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Abstract

Background: Heart failure (HF) is a major global health challenge associated with high
morbidity, mortality, and frequent unplanned readmissions. These readmissions impose
substantial physical, psychological, socioeconomic, and healthcare-system burdens.
Although non-pharmacological interventions (NPIs) have shown promise in HF
management, no network meta-analysis (NMA) has comprehensively compared their
effects on HF-related unplanned readmissions. Methods: A computerized search was
conducted on databases, including PubMed, Web of Science, Embase, the Cochrane
Library, PsycINFO, and CINAHL for randomized controlled trials (RCTs) from inception
to 15 March 2026. Study selection, data extraction, and risk-of-bias assessment were
performed independently by two reviewers. A frequentist NMA was conducted to
synthesize direct and indirect evidence. The outcome was HF-related unplanned
readmissions. Results: A total of 39 studies with 12 NPIs and 7333 patients were included.
The NMA suggested that several NPIs were associated with reduced HF-related
unplanned readmissions compared with usual care. Exercise therapy combined with
multidisciplinary team management showed the highest ranking probability, with an RR
of 0.32 (95% CI: 0.15 to 0.65), followed by patient education combined with health
information tracking (RR: 0.42, 95% CI: 0.25 to 0.72), patient education alone (RR: 0.56, 95%
CL: 046 to 0.69), and patient education combined with multidisciplinary team
management (RR: 0.57, 95% CI: 0.43 to 0.78). Conclusions: Our NMA suggests that several
NPIs may reduce HF-related unplanned readmissions, with exercise therapy combined
with multidisciplinary team management showing the highest ranking probability and
patient education combined with health information tracking also ranking favorably.
Given the sparse head-to-head comparisons, heterogeneity across studies, and low
certainty of evidence in some comparisons, these ranking-based findings should be
cautiously interpreted as exploratory. Further multicenter RCTs are needed to confirm
these findings and evaluate long-term effectiveness and implementation outcomes.

Keywords: non-pharmacological interventions; readmissions; heart failure; systematic
review; network meta-analysis
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1. Introduction

Heart failure (HF) represents a major global public health challenge, affecting more
than 64.3 million people worldwide and accounting for over 2 million new cases annually
[1]. The burden is particularly substantial in China, where the number of patients with
heart failure is projected to increase from 13.1 million to 22.7 million by 2035 [2]. HF is
associated with high morbidity, high mortality, and frequent hospital readmissions [3].
Approximately 20% to 50% of hospitalized HF patients are readmitted within 30 days to
one year after discharge [4,5]. A substantial proportion of these readmissions is
attributable to worsening HF symptoms or signs and are commonly defined as HF-related
readmissions [6,7]. These events are associated with increased frailty, higher mortality
risk, poorer quality of life, and substantial psychological distress, including anxiety and
depression [8-10]. They also impose considerable economic pressure on patients and
healthcare systems through direct medical costs, productivity losses, and increased
healthcare utilization [11,12]. Therefore, reducing unplanned HF-related readmissions
has become an important priority in HF management.

Pharmacological therapy is central to the management of HF. However, adverse drug
effects, such as renal dysfunction and electrolyte disturbances, may affect treatment
adherence and limit dose optimization or long-term implementation in some patients
[13,14]. Consequently, increasing attention has been given to non-pharmacological
interventions (NPIs) as complementary strategies for HF care. NPIs generally refer to
structured care approaches that do not involve pharmaceutical agents or invasive
procedures, including exercise training, psychological therapy, patient education,
symptom and health status monitoring, and multidisciplinary team management [15-17].
These interventions may improve clinical outcomes through different mechanisms. For
example, exercise training can enhance cardiorespiratory fitness and functional capacity,
whereas patient education and self-management support can improve symptom
recognition, medication adherence, and prompt care-seeking behavior when symptoms
worsen [15,16]. Accordingly, NPIs may play an important role in reducing HF-related
readmissions.

Previous systematic reviews and meta-analyses have suggested that NPIs are
beneficial for patients with HF [18,19]. However, several limitations remain. First, many
previous reviews focused mainly on patients with HF with reduced ejection fraction
(HFrEF), while patients with preserved (HFpEF) or mildly reduced ejection fraction
(HFmrEF) were less frequently considered [18]. Second, most analyses evaluated a limited
range of interventions, such as exercise training or patient education compared with usual
care (UC), and therefore could not determine the relative effectiveness of multiple NPIs
[18,19]. Third, some reviews focused on surrogate outcomes, such as exercise capacity,
rather than patient-centered outcomes such as unplanned readmissions [19]. As a result,
the comparative effectiveness of different NPIs for reducing unplanned HEF-related
readmissions remains unclear.

Network meta-analysis (NMA) can address this evidence gap by combining direct
and indirect evidence within a single analytical framework. This method is particularly
useful when multiple interventions are available, but direct head-to-head comparisons are
limited. It also allows the relative effectiveness of different interventions to be estimated
and ranked according to their probability of being the most effective strategy [20,21].
Therefore, we conducted an NMA to compare the effects of different NPIs on reducing
unplanned HF-related readmissions in patients with HF. Specifically, we aimed to
identify and rank the most effective NPIs to inform clinical decision-making and support
the optimization of HF management.
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2. Materials and Methods

This study was registered with PROSPERO (CRD420261308772) and reported in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA 2020) statement [22]. The PRISMA checklist is provided in
Supplementary Table S1.

2.1. Data Sources and Search Strategy

A comprehensive literature search was conducted in six electronic databases, namely
PubMed, Web of Science, Embase, the Cochrane Library, PsycINFO, and CINAHL, from
database inception to 15 March 2026. The search strategy was developed by two reviewers
(FJS and ZQH) using Medical Subject Headings (MeSH), together with free-text terms.
These terms were combined using the Boolean operators “AND”, “OR”, and “NOT”.
Terms related to HF were combined with terms related to NPIs, while records concerning
surgical, invasive, device-based, or pharmacological treatments, as well as animal studies,
were excluded. According to the predefined eligibility criteria, only RCTs were
considered at the initial search stage. The full search strategies for all databases are
presented in Supplementary Table S2. To further ensure the comprehensiveness of the
search, the reference lists of all included studies and relevant published systematic
reviews and meta-analyses were manually screened. In addition, the authors of eligible
trials were contacted to obtain missing or additional information when necessary. The
literature search and screening were independently conducted by the same two reviewers
(FJS and ZQH). Any disagreements were resolved through discussion or, when necessary,
consultation with a third reviewer (YXC).

2.2. Inclusion and Exclusion Criteria

This review used PICOS screening criteria to identify the included studies and
retrieve full texts.

2.2.1. Population

Participants recruited in the studies meeting the following criteria were included: (1)
aged 18 years or above; and (2) diagnosed as HF, with no restrictions on HF subtypes
(HFrEF, HFpEF, HFmrEF).

2.2.2. Interventions

According to extant meta-analyses [21] and relevant international consensus
guidelines [23,24], eligible NPIs comprise five core components:

(1) Exercise therapy (e.g., aerobic workouts, strength training, and high-intensity
interval exercises);

(2) Psychological interventions (e.g., cognitive behavioral therapy and motivational
interviewing);

(3) Patient education (e.g., structured self-management programs: weight monitoring,
and health transition guidance);

(4) Health information tracking (e.g., structured home-based telemonitoring:
transmission of symptoms, body weight, vital signs, electrocardiographic
information, or other physiological data for remote clinical review, timely decision-
making, and early outpatient intervention when deterioration is suspected);

(5) Multidisciplinary team management (e.g., nurse-led clinics with cardiologists,
clinical pharmacists, dietitians, and physical therapists).

Interventions involving surgical procedures, invasive techniques, or implantable
devices were excluded.
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2.2.3. Comparisons

The control group received either NPIs or UC. In this study, UC is defined as the
receipt of guideline-recommended medical services and routine follow-up, including
routine discharge instructions and outpatient health education.

2.2.4. Outcomes

Rates of readmissions related to HF were the outcome of interest.

2.2.5. Study Design

Only RCTs were eligible for inclusion. Editorials, conference abstracts, reviews,
protocols, letters, comments, and studies with unavailable full texts or missing data were
excluded.

2.3. Data Selection and Extraction

The retrieved records were imported into Zotero 7.0. After removing duplicates, two
researchers (FJS and ZQH) independently screened the studies by reviewing the titles and
abstracts. Potentially eligible articles were retrieved for full-text assessment and further
evaluated against the eligibility criteria. Any disagreements were resolved through
discussion between the two researchers or by consulting a third researcher when
necessary (YXC). A structured data extraction form was used to collect relevant
information from the eligible studies (Supplementary Table S3). The form captured
publication data, participant characteristics (sample size, mean age, left ventricular
ejection fraction [LVEF], New York Heart Association [NYHA] class, etc.), and
intervention details (content, duration, frequency, delivery method, setting, and attrition
rates), as well as outcomes, measurement methods, and findings. Data extraction focused
primarily on intention-to-treat (ITT) analysis. The first phase of data extraction was
carried out by one researcher (F]S), and a second researcher (YXC) verified its accuracy. A
third researcher (ZQH) subsequently reviewed all the details and addressed any
discrepancies.

2.4. Risk of Bias

Risk of bias was assessed using the revised Cochrane risk-of-bias tool for randomized
trials (RoB 2) [25], covering five domains: randomization, intervention deviations, missing
data, outcome measurement, and selective reporting. Each domain and overall bias were
judged as low risk, some concerns, or high risk. Two reviewers (FJS, YXC) independently
assessed studies; disagreements were resolved by involving a third reviewer (ZQH). The
results were visualized as traffic-light plots using robvis [26].

2.5. Statistical Analysis

Pairwise meta-analyses were performed using Review Manager 5.4 (Cochrane
Collaboration, Copenhagen, Denmark). Data were pooled when at least three studies
evaluated the same intervention category for HF-related unplanned readmissions. Risk
ratios (RRs) with 95% confidence intervals (Cls) were calculated for dichotomous
outcomes. Statistical heterogeneity was assessed using the 2 statistic, with values greater
than 50% indicating substantial heterogeneity. A random-effect model was used in the
presence of substantial heterogeneity; otherwise, a fixed-effect model was applied.

Prespecified subgroup analyses were conducted according to follow-up duration,
intervention duration, and disease severity. Follow-up duration was categorized as 3, 6,
or 12 months; intervention duration was stratified by whether it exceeded 12 months; and
disease severity was defined by the proportion of patients in NYHA class I or II,
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categorized as <40% or 240%. Sensitivity analyses were conducted by sequentially
omitting individual studies and by excluding studies at high risk of bias [27]. Publication
bias was assessed using funnel plots when at least 10 studies were available [28].

NMA was performed using a frequentist framework with the network package in
Stata 17.0 (StataCorp LLC, College Station, TX, USA). A random-effect model was used to
synthesize direct and indirect evidence. Network and ranking graphs were created to
illustrate the network geometry. To assess global and local inconsistencies, we applied the
design-by-treatment interaction model and node-splitting test, respectively [29-31]. The
NMA was carried out with the assumption of transitivity, facilitating the evaluation of
both direct and indirect evidence. We calculated the ranking probability for each non-
pharmacological intervention through the surface under the cumulative ranking curve
(SUCRA), which ranges from 0% to 100%. A higher SUCRA value suggests a stronger
likelihood of the intervention achieving optimal results [32]. Furthermore, when the
analysis included 10 or more studies, we employed Egger’s test along with a comparison-
adjusted funnel plot to identify potential publication bias [33,34].

2.6. Certainty of Evidence

To evaluate the general certainty level of the evidence, this research applied the
Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
framework. The results were summarized in a table generated with GRADE pro software
utilizing Cochrane methods https://www.gradepro.org/ (accessed date 22 May 2026). Two
independent researchers evaluated the overall certainty of the evidence, and any
disagreements were deliberated to achieve consensus; if needed, a third researcher was
consulted. Each comparison’s certainty of evidence was classified as high, moderate, low,
or very low based on five criteria: risk of bias, inconsistency, indirectness, imprecision,
and publication bias (Supplementary Table S5).

3. Results
3.1. Search Outcomes

A total of 18,213 records were identified through database searches. After removal of
duplicates, 15,185 records remained for title and abstract screening. Of these, 96 full-text
articles identified from database searches were assessed for eligibility, and 70 were
excluded for the following reasons: wrong patient population (1 = 3), wrong intervention
(n =2), wrong study design (n = 3), wrong outcome (n = 41), and full text not available (n
=21). Thus, 26 articles from database searches met the inclusion criteria. In addition, 13
eligible articles were identified from the reference lists of included studies. Ultimately, 39
articles were included in the final analysis. The study selection process is presented in the
PRISMA flow diagram (Figure 1).

3.2. Characteristics of Included Studies

Among the eligible studies, eight studies were conducted in the USA [35-42], six in
Italy [43—48], four in China [49-52], three each in Australia [53-55] and Japan [56-58], and
two each in Singapore [59,60], Switzerland [61,62], Germany [63,64], and the UK [65,66].
One study was conducted in each of the following countries: Israel [67], Bosnia-
Herzegovina [68], Iran [69], Sweden [70], Argentina [71], and Spain [72]. One
multinational study was included [73], which was conducted in the UK, Germany, and
the Netherlands. A total of 7333 people with HF were included in this systematic review,
with 3681 participants in the experimental group and 3652 in the control. The sample size
varied from 20 [39] to 1360 [67]. The mean age of participants in the experimental groups
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ranged from 50.0 £ 12.0 years [64] to 79.6 + 6.8 years [47], while that in the control groups
ranged from 52.0 + 8.0 years [64] to 80.9 + 7.3 years [47].

[ Identification of studies via other methods

A

Wrong study design (n = 3)
Wrong outcome (n=41)
Full text not available (n = 21)

Studies included in review
(n=39)

Identification of studies via databases and registers
Records identified from:
.g '\Dﬂztda”l:]aes(e: Lré;gf)ﬁ 3) Records removed before
fg‘f Cochrane (n =4218) screening: Records identified from:
S Web of Science (n =9094) Dupllcat?nre:cgggz)removed Citation searching (n =13)
5 Embase (n =1200)
o CINAHL (n=160)
PsyINFO (n=37)
Records screened Records excluded
(n=15,185) (n =15,089)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval
2 (n =96) (n =0) (n=13)
=
@
: | |
3
»
Reports assessed for eligibility Reports excluded: Reports assessed for eligibility
(n=96) Wrong patient population (n = 3) (n=13)
Wrong intervention (n =2)

[ Included ] [

Figure 1. PRISMA flow diagram of study selection.

Regarding clinical characteristics, mean LVEF values in the intervention groups
varied across studies. The included participants were predominantly patients with HFrEF
(LVEF < 40%) and HFmrEF (40% < LVEF < 50%). Two studies also enrolled patients with
HFpEF (LVEF > 50%) [55,67]. Owing to the clinical and methodological heterogeneity
across studies, subgroup meta-analyses according to HF phenotype were not performed.
Heart failure phenotype, classified according to LVEF, was therefore summarized as a
study-level characteristic rather than used for effect estimation. The majority of
participants were in NYHA functional class II or III. Two studies [41,73] enrolled patients
in whom 61% had NYHA class IV in the experimental group. With regard to
comorbidities, hypertension was the most common one, with a prevalence ranging from
19.0% [46] to 91.1% [60]. Diabetes mellitus was the second most frequent comorbidity,
with a prevalence ranging from 18.0% [65] to 63.1% [40]. Most of the included studies (n
= 36) recruited two study arms, while the remaining studies used a three-arm design (1 =
3) [57,60,73]. The characteristics of all included studies are summarized in Supplementary
Table S3.

According to extant meta-analyses [21] and relevant international consensus
guidelines [23,24], NPIs comprise 12 intervention categories derived from single and
combined applications of 5 core components (Table 1). Multidisciplinary team
management was classified only within combined intervention strategies and was not
analyzed as a standalone intervention. Control interventions were categorized into UC or
NPIs. Supplementary Table S3 details the precise care activities of each intervention,
including key component content, session characteristics (number, duration, and
frequency), delivery methods, and intervention settings.
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Table 1. NPIs for reducing HF-related readmissions.

Types of NPIs

Abbreviation Included Studies

Explanation

Exercise therapy

Patient education

Psychological
interventions

Health information
tracking

Multidisciplinary team
management

Patient education +
Exercise therapy
Exercise therapy +
Multidisciplinary team
management
Multidisciplinary team
management + Patient
education
Patient education +
Health information
tracking
Patient education +
Psychological
interventions
Patient education +
Multidisciplinary team
management + Health
information tracking
Patient education +
Psychological
interventions + Health
information tracking
Patient education +
Multidisciplinary team
management + Exercise

therapy

Ex

Edu

PI

HT

MD

Edu + Ex

Ex + MD

Edu+MD

Edu + HT

Edu + PI

Edu + MD +
HT

Edu+PI+HT

Edu + Ex +
MD

(n=5)
[35,37,45,64,70]

(n = 14) [38-41,51—

53,55,57,61,68,69,72

73]

(n=2) [36,59]

(n=7) [43,46~
48,56,66,73]

(n=2) [50,62]

(n=1) [54]

(n = 4) [44,58,63,65]

(n=3)[42,57,71]

(n=1) [60]
(n=1)[67]
(n=1) [60]
(n=1) [49]

Exercise therapy refers to an individualized and
progressive program of physical activities designed for
patients under the guidance of rehabilitation professionals.
Patient education refers to the systematic imparting of
disease-related knowledge and self-management skills to
patients through face-to-face instruction, distribution of
manuals, or multimedia formats.
Psychological intervention refers to the professional
strategies implemented to address the negative
psychological states and cognition.

Health information tracking refers to a structured home-
based telemonitoring intervention involving the real-time
recording, monitoring, and transmission of patient health
data, such as symptoms, body weight, vital signs, or other
physiological data, for remote clinical review, timely
decision-making, and early outpatient intervention when
deterioration is suspected.
Multidisciplinary team management involves a team
composed of cardiologists, specialist nurses, pharmacists,
dietitians, and rehabilitation therapists who
collaboratively develop a holistic and personalized
management plan for patients.

/
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3.3. Quality Appraisal of Included Studies

Fourteen studies [35,39,41,50,53,57,60—-64,69-71] were rated as having a high risk of
bias, primarily due to bias arising from deviations from intended interventions,
incomplete outcome data, and selective reporting. In total, 25 studies [36-38,40,42—
49,51,54-56,58,59,65-68,72,73] were rated as having some concerns due to the
randomization process (lack of information on allocation concealment), lack of blinding,
or insufficient information reported. The results of the quality appraisal are presented in
Supplementary Figure S5.

3.4. Pairwise Comparison on the Effects of NPIs

A total of 33 studies were included in the pairwise meta-analysis involving exercise
therapy (n = 5), patient education (n = 14), health information tracking (n = 7),
multidisciplinary team management combined with patient education (1 =4), and patient
education combined with health information tracking (n = 3) (as some multi-arm studies
provided data for more than one comparison, the numbers across intervention categories
are not mutually exclusive). Figure 2 shows the forest plots comparing the effects of
various NPIs against the control intervention on HF-related unplanned readmissions.

Experimental Control Risk Ratio Risk Ratio
Study or Subgrouj Events  Total Events Total Weight M-H. Fixed.95% Cl M-H, Fixed. 95% CI
Dracup et al. (2007) 7 87 5 86 387%  1.38(0.46,4.19) — T
Giannuzzi et al. (2003) 2 25 1 25 7.7% 2.00[0.19,20.67) ]
Hambrecht et al. (1995) 0 12 1 10 125% 0.28[0.01,6.25)
Tindel etal. (2003) 2 42 2 37 16.3% 0.88[0.13,5.95) =
Willenheimer et al. (2001) 0 23 3 27 248% 0.17(0.01,3.07]
Total (95% Cl) 189 185 100.0%  0.91[0.42, 1.96]
Total events 1 12 ) ) )

Heterogeneity: Chi*= 2.84, df= 4 (P =0.58); F=0% k
Test for overall effect: Z=0.24 (P = 0.81)

4
0.01 0.1 1 10 100
Favours [experimental] Favours [control]

(a)
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% Cl M-H. Fixed. 95% CI
Atienza et al. (2004) 51 164 99 174 28.0% 0.55[0.42,0.71] s
Boyde et al. (2018) 8 83 14 88 4.0% 0.611[0.27,1.37] B
Cleland et al. (2005) 34 170 24 85 93% 0.71[0.45, 1.11] 7
Cuietal. (2019) 5 48 13 48  3.8% 0.380.15, 1.00] -
Dizdarevic-Hudic et al. (2025) 0 32 132 33% 004[000,071) ¥
Dunagan et al. (2005) 23 76 3% 75 10.3% 0.65[0.43,0.99] —
Leventhal et al. (2011) 1 22 2 20 06% 0.45[0.04, 4.64]
Mizukawa et al. (2019) 5 18 1" 19  3.1% 0.48[0.21,1.11] ]
Negarandeh et al. (2019) 7 35 14 33 42% 0.4710.22,1.02] =
Piamjariyakul et al. (2015) 1 10 4 10 1.2% 0.25[0.03, 1.86] - |
Riegel et al. (2002) 19 130 52 228 11.0% 0.64 [0.40, 1.03] ™
Riegel et al.(2006) 22 69 22 65 6.6% 0.94[0.58, 1.53] .
Wonggom et al. (2020) 0 17 2 19  0.7% 0.2210.01,4.33]
Yu etal. (2022) 18 118 48 118 14.0% 0.38[0.23, 0.60] -
Total (95% Cl) 992 1014 100.0% 0.55[0.48, 0.64] ’
Total events 194 351 )
d

Heterogeneity: Chiz = 14.34, df = 13 (P =0.35); 2= 9%
Test for overall effect: Z = 7.74 (P < 0.00001)

k + t
0.01 0.1 1 10 100
Favours [experimental] Favours [control]

(b)
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
Antanicelli et al, (2008) ] 28 26 29 11.9% 0.32[0.18, 0.58] —
Cleland et al. (2005) 40 183 2485 154% 0.87 [0.56, 1.34] -
Dar et al. (2009) 17 a1 100 81 87% 1.70[0.82, 3.51] T
Giardano et al. (2009) 52 129 83 216 18.6% 0,62 [0.46, 0.83] -
Kotooka et al (2018) 19 a0 200 81 127% 0.8 [0.55, 1 68] —
Olivari el al. (2018) 73 220 43110 186% 088 [0.66, 1.18] -
villani et al. (2014) 12 40 2340 13.0% 0.52[0.30, 0.90] —
Total (95% CI) 870 672 100.0% 0.73 [0.54, 0.99] <
Total events 227 229
Helerogeneity. Tau®= 0.10; Chi*= 1845, df= 6 (P = 0.005); F= B7% t y ; |
Testfurgnvergll effect 7= 207 (P= 0.04) : ' 0.0 o1 10 100
Favours [experimental] Favours [control]
()
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Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H,Fixed.95% Cl M_-H, Fixed. 95% CI
Angermann etal. (2012) 36 352 46 363 28.6% 0.81[0.54,1.22) —=r
Blue etal. (2001) 19 84 45 81 28.9% 0.41[0.26,0.63) ——
Sindaco et al. (2007) 28 86 49 87 30.7% 0.58[0.40,0.83) -
Tsuchihashi-Makaya et al. (2013) 10 79 19 82 11.8% 0.55[0.27,1.10) /T
Total (95% CI) 601 613 100.0%  0.59[0.47,0.74] *
Total events 93 159

i = = = = ; + t {
Heterogeneity: Chi*= 5.01, df= 3 (P=0.17), F= 40% 001 01 10 100

Test for overall effect: Z= 4.71 (P < 0.00001)

Favours [experimental] Favours [control]

(d)

Experimental Control Risk Ratio Risk Ratio
Events Total Events Total Weight M-H, Fixed. 95% Cl

M-H, Fixed. 95% CI

Mizukawa et al. (2019) 4 20 11 19 238%  0.35(0.13,0.90] —

Soran et al. (2008) 28 160 33 155 709%  0.82(0.52,1.29)

Yanicelli et al.(2021) 0 15 2 15 53%  0.20[0.01,3.89

Total (95% Cl) 195 189 100.0%  0.68 [0.45,1.01] L 4

Total events 32 46

Heterogeneity: Chi*= 3.26, df= 2 (P = 0.20); F= 39% :0.01 0?1 1¢0 100’

Test for overall effect: Z=1.93 (P = 0.05)

Favours [experimental] Favours [control]
(e)
Figure 2. (a) Forest plot of pairwise meta-analysis for exercise therapy on HF-related readmissions:
RR = 0.91, 95% CI: 0.42-1.96, Fixed-effect model, and I> = 0%. (b) Forest plot of pairwise meta-
analysis for patient education on HF-related readmissions: RR = 0.55, 95% CI: 0.48-1.64, Fixed-effect
model, and I2=9%. (c) Forest plot of pairwise meta-analysis for health information tracking on HF-
related readmissions: RR = 0.73, 95% CI: 0.54-0.99, Random-effect model, and I? = 67%. (d) Forest
plot of pairwise meta-analysis for multidisciplinary team management combined with patient
education on HF-related readmissions: RR = 0.59, 95% CI: 0.47-0.74, Fixed-effect model, and 2 =
40%. (e) Forest plot of pairwise meta-analysis for health information tracking combined with
patient education on HF-related readmissions: RR = 0.68, 95% CI: 0.45-1.01, Fixed-effect model, and
I2 = 39%. Blue squares represent the weight of each study, with larger squares indicating greater
weight. The horizontal lines through the squares denote the 95% confidence intervals for each
study's effect size. The black diamond at the bottom represents the pooled summary estimate from
the meta-analysis, with its width indicating the 95% confidence interval of the overall effect [35,37-
48,51-53,55-58,61,63-66,68-73].

3.4.1. Effects of Patient Education on HF-Related Readmissions

Fourteen trials involving 2006 patients examined the effect of patient education on
HF-related readmissions [38-41,51-53,55,57,61,68,69,72,73]. The results indicated that
patient education notably decreased HF-related readmissions (RR: 0.55, 95% CI: 0.48 to
0.64, p < 0.001, I2 = 9%, as shown in Figure 2b). Furthermore, the pooled RR remained
unchanged following a sensitivity analysis, which demonstrates the stability of these
findings (Supplementary Table S4b, Figure S1b). Subgroup analysis revealed that patient
education significantly reduced HF-related readmissions during both 3-month and 12-
month periods (Supplementary Figure 52(ai,c1). However, in the 6-month subgroup, no
statistically significant effects were identified. Additionally, Egger’s test showed no
evidence of publication bias (p = 0.156). The certainty of evidence was rated as high
(Supplementary Table S6).

3.4.2. Effects of Health Information Tracking on HF-Related Readmissions

A total of 7 trials involving 1542 patients examined the effect of health information
tracking on HF-related readmissions [43,46-48,56,66,73]. The results showed that health
information tracking significantly reduced HF-related readmissions (RR: 0.73, 95% CI:
0.54t0 0.99, p=0.04, 2=67%, as shown in Figure 2c). Furthermore, the pooled RR remained
unchanged following a sensitivity analysis, demonstrating the stability of the findings
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(Supplementary Table S4c, Figure Slc). A subgroup analysis showed a significant effect
of health information tracking on HF-related readmissions when the intervention
duration exceeded 12 months (RR: 0.64, 95% CI: 0.46 to 0.89, p = 0.008, I2 = 67%, as shown
in Supplementary Figure 52(as)). The certainty of evidence was moderate (Supplementary
Table S6).

3.4.3. Effects of Multidisciplinary Team Management Combined with Patient Education
on HF-Related Readmissions

Four trials involving 1214 patients examined the effect of multidisciplinary team
management plus patient education on HF-related readmissions [44,58,63,65]. The results
showed that multidisciplinary team management combined with patient education
significantly reduced HF-related readmissions (RR: 0.59, 95% CI: 0.47 to 0.74, p < 0.001, I?
= 40%, as shown in Figure 2d). Furthermore, the pooled RR remained unchanged in the
sensitivity analysis, indicating the reliability of the findings (Supplementary Material
Table S4d, Figure S1d). Subgroup analysis revealed a significant reduction in HF-related
readmissions in studies where the proportion of NYHA class I and II patients was <40%
(RR: 0.50, 95% CI: 0.38 to 0.65, p < 0.001, I>=33%, Supplementary Figure S2(az)). The
certainty of evidence was assessed as moderate (Supplementary Table S6).

Exercise therapy alone and patient education combined with health information
tracking did not show statistically significant effects in the pairwise meta-analyses (Figure
2a,e).

3.5. NMA on the Comparative Effectiveness of the NPIs

The network geometry for HF-related readmissions is shown in Figure 3, comprising
12 NPIs and 7333 patients. Although the number of studies for some interventions was
limited, closed-loop structures were formed. To assess the plausibility of the transitivity
assumption, we summarized potential effect modifiers across intervention nodes in
Supplementary Table S7, including sample size, mean age, LVEF, NYHA class,
comorbidities, intervention frequency and duration, delivery format, intervention setting,
and follow-up duration. Overall, age, LVEF, and NYHA class were broadly comparable
across most intervention nodes, although differences remained in follow-up duration,
intervention intensity, delivery mode, and healthcare setting. Global inconsistency was
assessed using the design-by-treatment interaction model in Stata 17.0, which showed no
evidence of global inconsistency (p =0.96 > 0.05). For local inconsistency, the node-splitting
method revealed no significant differences between direct and indirect comparisons (all p
> 0.05). Consequently, the consistency model was applied. Table 2 presents the SUCRA
rankings, and the cumulative rank probability plots are shown in Figure 4. The league
table (Supplementary Table S5) showed that, compared with UC, the following
interventions were associated with reduced HF-related readmissions: health information
tracking (RR: 0.72, 95% CI: 0.58 to 0.90), exercise therapy combined with multidisciplinary
team management (RR: 0.32, 95% CI: 0.15 to 0.65), patient education combined with
multidisciplinary team management (RR: 0.57, 95% CI: 0.43 to 0.78), patient education
combined with health information tracking (RR: 0.42, 95% CI: 0.25 to 0.72), and patient
education (RR: 0.56, 95% CI: 0.46 to 0.69). Furthermore, exercise therapy combined with
multidisciplinary team management was associated with a lower risk of HF-related
readmissions than psychological interventions (RR: 0.33, 95% CI: 0.12 to 0.89) and health
information tracking (RR: 0.44, 95% CI: 0.21 to 0.93) (Supplementary Figure S4). Based on
the SUCRA rankings, exercise therapy combined with multidisciplinary team
management showed the highest ranking probability (SUCRA = 93.4%), followed by
patient education combined with health information tracking (SUCRA = 84.9%). Given
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the limited number of studies supporting some intervention combinations, these SUCRA-
based rankings should be cautiously interpreted as exploratory findings.

Edu+Ex

Ex+MD,

Edu+MD

Edu+Ex+MD

Edu+HT
Edu+PI+HT

Edu+PI
Edu+MD+HT

Figure 3. Network plots of NPIs for HF-related readmissions. Abbreviations: UC, Usual Care, Ex,
Exercise Therapy, Edu, Patient Education, PI, Psychological Interventions, HT, Health Information

Tracking.
= - ,';;;w—’"/
S P e
= " LT
TS| / // / /
: /// / —~ 4
£31 / // =
© -
By ///’g/,fv/’ L=
°.] zza@E===Z
T . . T
0 5 10 15
rank
——=uc ——— Ex
——=— Edu ——=p
el | e EUi+EX
= == Ex + MD Edu + MDM
— — = Edu+HT — — = Edu +PI
——= Edu+MDM +HT === Edu+ Pl +HT
Edu + Ex + MDM

Figure 4. The effectiveness cumulative rank probabilities among different NPIs for HF-related
readmissions. Abbreviations: UC, Usual Care, Ex, Exercise Therapy, Edu, Patient Education, PI,

Psychological Interventions, HT, Health Information Tracking.

Table 2. Rank probabilities of SUCRA Value.

Types of NPIs SUCRA Value of the HF-Related Readmissions Rank

Ex + MD 93.4 1
Edu+HT 84.9 2
Edu 71.3 3
Edu + MD 70.5 4
Edu + Ex 69.6 5
HT 52.9 6
Edu + PI 41.4 7
Edu+MD + HT 35.0 8
PI 344 9
Ex 33.4 10
ucC 28.2 11
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Edu + Ex + MD 20.3 12
Edu +PI+HT 14.7 13

Abbreviations: UC, Usual Care, Ex, Exercise Therapy, Edu, Patient Education, PI, Psychological
Interventions, HT, Health Information Tracking.

3.6. Publication Bias

The funnel plot, adjusted for comparison, was created to evaluate publication bias,
with the effect size (Log RR) displayed along the horizontal axis and the standard error
depicted on the vertical axis (see Figure 5). A visual assessment indicated that the study
points were mostly symmetrically arranged on either side of the vertical line (X = 0).
Although a few studies fell outside the funnel limits, suggesting potential small-study
effects or minor publication bias, the overall distribution remained balanced.
Furthermore, Egger’s test also revealed no publication bias (p = 0.099).

0.5
1

1
1
~

Standard error of effect size

1.5

fnee

T
-4 -2 2
Effect size centred at comparison-specific pooled effect (yixy-pxy)

Figure 5. Funnel plot of comparison: effect of different NPIs on HF-related readmissions. Note: the
central red vertical line represents the pooled RR value; in the absence of bias, studies should be
evenly distributed on both sides of this line. The two diagonal lines on the left and right indicate
the confidence region of the funnel plot; ideally, if the plotted points fall within this region, it

suggests that heterogeneity may not be a major concern.

4. Discussion

This study evaluated the comparative effectiveness of diverse NPIs in reducing HF-
related unplanned readmissions. In the pairwise meta-analysis, patient education, health
information tracking, and multidisciplinary team management combined with patient
education were associated with significant reductions in HF-related readmissions. In the
NMA, exercise therapy combined with multidisciplinary team management had the
highest SUCRA ranking, followed by patient education combined with health information
tracking. However, these rankings should be interpreted cautiously and regarded as
exploratory; because several intervention categories were supported by few studies, most
evidence came from comparisons with UC, and direct head-to-head comparisons between
active interventions were limited.

Exercise-based multidisciplinary team management, which essentially aligns with
the principles of comprehensive exercise-based cardiac rehabilitation (CR), showed the
highest SUCRA ranking probability for reducing HF-related readmissions in our analysis
[54,74]. This finding is consistent with a 2019 Cochrane review, which demonstrated that
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patients with HF who participated in exercise-based CR had a 41% reduction in HF-
related hospitalization rates [75]. Furthermore, current clinical guidelines have designated
CR as a Class I recommendation [76,77]. Despite robust evidence and guideline
endorsements, CR remains globally underutilized due to factors such as referral barriers,
restrictive coverage, and poor patient adherence [78-80]. Emerging solutions such as
automatic referral systems, home-based CR, and electronic health (e-health) CR may
enhance engagement and accessibility [81-84]. Li et al. [19] demonstrated that e-health CR
nearly doubled the odds of patient adherence (OR: 1.91, 95% CI: 1.34 to 2.73), highlighting
its potential to overcome low engagement. Nevertheless, owing to the limited number of
studies focusing on exercise-based multidisciplinary team management, our results
should be interpreted with caution.

Patient education combined with health information tracking showed a favorable
effect on HF-related readmissions in the NMA and ranked second in the SUCRA analysis.
However, the direct pairwise meta-analysis did not show a statistically significant
advantage over UC, suggesting that the favorable NMA ranking may have been partly
influenced by indirect evidence. Therefore, this result should be considered exploratory.
Despite this uncertainty, the integrated approach is clinically plausible. In contemporary
home-based HF management, health information tracking is often delivered through
structured telemonitoring, which may facilitate early detection of clinical deterioration by
monitoring body weight, blood pressure, heart rate, and symptoms [85]. This may support
timely medication adjustment or urgent outpatient assessment, thereby potentially
reducing HF-related readmissions [86,87]. Patient education may further enhance
monitoring by improving health literacy, interpretation of physiological data, adherence,
and self-management, particularly among older patients who may have difficulty using
complex monitoring technologies [88-90]. Interactive support such as video consultations
or telephone coaching may also reduce anxiety and reinforce positive health behaviors
[89]. Nevertheless, although NMA integrates direct and indirect evidence and may
improve precision, it cannot fully overcome sparse direct evidence, limited power, or
clinical and methodological heterogeneity. Further adequately powered head-to-head
trials are needed to confirm whether this combined intervention can reduce HF-related
readmissions.

Although patient education did not have the highest SUCRA ranking probability, it
ranked relatively highly in the NMA, suggesting that it remains an important component
of clinical HF management. This may be attributed to the complex nature of HF self-
management, which requires patients to acquire essential skills, such as precise volume
management and adherence to dietary restrictions. Structured patient education can
deepen patients’” understanding of disease-related knowledge and improve their self-
management behaviors [91].

Moreover, the combination of patient education and multidisciplinary team
management demonstrated favorable clinical effects, consistent with previous studies
[92,93]. In pairwise comparisons, this combined intervention was associated with a
significant reduction in HF-related readmissions, and it ranked fourth in the NMA,
further supporting its potential value in HF management. Patient education may improve
treatment adherence, symptom monitoring, and timely help-seeking behaviors, whereas
multidisciplinary team management provides coordinated, continuous, and
individualized care through collaboration among healthcare professionals [94,95]. This
integrated approach may facilitate early detection of HF deterioration, continuity of post-
discharge care, and ultimately reduce the risk of HF-related readmissions.

Our findings have important implications for HF management. Exercise therapy
combined with multidisciplinary team management had the highest SUCRA ranking
probability for HF-related unplanned readmissions, supporting the potential value of
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comprehensive exercise-based CR in post-discharge care. However, this ranking should
be interpreted cautiously because of the limited number of direct head-to-head
comparisons and the uncertainty associated with indirect evidence. Nevertheless, its
implementation may be limited by referral barriers, insufficient rehabilitation resources,
poor accessibility, and low adherence. Strategies such as automatic referral systems,
home-based rehabilitation, e-health CR, and individualized exercise prescriptions may
help improve uptake and sustainability. Patient education combined with health
information tracking may be considered a clinically plausible strategy, but its high NMA
ranking should be interpreted cautiously because direct pairwise evidence did not show
a statistically significant effect. In clinical practice, monitoring systems should be
combined with structured education, timely feedback, and professional decision-making
rather than used as passive data-collection tools. Such an integrated approach may
improve patients’ interpretation of physiological changes, promote self-management, and
enable early intervention for HF deterioration.

Beyond readmission prevention, health information tracking and telemonitoring
may also support risk stratification and transitional management in selected high-risk
patients. In patients with newly diagnosed or transient HFrEF and LVEF < 35%, the period
of guideline-directed medical therapy optimization is clinically vulnerable because left
ventricular function may recover in some patients, whereas others remain at risk of
ventricular arrhythmias, sudden cardiac death, and HF decompensation before
reassessment. Although not directly evaluated in our NMA, wearable cardioverter-
defibrillators may provide temporary protection during this period and help avoid
unnecessary implantable cardioverter-defibrillator implantation [96,97].

Several limitations should be considered. First, most included studies compared
active interventions with usual care, whereas direct head-to-head comparisons between
active non-pharmacological interventions were limited. This may have reduced the
robustness of indirect comparisons in the network meta-analysis. Future trials should
prioritize direct comparisons among active interventions. Second, several intervention
categories were supported by only a small number of studies with limited sample sizes,
resulting in imprecise effect estimates and uncertainty in ranking probabilities. This was
particularly evident for patient education combined with health information tracking,
which ranked highly in the NMA but did not show a statistically significant effect in
pairwise analyses. Third, clinical and methodological heterogeneity remained across
studies, despite the assessment of key effect modifiers. Sources of heterogeneity included
differences in intervention intensity, delivery format, healthcare setting, follow-up
duration, and outcome definitions, as well as incomplete reporting of comorbidities and
HF phenotypes. Accordingly, SUCRA rankings should be interpreted as exploratory.
Future research should standardize intervention and outcome definitions and improve
the reporting of intervention implementation and patient-level characteristics. Finally,
blinding was often not feasible in trials of non-pharmacological interventions, which may
have introduced performance bias. Future studies should strengthen methodological
rigor where possible and incorporate digital biomarkers and wearable sensor-derived
measures, such as step counts and heart rate variability, to obtain continuous and
objective data rather than relying solely on patient-reported logs.

5. Conclusions

This systematic review and NMA suggest that several NPIs may reduce HF-related
unplanned readmissions. Exercise therapy combined with multidisciplinary team
management had the highest SUCRA ranking probability, followed by patient education
combined with health information tracking. Patient education and patient education
combined with multidisciplinary team management also showed potential benefits.
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However, given the limited number of head-to-head comparisons, heterogeneity across
studies, sparse direct evidence for some interventions, and low certainty of evidence for
several comparisons, these results, particularly SUCRA-based rankings, should be
interpreted as exploratory. Future large-scale, multicenter randomized controlled trials
are needed to directly compare active NPIs and evaluate their long-term effectiveness,
safety, cost effectiveness, and implementation feasibility.
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(c1) 3 months. Panels (a2 and b2) show integrated care + patient education stratified by the
proportion of NYHA class I/II patients: (a2) <40% and (b2) >40%. Panels (a3 and b3) show health
information tracking stratified by intervention duration: (a3) 6 months and (b3) 212 months. Note:
All comparisons are versus usual care; Figure S3. Funnel plots for the effects of patient education
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The following abbreviations are used in this manuscript:

HF Heart failure

NPIs Non-pharmacological interventions
NMA Network meta-analysis

RCTs Randomized controlled trials

ucC Usual care

CR Cardiac rehabilitation
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e-health  electronic health
MeSH Medical Subject Headings

ITT Intention-to-treat

Cls Confidence intervals

RR Risk ratio

SUCRA  Surface under the cumulative ranking curve

RoB 2 Revised Cochrane risk-of-bias tool for randomized trials
GRADE  Grading of Recommendations Assessment, Development and Evaluation
LVEF Left ventricular ejection fraction

NYHA New York Heart Association

HFrEF Heart failure with reduced ejection fraction

HFmrEF  Heart failure with mildly reduced ejection fraction
HFpEF Heart failure with preserved ejection fraction

ICD Implantable cardioverter-defibrillator

WCD Wearable cardioverter-defibrillator
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