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ABSTRACT

Background and Objectives: Readmissions in heart failure (HF), historically reported as 20%, 
contribute to significant patient morbidity and high financial cost to the healthcare system. 
The changing population landscape and risk factor dynamics mandate periodic epidemiologic 
reassessment of HF readmissions.
Methods: National Readmission Database (NRD, 2019) was used to identify HF-related hospi-
talizations and evaluated for demographic, admission characteristics, and comorbidity differ-
ences between patients readmitted vs. those not readmitted at 30-days. Causes of readmission 
and predictors of all-cause, HF-specific, and non-HF-related readmissions were analyzed.
Results: Of 48,971 HF patients, the readmitted cohort was younger (mean 67.4 vs. 68.9 years, 
p≤0.001), had higher proportion of males (56.3% vs. 53.7%), lowest income quartiles (33.3% 
vs. 28.9%), Charlson comorbidity index (CCI) ≥3 (61.7% vs. 52.8%), resource utilization in-
cluding large bed-size hospitalizations, Medicaid enrollees, mean length of stay (6.2 vs. 5.4 
days), and disposition to other facilities (23.9% vs. 20%) than non-readmitted. Readmission 
(30-day) rate was 21.2% (10,370) with cardiovascular causes in 50.3% (HF being the most 
common: 39%), and non-cardiac in 49.7%. Independent predictors for readmission were male 
sex, lower socioeconomic status, nonelective admissions, atrial fibrillation, chronic obstruc-
tive pulmonary disease, chronic kidney disease, anemia, and CCI ≥3. HF-specific readmissions 
were significantly associated with prior coronary artery disease and Medicaid enrollment.
Conclusions: Our analysis revealed cardiac and noncardiac causes of readmission were equally 
common for 30-day readmissions in HF patients with HF itself being the most common etiol-
ogy highlighting the importance of addressing the comorbidities, both cardiac and non-cardi-
ac, to mitigate the risk of readmission.

Keywords: Heart failure; Thirty day readmission; 30 day readmission; United States Agency 
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INTRODUCTION

Heart failure (HF) is a well-known public health problem and a 
major financial burden on our healthcare system. The prevalence 
of HF continues to rise due to the aging United States (US) popula-
tion and is projected to increase by 46% between 2012 and 2030.1) 
In recent years, novel medical and device therapies have led to im-
proved HF prognosis. These include the use of a combination of 
angiotensin receptor–neprilysin inhibitor,2) SGLT2 inhibitors,3) a 
novel algorithm for guideline-directed medical therapy,4,5) biven-
tricular pacemakers, remote pulmonary artery pressure monitors, 
mechanical circulatory assist devices, and the use of disease man-
agement programs in the outpatient setting.6-8) However, the risk 
of readmissions in HF patients remains high resulting in patient 
morbidity and high healthcare resource utilization.1) Historically 
studies have reported readmission rates of nearly 20% in this pa-
tient population warranting additional research to identify aspects 
of care to improve patient outcomes.9-11) Using the 2019 National 
Readmission Database (NRD) dataset, we investigated the epide-
miologic profile of patients readmitted with HF patients to identi-
fy high-risk predictors in this patient population.

METHODS

We used the dataset of 2019 from the NRD for this analysis. Agency 
for Healthcare Research and Quality sponsors NRD under the 
Healthcare Cost and Utilization Projects.12) NRD provides publicly 
available large de-identified all-payer datasets of hospitalized pa-
tients in the US containing 18 million unweighted and 35 million 
weighted discharges per year that are nationally representative of 
the US, thereby providing sufficient data for analysis across hospi-
tal types and the study of readmissions for various disorders and 
procedures. Patients are tracked across the time for readmissions 
using the variable “NRD_visitlink”, while the time between read-
missions is calculated using already existing variables “NRD_day-
stoevent” and length of stay available as “LOS” in the NRD. Owing 
to the de-identified nature of the dataset, we did not require Insti-
tutional Review Board approval to conduct our study.

The details of sample selection and cohort division are shown 
in Figure 1. HF-related hospitalizations (index admissions) were 
identified using the International Classification of Diseases, 
Tenth Revision, Clinical Modification (ICD-10-CM) code of “I50” 
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Heart failure was identified by using ICD-10-CM (I50) codes in primary
(n=62,476)

Final patient population followed for 30 days
(n=48,971)

No readmission
(n=38,601; 78.8%)

Readmissions
(n=10,370; 21.2%)

Heart failure
readmissions as

primary diagnosis
(n=4,031)

Non-heart failure
readmissions as

primary diagnosis
(n=6,339)

Patients with missing information on age, gender, mortality, 
age <18 and mortality during index admission were removed (n=2,604)

Unweighted discharges in 2019 Nationwide Readmission Database
(n=18,132,856)

Patients with index admission during December were excluded
owing to lack of follow-up data (n=5,495)

Figure 1. Patient selection and study design. 
ICD-10-CM = International Classification of Diseases, Tenth Revision, Clinical Modification.



in the primary discharge diagnosis. Hospitalizations for less than 
18 years, missing information on sex, mortality during this index 
admission, and discharges in December 2019 (due to lack of fol-
low-up) were excluded from this analysis. The primary outcome 
was 30-day readmissions in the HF study population. Combining 
similar codes, we identified causes of readmission using ICD-
10-CM codes in the primary discharge diagnosis field of these 
readmissions. Readmissions were either HF-specific readmis-
sions, i.e., with HF being the primary reason for readmission or 
non-HF readmissions, i.e., primary reason other than HF. Mul-
tivariate logistic regression analysis was used for the predictors 
of HF-specific and non-HF readmissions, and for all-cause read-
missions (combined HF-specific and non-HF readmissions).

Demographics and admission-specific, including hospital-related 
characteristics, provided as in-built variables (Table 1, Supplementary 
Table 1), were compared between HF patients who were readmitted 
(herein, readmitted cohort) and not readmitted (herein, non-re-
admitted cohort) within 30-days. Comorbidities were generated as 
binary variables using ICD-10-CM codes in the secondary discharge 
diagnosis fields (Supplementary Table 2). Charlson comorbidity 
index (CCI) assessed the severity of comorbid conditions and was em-
ployed to compare the 2 cohorts with Deyo’s modification and trans-
lation to ICD-10-CM codes.13,14) Conventional CCI gives the weighted 
score to the comorbidities based on the relative risk of 1-year mor-
tality. To apply the index to the administrative databases, like in our 
study, Deyo’s modification, a simplified version of the conventional 
CCI, is commonly used in clinical practice where using ICD-10-CM 
system medical conditions are coded as present on admission.
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Table 1. Baseline characteristics of heart failure patients from National 
Readmission Dataset 2019
Variables Readmissions Overall p value

No Yes
Index admissions, No. (%) 38,601 

(78.8)
10,370 
(21.2)

48,971

Demographic characteristics
Age (mean years) 68.9 67.4 68.6 <0.001
Sex <0.001

Male 53.7 56.3 54.2
Female 46.3 43.7 45.8

Median household income 
(percentile)*

<0.001

0–25 28.9 33.3 29.8
26–50 27.6 26.0 27.3
51–75 24.8 23.4 24.5
76–100 18.7 17.3 18.4

Admission characteristics
Admission type 0.003

Elective 5.6 4.8 5.4
Non-elective 94.4 95.2 94.6

Day of admission 0.205
Weekday 77.3 76.7 77.1
Weekend 22.7 23.3 22.9

Variables Readmissions Overall p value
No Yes

Bed size of hospital† 0.006
Small 24.1 22.9 23.9
Medium 25.5 25.1 25.4
Large 50.4 52.1 50.8

Teaching status of hospital‡ <0.001
Metropolitan non-teaching 20.3 19.8 20.2
Metropolitan teaching 64.7 67.1 65.2
Non-metropolitan hospital 14.9 13.1 14.5

Expected primary payer <0.001
Medicare 65.1 65.5 65.2
Medicaid 13.6 17.9 14.5
Private insurance 15.3 11.6 14.5
Self-pay 3.7 2.7 3.5
No charge 0.2 0.3 0.2
Other 2.1 2.0 2.1

Comorbidities§

Hypertension 22.5 23.8 22.8 0.005
Diabetes 28.4 32.1 29.2 <0.001
Dyslipidemia 30.4 30.4 30.4 0.95
Atrial fibrillation or flutter 43.8 45.6 44.2 0.001
PVD 5.9 7.0 6.1 <0.001
Prior CAD 37.6 39.9 38.1 <0.001
Prior TIA/Stroke 8.7 9.2 8.8 0.141
Prior CABG 9.0 9.8 9.2 0.021
Prior PCI 0.8 1.0 0.8 0.184
FH of CAD 6.6 6.4 6.6 0.552
COPD 30.5 34.9 31.5 <0.001
CKD 22.6 28.5 23.8 <0.001
Obesity 20.4 19.3 20.2 0.016
OSA 12.8 12.7 12.8 0.831
Anemia 25.3 31.5 26.6 <0.001
Tobacco 44.1 46.2 44.6 <0.001
Alcohol 6.2 6.4 6.2 0.36
CCI∥ <0.001

1 20.8 16.1 19.8
2 26.4 22.2 25.6
≥3 52.8 61.7 54.7

Healthcare infrastructure utilization
Disposition <0.001

Home 80.0 76.1 79.2
Facility/Others 20.0 23.9 20.8
Length of stay (days, mean±SE) 5.4±0.03 6.2±0.08 5.6±0.03 <0.001

Values are percentages.
PVD = peripheral vascular disease; CAD = coronary artery disease; TIA 
= transient ischemic attack; CABG = coronary artery bypass graft; PCI = 
percutaneous coronary intervention; FH = family history; COPD = chronic 
obstructive pulmonary disease; CKD = chronic kidney disease; OSA = 
obstructive sleep apnea; CCI = Charlson comorbidity index; SE = standard error.
*Represents a quartile classification of the estimated median household 
income of residents within the patient’s zip code, https://www.hcup-us.ahrq.
gov/db/vars/zipinc_qrtl/nrdnote.jsp.
†The bed size cutoff points divided into small, medium, and large have been 
done so that approximately one-third of the hospitals in a given region, 
location, and teaching status combination would fall within each bed size 
category, https://www.hcup-us.ahrq.gov/db/vars/hosp_bedsize/nrdnote.jsp.
‡A hospital is considered to be a teaching hospital if it has an American 
Medical Association-approved residency program, https://www.hcup-us.
ahrq.gov/db/vars/hosp_ur_teach/nrdnote.jsp.
§International Classification of Diseases, Tenth Revision codes were utilized to 
identify respective co-morbidities as per Supplementary Table 1.
∥CCI/Deyo comorbidity index was calculated as per Deyo classification.

Table 1. (Continued) Baseline characteristics of heart failure patients from 
National Readmission Dataset 2019
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SAS 9.4 (SAS Institute Inc., Cary, NC, USA) was used for this 
analysis. Pearson’s χ2 and Student’s t-test were used for qualita-
tive and quantitative variables, respectively. In our multivariate 
model for predictors of all-cause, HF-specific and non-HF read-
missions, we included demographics, admission characteristics, 
comorbidities, categorized CCI (CCI with 1,2 or ≥3), disposition 
pattern, and length of stay variables shown in Table 1.

RESULTS

NRD dataset from 2019 included 48,971 index admissions for HF 
hospitalizations as the primary admitting diagnosis. During index 
admission, differences in demographics and comorbidities were 
observed between readmitted and non-readmitted cohorts. The re-
admitted cohort was younger (67.4 vs. 68.9 years, p<0.001). Read-
mitted patients had a higher prevalence of males (56.3% vs. 53.7%, 
p<0.001), lowest quartile of median household income patients 
(33.3% vs. 28.9%, p<0.001), admissions of nonelective (95.2% 
vs. 94.4%, p=0.003), large bed-size hospitals (52.1% vs. 50.4%, 
p=0.006), metropolitan teaching hospitals (67.1% vs. 64.7%, 
p<0.001), Medicaid enrollees (17.9% vs. 13.6%, p<0.001). Comor-
bidities most prevalent in the readmitted cohort were hypertension 
(HTN, 23.8% vs. 22.5%, p=0.005), diabetes mellitus (DM, 32.1% vs. 
28.4%, p<0.001), atrial fibrillation or flutter (AFF, 45.6% vs. 43.8%, 
p=0.001), peripheral vascular disease (PVD, 7% vs. 5.9%, p<0.001), 
prior coronary artery disease (CAD, 39.9% vs. 37.6%, p<0.001), prior 
coronary artery bypass graft (CABG, 9.8% vs. 9%, p=0.021), chronic 
obstructive lung disease (COPD, 34.9% vs. 30.5%, p<0.001), chron-
ic kidney disease (CKD, 28.5% vs. 22.6%, p<0.001), anemia (31.5% 
vs. 25.3%, p<0.001), tobacco abuse (46.2% vs. 44.1%, p<0.001) and 
higher CCI, i.e., CCI ≥3 (61.7% vs. 52.8%, p<0.001) vs. the non-re-
admitted cohort. The average length of hospital stay was longer for 
readmitted cohort (mean 6.2±0.08 vs. 5.4±0.03 days, p<0.001) and 
a greater percentage of patients required transfer to other facilities 
(23.9% vs. 20%, p<0.001) during index admissions.

Of the 48,971 hospitalizations, 10,370 (21.2%) were readmitted 
within a 30-day period. Amongst these, 85.26% (n=8,841) were 
readmitted once, 12.93% (n=1,341) twice, 1.58% (n=164) 3 times, 
0.17% (n=18) 4 times, 0.05% (n=5) 5 times, and 0.01% (n=1), and 
6 times (Table 2). Regarding etiologies of admissions, HF-spe-
cific readmissions constituted 39%, followed by CAD/ischemic 
heart disease 2.7%, AFF 1%, HTN 0.18%, congenital heart dis-
ease 0.1%, and valvular heart disease 0.8%. Pulmonary causes 
of readmission occurred in 12.4%, which included acute respira-
tory failure in 4.2%, pneumonia and influenza-related hospital-
izations in 3.0%, pulmonary embolism in 0.8%, and obstructive 
lung disease in 0.14%. Infections constituted 9.3%, followed by 

gastrointestinal causes in 4.6% and renal in 4.1% of the readmis-
sions (Table 3, Figure 2).

Multivariable analysis of 30-day readmission in HF patients 
was performed to identify significant predictors by adjusting 
the odds ratio (aOR). Significant predictors of all-cause read-
missions (Table 4, Figure 3) were male sex (aOR, 1.05; 95% 
confidence interval [CI], 1.01–1.10; p=0.026), lowest quartile 
of median household income (aOR, 1.21; 95% CI, 1.13–1.30; 
p<0.001), index admissions with nonelective (aOR, 1.12; 95% 
CI, 1.01–1.24; p=0.031), metropolitan nonteaching (aOR, 1.14; 
95% CI, 1.05–1.23; p=0.002) and teaching (aOR, 1.16; 95% CI, 
1.08–1.25, p<0.001) hospitalizations, AFF (aOR, 1.15; 95% 
CI, 1.10–1.21; p<0.001), COPD (aOR, 1.16; 95% CI, 1.10–1.22; 
p<0.001), CKD (aOR, 1.17; 95% CI, 1.10–1.24; p<0.001), anemia 
(aOR, 1.25; 95% CI, 1.19–1.32; p<0.001), CCI ≥3 (aOR, 1.29; 95% 
CI, 1.19–1.39; p<0.001), discharged to other facilities (aOR, 1.27; 
95% CI, 1.20–1.34; p<0.001), and length of stay (aOR, 1.006; 
95% CI, 1.003–1.008; p<0.001). Both prior CAD and Medicaid 
status were significant independent predictors in HF-specific 
readmissions (Table 5). On the other hand, PVD and CCI 2 or 
greater were significant predictors in the non-HF readmission 
cohort (Table 5).
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Table 2. Readmission frequencies in heart failure patients during 30-day 
follow-up period
Readmission frequencies Number of patients Percentage of patients
1 8,841 85.26
2 1,341 12.93
3 164 1.58
4 18 0.17
5 5 0.05
6 1 0.01

Causes of readmissions

50.34

12.44

9.35

4.65

4.14

2.79
2.16

1.97 1.11
1.05
0.89

0.86
0.17

8.05 Cardiac
Pulmonary
Infections
Gastrointestinal
Renal
Endocrine
Central nervous system
Vascular
Neoplasms
Hematological
Musculoskeletal
Psychiatric

Values are in percentage.

Figure 2. Causes of 30-day readmissions in heart failure patients.
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Table 3. Causes of 30-day readmissions in heart failure patients (n=10,370)
System 
classification

Specific diagnosis Percentage 
(%)

Cardiac 50.34
Valvular 0.8
Hypertension 0.18
Coronary artery disease 2.74
Heart failure 39.01

Systolic 8.67
Diastolic 3.21
Combined 3.04
HF due to hypertension disorder +/− CKD 22.78
Unspecified 1.31

Atrial fibrillation or flutter 1.05
Congenital 0.11
Others 6.45

Pulmonary 12.44
Pneumonia & Influenza 3.05
Pulmonary embolism 0.8
Respiratory failure 4.18
Emphysema & Bronchitis 0.14
Asthma 0.07
Bronchiectasis 0.02
Others 4.15

Infections 9.35
Gastrointestinal 4.65
Renal 4.14
Endocrine 2.79

Thyroid 0.02
DM 0.89
Metabolic 1.69
Others 0.18

Central nervous system 2.16
Ischemic 1.29
Others 0.87

Vascular 1.97
Neoplasms 1.11
Hematological 1.05
Musculoskeletal 0.89
Psychiatric 0.86
Dermatology 0.17
Others 8.05
HF = heart failure; CKD = chronic kidney disease; DM = diabetes mellitus.

Table 4. Multivariate predictors of readmissions of heart failure patients
Variables 30-day readmission

aOR 95% CI p value
LL UL

Age 0.987 0.985 0.989 <0.001
Sex

Female Referent
Male* 1.05 1.01 1.10 0.026

Median household income (percentile)†

0–25* 1.21 1.13 1.30 <0.001
26–50 1.010 0.943 1.083 0.771
51–75 1.009 0.941 1.082 0.794
76–100 Referent

Admission type
Elective Referent
Non-elective* 1.12 1.01 1.24 0.031

Day of admission
Weekday Referent
Weekend 1.03 0.98 1.09 0.275

Variables 30-day readmission
aOR 95% CI p value

LL UL
Bed size of hospital‡

Small Referent
Medium 0.995 0.933 1.061 0.879
Large 0.995 0.940 1.054 0.875

Teaching status of hospital§

Non-metropolitan hospital Referent
Metropolitan non-teaching* 1.14 1.05 1.23 0.002
Metropolitan teaching* 1.16 1.08 1.25 <0.001

Expected primary payer
Medicare Referent
Medicaid 1.08 1.00 1.16 0.054
Private insurance 0.71 0.65 0.76 <0.001
Self-pay 0.68 0.59 0.78 <0.001
No charge 1.21 0.78 1.86 0.392
Other 0.88 0.75 1.03 0.114

Comorbidities∥

Hypertension 1.00 0.95 1.06 0.899
Diabetes 1.04 0.98 1.10 0.165
Dyslipidemia 0.98 0.93 1.04 0.551
Atrial fibrillation or flutter* 1.15 1.10 1.21 <0.001
PVD 1.06 0.96 1.16 0.246
Prior CAD 1.04 0.99 1.09 0.164
Prior TIA/Stroke 0.99 0.92 1.07 0.851
Prior CABG 1.02 0.94 1.10 0.665
Prior PCI 1.13 0.90 1.43 0.294
FH of CAD 0.99 0.91 1.09 0.899
COPD* 1.16 1.10 1.22 <0.001
CKD* 1.17 1.10 1.24 <0.001
Obesity 0.84 0.79 0.89 <0.001
OSA 0.94 0.88 1.01 0.089
Anemia* 1.25 1.19 1.32 <0.001
Tobacco 1.00 0.96 1.05 0.865
Alcohol 0.95 0.86 1.04 0.286

CCI¶

1 Referent
2 1.04 0.96 1.12 0.333
≥3* 1.29 1.19 1.39 <0.001

Disposition
Home Referent
Facility/Others* 1.27 1.20 1.34 <0.001
Length of stay* 1.006 1.003 1.008 <0.001

aOR = adjusted odds ratio; CI = confidence interval; LL = lower limit; UL 
= upper limit; PVD = peripheral vascular disease; CAD = coronary artery 
disease; TIA = transient ischemic attack; CABG = coronary artery bypass 
graft; PCI = percutaneous coronary intervention; FH = family history; COPD = 
chronic obstructive pulmonary disease; CKD = chronic kidney disease; OSA = 
obstructive sleep apnea; CCI = Charlson comorbidity index.
*Significant predictors of readmission.
†Represents a quartile classification of the estimated median household 
income of residents within the patient’s zip code, https://www.hcup-us.ahrq.
gov/db/vars/zipinc_qrtl/nrdnote.jsp.
‡The bed size cutoff points divided into small, medium, and large have been 
done so that approximately one-third of the hospitals in a given region, 
location, and teaching status combination would fall within each bed size 
category, https://www.hcup-us.ahrq.gov/db/vars/hosp_bedsize/nrdnote.jsp.
§A hospital is considered to be a teaching hospital if it has an American 
Medical Association-approved residency program, https://www.hcup-us.
ahrq.gov/db/vars/hosp_ur_teach/nrdnote.jsp.
∥International Classification of Diseases, Tenth Revision codes were utilized to 
identify respective co-morbidities as per Supplementary Table 1.
¶CCI/Deyo comorbidity index was calculated as per Deyo classification.

Table 4. (Continued) Multivariate predictors of readmissions of heart failure 
patients
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Predictors OR=1

Age

OR with 95% CI

0.99 (0.98–0.99)

1.05 (1.00–1.09)

1.21 (1.13–1.30)

1.12 (1.00–1.24)

1.03 (0.97–1.08)

1.00 (0.94–1.05)

1.14 (1.05–1.23)

1.16 (1.07–1.24)

1.08 (1.00–1.16)

0.71 (0.65–0.76)

1.00 (0.95–1.05)

1.04 (0.98–1.10)

0.98 (0.93–1.03)

1.15 (1.09–1.20)

1.06 (0.96–1.16)

1.04 (0.99–1.09)

0.99 (0.91–1.07)

1.02 (0.94–1.10)

1.13 (0.87–1.39)

0.99 (0.90–1.08)

1.16 (1.10–1.22)

1.17 (1.10–1.24)

0.84 (0.79–0.89)

0.94 (0.88–1.00)

1.25 (1.19–1.31)

1.00 (0.96–1.04)

0.95 (0.86–1.04)

1.04 (0.96–1.12)

1.29 (1.19–1.39)

1.27 (1.20–1.34)

1.01 (1.00–1.01)

Males vs. Females

Prior coronary artery disease

Peripheral vascular disease

Prior percutaneous coronary intervention

Family history of coronary artery disease

Obesity

Anemia

Tobacco

Alcohol

Metropolitan teaching vs. Non-metropolitan 

Metropolitan non-teaching vs. Non-metropolitan 

Lowest vs. Highest quartile income

Non-elective vs. Elective admissions

Weekend vs. Weekday admissions

Large vs. Small bed size

Atrial fibrillation/flutter

Diabetes

Dyslipidemia

Hypertension

CCI 2 vs. CCI 1

CCI ≥3 vs. CCI 1

Prior transient ischemic attack/stroke

Prior coronary artery bypass graft surgery

Obstructive sleep apnea

Medicaid vs. Medicare

Private insurance vs. Medicare

Chronic kidney disease

Chronic obstructive pulmonary disease

Length of stay

Discharge to facility/others vs. Routine home discharge

Figure 3. Predictors of all-cause 30-day readmissions in heart failure patients. 
OR = odds ratio (adjusted); CI = confidence interval; CCI = Charlson comorbidity index.

Table 5. Multivariate predictors of readmission with and without heart failure
Variables Multivariate predictors of readmissions  

with heart failure only(H)
Multivariate predictors of readmissions  

except for heart failure(NH)

aOR 95% CI p value aOR 95% CI p value
LL UL LL UL

Age 0.981 0.978 0.984 <0.001 0.991 0.989 0.994 <0.001
Sex

Female Referent Referent
Male 1.19 1.11 1.28 <0.001 0.98 0.92 1.03 0.389

Median household income (percentile)*

0–25 1.26 1.13 1.39 <0.001 1.19 1.09 1.29 <0.001
26–50 1.03 0.93 1.14 0.592 1.00 0.92 1.09 0.965
51–75 1.05 0.94 1.17 0.386 0.99 0.91 1.07 0.750
76–100 Referent Referent

Admission type
Elective Referent Referent
Non-elective 1.16 0.99 1.37 0.067 1.10 0.97 1.25 0.124

(continued to the next page)
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Variables Multivariate predictors of readmissions  
with heart failure only(H)

Multivariate predictors of readmissions  
except for heart failure(NH)

aOR 95% CI p value aOR 95% CI p value
LL UL LL UL

Day of admission
Weekday Referent Referent
Weekend 1.09 1.01 1.17 0.034 0.99 0.93 1.06 0.871

Bed size of hospital†

Small Referent Referent
Medium 0.99 0.90 1.09 0.811 1.00 0.93 1.09 0.915
Large 0.98 0.90 1.06 0.581 1.01 0.94 1.08 0.741

Teaching status of hospital‡

Non-metropolitan hospital Referent Referent
Metropolitan non-teaching 1.18 1.04 1.33 0.010 1.12 1.02 1.24 0.021
Metropolitan teaching 1.19 1.07 1.33 0.001 1.15 1.05 1.25 0.001

Expected primary payer
Medicare Referent Referent
Medicaid 1.31 1.18 1.46 <0.001 0.92 0.83 1.01 0.075
Private insurance 0.62 0.55 0.70 <0.001 0.77 0.70 0.84 <0.001
Self-pay 0.76 0.62 0.92 0.006 0.62 0.52 0.74 <0.001
No charge 1.15 0.62 2.13 0.666 1.24 0.73 2.12 0.425
Other 0.95 0.76 1.20 0.688 0.84 0.68 1.02 0.079

Comorbidities§

Hypertension 0.98 0.90 1.07 0.679 1.02 0.95 1.09 0.587
Diabetes 1.07 0.99 1.16 0.105 1.03 0.96 1.09 0.463
Dyslipidemia 1.04 0.96 1.13 0.289 0.95 0.89 1.01 0.114
Atrial fibrillation or flutter 1.20 1.11 1.29 <0.001 1.13 1.06 1.19 <0.001
PVD 0.87 0.75 1.00 0.054 1.17 1.06 1.30 0.003
Prior CAD 1.09 1.01 1.17 0.037 1.01 0.95 1.08 0.698
Prior TIA/Stroke 0.96 0.86 1.09 0.551 1.01 0.92 1.11 0.882
Prior CABG 1.09 0.97 1.23 0.149 0.97 0.88 1.07 0.536
Prior PCI 1.34 0.98 1.84 0.071 0.99 0.73 1.34 0.937
FH of CAD 0.97 0.85 1.11 0.693 1.01 0.90 1.13 0.889
COPD 1.16 1.07 1.25 <0.001 1.16 1.09 1.24 <0.001
CKD 1.48 1.35 1.61 <0.001 1.01 0.94 1.08 0.820
Obesity 0.87 0.79 0.95 0.002 0.83 0.77 0.89 <0.001
OSA 0.90 0.81 1.00 0.055 0.97 0.89 1.06 0.465
Anemia 1.15 1.07 1.24 <0.001 1.32 1.24 1.40 <0.001
Tobacco 1.02 0.95 1.09 0.677 1.00 0.94 1.06 0.995
Alcohol 1.01 0.88 1.15 0.919 0.91 0.81 1.03 0.134

CCI∥

1 Referent Referent
2 0.90 0.81 1.01 0.076 1.13 1.03 1.24 0.007
≥3 1.13 1.01 1.26 0.041 1.40 1.27 1.53 <0.001

Disposition
Home Referent Referent
Facility/Others 1.18 1.09 1.28 <0.001 1.32 1.24 1.41 <0.001
Length of stay 0.99 0.99 1.00 0.049 1.01 1.01 1.01 <0.001

aOR = adjusted odds ratio; CI = confidence interval; LL = lower limit; UL = upper limit; PVD = peripheral vascular disease; CAD = coronary artery disease; TIA 
= transient ischemic attack; CABG = coronary artery bypass graft; PCI = percutaneous coronary intervention; FH = family history; COPD = chronic obstructive 
pulmonary disease; CKD = chronic kidney disease; OSA = obstructive sleep apnea; CCI = Charlson comorbidity index.
(H)Patients readmitted because of heart failure, and non-heart failure-related readmissions were excluded.
(NH)Patients readmitted because of non-heart failure, and heart failure-related readmissions were excluded.
*Represents a quartile classification of the estimated median household income of residents within the patient’s zip code, https://www.hcup-us.ahrq.gov/db/
vars/zipinc_qrtl/nrdnote.jsp.
†The bed size cutoff points divided into small, medium, and large have been done so that approximately one-third of the hospitals in a given region, location, and 
teaching status combination would fall within each bed size category, https://www.hcup-us.ahrq.gov/db/vars/hosp_bedsize/nrdnote.jsp.
‡A hospital is considered to be a teaching hospital if it has an American Medical Association-approved residency program, https://www.hcup-us.ahrq.gov/db/
vars/hosp_ur_teach/nrdnote.jsp.
§International Classification of Diseases, Tenth Revision codes were utilized to identify respective co-morbidities as per Supplementary Table 1.
∥CCI/Deyo comorbidity index was calculated as per Deyo classification.

Table 5. (Continued) Multivariate predictors of readmission with and without heart failure
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DISCUSSION

We examined the 2019 NRD dataset to determine readmission 
characteristics in HF patients. The readmission rate was 21.2% 
in HF patients. Half of the readmissions were due to cardiac 
causes with HF being the most common cause for readmission 
in 39%. The etiology of non-cardiac admissions included pulm-
onology, infection, gastro-intestinal and renal causes. Predictors 
of all-cause readmissions were male sex, lower socioeconomic 
status, nonelective admissions, metropolitan non-teaching, and 
teaching hospitalizations, AFF, COPD, CKD, anemia, CCI ≥3, 
discharge status to other facilities, and length of stay.

HF-related emergency department (ED) visits totaled 1.1 million 
between 2006 to 2014, according to a large population-based US 
sample study, and 91.5% of these patients ultimately were admit-
ted.15) HF-related ED visits and hospitalizations were most preva-
lent in the patients ≥65 years of age, with a mean of 71.6 and 72.1 
years, respectively.15) The NRD-based analysis of 2013 demon-
strated 73.4% of HF hospitalizations were ≥ 65 years of age.9) The 
mean age of our HF patient cohort was 68.6 years, but readmis-
sions occurred more frequently in younger patients compared to 
non-readmissions (67.4 vs. 68.9 years). Our study cohort was male 
predominant (54.2%) and male sex was an independent predictor 
of readmission in HF patients, similar to previous studies.16) How-
ever, in a meta-analysis published by Saito et al.17) male gender was 
not a predictor of readmission in HF patients. Our study cohort 
primarily consisted of patients from lower-income quartiles involv-
ing HF-specific, and non-HF-related readmissions, consistent with 
prior studies using the 2010–2017 NRD datasets.11) Most of the ad-
missions in our analysis were non-elective (95.2%) consistent with 
previous studies.11,15) Majority of the index admissions in our study 
were during weekdays (77.1%). Interestingly, a study by Shah et al.18) 
found a great number of admissions and discharges on weekdays, 
and Friday was independently associated with the highest 30-day 
HF-readmission rates. HF admissions were more prevalent in large 
bed-size hospitals (50.8%) and metropolitan teaching hospitals 
(65.2%), similar to previous studies.9,10) In our analysis, 52.1% of 
readmissions occurred in patients with large-hospital index ad-
missions. Joynt and Jha19) reported discharges from small hospitals 
(28.4%) had higher readmissions compared to large-size hospital 
discharges (25.2%, p<0.001). Kaneko et al.20) concluded that the 
medium-volume and high-volume groups had lower in-hospital 
mortality for HF patients vs. low-volume group. Contrary to this 
finding, the work from Kumbhani et al.21) suggested that hospital 
volume correlated significantly with well-defined HF management 
protocols but did not impact 30-day mortality or readmission rates. 
These conflicting data are likely due to the use of databases com-
prised of heterogenous patient profiles. Though readmitted pa-

tients were mostly Medicare enrollees in our analysis, a significant 
number of Medicaid enrollees were also included (17.9%), which is 
higher than reported by Khan et al.11) and Jackson et al.15)

HTN, DM, smoking, obesity, and hyperlipidemia are well-estab-
lished risk factors for HF. Nyjo et al.22) reported that almost 95% of 
patients with HF have CCI ≥3. Our study revealed a higher preva-
lence of AFF, PVD, CAD, prior CABG, COPD, CKD, and anemia in 
patients readmitted with HF than non-readmitted patients (Table 
1). We found higher readmissions with CCI ≥3, consistent with the 
prior studies.9,10) Furthermore, in an analysis by Testa et al.23) CCI 
was not associated with long-term mortality in HF patients, ques-
tioning the role of CCI in predicting mortality. We found most of 
the patients in the readmitted cohort had single readmission only 
in 30-day follow-up. Only small number had either 4 or more than 
4 readmissions in this 30-day follow-up. Historically, Arora et al.9) 
had shown similar distribution of the readmission frequencies.

The etiology of readmissions in HF patients was due to cardiovas-
cular causes in nearly half of the 30-day readmissions in our study, 
with acute HF (39%) being the most common. Similarly, Arora et 
al.9) reported 34.5% readmissions owing to HF in the US in 2013. 
Khan et al.11) reported an increasing trend of adjusted HF-spe-
cific, all-cause 30- and 90-day readmissions from 2010 to 2017. 
Other cardiovascular causes of readmissions in our study were 
CAD, AFF, valvular heart disease, and HTN. Pulmonary diseases 
(12.4%) were the second most common cause for readmission 
(including pneumonia and influenza), comparable to previous 
studies.10,15) Infections are associated with higher rates of HF exac-
erbation and higher mortality24) which we also found in our study. 
One potential explanation for this may be related to acute system-
ic inflammation impairing cardiac function secondary to demand 
ischemia as well as sepsis-induced myocardial dysfunction.25)

We found that common predictors for all-cause readmissions and 
HF-specific readmissions were male sex, AFF, CKD, anemia, CCI 
≥3, and discharge to facilities in index admission. AFF was more 
prevalent in HF patients with readmissions and was an indepen-
dent predictor of all-cause readmission. However, studies by Saito 
et al.17) and Fleming et al.26) found no role of atrial fibrillation in HF 
readmissions. Our study showed higher odds of HF-related read-
missions in patients with COPD, a finding previously reported by 
Ruigómez et al.27) This finding is likely related to HF and COPD 
sharing similar risk factors such as smoking, advanced age, and 
systemic inflammation.28) Multiple studies have reported CKD as 
a significant predictor of HF readmissions.17,20,26-28) It may be ex-
plained by a higher prevalence of traditional cardiovascular and 
uremia-related risk factors in such patients.29) Anand and Gupta30) 
reported anemia was associated with poor outcomes in HF pa-
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tients. Importantly, we found higher odds of HF readmissions in 
anemic patients in our study potentially due to the neurohormon-
al and proinflammatory cytokine activation and renal dysfunction 
resulting in anemia of chronic disease in HF patients.31)

Lower-income quartile HF patients had higher odds of readmis-
sions in our analysis which was previously reported by Khan et 
al.11) Medicare patients represent the majority of the population 
admitted with HF.31) Conversely, we observed Medicaid patients 
having significantly higher odds of readmissions due to HF. We 
believe that this may be due to poor healthcare accessibility and 
social determinants of health in these patients. We found that 
HF-specific, non-HF and all-cause readmissions were signifi-
cantly associated with prolonged LOS, and a greater number of 
discharges to nursing homes or rehab facilities after the index 
admissions in our study, similar to the previous reports.9,10)

We cannot exclude that errors in coding may have occurred, such 
as under-reporting of primary and secondary diagnoses, which 
may have impacted the overall accuracy of our HF dataset. Addi-
tionally, we limited our analysis on patients readmitted within 30 
days of their index admission. The patient profile and predictors 
of readmission may be different in patients readmitted beyond 
the 30-day time frame which also warrants further investigation. 
Furthermore, our dataset lacks key diagnostic testing information 
such as laboratory data, including cardiac biomarkers, cardiac im-
aging, and functional assessments such as the New York Heart As-
sociation class that would aid in prognostication of these patients.

In conclusions, we found that HF remains the most common cause 
of readmissions for HF patients. Readmission rates, causes of re-
admissions, and predictors of readmissions were similar to the 
previously published reports on HF readmissions utilizing large 
inpatient datasets. In addition to high comorbidity index, and low 
socioeconomic status, hospital resource utilization is a significant 
predictor of readmissions in HF patients for all-cause and HF-spe-
cific readmissions. Our research demonstrated that patients with 
HF are equally likely to be readmitted due to cardiac and non-car-
diac causes. This supports the critical need to optimally manage 
traditional cardiovascular risk factors as well as common comor-
bid conditions to mitigate the risk of readmission and mortality.
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