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Abstract: BACKGROUND: Heart Failure (HF) is one of the leading causes of in-patient admission
in the Unite States (US). Readmissions following HF admissions is known to have significant
association with long term mortality and has a profound impact on healthcare resource utilization.
Comorbid conditions as well socioeconomic factors playa crucial role in HF readmissions.
METHODS: National Readmissions Database (NRD) 2021 was used for the analysis. Readmissions
in the 30-, and 90-days following discharge for HF were studied. Heart Failure readmissions were
studied. One way ANOVA was used to determine variance of patient factors across the readmissions
group. Multivariate regression analysis was used to analyze the association with factors that held
significant variance in the ANOVA. A two tailed p-value < 0.05 was used to determine statistical
significance. RESULTS: We identified 5,61,371 index admissions for HF, and 22585 readmission
events for HF were observed in the 30 days following discharge, and 190,994 HF readmission events
in the 90 days following discharge. After the multivariate regression analysis, Atrial Fibrillation,
COPD, CKD, ESRD and OSA were found to be patient factors that held significant association with
30, as well as 90-day readmissions for Heart Failure. Patients belonging in the lowest quartile of
quarterly income were found to have significant association with HF readmissions (OR: 1.39 (1.37 -
1.41)).CONCLUSIONS: Atrial Fibrillation, COPD, ESRD, CKD and OSA were found to have significant
association with 30, as well as 90-day readmissions for HF. Patients belonging in the lowest quartile of monthly

income were also found to have significant association with readmission events.

Keywords: Heart Failure; Heart Failure Readmissions:COPD;CKD;ESRD

1. Introduction

Heart Failure and related readmissions contribute to one of the highest causes of healthcare
resource utilization in the United States (US). Hospital admissions for patients with a primary
diagnosis of heart failure as well as those who may have CHF as a secondary diagnosis have proven
to be burdensome to both hospital systems as well as for patient morbidity and mortality. [1]. The
major contributors to this include cost of treating comorbidities, invasive procedures and
readmissions. [25] Congestive heart failure is also the number one cause of hospital admission across
the US and accounts for 26.9% of all 30-day re-admissions. [2] Much of the morbid symptom burden
from this pathology is due to an overload of circulatory volume which leads to intravascular
congestion. The pathophysiology of volume overload is complex and is the result of multiple related
physiologic and pathologic pathways. Elevated cardiac filling pressures play a key role in the
pathophysiology of both heart failure with preserved ejection fraction (HFpEF) as well as heart failure
with reduced ejection fraction (HFrEF.) [3]. While pathologic medical factors such as concurrent atrial
fibrillation, chronic lung disease, pulmonary hypertension, and obesity do have a physiologic impact
on elevating cardiac filling pressures, there are also secondary drivers eliciting re admission in some
populations. Socioeconomic factors have been noted to play a strong role in heart failure
readmissions, especially those in vulnerable populations with higher degrees of negative social
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determinants of health (SDOH). [4]. Though there have been recent advancements in the manage of
congestive heart failure, Guideline Directed Medical therapy (GDMT) remains the cornerstone of
how this condition is managed both in ambulatory as well as for patients who are hospitalized.
Notably, the Renin-Angiotensin-Aldosterone System (RAAS) as well beta-adrenergic receptors have
been found to have a role in cardiac remodeling. The utilization of both beta blockade as well as
RAAS inhibition has been found to subdue to progression of cardiac remodeling seen in patients with
CHF, thus reducing the magnitude of filling pressure elevation. GDMT thereby has a known
association with prevention of heart failure readmissions [5]. Multiple trials including the STRONG
-HF trial [6], have shown that using intensive GDMT therapy in patients hospitalized with HFrEF is
both cost-effective and results in improved clinical outcomes. Likewise, data has shown a strong
association with the use of quadruple GDMT (ARNI+beta blockadet+mineralcorticoid receptor
antagonist+SGLT2-i) and better outcomes. Though the data supports the use of GDMT, it does have
limitations in a variety of patient populations. Both socioeconomic factors such as unfunded patients,
limited follow up, low health literacy as well as medical comorbidities such as patients with ESRD,
hypotension or bradycardia may bar GDMT utilization. Presence of comorbidities, especially chronic
kidney disease (CKD) further increases the burden by preventing the use of RAAS inhibitors, which
play a key role in prevention of remodeling. Most patients with acute decompensated heart failure
still have residual congestion even after hospitalization and intensive diuretic regimen. This factor
was associated with higher rates of re-hospitalization and death. Decongestion surrogates, such as
diuretic response, are still significant predictors of outcomes, but they do not provide meaningful
additive prognostic information [7].

2. Materials and Methods

We used the National readmission Database (NRD) 2021 to obtain materials for analysis. STATA
18 was used for statistical analysis. The index events for Congestive Heart Failure admissions
between the months January and September of 2021 were selected using the ICD diagnosis codes
(1110, 1130, 1132, 15020-15023, 15030-15033, 15040-15043). Inclusion criteria are as stated: Age > 18, and
no documented mortality during the index admission. Additionally, only patients with documented
unique patient linkage numbers were included in this study. Readmission events for both 30- and 90-
day periods following initial admission were subsequently analyzed. Patient data was also obtained
to stratify the number of re-admission events recorded following initial admission. This allowed for
grouping based both on number of re-admissions as well as re-admission initial diagnosis.
Population characteristics of each group were collected (groups include initial admission, 30- and 90-
day admission groups). Characteristics obtained included sex, quarterly income, and concurrent
alcohol or tobacco use. The total hospital charges for each admission group were analyzed into
weighted means. The index admission population as well as the readmission population were
stratified based on the quarterly income to account for economic disparities that hold associations
with repeat admissions for heart failure. Re-admissions were analyzed using ICD 10 codes for the
documented main diagnosis of the readmission event. Readmissions for heart failure (ICD 10: 1110,
1130, 1132, 15020-15023, 15030-15033, 15040-15043), Acute Myocardial Infarction (ICD 10: 1219, 1214),
Acute Kidney Injury (ICD N179), sepsis (ICD 10 A419), COVID 19 (ICD 10 U071), Community
Acquired Pneumonia (ICD 10 J189) and COPD (ICD 10 J449) were included. Association of comorbid
conditions with both re-admission groups (30 and 90 day) were determined. Multivariate logistic
regression was used for the analysis. Age, sex, income, associated smoking and alcohol abuse were
used to account for confounding as they have independent association with both the index as well as
the readmission events. A two tailed p value < 0.05 was used to determine statistical significance. The
association between lower quartile of the income in the readmission pool and occurrence of
readmission events were done.

3. Results
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We identified 5,61,371 admissions for heart failure between the months of January, and
September 2021.

In the 30 days following discharge, there were a total of 146,714 patients who had readmission
events, and 230,677 total readmission events among this patient population pool. In the 90 days
following discharge, 190,994 patients had readmission events and 349,416 total readmission events
among this patient population pool.

For the 30-day re-admission pool, 22,585 patients had readmission for subsequent CHF
exacerbation as primary diagnosis. A total of 31,363 heart failure readmission events were identified
in this pool. In the 90-day poo], a total of 43,225 patients had readmission for subsequent heart failure
exacerbations, with a total of 75,352 total heart failure related readmissions.

Population analysis of initial heart failure admission as well as 30- and 90-day readmission pools
are summarized below in Table 1.

Table 1. POPULATION ANALYSIS OF HEART FAILURE ADMISSION AND READMISSION EVENTS.

Initial Admission | 30 Day Readmission [ 90 Day Readmission
Events Events Events

Male (%) 52.81 55.84 55.36

Female (%) 47.18 44.15 44.63

Mean Age 70.52 70.58 70.47

Median  Household | 1st Quartile: 32.51 1st Quartile:  34.30 1st Quartile: 35.18

income (%)
2nd Quartile: 26.49 2nd Quartile: 27.01 2nd Quartile: 26.39
3rd Quartile: 22.87 | 3rd Quartile: 22.30 3rd Quartile: 21.66
4th Quartile: 18.12 4th Quartile:  16.39 4th Quartile: 16.77

Prevalence of Smoking | 0.13 0.14 0.14

(%)

Prevalence of Alcohol | 1.97 2.24 2.57

abuse (%)

Additional analysis of comorbid conditions in patients who had readmission events for repeat
heart failure exacerbation both 30- and 90-day groups are depicted in Figure 1, below.
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FIGURE 1: PREVALENCE OF COMORBID CONDITIONS
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Figure 1.

Total hospital charges and length of stay were compared between the initial admissions and the
readmission groups for heart failure. Charges for both 30- and 90-day groups are below in Table 2.

Table 2. HEART FAILURE ADMISSIONS AND READMISSIONS: LENGTH OF STAY AND TOTAL CHARGES

COMPARISON.
Initial Admission 30-day readmission | 90-day readmission
events events
Total Hospital | 66589.44 $ 64289.37 $ 63227.22 %
Charges
Mean Length of Stay | 5.79 5.72 5.77
(days)

Median quarterly income was stratified in both 30 and 90 groups with secondary admission for
heart failure. Results are summarized in Figure 2.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202505.1256.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 May 2025

FIGURE2: MEDIAN QUARTERLY INCOME OF HEART FAILURE

READMISSION
4th Quartile
16.8%
1st Quartile
35.2%
3rd Quartile
21.7%
2nd Quartile
26.4%
Figure 2.

Readmission causes in both 30- and 90-day day groups are summarized below in Figure 3.

READMISSION EVENTS FOLLOWING DISCHARGE FOR HEART FAILURE

ADMISSION
B 30days [ 90 days
80000
60000
40000
20000
0
Congestive Acute Acute Kindey Sepsis COVID 19 Community
Heart Failure  Myocardial Injury Acquired

Infarction Pneumonia

Figure 3. READMISSION EVENTS FOLLOWING HEART FAILURE ADMISSIONS.

Comorbid conditions that held significant association with repeat admissions for heart failure in
the 30, and 90 groups are summarized below in Table 3. Multivariate logistic regression was used for
determining this association. Age, Sex, quarterly income, smoking, and alcohol abuse were the
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confounding factors used in the regression to determine the adjusted odds ratio. A two tailed p-value
< 0.05 was used to determine statistical significance. The forest plot for the associations is shown in
Figure 4.

Table 3. ASSOCIATION WITH COMORBID CONDITIONS FOR HEART FAILURE READMISSIONS IN THE
30- AND 90-DAYS FOLLOWING DISCHARGE FOR INITIAL HEART FAILURE ADMISSION.

ASSOCIATED ODDS RATIO 95% ADJUSTED 95%
COMORBID CONFIDENCE [ ODDS RATIO CONFIDENCE
CONDITIONS INTERVAL INTERVAL
Uncontrolled 0.85 0.80-0.91 0.84 0.79-0.90
Hypertension

Uncontrolled 0.88 0.85-0.93 0.87 0.83-0.92
Diabetes

Obesity 0.89 0.86-091 0.87 0.84-0.90
Atrial 4.78 4.67 - 4.89 2.88 2.81-2.96
Fibrillation

Obstructive 1.55 1.42-1.68 1.28 1.17-1.39
Sleep Apnea

Chronic Kidney | 2.88 2.77 - 3.00 1.84 1.77-1.92
Disease

ESRD on | 2.81 2.70-2.92 2.37 2.28-248
Hemodialysis

COPD 2.98 2.89-3.06 1.99 1.94-2.05

FIGURE 4: Association between Comorbid Conditions and Heart Failure Readmissions

Uncontrolled Hypertension| ~ —e— === Null effect (OR=1)

Uncontrolled Diabetes |- -
Obesity -

Atrial Fibrillation |
Obstructive Sleep Apnea |
Chronic Kidney Disease |

ESRD on Hemodialysis

COPD =

1.0 15 2.0 25 3.0
Odds Ratio

Figure 4. Association of comorbid conditions and heart failure readmissions.
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We stratified the population with readmission events for heart failure in both 30- and 90-day
groups following discharge from a heart failure admission. The association between lower income
strata (1st quartile of monthly income) and readmission events for heart failure were analyzed. This
is summarized in Table 4.

Table 4. ASSOCIATION BETWEEN MONTHLY INCOME AND READMISSION EVENTS FOR HEART
FAILURE READMISSION.

Quartile of the Monthly | Association with  30-day | Association with  90-day
Income Readmission (Odds Ratio) Readmission (Odds Ratio)

Ist Quartile (lower income | 1.33 (1.30-1.37) 1.39 (1.37 - 1.41)

strata)

4th quartile (higher income | 0.70 (0.68 - 0.72) 0.72 (0.71 - 0.73)

strata)

We analyzed the proportion of Heart Failure with Preserved Ejection Fraction (HFpEF) and
Heart Failure with Reduced Ejection Fraction (HFrEF) patients in the heart failure readmission pool.
Results summarized in Figure 5.

FIGURE 5: HEART FAILURE READMISSION POPULATION ANALYSIS

d0i:10.20944/preprints202505.1256.v1

Combined HF
3.9%
HFpEF
38.5%
HFrEF
57.7%
Figure 5.

4. Discussion

The results of the readmission trends for CHF admissions as well as readmissions from the 2021
database highlights the healthcare resource burden associated with this diagnosis. When looking at
data collected, patients with an initial primary diagnosis of CHF were noted to have 30- and 90-day
re-admission rates of 5.558% and 7.699% respectively. When these rates are compared to those for
similarly burdensome conditions like COPD, Asthma or cirrhosis we see that heart failure contributes
to a significantly higher rate of re-admissions than those pathologies. [8]. It may be noted that
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comorbid conditions and socioeconomic factors do contribute to this increased rate of readmissions.
Likewise, some studies have shown that effective patient education can play a key role in nullifying
this trend to some degree. [8]. Looking at the results in Table 2, when comparing the total hospital
charges and length of hospital stay, this becomes evident. The total costs associated with both 30- and
90-day readmissions are similar to the costs of the index admission events. The length of hospital stay
of the readmission events are also like that of the index admission events.

When looking at the associated comorbidities re-admission populations, we found that Atrial
fibrillation has the highest prevalence followed by chronic kidney disease. Several clinical studies,
including the CASTLE-AF Trial [9] have shown that patients with concurrent diagnoses of both CHF
and atrial fibrillation have a higher burden of congestive symptoms. The efficacy of restoration of
sinus rhythm with pacing in prevention of cardiac remodeling in Heart failure with preserved
ejection fraction (HFpEF) in my PACE randomized clinical trial [10]. In HFpEF and HFmrEF, nearly
40% of patients have subclinical AF by 1 year. Baseline AF (atrial fibrillation) burden, even at low
levels, is strongly associated with Heart Failure events [11]. The mean age for both index admission
as well as the readmission groups was found to be 70 in this analysis. The burden of CHF related
hospital admissions has also found to be higher among the elderly [12]. The higher prevalence of
concomitant comorbidities in these patients combined with elderly patients having higher rates of
hospital-related adverse events, (delirium and hospital acquired infections) may contribute to this
correlation.

The interplay between CKD and CHF is complex- both pathophysiologically and due to the rate
of morbid symptoms. While type 1 and 2 Cardiorenal Syndromes (CRS) may be explained by
congestive nephropathy (secondary to elevated right filling pressures,) types 3 and 4 are the inverse,
where elevated cardiac filling pressures are driven by poor GFR. [13]. Combined and intensive
diuretic strategies must be employed type 1 CRS, which is the most common cause of kidney injury
in all CHF admissions. Conventional diuretic regimens may not be as successful in adequately
diuresing patients with CRS, leading to residual volume retention therefore increasing the likelihood
of readmission [14].

Obesity was similarly prevalent in the re-admission pool for this study. In recent years, the
prevalence of obesity in global populations has increased dramatically. The effects of increased this
have direct impacts on many chronic health condition. Obesity paradox is yet another interesting
pattern noted in current research. Obesity positively impacts the prognosis of patients with chronic
illnesses such as chronic heart failure (CHF) and chronic obstructive pulmonary disease (COPD). [15]

The evaluation of socioeconomic factors (Figure 2 and Table 4) showed a significance between
lower socioeconomic status and increased numbers of heart failure related readmissions. These
associations were noted even when comorbidities like atrial fibrillation, CKD, smoking and alcohol
abuse were accounted for. Several similar studies correlate this data. Geography also has a notable
role in the burden of CHF readmissions. It is noted that patients who have their primary residence
located within disadvantaged regions have higher numbers of subsequent admissions. [16]. As
mentioned in the introduction section of the article, the effect of the economic factors in prevention
of optimization of GDMT may contribute to this.

Higher prevalence of associated risk factors like smoking, alcohol abuse and obesity also play a
key role. Analyzing the 30- and 90-day readmission events following initial admissions for congestive
heart failure admission, readmissions for heart failure related complications was the most prevalent
(Figure 3). Coronary heart disease (CHD) is the most common underlying risk factor for CHF. Up to
one-third of the patients who are hospitalized for HF each year in the United States have a history of
myocardial infarction (MI). Although silent MI (SMI) could account for up to one-half of all MIs, only
a few studies examined the relationship between SMI and risk of HF [17].

Analyzing the association of comorbid conditions with heart failure related readmissions, Atrial
fibrillation (AF), CKD, Obstructive Sleep Apnea (OSA), and End Stage Renal Disease (ESRD) had
significant association (Table 3 and Figure 4). Atrial fibrillation (AF) is the most common arrhythmia
among patients with heart failure (HF), and HF is the most common cause of mortality in this
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population. AF is frequently associated with pathological atrial myocardial dysfunction and
remodeling, which can interact with the remodeling seen in CHF. Likewise, AF can be both cause or
consequence of clinical HF, and the directionality varies between individual patients and across the
spectrum of HF. AF is particularly common in patients with heart failure with preserved ejection
fraction (defined as left ventricular ejection fraction (LVEF) >50%), with a prevalence ranging around
40-60%. When discussing treatment for those with both pathologies, initial trials note no significant
advantage for a systematic thythm control strategy HFREF, however newer data suggest there may
be benefit from those with early ablation [18]. In two recent trials, treatment with SGLT2 inhibitors
resulted in a lower risk of worsening heart failure or cardiovascular death than placebo in patients
with HFpEF. With patients who had both AF and HFpEF, SGLT2 inhibitors similarly improved
prognosis. Analyses for subgroups of interest of patients with HFpEF likely to be at higher risk of AF
(particularly those with older age or obesity) similarly indicated a consistent benefit with SGLT2
inhibitors. That subgroup in patients with HFpEF is those with a history of previous HF with LVEF
< 40%. [19]. Diagnosis of HFpEF may require further investigation when seen in patients with co-
morbid AF. Similarly to heart failure, AF is associated with similar changes in echocardiographic
parameters as well as increases circulating natriuretic peptides that may blur the lines of forming a
solid diagnosis. Symptomatic improvement with diuretic therapy supports the presence of HFpEF in
patients with concomitant AF [20].

When considering other comorbidities, OSA (obstructive sleep apnea) must be considered. Its
prevalence is as high as 40% to 80% in patients with hypertension, heart failure, coronary artery
disease, pulmonary hypertension, atrial fibrillation, and stroke. Despite its high prevalence in
patients with heart disease and the vulnerability of cardiac patients to OSA-related stressors and
adverse cardiovascular outcomes, OSA is often underrecognized and undertreated in cardiovascular
practice [21]. One trial of nightly positive airway pressure treatment of OSA included patients with
HF and showed no improvement in clinical outcomes. However, conclusions derived from this trial
must consider several important pitfalls that have been extensively discussed in the literature. With
the role of positive airway pressure as the sole therapy for SDB in HF increasingly questioned, a
critical examination of long-accepted concepts in this field is needed [22]. The primary impact of
ventilation and ventilatory efforts on left ventricular (LV) function in left ventricular dysfunction
relate to how changes in intrathoracic pressure (ITP) alter the pressure gradients for venous return
into the chest and LV ejection out of the chest. Spontaneous inspiratory efforts by decreasing ITP
increase both pressure gradients, subsequently increasing venous blood flow and impeding LV
ejection. This results in increased intrathoracic blood volume. In severe heart failure states when lung
compliance is reduced, or airway resistance is increased these negative swings in ITP can be
exacerbated leading to LV failure and acute cardiogenic pulmonary edema. By merely reversing these
negative swings in ITP using non-invasive continuous positive airway pressure (CPAP), these
profoundly detrimental forces may be immediately reversed. These reversals lend to increased
cardiovascular stability which may be rapidly obtained [23].

A loss of glomerular filtration rate, seen in acute kidney injury (AKI) or chronic kidney disease
(CKD), independently predicts mortality and accelerates the overall progression of cardiovascular
disease and HF. Importantly, cardiac and renal diseases interact in a complex bidirectional and
interdependent manner in both acute and chronic settings. From a pathophysiological perspective,
cardiac and renal diseases share several common pathways, including inflammatory and direct,
cellular immune-mediated mechanisms; stress-mediated and (neuro)hormonal responses; metabolic
and nutritional changes including bone and mineral disorder, altered hemodynamic and acid-base
or fluid status; and the development of anemia. To understand the important biochemical
interactions between the two, classifications such as the cardio-renal syndromes were developed.
This classification might lead to a more precise understanding of the complex interdependent
pathophysiology of cardiac and renal diseases [24].

5. Conclusions
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The most notable conclusion formulated from this analysis is the significant association of lower
economic status with subsequent heart failure readmissions. Some rationale derived from the data
seen, is that socioeconomic factors may preclude timely optimization of GDMT therapy on an
ambulatory basis. Looking at comorbid factors that hold significant association, Atrial Fibrillation
and CKD were noted from our data. Chronic kidney disease leading to repeated admissions post
hospitalization may be due to multiple causes. Most notably, reduced glomerular filtration leads to
further fluid buildup which may increase the rate and severity of cardiac remodeling as well as
overall HF morbidity and mortality. Atrial fibrillation has a more complex interplay in the pathology
of HF. As mentioned, there is a unique bidirectionality with atrial fibrillation and heart failure. Both
pathologies may lead to the development of the other. Early rhythm control may result in the
prevention of cardiac remodeling as well decreasing intracardiac filling pressures: the primary
pathophysiologic mechanisms driving HF exacerbations. Further clinical studies aimed at analyzing
heart failure readmission rates with adequate patient education on optimization of GDMT as well as
overcoming the socioeconomic barriers for GDMT optimization would be crucial in reducing the
burden of heart failure readmissions. Early rhythm control strategy in patients with concomitant
atrial fibrillation would be critical, not only in terms of reduction of readmission events, but also in
the general disease course of congestive heart failure.
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