2)
5 11,193 (9.8) 10,752 (9.8) 10,258 (9.7) 10,328 (9.8) 10,017 (9.60) 9,836 (9.6) 62,384 (9.71)
6 8,857 (7.7) 8,079 (7.4) 7,787 (7.3) 7,729 (7.3) 7,600 (7.3) 7,305 (7.2) 47,357 (7.4)
≥7 30,243 (26.3) 28,735 (26.2) 27,636 (26.1) 26,522 (25.1) 25,810 (24.7) 24,869 (24.3) 163,815 (25.5)
Discharge location
Home 64,620 (56.3) 60,421 (55.1) 57,615 (54.4) 56,271 (53.3) 54,153 (51.9) 52,757 (51.6) 345,837 (53.8)
Short-term hospital 3,751 (3.3) 3,320 (3.0) 3,249 (3.1) 3,211 (3.0) 3,123 (3.00) 3,042 (3.0) 19.696 (3.1)
Rehabilitation center/SNF 19,334 (16.9) 18,936 (17.3) 18,624 (17.6) 18,514 (17.5) 18,513 (17.8) 18,245 (17.8) 112,166 (17.5)
Home health care 20,645 (18.0) 20,826 (19.0) 20,592 (19.5) 22,038 (20.9) 23,183 (22.2) 22,968 (22.5) 130,252 (20.3)
Others 6,392 (5.5) 6,105 (5.6) 5,779 (5.4) 5,541 (5.3) 5,351 (5.1) 5,270 (5.1) 34,438 (5.4)
Mortalities during Admission 4,491 (3.91) 4,166 (3.80) 3,954 (3.73) 3,821 (3.62) 3,610 (3.46) 3,588 (3.51) 23,630 (3.68)
Comorbidities
AIDS 81 (0.07) 96 (0.09) 79 (0.07) 76 (0.07) 108 (0.10) 92 (0.09) 532 (0.08)
Alcohol abuse 3,259 (2.84) 3,265 (2.98) 3,168 (2.99) 3,200 (3.03) 3,353 (3.21) 3,338 (3.26) 19,583 (3.05)
Anemia 29,450 (25.7) 29,191 (26.6) 29,771 (28.1) 30,741 (29.1) 30,835 (29.6) 31,612 (30.9) 181,600 (28.3)
Chronic pulmonary disease 38,223 (33.3) 36,962 (33.7) 35,718 (33.7) 35,542 (33.7) 35,489 (34.0) 34,999 (34.2) 216,933 (33.8)
Coagulopathy 3,267 (2.85) 3,448 (3.15) 3,670 (3.47) 4,416 (4.18) 5,227 (5.01) 5,734 (5.61) 25,762 (4.01)
Depression 8,310 (7.24) 8,381 (7.65) 8,170 (7.72) 7,969 (7.55) 8,155 (7.82) 8,390 (8.20) 49,375 (7.69)
Diabetes 48,133 (42.0) 46,471 (42.4) 44,815 (42.3) 45,350 (43.0) 45,135 (43.3) 45,060 (44.1) 274,964 (42.8)
Drug abuse 2,797 (2.44) 2,843 (2.59) 2,602 (2.46) 2,720 (2.58) 2,862 (2.74) 3,159 (3.09) 16,973 (2.64)
Fluid and electrolyte disorder 23,623 (20.6) 23,666 (21.6) 24,568 (23.2) 25,845 (24.5) 26,889 (25.8) 27,724 (27.1) 152,315 (23.7)
Hypertension 77,326 (67.4) 75,894 (69.2) 75,192 (71.0) 76,685 (72.6) 77,413 (74.2) 77,116 (75.4) 459,626 (71.5)
Hypothyroidism 15,387 (13.4) 15,600 (14.2) 15,586 (14.7) 15,970 (15.1) 16,166 (15.5) 16,700 (16.3) 95,409 (14.9)
Liver disease 2,632 (2.29) 2,726 (2.49) 2,673 (2.52) 2,988 (2.83) 3,223 (3.09) 3,316 (3.24) 17,558 (2.73)
Lymphoma 971 (0.85) 981 (0.89) 980 (0.93) 1,084 (1.03) 1,115 (1.07) 1,091 (1.07) 6,222 (0.97)
Metastatic cancer 1,232 (1.07) 1,169 (1.07) 1,169 (1.10) 1,221 (1.16) 1,184 (1.13) 1,166 (1.14) 7,141 (1.11)
Neurological disorder 6,363 (5.55) 6,692 (6.11) 6,801 (6.42) 6,867 (6.50) 6,734 (6.45) 6,758 (6.61) 40,215 (6.26)
Obesity 11,698 (10.2) 11,857 (10.82) 12,874 (12.2) 13,842 (13.1) 14,734 (6.45) 15,961 (15.6) 80,966 (12.6)
Paralysis 2,408 (2.10) 2,289 (2.09) 2,543 (2.40) 2,488 (2.36) 2,427 (2.33) 2,313 (2.26) 14,468 (2.25)
Peptic ulcer disease 83 (0.07) 76 (0.07) 72 (0.07) 54 (0.05) 49 (0.05) 51 (0.05) 385 (0.06)
Peripheral vascular disease 10,850 (9.46) 10,720 (9.78) 10,727 (10.1) 11,232 (10.6) 12,116 (11.6) 12,419 (12.1) 68,064 (10.6)

(Continued)
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Characteristics 2006 2007 2008 2009 2010 2011 Total (%)

Psychoses 2,509 (2.19) 2,570 (2.34) 2,871 (2.71) 2,958 (2.80) 3,323 (3.19) 3,480 (3.40) 17,711 (2.76)
Pulmonary circulation disorder 154 (0.13) 142 (0.13) 241 (0.23) 261 (0.25) 261 (0.25) 294 (0.29) 1,353 (0.21)
Rheumatoid arthritis 2,518 (2.19) 2,469 (2.25) 2,622 (2.48) 2,614 (2.48) 2,832 (2.71) 2,848 (2.78) 15,903 (2.48)
Renal failure 31,781 (27.7) 33,887 (30.9) 35,268 (33.3) 37,794 (35.8) 39,783 (38.1) 40,437 (39.5) 218,950 (34.1)
Solid tumor without metastasis 2,112 (1.84) 2,069 (1.89) 2,038 (1.92) 2,015 (1.91) 2,009 (1.93) 1,988 (1.94) 12,231 (1.90)
Valvular disease 337 (0.29) 310 (0.28) 319 (0.30) 310 (0.29) 318 (0.30) 286 (0.28) 1,880 (0.29)
Weight loss 2,129 (1.86) 2,309 (2.11) 2,952 (2.79) 3,810 (3.61) 4,776 (4.58) 5,083 (4.97) 21,059 (3.28)

Notes: Anemia combines chronic blood loss anemia and iron deficiency anemia. Diabetes combines complicated and uncomplicated diabetes. N, number of patients. Data 
presented as N (%).
Abbreviations: AIDS, acquired immunodeficiency syndrome; SNF, skilled nursing facility.

Table 1 (Continued)

Table 2 Demographic and comorbidities data involving 365,359 heart failure patients of validation cohort

Characteristics 2006 2007 2008 2009 2010 2011 Total (%)

N 65,380 54,954 59,882 61,767 62,986 60,390 365,359
Age (years)
0–64 15,353 (23.5) 12,997 (23.7) 13,818 (23.1) 14,266 (23.1) 14,355 (22.8) 13,943 (23.1) 84,732 (23.2)
65–84 34,203 (52.3) 28,352 (51.6) 30,591 (51.1) 31,289 (50.7) 31,351 (49.8) 29,740 (49.2) 185,526 (50.8)
85+ 15,824 (24.2) 13,605 (24.8) 15,473 (25.8) 16,212 (26.2) 17,279 (27.4) 16,707 (27.7) 95,100 (26.0)
Gender
Male 33,713 (51.6) 28,281 (51.5) 31,033 (51.8) 32,032 (51.9) 32,491 (51.6) 31,254 (51.8) 188,804 (51.7)
Female 31,667 (48.4) 26,673 (48.5) 28,849 (42.2) 29,735 (48.1) 30,495 (48.4) 29,136 (48.2) 176,555 (48.3)
Race
Caucasian 40,190 (73.2) 36,846 (72.0) 38,351 (72.7) 43,528 (72.3) 44,202 (72.0) 42,180 (71.5) 245,297 (72.3)
African American 8,630 (15.7) 8,329 (16.3) 8,182 (15.5) 8,866 (14.7) 8,936 (14.6) 8,642 (14.6) 51,585 (15.2)
Others 6,073 (11.1) 6,023 (11.8) 6,225 (11.8) 7,841 (13.0) 8,231 (13.4) 8,190 (13.9) 42,583 (12.5)
Income quartile
First 20,459 (31.9) 17,360 (32.2) 18,674 (31.8) 19,226 (31.7) 19,279 (31.2) 18,602 (31.4) 113,600 (31.7)
Second 17,372 (27.1) 14,534 (27.0) 16,137 (27.5) 16,309 (26.9) 16,770 (27.1) 15,705 (26.5) 96,827 (27.0)
Third 14,931 (22.3) 12,549 (23.3) 13,728 (23.4) 14,239 (23.5) 14,937 (24.2) 14,126 (23.8) 84,510 (23.6)
Fourth 11,277 (17.6) 9,398 (17.5) 10,208 (17.4) 10,856 (17.9) 10,833 (17.5) 10,894 (18.4) 63,466 (17.7)
Primary payer
Medicare 50,834 (80.1) 42,807 (80.6) 46,411 (79.8) 48,081 (80.1) 49,590 (81.0) 47,724 (81.3) 285,447 (80.5)
Medicaid 3,558 (5.6) 3,016 (5.7) 3,341 (5.7) 3,751 (6.3) 4,011 (6.5) 3,785 (6.5) 21,462 (6.1)
Private insurance 7,017 (11.1) 5,685 (10.7) 6,739 (11.6) 6,673 (11.1) 6,075 (9.9) 5,518 (9.4) 37,707 (10.6)
Self-pay 2,048 (3.2) 1,608 (3.0) 1,703 (2.9) 1,502 (2.5) 1,580 (2.6) 1,644 (2.8) 10,085 (2.8)
Length of stay (days)
≤2 17,841 (27.3) 13,923 (25.3) 15,770 (26.3) 16,207 (26.2) 16.704 (26.5) 16,235 (26.9) 96,680 (26.5)
3 11,102 (17.0) 9,359 (17.0) 10,316 (17.2) 10,906 (17.7) 11,348 (18.0) 10,959 (18.2) 63,990 (17.5)
4 9,039 (13.8) 7,719 (14.1) 8,550 (14.3) 8,863 (14.4) 9,141 (14.5) 8,566 (14.2) 51,878 (14.2)
5 6,654 (10.2) 5,789 (10.5) 6,293 (10.5) 6,479 (10.5) 6,505 (10.3) 6,247 (10.3) 37,967 (10.4)
6 4,976 (7.6) 4,273 (7.8) 4,631 (7.8) 4,733 (7.6) 4,711 (7.6) 4,535 (7.51) 27,859 (7.63)
≥7 15,768 (24.1) 13,891 (25.3) 14,322 (23.9) 14,579 (23.6) 14,577 (23.1) 13,848 (22.9) 86,985 (23.8)
Discharge location
Home 36,467 (55.8) 29,840 (54.3) 32,919 (55.0) 33,559 (54.3) 33,273 (52.8) 31,454 (52.1) 197,512 (54.1)
Short-term hospital 1,566 (2.4) 1,131 (2.0) 1,302 (2.1) 1,165 (1.9) 1,373 (2.2) 1,237 (2.0) 7,774 (2.1)
Rehabilitation center/SNF 12,231 (18.7) 10,798 (19.7) 11,534 (19.3) 12,221 (19.8) 12,663 (20.1) 12,541 (20.8) 71,988 (19.7)
Home health care 12,244 (18.7) 10,826 (19.7) 11,626 (19.4) 12,239 (19.8) 13,147 (20.9) 12,701 (21.0) 72,783 (19.9)
Others 2,872 (4.4) 2,359 (4.3) 2,501 (4.2) 2,583 (4.2) 2,530 (4.0) 2,457 (4.1) 15,302 (4.2)
Mortalities during admission 1,993 (3.05) 1,600 (2.91) 1,731 (2.89) 1,815 (2.94) 1,756 (2.79) 1,693 (2.80) 10,588 (2.90)
Comorbidities
AIDS 142 (0.22) 143 (0.26) 152 (0.25) 160 (0.26) 160 (0.25) 177 (0.29) 934 (0.26)
Alcohol abuse 1,589 (2.43) 1,379 (2.51) 1,528 (2.55) 1,543 (2.50) 1,619 (2.57) 1,628 (2.70) 9,286 (2.54)
Anemia 16,737 (25.6) 15,732 (28.6) 17,714 (29.6) 19,822 (32.1) 20,821 (33.1) 20,507 (34.0) 111,333 (30.5)
Chronic pulmonary disease 24,930 (38.1) 21,723 (39.5) 22,808 (38.1) 24,203 (39.2) 24,446 (38.8) 23,512 (38.9) 141,622 (38.8)
Coagulopathy 2,313 (3.54) 2,314 (4.21) 2,637 (4.40) 3,317 (5.37) 3,834 (6.09) 3,887 (6.44) 18,302 (5.01)
Depression 4,672 (7.15) 4,395 (8.00) 4,824 (8.06) 5,426 (8.78) 5,721 (9.08) 5,769 (9.55) 30,807 (8.43)
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The readmission rates were 7.58, 9.78, and 12.0% in the low-, 

moderate-, and high-risk groups, respectively (P<0.01). The 

relative risk of readmission was 1.67 (95% CI, 1.65–1.69) in 

the high-risk group compared to the low-risk group.

Discussion
CHF affects >5 million Americans and accounts for over 

a million hospitalizations each year.1 CHF has a high rate 

of readmission within the USA, with 30-day readmission 

rates >10% and 6-month readmission rates at ~50%.7 Many 

of these readmissions are considered preventable readmis-

sions.7,11 Viewed as a national quality improvement initiative 

and a major means to curtail preventable excesses in federal 

expenditure, the ACA requires that the CMS reduce payments 

to hospitals with excessive preventable readmissions for ill-

nesses, including CHF, to save an estimated $132 billion over 

10 years.7,12 With 2/3 of hospitals penalized by the start of 

2014 for having excess readmission rates, identifying patients 

with the highest readmission risk has become a major prior-

ity for many hospitals and health centers to permit early risk 

stratification and preventative intervention.9

Concurrent with other reports on CHF readmission rates 

among Medicare beneficiaries, this study identified highest 

30-day CHF readmission rates among African Americans, 

patients aged <65 years, patients from lower income house-

holds, and those with multiple comorbidities. Aranda et al 

conducted a retrospective study involving 28,919 Medicare 

patients with CHF and reported that patients aged <65 years 

had significantly higher odds of readmission (OR 1.0) than 

patients aged 65–85 years (OR 0.83) or >85 years (OR 0.94), 

P<0.05. African Americans (OR 1.05) and patients with 

hospitalizations for heart failure in the previous calendar 

year (OR 1.58) and hospitalizations in the last 6–9 months 

(OR 1.67) and index hospital length of stay >7 days (OR 

1.52) were associated with increased readmission rates, 

P<0.05. Comorbidities including diabetes (OR 1.13), 

peripheral vascular disease (OR 1.17), and stroke (OR 

1.17) were also associated with an increased readmission 

risk; P<0.05.13 Patients on Medicare have also been shown  

to have higher readmission rates compared to Medicaid  

and private insurance. Medicare patients have been reported 

to experience the highest readmission rates, with studies 

reporting 6-month all cause readmission rates as high as 

44%, 18% of which were attributable to CHF.14 Allen et al 

(2012)15 conducted a retrospective study involving 4,584 

patients from the Medicaid Administrative Claims Database 

and reported higher 30-day all-cause readmission rates 

(17.4 vs 11.8%) and 30-day CHF readmission rates (6.7 

vs 4.0%) among Medicaid patients compared to patients 

with commercial insurance. In an analysis of administra-

tive discharge data on 41,776 patients from 236 hospitals 

in New York State, Philbin and DiSalvo16 also showed a 

Characteristics 2006 2007 2008 2009 2010 2011 Total (%)

Diabetes 26,704 (40.8) 23,305 (42.4) 25,010 (41.8) 27,007 (43.7) 27,494 (43.7) 26,349 (43.6) 155,869 (42.7)
Drug abuse 868 (1.33) 819 (1.49) 866 (1.45) 833 (1.35) 863 (1.37) 957 (1.58) 5,206 (1.42)
Fluid and electrolyte disorder 15,150 (23.2) 13,730 (25.0) 15,530 (25.9) 17,243 (27.9) 18,298 (29.1) 18,109 (30.0) 98,060 (26.8)
Hypertension 44,630 (68.3) 39,323 (71.6) 42,726 (71.4) 46,072 (74.6) 48,021 (76.2) 46,454 (76.9) 267,226 (73.1)
Hypothyroidism 8,804 (13.5) 8,283 (15.1) 9,094 (15.2) 10,247 (16.6) 10,806 (17.2) 10,787 (17.9) 58,021 (15.9)
Liver disease 1,280 (1.96) 1,133 (2.06) 1,303 (2.18) 1,443 (2.34) 1,589 (2.52) 1,586 (2.63) 8,334 (2.28)
Lymphoma 556 (0.85) 484 (0.88) 574 (0.96) 601 (0.97) 648 (1.03) 618 (1.02) 3,481 (0.95)
Metastatic cancer 630 (0.96) 534 (0.97) 638 (1.07) 672 (1.09) 695 (1.10) 632 (1.05) 3,801 (1.04)
Neurological disorder 3,630 (5.55) 3,711 (6.75) 4,147 (6.93) 4,587 (7.43) 4,679 (7.43) 4,515 (7.48) 25,269 (6.92)
Obesity 7,678 (11.7) 7,544 (13.7) 8,376 (14.0) 9,829 (15.9) 10,448 (16.6) 10,848 (18.0) 54,723 (15.0)
Paralysis 916 (1.40) 885 (1.61) 999 (1.67) 1,025 (1.66) 1,092 (1.73) 1,073 (1.78) 5,990 (1.64)
Peptic ulcer disease 22 (0.03) 20 (0.04) 20 (0.03) 16 (0.03) 17 (0.03) 14 (0.02) 109 (0.03)
Peripheral vascular disease 7,698 (11.8) 7,079 (12.9) 7,147 (6.93) 8,228 (13.3) 8,339 (13.2) 8,045 (13.3) 46,868 (12.8)
Psychoses 1,397 (2.14) 1,283 (2.33) 1,349 (2.25) 1,565 (2.53) 1,637 (2.60) 1,632 (2.70) 8,868 (2.43)
Pulmonary circulation disorder 116 (0.18) 126 (0.23) 188 (0.31) 206 (0.33) 220 (0.35) 227 (0.38) 1,083 (0.30)
Rheumatoid arthritis 1,556 (2.38) 1,327 (2.41) 1,523 (2.54) 1,720 (2.78) 1,759 (2.79) 1,815 (3.01) 9,700 (2.65)
Renal failure 18,382 (28.1) 16,835 (30.6) 19,369 (32.4) 22,456 (36.4) 23,818 (37.8) 23,409 (38.8) 124,269 (34.0)
Solid tumor without metastasis 1,139 (1.74) 960 (1.75) 995 (1.66) 1,072 (1.74) 1,078 (1.71) 1,068 (1.77) 6,312 (1.73)
Valvular disease 242 (0.37) 219 (0.40) 258 (0.43) 265 (0.43) 277 (0.44) 261 (0.43) 1,522 (0.42)
Weight loss 1,202 (1.84) 1,131 (2.06) 1,566 (2.62) 1,819 (2.94) 1,902 (3.02) 1,943 (3.22) 9,563 (2.62)

Notes: Anemia combines chronic blood loss anemia and iron deficiency anemia. Diabetes combines complicated and uncomplicated diabetes. N, number of patients. Data 
presented as N (%).
Abbreviations: AIDS, acquired immunodeficiency syndrome; SNF, skilled nursing facility.

Table 2 (Continued)
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Figure 2 Readmission rates by demographic and clinicopathological characteristics among heart failure patients of the derivation cohort.
Notes: Anemia combines chronic blood loss anemia and iron deficiency anemia. Diabetes combines complicated and uncomplicated diabetes.
Abbreviations: AIDS, acquired immunodeficiency syndrome; CPD, chronic pulmonary disease; FED, fluid and electrolyte disorder; LOS, length of stay; PCD, pulmonary 
circulation disorder; PUD, peptic ulcer disease; PVD, peripheral vascular disease.
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Figure 3 Readmission rates by demographic and clinicopathological characteristics among heart failure patients of the validation cohort.
Notes: Anemia combines chronic blood loss anemia and iron deficiency anemia. Diabetes combines complicated and uncomplicated diabetes.
Abbreviations: AIDS, acquired immunodeficiency syndrome; CPD, chronic pulmonary disease; FED, fluid and electrolyte disorder; LOS, length of stay; PCD, pulmonary 
circulation disorder; PUD, peptic ulcer disease; PVD, peripheral vascular disease.
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decreasing trend in CHF readmission rates from lowest 

income quartile to highest and found that lower income was 

a statistically significant predictor of CHF readmission risk 

(OR 1.18, P<0.001).

Table 3 Univariate and multivariate analyses of factors predicting readmission for heart failure patients of the derivation cohort

Characteristic Univariate odds ratio  
(95% confidence intervals)

Multivariate odds ratio  
(95% confidence intervals)

Age (years)
0–64 1.38 (1.35–1.42)* 1.14 (1.11–1.18)*
65–84 1.13 (1.11–1.15)* 1.03 (1.01–1.05)
85+ 1 (reference) 1 (reference)
Gender
Male 1.15 (1.13–1.17) 1.13 (1.11–1.15)*
Female 1 (reference) 1 (reference)
Race
Caucasian 1 (reference) 1 (reference)
African American 1.55 (1.51–1.58)* 1.34 (1.30–1.37)*
Others 1.23 (1.20–1.25)* 1.10 (1.07–1.12)*
Income quartile
First 1.29 (1.26-1.33)* 1.09 (1.07–1.12)*
Second 1.11 (1.08–1.13)* 1.04 (1.01–1.06)
Third 1.08 (1.06–1.11)* 1.03 (1.00–1.06)
Fourth 1 (reference) 1 (reference)
Primary payer
Medicare 1.26 (1.22–1.30)* 1.33 (1.29–1.38)*
Medicaid 1.99 (1.92–2.06)* 1.72 (1.65–1.78)*
Private insurance 1 (reference) 1 (reference)
Self-pay 1.30 (1.23–1.38)* 1.14 (1.07–1.22)*
Comorbidities
AIDS 1.51 (1.18–1.93)* 0.98 (0.75–1.27)
Alcohol abuse 1.19 (1.14–1.25)* 0.96 (0.91–1.01)
Anemia 1.12 (1.10–1.14)* 1.03 (1.01–1.05)*
Chronic pulmonary disease 1.15 (1.13–1.17)* 1.15 (1.13–1.17)*
Coagulopathy 1.00 (0.95–1.04) –
Depression 1.05 (1.01–1.08)* 1.08 (1.05–1.12)*
Diabetes 1.21 (1.19–1.23)* 1.12 (1.10–1.14)*
Drug abuse 2.00 (1.92–2.08)* 1.65 (1.57–1.73)*
Fluid and electrolyte disorder 1.06 (1.04–1.08)* 1.03 (1.01–1.05)*
Hypertension 0.98 (0.96–1.00) –
Hypothyroidism 0.99 (0.97–1.01) –
Liver disease 1.23 (1.17–1.29)* 1.04 (0.99–1.09)
Lymphoma 0.88 (0.80–0.96) –
Metastatic cancer 0.70 (0.64–0.77) –
Neurological disorder 0.85 (0.82–0.88) –
Obesity 0.87 (0.85–0.90) –
Paralysis 0.89 (0.83–0.94) –
Peptic ulcer disease 1.05 (0.75–1.47) –
Peripheral vascular disorders 1.08 (1.05–1.11)* 1.03 (1.00–1.06)
Psychoses 1.18 (1.12–1.24)* 1.07 (1.01–1.12)
Pulmonary circulation disorder 0.88 (0.73–1.07) –
Rheumatoid arthritis 0.86 (0.81–0.91) –
Renal failure 1.41 (1.39–1.44)* 1.37 (1.34–1.39)*
Solid tumor without metastasis 0.86 (0.81–0.92) –
Valvular disease 0.97 (0.83–1.14) –
Weight loss 0.95 (0.91–1.00) –

Notes: Anemia combines chronic blood loss anemia and iron deficiency anemia. Diabetes combines complicated and uncomplicated diabetes. *Statistically significant at 
P-value <0.01.

Studies have documented various factors contributing 

to hospital readmissions, including complications from 

in-hospital treatment, inadequate coordination of care and 

quality of care or care coordination, and insufficient patient 
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 education and follow-up.17,18 The most beneficial strategy 

to reduce readmissions appears to be coordinated care.19–21 

Coordination of care among physicians and patient-centered 

approaches were more successful than single physician 

Table 4 Univariate and multivariate analyses of factors predicting readmission for heart failure patients of the validation cohort

Characteristics Univariate odds ratio  
(95% confidence interval)

Multivariate odds ratio  
(95% confidence interval)

Age (years)
0–64 1.40 (1.35–1.44)* 1.22 (1.17–1.28)*
65–84 1.16 (1.13–1.20)* 1.06 (1.03–1.09)*
85+ 1 (reference) 1 (reference)
Gender
Male 1.14 (1.11–1.16)* 1.11 (1.09–1.14)*
Female 1 (reference) 1 (reference)
Race
Caucasian 1 (reference) 1 (reference)
African American 1.56 (1.51–1.61)* 1.38 (1.34–1.43)*
Others 1.41 (1.36–1.45)* 1.34 (1.29–1.38)*
Income quartile
First 1.20 (1.16–1.25)* 1.07 (1.03–1.10)*
Second 1.04 (1.00–1.08) 1.00 (0.96–1.04)
Third 1.06 (1.02–1.10)* 1.02 (0.98–1.06)
Fourth 1 (reference) 1 (reference)
Primary payer
Medicare 1.35 (1.30–1.41)* 1.45 (1.39–1.53)*
Medicaid 2.32 (2.11–2.35)* 1.82 (1.72–1.94)*
Private insurance 1 (reference) 1 (reference)
Self-pay 1.24 (1.14–1.34)* 1.11 (1.02–1.21)
Comorbidities
AIDS 1.75 (1.46–2.09)* 1.08 (0.90–1.31)
Alcohol abuse 0.98 (0.91–1.05) –
Anemia 1.16 (1.14–1.19)* 1.03 (1.01–1.06)
Chronic pulmonary disease 1.13 (1.10–1.15)* 1.12 (1.09–1.15)*
Coagulopathy 1.06 (1.01–1.11) –
Depression 1.05 (1.00–1.09)* 1.06 (1.02–1.10)*
Diabetes 1.30 (1.28–1.33)* 1.18 (1.15–1.21)*
Drug abuse 1.96 (1.82–2.11)* 1.53 (1.40–1.66)*
Fluid and electrolyte disorder 1.08 (1.05–1.11)* 1.03 (1.00–1.06)
Hypertension 1.03 (1.00–1.06) –
Hypothyroidism 1.02 (0.99–1.05) –
Liver disease 1.09 (1.02–1.18) –
Lymphoma 1.12 (1.00–1.25) –
Metastatic cancer 0.66 (0.58–0.76) –
Neurological disorder 0.87 (0.83–0.91) –
Obesity 0.96 (0.93–0.99) –
Paralysis 0.93 (0.85–1.02) –
Peptic ulcer disease 0.78 (0.38–1.61) –
Peripheral vascular disorders 1.14 (1.11–1.18)* 1.07 (1.04–1.11)*
Psychoses 1.20 (1.12–1.29)* 1.08 (1.00–1.16)
Pulmonary circulation disorder 0.72 (0.56–0.91) –
Rheumatoid arthritis 0.84 (0.78–0.91) –
Renal failure 1.45 (1.42–1.48)* 1.35 (1.31–1.38)*
Solid tumor without metastasis 0.86 (0.78–0.93) –
Valvular disease 0.74 (0.61–0.90) –
Weight loss 0.82 (0.76–0.88) –

Notes: Anemia combines chronic blood loss anemia and iron deficiency anemia. Diabetes combines complicated and uncomplicated diabetes. *Statistically significant at 
P-value <0.01.
Abbreviation: AIDS, acquired immunodeficiency syndrome.

approaches with disease-centered management, at reduc-

ing readmissions.19 Dharmarajan et al20 reported that most 

readmissions among patients with CHF, pneumonia, and 

acute myocardial infarction were not attributed to the initial 
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diagnosis. Although the main reason for 30-day readmission 

after CHF hospitalization was due to CHF, this accounted for 

only 35.2%, followed by renal disorders (8.11%), pneumonia 

(4.98%), arrhythmias and conduction disorders (4.04%), 

and septicemia and shock (3.55%).20 Effective strategies for 

preventing CHF readmissions should include interventions 

across a full continuum of care from hospital to outpatient 

clinic and home. Enhancing initial risk stratification to safely 

increase emergency department discharges, or transition-

ing low-risk patients to alternative treatment pathways and 

avoiding hospitalizations, is crucial to conserving health care 

resources. Risk stratification models have been created in the 

past and employed with varying rates of effectiveness.22–27 

Basoor et al22 conducted a prospective randomized controlled 

trial involving 96 inpatients with CHF, of whom 48 patients 

were provided with a checklist at discharge that included 

relevant counseling, medication and dose information, as 

well as follow-up instructions, while the other 48 patients 

were discharged without this checklist. Patients who received 

the CHF discharge checklist had higher rates of outpatient 

and medication compliance, as well as reduced 30-day (6 

vs 19%, P>0.05) and 6-month (23 vs 46%, P=0.045) CHF 

readmission rates, compared to those who did not receive 

the checklist.22 Phillips et al24 conducted a review including 

18 studies and 3,304 inpatients with CHF, evaluating the use 

of comprehensive discharge planning and support, which 

included education and periodic follow-up visits. After a 

mean observation time of 8 months, the use of comprehen-

sive discharge planning was associated with a significant 

reduction in readmission rates (relative risk [RR] 0.75; CI, 

0.64–0.88) and a trend toward a reduction in all-cause mor-

tality (RR 0.87; CI, 0.73–1.03), with no significant differ-

ence in the length of stay (8.4 vs 8.5 days, P=0.60) or costs 

(−$359, P=0.10 for non-US centers and -$536, P=0.03 for 

US centers).24 More patients receiving the comprehensive 

discharge plan also reported improved quality of life (25.7 

vs 13.5%, P=0.01).24

The RAHF scale is intended to be used by clinicians to 

quickly and accurately risk stratify patients during the initial 

hospitalization for CHF. A mobile application should allow 

clinicians to quickly and accurately calculate an individual’s 

unique risk of 30-day readmission, enabling improved coor-

dination of care between health care professionals and imple-

mentation of various strategies to prevent readmissions among 

high-risk patients. This scale should help physicians make 

better clinical decisions about duration and aggressiveness of 

patient treatment and management and help curtail premature 

discharges for patients with high readmission risk. Inpatient 

risk stratification and outpatient medical management should 

be coupled with strong pharmacy, social work, and community 

health partner support to focus on specific barriers to effective 

care.28 Shifting appropriate care to outpatient and hospice 

palliative care during the final phase of decompensated CHF 

with appropriate advanced care planning could also help with 

patient care and decrease readmissions for CHF.28

Reducing readmissions not only reduces health care 

expenditures but also most importantly improves patient 

outcomes and satisfaction. Readmissions are not only incon-

venient and costly to the patient but also come with inherent 

risks such as hospital-acquired infections, which impact 

negatively on patient outcomes.

There are several limitations to this study, which are 

inherent to the retrospective nature of this study. This study 

did not utilize the exact HRRP guidelines; however, given 

the changes in the current political climate and health care 

laws, these guidelines will likely change. Furthermore, since 

data from four states of the SID were utilized, determining 

all-cause readmission would limit generalizability to differ-

ent patient populations around the world. Different patient 

populations around the world likely have different reasons 

for readmissions; however, CHF-related readmissions are 

probably similar. For example, insurance coverage would not 

play an important role in countries with universal health care 

coverage, including Canada and Australia. Although the risk 

Table 5 Values for components of Readmission After Heart 
Failure risk scale

Characteristics Point value

Age component
0–64 4
Gender component
Male 4
Income component
First quartile 3
Race component
African American race
Other races

10
3

Primary payer component
Medicaid
Medicare
Self-pay

21
10
4

Comorbidities component
Drug abuse
Renal failure
Chronic pulmonary disease
Diabetes
Depression
Fluid and electrolyte disorder

19
11
4
4
2
1

Max score 100

Note: Diabetes combines complicated and uncomplicated diabetes.
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factors may vary slightly between countries, overall readmis-

sion rates for CHF patients mirror those found in other coun-

tries such as Canada, Europe, and Australia. Readmission 

risk also constantly changes, as it is dependent on numerous 

factors, including disease progression, and treatment and 

management received, which are not included in the SID and 

difficult to measure with any retrospective large database. 

Furthermore, in addition to patient factors, clinician provider 

and hospital factors also impact patient outcomes including 

readmission risk. These factors are all important in the study 

of patient outcomes and CHF readmission and should be 

investigated in smaller scale clinical trials. Further limitations 

include sampling and coding errors, misclassified variables, 

and the difficulty in accurately obtaining readmission data 

for all patients. In this study, CHF diagnosis and presence 

of comorbidities were based on the presence of administra-

tive codes within the SID database and were not clinically 

confirmed; however, it has been shown that administrative 

codes are highly specific for cardiovascular risk factors and 

diagnoses.29 The SID database does not contain outpatient 

data, and therefore, this study could not assess changes in 

CHF care in outpatient clinics and emergency departments, 

leading to an underestimation in overall rates of CHF. There 

may also be an element of selection bias, since patients with 

missing data for any studied variables were excluded in the 

application of this scale. However, this limitation would 

apply to all groups and should not negate overall findings. 

The four states used for the derivation and validation cohorts 

Figure 4 Derivation cohort.
Notes: (A) Percent readmission vs RAHF risk score for the derivation cohort. (B) Plot of residuals for observed vs expected RAHF risk scores for the derivation cohort.
Abbreviation: RAHF, Readmission After Heart Failure.

RAHF score

R
es

id
ua

ls
Pe

rc
en

t r
ea

dm
is

si
on

–2

–1.5

–1

–0.5

0

0.5

1

1.5

2

0 10 20 30 40 50

RAHF score

y=6.4572e0.0281x

R2=0.9845

0

5

10

15

20

25

0 10 20 30 40 50

A

B

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of General Medicine 2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

140

Chamberlain et al

were selected a priori based on the availability of readmis-

sion variables. Although there may be similarities between 

these states, these populations are large and from different 

geographic locations, which should adequately represent the 

entire country. Despite these limitations, the SID database 

provides a large sample size and allows accurate measure-

ment of changing trends in CHF admissions and the factors 

influencing readmissions. However, further studies are war-

ranted to examine long-term follow up, late complications, 

and outpatient mortality to further decipher the causes of 

CHF readmissions. Furthermore, additional validation of 

this scale should be applied to smaller, unique populations 

that may not be representative of the entire USA.

Figure 5 Validation cohort.
Notes: (A) Percent readmission vs RAHF risk score for the validation cohort. (B) Plot of residuals for observed vs expected RAHF risk scores for the validation cohort.
Abbreviation: RAHF, Readmission After Heart Failure.
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Conclusion
More than 5 million Americans suffer from CHF. Medicare 

reimbursements for inpatient CHF have been disproportion-

ately high, prompting the establishment of the ACA and the 

development of an HRRP requiring the CMS to penalize 

hospitals with excess CHF readmissions by reducing reim-

bursements. As a result, it is crucial to identify patients at 

high risk of readmission. Given current scrutiny of health 

care spending, the RAHF scale was created to predict 30-day 

CHF readmission and to identify high-risk patients with CHF 

to allow implementation of individualized precautionary 

and preventive care strategies. By predicting readmission 

risk based on demographic and clinical factors during index 
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admission, risk stratification models such as the RAHF scale 

should improve overall patient quality of care and outcomes 

while reducing overall health care expenditures.
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