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Abstract
Objective

This study aimed to identify factors associated with readmission in one year among patients with chronic
heart failure (CHF), focusing on the association between medication literacy and readmission.

Methods

This retrospective cohort study included CHF patients diagnosed and treated at three tertiary hospitals in
Hunan, China. The Chi-squared test or Fisher's exact test was used for univariate analysis. Binary logistic
regression was applied to identify the factors influencing all-cause readmission within one year.

Results

A total of 480 CHF patients were included. Of note, 58.1% of them (279 CHF patients) were readmitted to the
hospital for any cause within one year. The all-cause readmission rates at one month, three months, six
months, and one year were 19.7%, 35.8%, 46.9%, and 58.1%, respectively, while the corresponding
proportions for HF readmissions were 10.8%, 20.7%, 28.4%, and 37.6%. Medication literacy was an
independent risk factor for one year all-cause readmission (odds ratio (OR)=0.411, 95% confidence interval
(CI)=0.134-0.743, p=0.013 ), and the following factors were associated with increased risk of all-cause
readmissions within one year: disease duration >10 years (OR=5.961, 95% CI=1.981-17.939, p=0.001),
myocardial infarction (OR=2.818, 95% CI=1.486-5.344, p=0.002), New York Heart Association Functional
Classifications (NYHA class) ITI (OR=2.794, 95% CI=1.442-5.411, p=0.002), NYHA class IV (OR=4.112, 95%
CI=1.952-8.664, p<0.001), and heart failure with mid-range ejection fraction (HFmrEF) (OR=2.463, 95%
CI=1.241-4.889, p=0.010).

Conclusions

Our study found that, in addition to longer disease duration, myocardial infarction, higher NYHA class, and
HFmrEF, lower medication literacy may be associated with an increased risk of all-cause readmission in
patients with CHF. This new finding provides guidance for the future development of prevention and
intervention programs aimed at improving the well-being of CHF patients.

Categories: Cardiology, Geriatrics, Epidemiology/Public Health
Keywords: chronic heart failure, disease duration, ef: ejection fraction, medication literacy, rate of readmission

Introduction

Heart failure (HF) is a serious global health concern associated with high morbidity and mortality, affecting
approximately 64.3 million people worldwide [1] and 8.9 million people in China [2]. The prevalence and
incidence of chronic heart failure (CHF) are expected to increase annually due to rapid economic
development, lifestyle changes, and medical advances that have prolonged the survival of CHF patients [3].
CHF is a leading cause of hospitalization, representing a substantial burden on the healthcare system [4]. It
is also the most common reason for readmission in both patients with an initial CHF diagnosis [5] and those
hospitalized for other conditions [6]. Specifically, various studies have reported that the one-year
readmission rate for CHF is high [7,8].

Given the high prevalence and disease burden of CHF readmission, it is important to understand the factors
associated with hospital readmission within one year for CHF patients to guide targeted interventions aimed
at improving patient well-being and reducing the disease burden. A review of previous studies on factors
influencing one-year CHF readmission has identified numerous variables, including gender [9], high systolic
blood pressure [10], onset season [11], anemia, cognitive function [12], and whether intervention surgery was
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performed [13]. However, conflicting evidence exists regarding the relationship between ejection fraction
(EF) and readmission within one year. A Swiss study reported that patients with HFmrEF had a higher one-
year readmission rate than patients with heart failure with reduced ejection fraction (HFrEF) [14] (34% vs.
30%). In contrast, studies in the United States and Spain found that patients with HFrEF had higher
readmission rates than those with HFmrEF [15,16]. Another Spanish study found no statistically significant
difference in HF hospitalization between HFmrEF and HFrEF patients [17].

Additionally, patients with HF are typically older and often present with multiple chronic conditions. When
these conditions are managed according to clinical guidelines, polypharmacy becomes unavoidable.
Polypharmacy increases the risk of adverse drug events, medication errors, and poor adherence [18], all of
which can raise the likelihood of rehospitalization, making effective medication management crucial for
patients with CHF. Medication literacy serves as a vital link between complex medication regimens and
successful patient self-management. Medication literacy is defined as “the degree to which individuals can
obtain, comprehend, communicate, calculate, and process patient-specific information about their
medications to make informed medication and health decisions to use their medications safely and
effectively, regardless of the mode by which the content is delivered (e.g., written, oral, and visual)” [19]. It
can act as a key predictor of the rational use of medications [20].

However, research on whether inadequate medication literacy contributes to a higher risk of hospitalization
remains limited. Therefore, we conducted this study to investigate one-year readmission in CHF patients
and the associated factors, with a particular focus on the relationship between medication literacy and
readmission in Chinese CHF patients. Our study may offer novel strategies for healthcare practitioners to
identify target patients and key clinical issues that require tailored interventions to reduce readmission
rates in patients with chronic diseases.

Materials And Methods
Study population

This retrospective cohort study involved CHF patients diagnosed and treated in three tertiary hospitals in
Changsha, Hunan province, China, and was conducted from June 2022 to June 2023. The follow-up period
for one-year readmission was extended until June 2024. We obtained data from the electronic medical record
database of the hospitals. Participants of the inclusion criteria were aged 18 years and above, had a
confirmed CHF diagnosis according to the International Classification of Diseases, 10th Revision (ICD-10)
[21], and the New York Heart Association Functional Classifications (NYHA class) [22] was II-IV. Because our
study aimed to examine one-year all-cause readmission rates, all patients who died during the

index hospitalization were not included. A total of 480 patients were finally enrolled in the study. The study
was approved by the Ethics Committee of the Third Xiangya Hospital of Central South University (no:
24430). The requirement for informed consent from participants was omitted due to the retrospective nature
of the study.

Data collection

The investigators rigorously selected study participants. Two cardiology nurses, who received standardized
training on data collection and quality control, conducted the review of electronic medical records. Data on
patients” demographics, medication literacy, clinical information, laboratory indicators, and all-cause
readmission rates were extracted from the hospital’s electronic medical record systems. Medication literacy
was assessed using a questionnaire at patient admission and recorded in the medical records. The Chinese
version of the Medication Literacy Scale was translated and adapted by Zheng et al. [23]. The scale
demonstrated a retest reliability of 0.885, a split-half reliability of 0.840, and a K-R20 coefficient of 0.82
[23].

The scale consists of 14 items, each scored on a 2-point scale (1 for a correct answer and 0 for an error), with
higher scores indicating higher patient medication literacy. The maximum score is 14. Based on the
calculation formula for discrimination used in educational statistics [24], the scores were classified into
three groups: adequate literacy(>10), marginal literacy (4-10, 4 and 10 were included), and inadequate
literacy (<4). Thus, higher scores reflect higher levels of medication literacy. To ensure data quality, after one
investigator entered the data, a second investigator proofread it to confirm accuracy.

Statistical analysis

Baseline characteristics were compared between patients who experienced all-cause readmission within the
one-year follow-up and those who did not. Continuous variables are presented as means * standard
deviations (SD), and categorical variables are reported as numbers and percentages. Comparisons of means
were performed using the two independent samples t-test. Non-ordered categorical variables were analyzed
using the Chi-squared test or Fisher’s exact test, two-level ordered categorical variables using the Wilcoxon
rank-sum test, and multiple-level ordered categorical variables using the Kruskal-Wallis H test.

The rates of all-cause and HF readmission from one month to one year after the index discharge within the
one-year follow-up were analyzed. All baseline variables were entered into the univariable analysis model,
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and those with a p-value <0.1 were further included in the multivariable model. To identify factors
influencing all-cause readmission within one year, binary logistic regression was performed using the
forward selection method. All tests were two-tailed, and p<0.05 was considered statistically significant.
Statistical analyses were conducted using SPSS Statistics 25.0 software (IBM Corp., Armonk, NY).

Results
Baseline characteristics of the cohort

Baseline characteristics of the cohort are shown in Table 1. The univariate analysis showed no significant
differences in demographic variables between readmitted and non-readmitted patients with CHF. There was
a significant difference in medication literacy between the readmitted and non-readmitted groups, with a
lower mean medication literacy score in the readmitted group (6.97 vs. 7.99, p<0.001). Patients with a longer
disease duration had a higher proportion of readmission in one year (6-10 years: 22.9% vs. 21.8%, p=0.011).
Patients readmitted within one year were more likely to have chronic obstructive pulmonary disease, dilated
cardiomyopathy, myocardial infarction, renal dysfunction, and obesity. Differences in HF type were
observed; readmitted patients had a lower proportion of HFrEF compared with non-readmitted patients
(38.0% vs. 39.8%, p=0.039). There was a significance associated with the NYHA Class. In readmitted
patients, NT-proBNP was higher than in non-readmitted patients. Diuretics were more frequently used in
patients readmitted.

Variables Overall (n=480) Readmitted (n=279) Not readmitted (n=201) P-value

Demographics

Age, years, mean (SD) 65.9 (12.7) 66.2 (13.2) 65.5 (11.7) 0.6072
Female, n (%) 158 (32.9) 99 (35.5) 59 (29.3) 0.785P
SBP, mmHg, mean (SD) 122.4 (21.1) 121.1 (21.8) 124.2 (20.0) 0.1682
DBP, mmHg, mean (SD) 75.4 (13.4) 73.9 (13.0) 77.6 (13.7) 0.1412
Heart rate, mean (SD) 77.0 (13.1) 77.3 (14.1) 76.6 (11.5) 0.6022
Medication literacy, mean (SD) 7.48 (2.45) 6.97 (2.23) 7.99 (2.56) <0.0012
Disease duration, years, n (%) 0.0114
<1 166 (34.6) 84 (30.1) 82 (40.8)

1-3 120 (25.0) 65 (23.4) 55 (27.4)

4-5 86 (17.9) 51 (18.3) 34 (16.9)

6-10 108 (22.5) 64 (22.9) 44 (21.8)

Comorbidities, n (%)

Dilated cardiomyopathy 84 (17.5) 50 (17.9) 34 (16.9) 0.020°
Hypertension 37 (7.7) 27 (9.7) 10 (5.0) 0.829P
Vascular disease 24 (5.0) 13 (4.7) 11 (5.5) 0.214P
Atrial fibrillation 36 (7.5) 10 (3.6) 26 (12.9) 0.093P
Diabetes 168 (35.0) 109 (39.1) 59 (29.4) 0.057°
Myocardial infarction 111 (23.1) 78 (27.9) 33 (16.4) 0.013P
Chronic kidney disease 280 (58.3) 143 (51.3) 137 (68.2) 0.001P
COPD 87 (25.7) 50 (25.4) 37 (18.4) 0.010P
Obesity 57 (11.9) 31 (11.1) 26 (12.9) 0.030P
HF type, n (%) 0.039°
HFrEF (EF <40%) 186 (38.8) 106 (38.0) 80 (39.8)
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HFmrEF (EF 40-49%)

HFpEF (EF 250%)

NYHA class, n (%)

Il

11l

\%

Laboratory indices, median (IQR)
NT-proBNP, pg/ml
Haemoglobin, g/L

Creatinine, pmol/L

Sodium, mmol/L

Medications at discharge, n (%)
Beta-blockers

ACEIs/ARBs

SGLT-2 inhibitors

Mineral corticoid antagonist

Loop diuretics

126 (26.2)

168 (35.0)

104 (21.7)
196 (40.8)

180 (37.5)

3825 (1456, 8401)

122 (105, 132)

105 (82, 151)

138 (136, 146)

423 (88.1)

365 (76.0)

223 (46.5)

60 (12.5)

383 (79.8)

85 (30.5)

88 (31.5)

42 (15.1)
126 (45.2)

108 (38.7)

4161 (2021, 7961)

121 (104, 132)

112 (86, 158)

139 (137, 146)

249 (89.2)

203 (72.8)

133 (47.7)

42 (15.1)

232 (83.2)

41 (20.4)

80 (39.8)

62 (30.8)
70 (34.8)

72 (35.8)

3448 (1514, 6881)

123 (103, 129)

107 (82, 155)

138 (135, 141)

174 (86.6)

162 (80.6)

90 (44.8)

18 (9.0)

151 (75.1)

<0.0014

0.045°
0.675°¢
0.040°

0.758°

0.313°
0.087°
0.087°
0.154°

0.046°

TABLE 1: Baseline characteristics (grouped by whether readmitted for all-cause reasons in one

year) (N=480)

aStudent's t-test was used to compare means; bChi-squared test or Fisher's exact test was used to compare non-ordered categorical variables; “Wilcoxon
rank-sum test was used to compare two ordered categorical variables; dKruskal-Wallis H test was used to compare multiple ordered categorical variables

SD: standard deviation; SBP: systolic blood pressure; DBP: diastolic blood pressure; COPD: chronic obstructive pulmonary disease; HFrEF: heart failure
with reduced ejection fraction; HFmrEF: heart failure with mid-range ejection fraction; HFpEF: heart failure with preserved ejection fraction; NYHA: New

York Heart Association; IQR: interquartile range; ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; SGLT-2 inhibitors:
sodium-glucose cotransporter-2 inhibitors

2026 Feng et al. Cureus 18(5): €109465. DOI 10.775

Burden of all-cause or heart failure readmission during one-year follow-
up in patients with chronic heart failure

The study included a total of 480 patients with CHF. The results showed that the all-cause readmission rates
at one month, three months, six months, and one year were 19.7%, 35.8%, 46.9%, and 58.1%, respectively,
while the corresponding proportions for HF readmissions were 10.8%, 20.7%, 28.4%, and 37.6% (Figure I).
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FIGURE 1: Prevalence of all-cause or HF readmissions at different times
after discharge within one year

HF: heart failure

Association between possible factors and readmission within one year
in patients with chronic heart failure

Table 2 and Figure 2 show the result of binary logistic regression using the all-cause readmission within one
year as the dependent variable and all variables with p<0.10 in the univariate analysis as the independent
variables. The results identified the following risk factors of CHF readmission: disease duration >10 years
(OR=5.961, 95% CI=1.981-17.939, p=0.001), myocardial infarction (OR=2.818, 95% CI=1.486-5.344, p=0.002),
NYHA class Il (OR=2.794, 95% Cl=1.442-5.411, p=0.002), NYHA class IV (OR=4.112, 95% CI=1.952-8.664,
p<0.001), and HFmrEF (OR=2.463, 95% CI=1.241-4.889, p=0.010), while higher medication literacy
(OR=0.411, CI=0.134-0.743, p=0.013) was a protective factor. Patients with higher medication literacy levels
were less likely to be readmitted.

95% CI

Variables B P OR

Lower Upper
Medication literacy level -1.142 0.013 0.411 0.134 0.743
Disease duration 210 years 1.785 0.001 5.961 1.981 17.939
Myocardial infarction 1.036 0.002 2.818 1.486 5.344
NYHA class
1 1.027 0.002 2.794 1.442 5.411
\% 1.414 <0.001 4.112 1.952 8.664
HFmrEF 0.901 0.010 2.463 1.241 4.889

TABLE 2: Multivariate analysis of factors associated with all-cause readmission within one year in
CHF patients (N=480)

CHF: chronic heart failure; OR: odds ratio; Cl: confidence interval; NYHA: New York Heart Association; HFmrEF: heart failure with mid-range ejection
fraction
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FIGURE 2: Multivariate analysis of factors associated with all-cause
readmission within one year in CHF patients (N=480)

NYHA: New York Heart Association; HFmrEF: heart failure with mid-range ejection fraction

Specifically, patients with disease duration >10 years had a 5.961 times higher risk of readmission within one
year than those with disease duration <1 year. Patients with a previous myocardial infarction had a 2.818
times higher risk of being readmitted within one year than patients without a myocardial infarction. The risk
of readmission within one year was 2.794 and 4.112 times higher in patients with NYHA class IIT and IV than
in patients with NYHA class II. The risk of readmission within one year was 2.463 times higher in patients
with HFmrEF than in patients with HFrEF.

Discussion

Among this cohort of HF patients, early post-discharge hospital readmissions occurred frequently,
predominantly driven by worsening HF. In our study, we investigated the one-year readmission rate in
Chinese CHF patients and explored the predictors of readmission. Our results showed that 58.1% of CHF
patients were readmitted to the hospital within one year, which was higher than the 31% reported by Hu et
al. [8] in Jiangsu, China, and the 38.5% reported by Chang et al. [25] in Taiwan. This difference may be
explained by variations in the study samples. Hu et al.’s study only included patients diagnosed with HFrEF,
while our study included all HF types based on ejection fraction (HFrEF, HFmrEF, and HFpEF).

As evidenced in our study, patients with HFmrEF were more likely to be readmitted within one year, which
may explain the relatively higher readmission rate in our study compared with Hu et al.’s study [8]. Chang et
al.’s study [25] included patients with acute heart failure, while our study included patients with CHF, who
are more likely to be readmitted within one year due to the chronic and recurrent nature of the disease. The
high readmission rate of CHF highlights the need for increased research focus and clinical efforts to prevent
readmission. Our study also showed that the mean medication literacy score of readmitted CHF patients was
lower (6.97 vs. 7.99), indicating that the medication literacy among CHF patients still has room for
improvement.

Our study showed that medication literacy is an important factor affecting readmission within one year in
patients with chronic heart failure, according to logistic regression analysis. The possible reason is that
improving medication literacy can prevent a significant proportion of medication-related adverse events,
thereby reducing readmissions among heart failure patients caused by inappropriate medication use [26]. A
clear understanding of medication literacy is crucial for developing effective strategies to ensure proper
medication use, which directly impacts clinical outcomes [27].

Low medication literacy represents an important, modifiable, non-clinical risk factor for readmission in
patients with chronic heart failure. Therefore, integrating the improvement of medication literacy into the
standard management pathway for heart failure and implementing multidisciplinary, tailored, and
sustained interventions can effectively enhance patients’ self-efficacy, optimize treatment outcomes, and
serve as an essential approach to reducing healthcare burdens while achieving patient-centered chronic
disease management. Future research and clinical practice should place greater emphasis on developing
scalable, culturally adapted intervention models and conducting long-term evaluations of their cost-
effectiveness.

Besides medication literacy, HFmrEF, disease duration >10 years, NYHA class lll, NYHA class IV, and
myocardial infarction were shown by logistic regression to be significant determinants of readmission.
Therefore, an integrated, multifaceted approach is needed to reduce the one-year readmission rate in CHF
patients.
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The study identified HFmrEF as a risk factor for one-year readmission among CHF patients. The risk of
readmission within one year was 2.463 times higher in HFmrEF patients than in HFrEF patients. This finding
was consistent with the results of Cheng et al. [28]. One major reason may be that patients with HFmrEF are
more susceptible to infections, which predispose them to worsening heart disease [29]. Infection is a major
trigger for the onset of CHF [30], exacerbating symptoms and increasing the risk of rehospitalization in CHF
patients. It is suggested that healthcare professionals strengthen infection prevention measures for HFmrEF
patients during hospitalization. In addition, patients and their families should receive education and
training on infection prevention before discharge. Regular vaccinations after discharge are also
recommended to reduce the risk of infections and prevent readmission [31].

Another risk factor for readmission was longer disease duration. The study showed that CHF patients with
disease duration >10 years had a 5.961 times higher risk of readmission than patients with disease duration
<1 year. This finding was consistent with the study by Butt et al. [32], who found that CHF patients with
longer disease duration had a higher readmission rate than patients with new-onset HF, and identified
disease duration as a significant risk factor for readmission. Multiple factors may explain the positive
association between disease duration and readmission risk, including increasing age [33], malnutrition [34],
and poor medication adherence as the disease progresses, which may lead to continuous deterioration of
cardiac function and thus increase the risk of readmission. It is therefore suggested that more attention be
paid to CHF patients with longer disease duration, and that effective preventive measures be implemented
to mitigate all potential risk factors that may lead to readmission.

The study also showed that poor heart function was a risk factor for readmission within one year. Compared
to CHF patients with NYHA class II, the risk of readmission among patients with NYHA class III and IV
increased by 2.794 and 4.112 times, respectively. This finding was consistent with most previous studies. For
instance, Niu et al. conducted a study among 1,727 Chinese CHF patients and found that heart function was
a risk factor for hospital readmission [35]. Another study also showed that NYHA class IV was a major
influencing factor for readmission in CHF patients [36]. This may be related to the deterioration of cardiac
structure and function, leading to reduced cardiac tolerance in CHF patients. The decreased cardiac load
tolerance can result in symptoms such as chest tightness and fatigue in daily life [37], which further
increases the risk of hospital readmission. It is recommended that CHF patients initiate medication or
symptomatic therapy as early as possible to maintain cardiac function. For patients with poorer cardiac
function, interventional procedures such as pacemakers or heart transplantation can be considered. Given
the high costs associated with interventional heart surgery, early prevention and management of cardiac
function is strongly advised.

Consistent with previous studies, the study showed that a previous myocardial infarction is a risk factor for
readmission. CHF patients who had previously experienced myocardial infarction had a 2.818 times higher
risk of readmission within one year compared to patients without myocardial infarction. One study showed
that 12-13% of CHF patients with previous myocardial infarction had a poor prognosis after hospital
discharge [38]. Another study in the United States showed that CHF patients with myocardial infarction were
more likely to require hospital treatment again after discharge [39]. This may be because patients with
previous myocardial infarction have poorer cardiac function and reduced cardiac compensatory ability,
which may be insufficient to meet the demands of daily life or exercise, leading to symptoms such as fatigue
and chest tightness and resulting in readmission [40]. Percutaneous coronary intervention can be
undertaken in patients who have had a myocardial infarction, and the reduction in readmission following
myocardial infarction treatment has been well documented [41].

The major strength of this study is that we identified medication literacy as being related to all-cause
readmission in patients with chronic heart failure, whereas most previous studies focused on clinical and
laboratory parameters. The results of this study highlight the impact of medication literacy on readmission.
This study also has several limitations. First, the subjects were recruited from three tertiary hospitals in
Hunan, so the results may not be generalizable to all of China. Second, this was a retrospective study, and
the associated limitations should be considered. Third, the study size was relatively small, and
improvements are needed in handling missing values and statistical analysis methods. In the future,
longitudinal surveys across multiple regions, populations, and extended time periods could be conducted to
more deeply explore the factors influencing readmission in CHF patients.

Conclusions

Our study found that the risk factors for all-cause readmission within one year among CHF patients included
lower medication literacy, in addition to HFmrEF, disease duration >10 years, previous myocardial
infarction, NYHA class III, and NYHA class IV. Our research provides both practical and theoretical insights
to guide decision-makers and inform future research agendas. These findings offer valuable guidance for the
development of prevention and intervention programs aimed at improving the prognosis and overall well-
being of CHF patients.
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