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Abstract
Heart failure (HF) is a major health concern, which accounts for 1–2% of all hospital admissions. Nevertheless, there remains 
a knowledge gap concerning which interventions contribute to effective prevention of HF (re)hospitalization. Therefore, this 
umbrella review aims to systematically review meta-analyses that examined the effectiveness of interventions in reducing 
HF-related (re)hospitalization in HFrEF patients. An electronic literature search was performed in PubMed, Web of Science, 
PsycInfo, Cochrane Reviews, CINAHL, and Medline to identify eligible studies published in the English language in the past 
10 years. Primarily, to synthesize the meta-analyzed data, a best-evidence synthesis was used in which meta-analyses were 
classified based on level of validity. Secondarily, all unique RCTS were extracted from the meta-analyses and examined. A 
total of 44 meta-analyses were included which encompassed 186 unique RCTs. Strong or moderate evidence suggested that 
catheter ablation, cardiac resynchronization therapy, cardiac rehabilitation, telemonitoring, and RAAS inhibitors could reduce 
(re)hospitalization. Additionally, limited evidence suggested that multidisciplinary clinic or self-management promotion 
programs, beta-blockers, statins, and mitral valve therapy could reduce HF hospitalization. No, or conflicting evidence was 
found for the effects of cell therapy or anticoagulation. This umbrella review highlights different levels of evidence regarding 
the effectiveness of several interventions in reducing HF-related (re)hospitalization in HFrEF patients. It could guide future 
guideline development in optimizing care pathways for heart failure patients.

Keywords Heart failure related hospitalizations · Interventions · Medication · Invasive therapy · Rehabilitations · Care 
pathways

Introduction

Heart failure (HF) is a major health concern, with mor-
tality ranging from 5 to 40% [1], corresponding with a 
fivefold increased risk of death, compared to the general 

population [2]. It is even estimated that HF patients have a 
worse life expectancy than the majority of cancer patients, 
with a median survival of approximately 2 to 3 years [3, 
4]. More than 400,000 patients in the USA are being diag-
nosed with HF, annually [5]. Moreover, prevalence rates 
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are progressively rising and are expected to increase with 
46% from 2012 to 2030 [6, 7].

In addition, heart failure is the diagnosis with the high-
est readmission rates among all diseases [8–11], as it 
accounts for 1 to 2% of all hospital admissions [12, 13]. 
In elderly people, it is the major cause of hospitalization 
[8]. Most patients are hospitalized at least once a year 
after diagnosis (i.e., 68 to 78% of patients) [8, 14, 15], and 
more than one-fourth is at risk of being readmitted within 
30 days after initial diagnosis [8, 15–18]. Comparatively 
to prevalence rates, the total number of hospitalizations is 
also expected to rise, by 50% in the near future [19, 20].

Hospitalization places a great burden on patients [21]. 
Patients may experience various limitations in their activ-
ities of daily living [22–24], which highly impact their 
quality of life and level of satisfaction [21, 25]. Moreo-
ver, aside from a reduced quality of life, patients who are 
hospitalized have a significantly higher risk of death than 
non-hospitalized patients [26, 27]. Additionally, hospitali-
zation due to HF places a great burden on the healthcare 
system, as it accounts for more than half of total healthcare 
costs [28, 29] corresponding with more than > 15 billion 
dollars a year for the American healthcare system [24, 30, 
31]. HF is the most costly condition in western countries 
and since long time hospitalization for HF even exceeds 
the hospitalization costs for both cancer and myocardial 
infarction combined [32, 33]. Accordingly, hospitalization 
is judged as a highly important outcome measure in (inter)
national literature and registries [34, 35].

Nevertheless, despite the rising prevalence rates, it 
seems that up to 40% of hospitalizations could be clas-
sified as preventable [36–40]. Therefore, the reduction of 
hospitalizations is the most promising factor as target to 
improve patients’ reported experiences or outcomes and to 
reduce the costs of HF management [25, 41, 42]. The com-
bined measure of patient outcomes and costs are the main 
goal in value based healthcare, a well-known and promis-
ing strategy in healthcare in order to improve patient value 
[43–45].

Multiple previous studies examined the effect of vari-
ous interventions to reduce (re)hospitalization in HF, 
mostly in patients with an left ventricular ejection frac-
tion (LVEF) < 40% (i.e., patients with HFrEF) [46], but 
contrasting findings are found within the literature regard-
ing the effectiveness of these interventions in reducing 
hospital admissions [47, 48]. Moreover, there is some 
considerable heterogeneity in strategies and methods 
used in previous studies [49]. Some studies, for example, 
focused on remote monitoring to prevent readmissions, 
while others examined quality improvement of interven-
tions or transitional care systems [36, 37, 50–52]. There-
fore, there remains a gap in information concerning which 

interventions could effectively contribute to effective pre-
vention of HF hospitalization or readmission [47, 48, 53, 
54].

Hence, even though multiple interventions have been 
included in the guidelines for treatment of HF [46, 55], there 
is a compelling need of a comprehensive overview of which 
types of interventions prove effective specifically in reduc-
ing HF hospitalizations, especially in HFrEF patients. This 
umbrella review therefore aims to systematically review all 
published meta-analyses conducted in the past 10 years that 
examined the incremental effect of different interventions 
in addition to standard care, to reduce (re)hospitalization 
in HFrEF patients, in order to highlight different levels of 
evidence regarding their effectiveness.

Methods

The systematic review protocol of this review was registered, 
in accordance with the PRISMA guidelines, at the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO) on July 6, 2020 (registration number: 247872).

Search strategy

An electronic literature search was performed in PubMed, 
Web of Science, PsycInfo, Cochrane Reviews, CINAHL, 
and Medline to identify eligible studies published in the 
English language from January 2010 up to the end of June 
2020. Search terms were developed using MeSH terms. Key 
words were related to (1) interventions, (2) heart failure, (3) 
hospitalization, and (4) meta-analysis (Table 1).

Ample differences existed in the classification of catego-
ries of interventions depicted in the existing literature. For 
example, previous reviews classified interventions in either 
educational interventions, pharmacological interventions, 
telemonitoring (TM), structured telephone support (STS), 
nurse home visits, nurse care management, and disease 
management clinics [41]; or discharge planning protocols, 
comprehensive geriatric assessments, discharge support 
arrangements, and educational interventions [56]; or case 
management interventions, clinical interventions, and mul-
tidisciplinary interventions [53]; or predischarge interven-
tions, postdischarge interventions, and interventions bridg-
ing the transition [57]. A list of 4 categories of interventions 
was derived following a scoping review that combine the 
most common interventions aimed at reducing hospital (re)
admissions, cardiac rehabilitation, care pathways, medica-
tion, and invasive treatment. Both general terms linked to 
the concept of interventions (e.g., programs, inventions, 
therapy) and terms for specific examples of (categories of) 
interventions were included in the search strategy.
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Table 1  Search strategy for each database

Database Search terms

PubMed (((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((telemedicine[Title/
Abstract]) OR (telecare[Title/Abstract])) OR (teleconsultation[Title/Abstract])) OR (telecommunication[Title/Abstract])) 
OR (home monitoring[Title/Abstract])) OR (monitoring[Title/Abstract])) OR (tele*[Title/Abstract])) OR (tele med*[Title/
Abstract])) OR (tele-med*[Title/Abstract])) OR (telehealth[Title/Abstract])) OR (tele-health[Title/Abstract])) OR (remote 
consult*[Title/Abstract])) OR (remote monitoring[Title/Abstract])) OR (remote patient monitoring[Title/Abstract])) OR 
(structured telephone support[Title/Abstract])) OR (structured scheduled telephone support[Title/Abstract])) OR (tel-
ephone support[Title/Abstract])) OR (telecardiol*[Title/Abstract])) OR (home care services[Title/Abstract])) OR (disease 
management[Title/Abstract])) OR (patient care team[Title/Abstract])) OR (patient discharge[Title/Abstract])) OR (patient 
education[Title/Abstract])) OR (patient aftercare[Title/Abstract])) OR (patient care planning[Title/Abstract])) OR (home 
care services[Title/Abstract])) OR (manage*[Title/Abstract])) OR (comprehensive discharge planning[Title/Abstract])) OR 
(discharge planning[Title/Abstract])) OR (hospital discharge[Title/Abstract])) OR (patient care planning[Title/Abstract])) 
OR (multidisciplinary care[Title/Abstract])) OR (care management[Title/Abstract])) OR (transition*[Title/Abstract])) 
OR (comprehensive health care[Title/Abstract])) OR (process of care[Title/Abstract])) OR (comprehensive care[Title/
Abstract])) OR (multidisciplinary care[Title/Abstract])) OR (improve*[Title/Abstract])) OR (promot*[Title/Abstract])) 
OR (enhanc*[Title/Abstract])) OR (optimi*[Title/Abstract])) OR (quality of health care[Title/Abstract])) OR (improve-
ment initiative[Title/Abstract])) OR (process* improvement[Title/Abstract])) OR (management quality circles[Title/
Abstract])) OR (total quality management[Title/Abstract])) OR (guideline adherence[Title/Abstract])) OR (clinical 
competence[Title/Abstract])) OR (rehabilitation centers[Title/Abstract])) OR (exercise therapy[Title/Abstract])) OR 
(rehabilitation[Title/Abstract])) OR (sports[Title/Abstract])) OR (physicial exertion[Title/Abstract])) OR (exertion[Title/
Abstract])) OR (exercise[Title/Abstract])) OR (rehabilit*[Title/Abstract])) OR (lifestyle intervent*[Title/Abstract])) OR 
(life-style intervent*[Title/Abstract])) OR (psychotherapy[Title/Abstract])) OR (psychotherap*[Title/Abstract])) OR 
(psycholog*[Title/Abstract])) OR (psycholog* intervent*[Title/Abstract])) OR (self-care[Title/Abstract])) OR (relaxa-
tion therapy[Title/Abstract])) OR (counseling[Title/Abstract])) OR (cognitive therapy[Title/Abstract])) OR (behaviour 
therapy[Title/Abstract])) OR (behavior therapy[Title/Abstract])) OR (meditation[Title/Abstract])) OR (hypnotherap*[Title/
Abstract])) OR (psycho-educat*[Title/Abstract])) OR (psychoeducat*[Title/Abstract])) OR (motiv* intervent*[Title/
Abstract])) OR (health education[Title/Abstract])) OR (self-management[Title/Abstract])) OR (action plan*[Title/
Abstract])) OR (medication[Title/Abstract])) OR (medication* treatment[Title/Abstract])) OR (pharmacotherapy[Title/
Abstract])) OR (device* implantation[Title/Abstract])) OR (medication adherence[Title/Abstract])) OR (patient 
compliance[Title/Abstract])) OR (adherent[Title/Abstract])) OR (non-compliant[Title/Abstract])) OR (noncompliance[Title/
Abstract])) OR (nonadherent[Title/Abstract])) OR (nonadherence[Title/Abstract])) OR (prescription drug[Title/Abstract])) 
OR (dosage forms[Title/Abstract])) OR (prescribed[Title/Abstract])) OR (pill*[Title/Abstract])) OR (invasisve HF 
monitoring[Title/Abstract])) OR (implanted monitoring devices[Title/Abstract])) OR (CRT[Title/Abstract])) OR (biven-
tricular pacing[Title/Abstract])) OR (drug therapy[Title/Abstract])) OR (intervention[Title/Abstract])) OR (interven*[Title/
Abstract]))OR (immunization[Title/Abstract]))) OR (e-health[Title/Abstract])) OR (program[Title/Abstract])) OR (mobile 
health[Title/Abstract])) OR (mhealth[Title/Abstract])) OR (after-hours care[Title/Abstract])) OR (integrated delivery of 
health care[Title/Abstract])) OR (managed care programs[Title/Abstract])) OR (technological interventions[Title/Abstract])) 
OR (inventions[Title/Abstract])) OR (automation[Title/Abstract])) OR (program evaluation[Title/Abstract])) OR (standard 
of care[Title/Abstract])) AND (((((heart failure[Title/Abstract]) OR (cardiac failure[Title/Abstract])) OR (congestive*[Title/
Abstract])) OR (left ventricular dysfunction[Title/Abstract])) OR (CHF[Title/Abstract]))) AND ((((((readmission*hospitaliz
ation*[Title/Abstract]) OR (rehospitalization*[Title/Abstract])) OR (admission*[Title/Abstract])) OR (re-admission*[Title/
Abstract])) OR (readmission*[Title/Abstract])) OR (length of stay[Title/Abstract]))) AND (((((meta analysis[Title/
Abstract]) OR (meta-analysis[Title/Abstract])) OR (meta analy*[Title/Abstract])) OR (metaanaly*[Title/Abstract])) OR 
(meta-analy*[Title/Abstract]))
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Table 1  (continued)

Database Search terms

Cochrane library #1(Telemedicine):ti,ab,kw OR (telecare):ti,ab,kw OR (teleconsultation):ti,ab,kw OR (telecommunication):ti,ab,kw OR 
(home monitoring):ti,ab,kw OR (monitoring):ti,ab,kw OR (tele*):ti,ab,kw OR (tele med):ti,ab,kw OR (tele-med*):ti,ab,kw 
OR (telehealth*):ti,ab,kw OR (tele-health*):ti,ab,kw OR (remote consult*):ti,ab,kw OR (remote monitoring):ti,ab,kw 
OR (remote patient monitoring):ti,ab,kw OR (structured telephone support):ti,ab,kw OR (structured scheduled tel-
ephone support):ti,ab,kw OR (telephone support):ti,ab,kw OR (telecardiol*):ti,ab,kw OR (home care services):ti,ab,kw 
OR (disease management):ti,ab,kw OR (patient care team):ti,ab,kw OR (patient discharge):ti,ab,kw OR (patient 
education):ti,ab,kw OR (patient aftercare):ti,ab,kw OR (patient care planning):ti,ab,kw OR (home care services):ti,ab,kw 
OR (manage*):ti,ab,kw OR (comprehensive discharge planning):ti,ab,kw OR (discharge planning):ti,ab,kw OR 
(hospital discharge):ti,ab,kw OR (patient care planning):ti,ab,kw OR (multidisciplinary care):ti,ab,kw OR (care 
management):ti,ab,kw OR (transition*):ti,ab,kw OR (comprehensive health care):ti,ab,kw OR (process of care):ti,ab,kw 
OR (comprehensive care):ti,ab,kw OR (multidisciplinary care):ti,ab,kw OR (improve*):ti,ab,kw OR (promot*):ti,ab,kw 
OR (enhanc*):ti,ab,kw OR (optimi*):ti,ab,kw OR (quality of health care):ti,ab,kw OR (improvement initiative):ti,ab,kw 
OR (process* improvement):ti,ab,kw OR (management quality circles):ti,ab,kw OR (total quality management):ti,ab,kw 
OR (guideline adherence):ti,ab,kw OR (clinical competence):ti,ab,kw OR (*rehabilitation centers):ti,ab,kw OR (exercise 
therapy):ti,ab,kw OR (*rehabilitation):ti,ab,kw OR (sports):ti,ab,kw OR (physical exertion):ti,ab,kw OR (exertion):ti,ab,kw 
OR (exercise):ti,ab,kw OR (rehabilit*):ti,ab,kw OR (lifestyle intervent*):ti,ab,kw OR (life-style intervent*):ti,ab,kw OR 
(psychotherapy):ti,ab,kw OR (psychotherap*):ti,ab,kw OR (psycholog*):ti,ab,kw OR (psycholog* intervent*):ti,ab,kw 
OR (self-care):ti,ab,kw OR (relaxation therapy):ti,ab,kw OR (counseling):ti,ab,kw OR (cognitive therapy):ti,ab,kw OR 
(behaviour therapy):ti,ab,kw OR (behavior therapy):ti,ab,kw OR (meditation):ti,ab,kw OR (hypnotherap*):ti,ab,kw OR 
(psycho-educat*):ti,ab,kw OR (psychoeducat*):ti,ab,kw OR (motiv* intervent*):ti,ab,kw OR (health education):ti,ab,kw 
OR ( self-management):ti,ab,kw OR (action plan*):ti,ab,kw OR (Medication):ti,ab,kw OR (medication* treatment):ti,ab,kw 
OR (pharmacotherapy):ti,ab,kw OR (device* implantation):ti,ab,kw OR (medication adherence):ti,ab,kw OR 
(patient compliance):ti,ab,kw OR (adherent):ti,ab,kw OR (non-compliant):ti,ab,kw OR (noncompliance):ti,ab,kw OR 
(nonadherent):ti,ab,kw OR (nonadherence):ti,ab,kw OR (prescription drugs):ti,ab,kw OR (dosage forms):ti,ab,kw 
OR (prescribed):ti,ab,kw OR (pill* ORinvasive HF monitoring):ti,ab,kw OR (implanted monitoring devices):ti,ab,kw 
OR (CRT):ti,ab,kw OR (biventricular pacing):ti,ab,kw OR (drug therapy):ti,ab,kw OR (intervention):ti,ab,kw OR 
(interven*):ti,ab,kw OR (e-health):ti,ab,kw OR (program):ti,ab,kw OR (mobile health):ti,ab,kw OR (mhealth):ti,ab,kw 
OR (after-hours care):ti,ab,kw OR (integrated delivery of health care):ti,ab,kw OR (managed care programs):ti,ab,kw OR 
(technological interventions):ti,ab,kw OR (inventions):ti,ab,kw OR (automation):ti,ab,kw OR (program evaluation):ti,ab,kw 
OR (standard of care):ti,ab,kw OR (OR influenza):ti,ab,kw

#2(meta analysis):ti,ab,kw OR (meta-analysis):ti,ab,kw OR (meta analy*):ti,ab,kw OR (metaanaly*):ti,ab,kw OR (meta-
analy*):ti,ab,kw

#3(hospitalization*):ti,ab,kw OR (rehospitalization*):ti,ab,kw OR (admission*):ti,ab,kw OR (re-admission*):ti,ab,kw OR 
(readmission*):ti,ab,kw OR (length of stay):ti,ab,kw

#4(*Heart failure):ti,ab,kw OR (cardiac failure):ti,ab,kw OR (congestive*):ti,ab,kw OR (left ventricular dysfunction):ti,ab,kw 
OR (CHF):ti,ab,kw

#5#1 AND #2 AND #3 AND #4
Web of Science #1: TS = (Telemedicine OR telecare OR teleconsultation OR telecommunication OR home monitoring OR monitoring OR 

tele* OR tele med OR telemed* OR telehealth* OR telehealth* OR remote consult* OR remote monitoring OR remote 
patient monitoring OR structured telephone support OR structured scheduled telephone support OR telephone support 
OR telecardiol* OR home care services OR disease management OR patient care team OR patient discharge OR patient 
education OR patient aftercare OR patient care planning OR home care services OR manage* OR comprehensive discharge 
planning OR discharge planning OR hospital discharge OR patient care planning OR multidisciplinary care OR care man-
agement OR transition* OR comprehensive health care OR process of care OR comprehensive care OR multidisciplinary 
care OR improve* OR promot* OR enhanc* OR optimi* OR quality of health care OR improvement initiative OR process* 
improvement OR management quality circles OR total quality management OR guideline adherence OR clinical compe-
tence OR *rehabilitation centers OR exercise therapy OR *rehabilitation OR sports OR physical exertion OR exertion OR 
exercise OR rehabilit* OR lifestyle intervent* OR life-style intervent* OR psychotherapy OR psychotherap* OR psycholog* 
OR psycholog* intervent* OR self-care OR relaxation therapy OR counseling OR cognitive therapy OR behaviour therapy 
OR behavior therapy OR meditation OR hypnotherap* OR psycho-educat* OR psychoeducat* OR motiv* intervent* OR 
health education OR self-management OR action plan* OR Medication OR medication* treatment OR pharmacotherapy 
OR device* implantation OR medication adherence OR patient compliance OR adherent OR non-compliant OR noncompli-
ance OR nonadherent OR nonadherence OR prescription drugs OR dosage forms OR prescribed OR pill* ORinvasive HF 
monitoring OR implanted monitoring devices OR CRT OR biventricular pacing OR drug therapy OR intervention OR inter-
ven* OR e-health OR program OR mobile health OR mhealth OR after-hours care OR integrated delivery of health care OR 
managed care programs OR technological interventions OR inventions OR automation OR program evaluation OR standard 
of care)

#2: TS = (meta analysis OR meta-analysis OR meta analy* OR metaanaly* OR meta-analy*)
#3: TS = (hospitalization* OR rehospitalization* OR admission* OR re-admission* OR readmission* OR length of stay)
#4: TS = (*Heart failure OR cardiac failure OR congestive* OR left ventricular dysfunction OR CHF)
#5: #4 AND #3 AND #2 AND #1
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Table 1  (continued)

Database Search terms

Psycinfo TX ( Telemedicine OR telecare OR teleconsultation OR telecommunication OR home monitoring OR monitoring OR tele* 
OR tele med OR tele-med* OR telehealth* OR tele-health* OR remote consult* OR remote monitoring OR remote patient 
monitoring OR structured telephone support OR structured scheduled telephone support OR telephone support OR telecar-
diol* OR home care services OR disease management OR patient care team OR patient discharge OR patient education 
OR patient aftercare OR patient care planning OR home care services OR manage* OR comprehensive discharge planning 
OR discharge planning OR hospital discharge OR patient care planning OR multidisciplinary care OR care management 
OR transition* OR comprehensive health care OR process of care OR comprehensive care OR multidisciplinary care OR 
improve* OR promot* OR enhanc* OR optimi* OR quality of health care OR improvement initiative OR process* improve-
ment OR management quality circles OR total quality management OR guideline adherence OR clinical competence OR 
*rehabilitation centers OR exercise therapy OR *rehabilitation OR sports OR physical exertion OR exertion OR exercise 
OR rehabilit* OR lifestyle intervent* OR life-style intervent* OR psychotherapy OR psychotherap* OR psycholog* OR 
psycholog* intervent* OR self-care OR relaxation therapy OR counseling OR cognitive therapy OR behaviour therapy 
OR behavior therapy OR meditation OR hypnotherap* OR psycho-educat* OR psychoeducat* OR motiv* intervent* OR 
health education OR self-management OR action plan* OR Medication OR medication* treatment OR pharmacotherapy 
OR device* implantation OR medication adherence OR patient compliance OR adherent OR non-compliant OR noncom-
pliance OR nonadherent OR nonadherence OR prescription drugs OR dosage forms OR prescribed OR pill* ORinvasive 
HF monitoring OR implanted monitoring devices OR CRT OR biventricular pacing OR drug therapy OR intervention OR 
interven* OR e-health OR program OR mobile health OR mhealth OR after-hours care OR integrated delivery of health 
care OR managed care programs OR technological interventions OR inventions OR automation OR program evaluation OR 
standard of care) AND TX ( meta analysis OR meta-analysis OR meta analy* OR metaanaly* OR meta-analy*) AND TX ( 
hospitalization* OR rehospitalization* OR admission* OR re-admission* OR readmission* OR length of stay) AND TX ( 
*Heart failure OR cardiac failure

Medline AB ( Telemedicine OR telecare OR teleconsultation OR telecommunication OR home monitoring OR monitoring OR tele* 
OR tele med OR tele-med* OR telehealth* OR tele-health* OR remote consult* OR remote monitoring OR remote patient 
monitoring OR structured telephone support OR structured scheduled telephone support OR telephone support OR telecar-
diol* OR home care services OR disease management OR patient care team OR patient discharge OR patient education 
OR patient aftercare OR patient care planning OR home care services OR manage* OR comprehensive discharge planning 
OR discharge planning OR hospital discharge OR patient care planning OR multidisciplinary care OR care management 
OR transition* OR comprehensive health care OR process of care OR comprehensive care OR multidisciplinary care OR 
improve* OR promot* OR enhanc* OR optimi* OR quality of health care OR improvement initiative OR process* improve-
ment OR management quality circles OR total quality management OR guideline adherence OR clinical competence OR 
*rehabilitation centers OR exercise therapy OR *rehabilitation OR sports OR physical exertion OR exertion OR exercise 
OR rehabilit* OR lifestyle intervent* OR life-style intervent* OR psychotherapy OR psychotherap* OR psycholog* OR 
psycholog* intervent* OR self-care OR relaxation therapy OR counseling OR cognitive therapy OR behaviour therapy 
OR behavior therapy OR meditation OR hypnotherap* OR psycho-educat* OR psychoeducat* OR motiv* intervent* OR 
health education OR self-management OR action plan* OR Medication OR medication* treatment OR pharmacotherapy 
OR device* implantation OR medication adherence OR patient compliance OR adherent OR non-compliant OR noncompli-
ance OR nonadherent OR nonadherence OR prescription drugs OR dosage forms OR prescribed OR pill* ORinvasive HF 
monitoring OR implanted monitoring devices OR CRT OR biventricular pacing OR drug therapy OR intervention OR inter-
ven* OR e-health OR program OR mobile health OR mhealth OR after-hours care OR integrated delivery of health care OR 
managed care programs OR technological interventions OR inventions OR automation OR program evaluation OR standard 
of care OR) AND AB ( meta analysis OR meta-analysis OR meta analy* OR metaanaly* OR meta-analy) AND AB ( hospi-
talization* OR rehospitalization* OR admission* OR re-admission* OR readmission* OR length of stay) AND AB ( Heart 
failure OR cardiac failure OR congestive* OR left ventricular dysfunction OR CHF)
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Eligibility criteria

Search results of all databases were combined, and dupli-
cates were removed. Titles and abstracts were screened 
against the following inclusion criteria: (1) a meta-analysis 
was conducted, on (2) randomized controlled trials (RCTs), 
(3) that examined the effectiveness of (3.a) cardiac rehabili-
tation, or (3.b) care pathways, or (3.c) medication, or (3.d) 
invasive therapy, (4) in patients with an established diagno-
sis of chronic heart failure, (5) with an LVEF < 40, (6) with 
a primary or secondary objective to evaluate the effect on 
reduction of (7) HF-related hospitalization or readmissions, 
(8) as compared to usual care, (9) conducted in the past 
10 years, (10) followed patients for at least three months, and 
(11) were reported in English. Meta-analyses that included 
both RCTs and observational or cohort studies were not 
excluded. Yet only the included RCTs (and corresponding 
meta-analyzed effect sized) were extracted and used for 
our analyses. Only meta-analyses that reported at least one 
meta-analyzed effect estimate for HF-related admissions 
were included. In order to assure objective assessment, the 
title and abstract screening were independently conducted by 
two researchers (FH, TG). In case of disagreement between 
reviewers, points of disagreement were discussed in order to 
reach consensus. For full-text screening, inter-rate reliability 
was calculated using Cohen’s kappa.

Studies were excluded when the patient population was 
not primarily diagnosed with heart failure (e.g., patients 
with diabetes and comorbid heart failure). Additionally, if 
studies examined HF patients in combination with other 
patient groups yet did not report data on the individual 

patient groups, the study was excluded, as we would other-
wise be unable to make a distinction between the differences 
in patient groups. Furthermore, studies that only reported 
data on a combined endpoint (e.g., mortality in conjunction 
with HF-hospitalization) and meta-analyses that examined 
risk stratification, prognostic factors, or lifestyle advice in 
patients were excluded. Moreover, meta-analyses were also 
excluded when examining a specific subgroup of HF patients 
(e.g., patients with and LVAD) or when examining a broader 
category of patients that could possibly include HF patients 
(e.g., “older patients” in general).

Quality assessment

The “A MeaSurement Tool to Assess systematic Reviews 2” 
(AMSTAR 2) was used to assess the methodological qual-
ity of included meta-analyses [58]. AMSTAR 2 consists of 
16 items, of which 10 items were retained from the original 
AMSTAR tool. Response options for the items were “yes,” 
“partial yes,” and “no,” with “yes” responses denoting a 
positive result. The overall score of this tool was converted 
to high quality, moderate quality, low quality, and critically 
low quality. High quality was achieved when studies pos-
sessed no or one non-critical weakness; moderate quality 
was achieved when studies had more than one non-critical 
weakness; low quality was achieved when studies had one 
critical flaw, with or without a non-critical weakness; and 
critically low quality was achieved when studies exhibited 
more than one critical flaw with or without non-critical 
weaknesses. Critical domains are depicted in Table 2 [58]. In 
order to assure objective assessment, the quality assessment 

Table 1  (continued)

Database Search terms

CINAHL AB ( Telemedicine OR telecare OR teleconsultation OR telecommunication OR home monitoring OR monitoring OR tele* 
OR tele med OR tele-med* OR telehealth* OR tele-health* OR remote consult* OR remote monitoring OR remote patient 
monitoring OR structured telephone support OR structured scheduled telephone support OR telephone support OR telecar-
diol* OR home care services OR disease management OR patient care team OR patient discharge OR patient education 
OR patient aftercare OR patient care planning OR home care services OR manage* OR comprehensive discharge planning 
OR discharge planning OR hospital discharge OR patient care planning OR multidisciplinary care OR care management 
OR transition* OR comprehensive health care OR process of care OR comprehensive care OR multidisciplinary care OR 
improve* OR promot* OR enhanc* OR optimi* OR quality of health care OR improvement initiative OR process* improve-
ment OR management quality circles OR total quality management OR guideline adherence OR clinical competence OR 
*rehabilitation centers OR exercise therapy OR *rehabilitation OR sports OR physical exertion OR exertion OR exercise 
OR rehabilit* OR lifestyle intervent* OR life-style intervent* OR psychotherapy OR psychotherap* OR psycholog* OR 
psycholog* intervent* OR self-care OR relaxation therapy OR counseling OR cognitive therapy OR behaviour therapy 
OR behavior therapy OR meditation OR hypnotherap* OR psycho-educat* OR psychoeducat* OR motiv* intervent* OR 
health education OR self-management OR action plan* OR Medication OR medication* treatment OR pharmacotherapy 
OR device* implantation OR medication adherence OR patient compliance OR adherent OR non-compliant OR noncom-
pliance OR nonadherent OR nonadherence OR prescription drugs OR dosage forms OR prescribed OR pill* ORinvasive 
HF monitoring OR implanted monitoring devices OR CRT OR biventricular pacing OR drug therapy OR intervention OR 
interven* OR e-health OR program OR mobile health OR mhealth OR after-hours care OR integrated delivery of health 
care OR managed care programs OR technological interventions OR inventions OR automation OR program evaluation OR 
standard of care) AND AB ( meta analysis OR meta-analysis OR meta analy* OR metaanaly* OR meta-analy*) AND AB ( 
hospitalization* OR rehospitalization* OR admission* OR re-admission* OR readmission* OR length of stay) AND AB ( 
Heart failure OR cardiac failure OR congestive* OR left ventricular dysfunction OR CHF)
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was independently conducted by two researchers (GS, TG). 
In case of disagreement between reviewers, points of disa-
greement were discussed in order to reach consensus (RT).

Data extraction

A standardized extraction form was used to extract data 
from the included studies. Sociodemographic data (e.g., 
age, sex), number of participants, left ventricular ejection 
fraction, type of intervention and control, follow-up period, 
effect size, and conclusion were extracted from either the 
individual RCT or the meta-analysis in which the RCT was 
included. Only the most recent meta-analysis was included 
when multiple articles were written by the same authors on 
the same dataset. Comparisons were made between the dif-
ferent categories of interventions in terms of effectiveness in 
reducing HF-related (re)hospitalization. Interventions were 
classified as having a significant effect on HF-related (re)
hospitalization (as compared to usual care) based on their 
own reported RR statistics, findings, and conclusions.

Data synthesis

Interventions were first classified into the four predefined 
categories (i.e., cardiac rehabilitation, care pathways, medi-
cation, and invasive therapy) and subsequently divided into 
more detailed classes of interventions (e.g., TM and STS) to 
examine the exact effect of all unique interventions.

Primary analysis: meta‑analyses

To synthesize the data, a best-evidence synthesis was used 
as primary analysis, in which meta-analyses were classified 
based on level of internal and external validity [59]. The lev-
els of evidence regarding the significance or non-significance 
of a relationship between the intervention and HF-related 
hospitalization among studies were ranked according to the 
following statements: (1) strong evidence: consistent findings 
(> 75% of the studies reported consistent findings) in mul-
tiple high quality studies; (2) moderate evidence: consistent 
findings (> 75% of the studies reported consistent findings) 
in one high-quality study and two or more moderate quality 
studies or in three or more weak quality studies; (3) limited 
evidence: generally consistent findings (> 75% of the studies 

reported consistent findings) in a high quality study or in two 
or fewer moderate quality studies; (4) no evidence: no studies 
could be found; (5) conflicting evidence: conflicting findings.

Secondary analysis: extracted RCTs

It was expected that multiple meta-analyses would report 
identical RCTs, as it was previously found that the amount 
of redundancy and duplication among reviews is substantial 
[60, 61]. Therefore, the corrected covered area (CCA) was 
calculated, which is a measure of duplicates in meta-analyses 
divided by the frequency of duplicates, reduced by the num-
ber of original publications (Corrected covered area =

N−r

r c−r
) 

[62]. A CCA of 0–5% is considered as slight overlap, while 
6–10%, 11–15%, > 15% are respectively regarded as mod-
erate, high, and very high overlap. In order to prevent bias 
as a result of duplicated data, a secondary analysis was 
conducted to control for the effects of overlap. All unique 
RCTs were extracted from the meta-analyses. Individual 
risk ratios (RRs) and 95% CIs for each intervention were 
calculated using Review Manager V.5.4. or extracted from 
the meta-analyses. The I2-statistic was used to present the 
heterogeneity of intervention effect. When the I2-statistic 
was statistically significant, a random-effects model was 
used in analyses. The RR-statistics found in our own meta-
analyses were compared to the reported effects in the pub-
lished meta-analyses.

Results

Search results

After removal of duplicate meta-analyses, 639 titles and 
abstracts were screened (see Fig. 1). A total of 202 full-text 
articles were assessed for eligibility, of which 44 were 
included in our analyses. Cohen’s kappa for full-text screen-
ing was 0.76, indicating substantial agreement [63]. Median 
year of publication of all included meta-analyses was 2018. 
The 44 included meta-analyses encompassed 348 RCTs of 
which 186 were unique RCTs regarding interventions to pre-
vent HF hospitalization (Table 3). Of these 186 unique 
RCTs, 44 were classified as invasive therapy, 14 as cardiac 
rehabilitation, 60 as medication, and 67 as care pathways 
(Table  4). The CCA for cardiac revalidation was 
(19−14)

((14×2)−14)
=

5

14
= 36% , the CCA for invasive therapy was 

(86−45)

((45×15)−45)
=

41

630
= 7% , the CCA for medication was 

(100−60)

((64×14)−60)
=

40

836
= 5% , and the CCA for care pathways was 

(138−67)

((67×15)−67)
=

73

896
= 8% . This indicates a moderate to very 

high overlap in included RCTs [62].

Table 2  Critical domains of the AMSTAR 2

Registered protocol before commencement of the review
Risk of bias from individual studies being included in the review
Appropriateness of meta-analytical methods
Consideration of risk of bias when interpreting the results of the 

review
Assessment of presence and likely impact of publication bias
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Quality assessment

Overall, risk of bias was classified as relatively low 
(Table 5). Of the 44 meta-analyses, 11 scored critically low, 
15 low, 1 moderate, and 17 high. Almost all meta-analyses 
registered their protocol before commencement of the review 
(item 2) and used appropriate meta-analytical methods (item 
11). Reviews were mostly downgraded based on the lack of 
an adequate investigation of publication bias (item 15).

Study characteristics

A total of 425,220 patients were included in the 44 meta-
analyses and 186 RCTs (Table 4). RCTs included between 
16 and 10,917 patients. The mean age of patients ranged 

from 33 to 96 years. Mean LVEF varied between 17 and 
40%. Percentage of male patients ranged from 25 to 100%. 
Follow-up period ranged widely from 30 days to 10 years. 
Studies that tried to prevent hospital admissions with car-
diac rehabilitation focused on either exercise only or mul-
ticomponent cardiac rehabilitation. Care pathways could 
be divided into either TM, STS, and self-management 
promotion programs or multidisciplinary clinics. Inva-
sive therapy encompassed catheter ablation (CA), cardiac 
resynchronization therapy (CRT), mitral valve repair, or 
stem cell therapy. Medication subtypes were angiotensin-
converting enzyme inhibitors (ACE), angiotensin II recep-
tor blockers (ARBs), mineralocorticoid receptor antago-
nists (MRAs), beta-blockers, statins, anticoagulation, and 
a miscellaneous subcategory.

Fig. 1  Flow diagram of study 
inclusion. RCT: randomized 
controlled trial
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Effect of interventions

Primary analysis: meta‑analyses

Meta-analytic results of the 44 included meta-analyses are 
demonstrated in Table 6 and Fig. 2. According to our best-
evidence synthesis, strong evidence suggests that CA, CR, 
and TM could prevent heart failure hospitalization. Fur-
thermore, moderate evidence was found for the effective-
ness of RAAS inhibitors, and CRT in reducing HF-related 
hospitalizations, while only limited evidence suggests the 
beneficial effects of beta-blockers, statins, mitral valve 
therapy, and multidisciplinary clinics or self-management 
promotion programs. There is conflicting evidence regard-
ing the effect of cell therapy on HF hospitalization, and no 
evidence was found that anticoagulation should reduce HF-
related hospitalizations.

Secondary analysis: extracted RCTs

In order to prevent bias as a result of duplicated data, all 
unique RCTs (N = 186) were extracted in a secondary analy-
sis from the meta-analyses and compared to the results from 
our primary analysis.

Cardiac rehabilitation

A total of 14 studies examined the effects of cardiac reha-
bilitation. Of these individual studies, 1 reported a signifi-
cant effect. When examined in a meta-analysis, a significant 
positive effect of cardiac rehabilitation was found (RR: 0.66, 
95% CI: 0.44 | 0.97) (Fig. 3). This is in accordance with 
the general findings reported by the studied meta-analyses. 
Upon visual inspection, the funnel plots suggest no publica-
tion bias (Fig. 7).

Invasive therapy

There were 5 studies examining the effect of CA. Of these 
studies, 2 studies reported a significant effect. A positive 
effect of CA on HF-related hospitalization was found in our 
meta-analyses (RR: 0.57, 95% CI: 0.46 | 0.72) (Fig. 4). This 
is consistent with the general findings reported by the stud-
ied meta-analyses.

A total of 23 studies examined CRT to prevent HF-related 
hospitalization. Of these, 8 studies found a positive effect. 
Our meta-analysis suggested a positive effect of CRT (RR: 
0.85, 95% CI: 0.78 | 0.92). This is in line with the general 
findings reported by the studied meta-analyses.

Of the 4 studies that examined mitral valve repair, 3 
reported an effective reduction in HF-related hospitalization. 
Our meta-analyses suggested a positive effect (RR: 0.74, Ta
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95% CI: 0.64 | 0.86), which is in agreement with the general 
findings reported by the studied meta-analyses.

Stem cell therapy was in 0 of the 13 studies related to 
reduced HF-related hospitalization, which is in line with our 
meta-analyzed result (RR: 0.71, 95% CI: 0.45 | 1.14) and the 
conflicting evidence suggested by the studied meta-analyses.

The funnel plots indicate no, or only minimal publication 
bias (Fig. 7).

Medication

ACE inhibitors (5/18 studies; RR: 0.64, 95% CI: 0.49 | 0.85), 
MRAs (4/9 studies; RR: 0.77, 95% CI: 0.71 | 0.83), ARBs 
(4/5 studies; RR: 0.77, 95% CI: 0.72 | 0.84), beta-blockers 
(8/16 studies; RR: 0.78, 95% CI: 0.74 | 0.83), and statins 
(2/9 studies; RR: 0.51, 95% CI: 0.36 | 0.72) showed a signifi-
cant effect of reduced hospitalizations in our meta-analyses 
(Fig. 5). This is in line with the general findings reported by 
the studied meta-analyses.

Anticoagulation (RR: 0.99, 95% CI: 0.91 | 1.08) was in 
none of the studies (0/3) able to reduce HF-related hospitali-
zations. This absence of an effect was also reported by the 
studied meta-analyses.

The asymmetry in the medication funnel plots suggests 
some publication bias towards significant effectiveness of 
medication in reducing HF-related hospitalizations (Fig. 7).

Care pathways

Multidisciplinary clinics or self-management promotion 
programs (10/23 studies; RR: 0.79, 95% CI: 0.73 | 0.85) 
and TM (12/33 studies; RR: 0.86, 95% CI: 0.81 | 0.92) were 
related to less HF-related hospitalizations (Fig. 6). This is 
in agreement with findings reported by the studied meta-
analyses. STS (1/11 studies; RR: 0.85, 95% CI: 0.85 | 1.04) 
was not related to reductions in HF-related hospitalizations. 
This is in contrast to findings from the meta-analyses. Visual 
inspection of the funnel plots did not suggest publication 
bias (Fig. 7).

Discussion

Heart failure is a major health concern, with the highest 
readmission rates among all diseases [8–11]. Yet, up to 
40% of hospitalizations could be classified as preventable 
[36–40]. This umbrella review therefore aimed to system-
atically review all published meta-analyses conducted in 
the past 10 years that examined the incremental benefit of 
interventions in addition to standard care, in reducing HF-
related (re)hospitalization, in order to provide a comprehen-
sive overview of different levels of evidence with regard to 

Ta
bl

e 
4 

 (c
on

tin
ue

d)

In
cl

ud
ed

 R
C

Ts
N

 (i
nt

er
ve

nt
io

n)
N

 (c
on

tr
ol

)
To

ta
l

M
ea

n 
ag

e
%

 M
al

e
M

ea
n 

LV
EF

In
te

rv
en

tio
n

C
on

tr
ol

Fo
llo

w
-u

p 
pe

ri
od

Za
n 

[2
63

]
N

/R
N

/R
40

53
N

/R
32

In
te

rv
en

tio
n 

fo
r h

ea
rt 

fa
ilu

re
 

se
lf-

m
an

ag
em

en
t o

ve
r a

 
90

-d
ay

 st
ud

y 
pe

rio
d.

 P
at

ie
nt

s 
w

er
e 

in
str

uc
te

d 
to

 ta
ke

 th
ei

r 
w

ei
gh

t, 
bl

oo
d 

pr
es

su
re

, a
nd

 
he

ar
t r

at
e 

m
ea

su
re

m
en

ts
 e

ac
h 

m
or

ni
ng

M
at

ch
ed

 c
on

tro
ls

3 
m

on
th

s

AB
M

M
N

C
 a

ut
ol

og
ou

s 
bo

ne
 m

ar
ro

w
 m

on
on

uc
le

ar
 c

el
l, 

AC
E 

an
gi

ot
en

si
n-

co
nv

er
tin

g 
en

zy
m

e,
 A

M
IO

 a
m

io
da

ro
ne

, A
RB

 a
ng

io
te

ns
in

 II
 re

ce
pt

or
 b

lo
ck

er
s, 

BB
 b

et
a-

bl
oc

ke
r, 

BI
D

 tw
ic

e 
a 

da
y,

 B
iV

 
bi

ve
nt

ric
ul

ar
, B

M
AC

 b
on

e 
m

ar
ro

w
 a

sp
ira

te
 s

te
m

 c
el

l c
on

ce
nt

ra
te

, B
M

C
 b

on
e 

m
ar

ro
w

 c
el

ls
, B

M
M

C
 b

on
e 

m
ar

ro
w

–d
er

iv
ed

 m
as

t c
el

l, 
BM

SC
 b

on
e 

m
ar

ro
w

 s
tro

m
al

 c
el

ls
, C

A 
ca

th
et

er
 a

bl
at

io
n,

 
CA

BG
 c

or
on

ar
y 

ar
te

ry
 b

yp
as

s 
gr

af
t, 

C
FA

E 
co

m
pl

ex
 fr

ac
tio

na
te

d 
at

ria
l e

le
ct

ro
gr

am
, C

PC
 c

irc
ul

at
in

g 
bl

oo
d,

 C
PE

T 
ca

rd
io

pu
lm

on
ar

y 
ex

er
ci

se
 te

st,
 C

R 
ca

rd
ia

c 
re

ha
bi

lit
at

io
n,

 C
RT

  c
ar

di
ac

 re
sy

n-
ch

ro
ni

za
tio

n 
th

er
ap

y,
 C

RT
  c

ar
di

ac
 r

es
yn

ch
ro

ni
za

tio
n 

th
er

ap
y,

 C
RT

-D
 c

ar
di

ac
 r

es
yn

ch
ro

ni
za

tio
n 

th
er

ap
y 

de
fib

ril
la

to
r, 

C
SC

 c
ar

di
ac

 s
te

m
 c

el
ls

, E
T 

ex
er

ci
se

 tr
ai

ni
ng

, G
-C

SF
 g

ra
nu

lo
cy

te
-c

ol
on

y 
sti

m
ul

at
in

g 
fa

ct
or

, H
II

T 
hi

gh
-in

te
ns

ity
 in

te
rv

al
 tr

ai
ni

ng
, I

C
D

 im
pl

an
ta

bl
e 

ca
rd

io
ve

rte
r 

de
fib

ril
la

to
r, 

IN
R 

in
te

rn
at

io
na

l n
or

m
al

iz
ed

 r
at

io
, L

AP
W

I 
le

ft 
at

ria
l p

os
te

rio
r 

w
al

l i
so

la
tio

n,
 L

VE
F 

le
ft 

ve
nt

ric
ul

ar
 e

je
ct

io
n 

fr
ac

tio
n,

 M
C

T 
m

od
er

at
e-

in
te

ns
ity

 c
on

tin
uo

us
 tr

ai
ni

ng
, M

D
C

 m
ul

tid
is

ci
pl

in
ar

y 
cl

in
ic

s, 
M

RA
 m

in
er

al
oc

or
tic

oi
d 

re
ce

pt
or

 a
nt

ag
on

ist
s, 

PV
I p

ul
m

on
ar

y 
ve

in
 is

ol
at

io
n,

 R
VP

 ri
gh

t 
ve

nt
ric

ul
ar

 p
ac

in
g,

 S
TS

 st
ru

ct
ur

ed
 te

le
ph

on
e 

su
pp

or
t, 

SV
C

I s
ys

te
m

ic
 v

as
cu

la
r c

on
du

ct
an

ce
 in

de
x,

 T
M

 te
le

m
on

ito
rin

g,
 V

VI
R 

ve
nt

ric
ul

ar
 ra

te
 m

od
ul

at
ed

 p
ac

in
g



1726 Heart Failure Reviews (2022) 27:1683–1748

1 3

Table 5  AMSTAR 2 scores

a Registered protocol before commencement of the review
b Risk of bias from individual studies being included in the review
c Appropriateness of meta-analytical method
d Consideration of risk of bias when interpreting the results of the review
e Assessment of presence and likely impact of publication bias

Critical domains Non-critical 
domains

Judgment

Item  2a Item  9b Item  11c Item  13d Item  14e

Adamson et al. [266] ●●● ● ●●● ● ●●● ●● Critically low
Agasthi et al. [267] ●●● ●●● ●●● ●●● ●●● ●● High
Al-Majed et al. [268] ●●● ●●● ●●● ● ●●● ●● Low
Alotaibi et al. [269] ●●● ●●● ●●● ●●● ●●● ●● High
AlTurki et al. [270] ●●● ●●● ●●● ●●● ●●● ●● High
Benito-González et al. [271] ●●● ●●● ●●● ●●● ●●● ●● High
Bertaina et al. [272] ●●● ●●● ●●● ●●● ● ●● Low
Bjarnason-Wehrens et al. [273] ●●● ●●● ●●● ●●● ●●● ●● High
Bonsu et al. [274] ●●● ●●● ●●● ●●● ●●● ●● High
Carbo et al. [275] ●●● ●●● ●●● ●●● ●●● ●● High
De Vecchis et al. [276] ●●● ●●● ●●● ● ●●● ●● Low
Driscoll et al. [277] ●●● ●●● ●●● ●●● ●●● ●● High
Emdin et al. [278] ●●● ●●● ●●● ●●● ● ●● Low
Fisher et al. [279] ●●● ●●● ●●● ●●● ●●● ●● High
Fisher et al. [280] ●●● ●●● ●●● ●●● ●●● ●● High
Gandhi et al. [281] ●●● ●●● ●●● ●●● ●●● ●● High
Halawa et al. [282] ●●● ●●● ●●● ●●● ●●● ●● High
Hartmann et al. [283] ●●● ●●● ● ● ●●● ●● Critically low
Hu et al. [284] ●●● ●●● ●●● ●●● ● ●● Low
Inglis et al. [285] ●●● ●●● ●●● ● ● ●● Critically low
Inglis et al. [286] ●●● ●●● ●●● ●●● ●●● ●● High
Japp et al. [287] ●● ● ●●● ● ● ●● Critically low
Jonkman et al. [288] ●●● ●●● ●●● ● ● ●● Critically low
Kang et al. [289] ● ● ●●● ● ● ●● Critically low
Klersy et al. [290] ● ●●● ●●● ● ●●● ●● Critically low
Komajda et al. [291] ●●● ●●● ●●● ●●● ● ●● Low
Le et al. [292] ●●● ● ●●● ● ● ●● Critically low
Ma et al. [293] ●●● ●●● ●●● ● ●●● ●● Low
Malik et al. [294] ●●● ●●● ●●● ●●● ●●● ●● High
Moshonas et al. [295] ●●● ●●● ●●● ●●● ●●● ●● High
Pandor et al. [296] ●●● ●●● ●●● ●●● ● ●● Low
Shah et al. [297] ●●● ● ●●● ● ● ●● Critically low
Sulaica et al. [298] ●● ●●● ●●● ●●● ●●● ●● Moderate
Taylor et al. [299] ●●● ●●● ●●● ●●● ●●● ●● High
Thomas et al. [300] ●●● ●●● ●●● ●●● ● ●● Low
Thomsen et al. [301] ●●● ● ●●● ● ●●● ●● Critically low
Tse et al. [302] ●●● ●●● ●●● ●●● ●●● ●● High
Tu et al. [303] ●●● ●●● ●●● ●●● ● ●● Low
Turagam et al. [304] ●●● ●●● ●●● ●●● ● ●● Low
Uminski et al. [305] ●●● ●●● ●●● ●●● ● ●● Low
Xiang et al. [306] ●●● ● ●●● ● ●●● ●● Critically low
Zhang et al. [307] ●●● ●●● ●●● ● ●●● ●● Low
Zhang et al. [308] ●●● ●●● ●●● ●●● ● ●● Low
Zhou and Chen [309] ●●● ●●● ●●● ●●● ● ●● Low
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Table 6  Effectiveness of interventions

Author, year Category Sig Conclusion Statistics

Adamson et al. [266] Care pathways √ Haemodynamic-guided HF management is superior in  
reducing long-term HF-hospitalization risk

HR: 0.63 (0.54–0.73)

Alotaibi et al. [269] Care pathways √ A significant reduction in HF-hospitalizations in patients 
undergoing catheter ablation

RR: 0.56 (0.44–0.71)

Carbo et al. [275] Care pathways √ We found reduction trends in HF-related admissions due to 
m-Health

SMD: − 0.43 (–0.83|–0.02)

Driscoll et al. [277] Care pathways √ Nuse-led titration may result in a significant reduction in 
hospital admissions

RR: 0.51 (0.36–0.72)

Gandhi et al. [281] Care pathways  × Multidisciplinary heart failure clinics failed to show a  
reduction in HF hospitalization

OR: 0.68

Halawa et al. [282] Care pathways  × Usage of intra-cardiac devices is not linked to improving 
rates of HF admission

OR: 1.25 (0.92–1.69)

Inglis et al. [285] Care pathways √ Both STS and TM reduced HF-related hospitalizations RR: 0.77 (0.68–0.87)c

RR: 0.79 (0.67–0.94)d

Inglis et al. [286] Care pathways √ STS and TM improve outcomes for patients with CHF RR: 0.77 (0.68–0.87)c

RR: 0.79 (0.67– 0.94)d

Jonkman et al. [288] Care pathways  × No specific program characteristics were consistently  
associated with better effects of self-management  
interventions

RR: 0.96 (0.92–0.995)

Klersy et al. [290] Care pathways √ TM was associated with a significantly lower number of 
hospitalizations for HF

IRR: 0.77 (0.65–0.91)

Pandor et al. [296] Care pathways  × There were no major effects on HF-related hospitalization  
for STS HM (HR: 1.03, 95% CrI: 0.66, 1.54) or TM with  
medical support during office hours

HR: 1.03, (0.66, 1.54)c

HR: 0.95, (0.70, 1.34)d

Thomas et al. [300] Care pathways √ Specialist clinics for patients with HF can reduce the risk of 
unplanned admissions

RR: 0.51 (0.41–0.63)

Tse et al. [302] Care pathways √ Hospitalization rates can be reduced by remote patient  
monitoring using either TM or hemodynamic monitoring

HR: 0.73 (0.65–0.83)d

HR: 0.60 (0.53–0.69)m

Uminski et al. [305] Care pathways √ A post-discharge virtual ward can provide added benefits to 
usual care to reduce HF-related hospital admissions

RR: 0.61 (0.49–0.76)

Xiang et al. [306] Care pathways √ Telehealth had a significant overall effect on CHF  
hospitalization

RR: 0.72 (0.61–0.85)

Bjarnason-Weherens et al. [273] CR √ Exercise-based intervention reduces the level of  
hospitalizations due to HF

RR: 0.59 (0.12–2.91)

Taylor et al. [299] CR √ ExCR did reduce HF-specific hospitalization RR: 0.59 (0.42–0.84)
Agasthi et al. [267] Invasive therapy √ CA was associated with significantly lower rate of  

HF-readmission
RR: 0.58 (0.46–0.81)

Al-Majed et al. [268] Invasive therapy √ CRT  reduces HF-hospitalization in patients RR: 0.69 (0.58–0.82)
AlTurki et al. [270] Invasive therapy √ RM showed benefit in reducing HF-related hospitalization 

when compared to standard of care
RR: 0.95 (0.78–1.16)

Benito-González et al. [271] Invasive therapy √ TMVR with MitraClip® system was related to a significant 
reduction in hospitalizations for HF

HR: 0.65 (0.46–0.92)

Bertaina et al. [272] Invasive therapy √ MitraClip for FMR in patients with LV dysfunction  
is associated with a considerable reduction of  
HF-hospitalization

OR: 0.49 (0.24–1.00)

Fisher et al. [279] Invasive therapy √ Cell treatment is associated with a significant reduction of 
rehospitalization caused by worsening HF

RR: 0.39 (0.22–0.70)

Fisher et al. [280] Invasive therapy  × Cell therapy does not appear to reduce the risk of  
rehospitalization for HF

RR: 0.62 (0.36–1.04)

Ma et al. [293] Invasive therapy √ CA reduced risks of HF readmission RR: 0.58 (0.46–0.66)
Malik and Aronow [294] Invasive therapy √ CA was effective in reducing hospitalization for HF OR: 0.41 (0.28–0.59)
Moschonas et al. [295] Invasive therapy √ In patients randomized to AFA, there were significant 

improvements in unplanned hospitalization rates
RR: 0.58 (0.46–0.73)

Tu et al. [303] Invasive therapy √ CRT  had a marked effect in reducing new hospitalizations for 
worsening HF

RR: 0.69 (0.60–0.79)
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HF heart failure, CA catheter ablation, CR cardiac rehabilitation, CRT  cardiac resynchronization therapy, STS structured telephone support, UF 
ultrafiltration, TMZ Trimetazidine, TM telemonitoring
a  Lipostatin
b  Rosuvastatin
c  Structured telephone support
d  Telemonitoring
e  ACE
f  ARB
g  ARA 
h  Beta-blocker
i  Digoxin
j  Ivabradine
k  CRT 
l  ICD
m  Hemodynamic monitoring

Table 6  (continued)

Author, year Category Sig Conclusion Statistics

Turagam et al. [304] Invasive therapy √ CA was associated with reductions in HF hospitalizations RR: 0.60 (0.39–0.93)
Bonsu et al. [274] Medication √ Superiority of lipophilic statin treatment in decreasing  

hospitalization for worsening HF
OR:0. 49 (0.36–0.67)a

OR: 0.94 (0. 86–1.03)b

De Vecchis and Ariano [276] Medication √ ARA  use in patients with heart failure was associated with a 
significant reduction in hospitalization

OR: 0.73 (0.61–0.89)

Emdin et al. [278] Medication √ RAAS inhibition overall reduces the risk for hospitalization 
for HF

RR: 0.80, (0.77–0.83)

Gandhi et al. [313] Medication √ In patients with acute advanced CHF concomitant hypertonic 
saline administration decreased HF-rehospitalization

RR: 0.50 (0.33–0.76)

Hartmann et al. [283] Medication  × Ivabradine showed no significant effect for hospitalization 
due to HF

RR: 0.87 (0.68–1.12)

lTurki al. [284] Medication √ The use of AldoAs may exert beneficial effects in reducing 
re-hospitalization for cardiac causes

RR: 0.62 (0.52–0.74)

Japp et al. [287] Medication √ MRAs did improve hospitalizations HR: 0.62 (0.47–0.82)
Kang et al. [289] Medication √ There was a trend towards reduced HF hospitalization risk 

with RAS inhibitors
RR: 0.91 (0.83–1.01)

Komajda et al. [291] Medication √ Disease-modifying medications resulted in the progressive 
improvement in hospitalization outcomes

HR: 0.25 (0.07–0.99)

Le et al. [292] Medication √ Significant relative risk reduction of CV hospitalization was 
observed in those assigned to AAs

RR: 0.79 (0.68–0.91)

Shah et al. [297] Medication  × Pooled analysis of these trials suggests no consistent benefit 
of RAS inhibition with regard to HF hospitalization

OR: 0.90 (0.80–1.02)

Sulaica et al. [298] Medication  × No difference was noted between the anticoagulation and 
placebo group in regard to hospitalization for HF

OR: 0.97 (0.80–1.18)

Thomsen et al. [301] Medication √ Drugs targeting the renin–angiotensin–aldosterone system, 
beta-blockers, digoxin, and CRT  significantly reduced the 
risk of HF hospitalization

RR: 0.71 (0.65–0.78)e

RR: 0.63 (0.44–0.91)f

RR: 0.76 (0.64–0.90)g

RR: 0.78 (0.73–0.82)h

RR: 0.40 (0.20–0.78)i

RR: 0.87 (0.68–1.11)j

RR: 0.64 (0.57–0.71)k

RR 1.34 (1.04–1.73)l

Zhang et al. [307] Medication √ The beneficial effects of TMZ have been demonstrated by the 
decrease of hospitalization

RR: 0.43 (0.21–0.91)

Zhang et al. [308] Medication  × Our meta-analysis suggests that liraglutide treatment has no 
important influence on hospitalization for HF

RR: 1.18 (0.88–1.58)

Zhou and Chen [309] Medication √ TMZ treatment in CHF patients may reduce hospitalization 
for cardiac causes

RR: 0.43 (0.21–0.91)
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the different interventions that aim to reduce HF-related (re)
hospitalization.

Even though previous studies did examine the effective-
ness of interventions in treatment for heart failure in general, 

this umbrella review highlights different levels of evidence 
regarding the effectiveness of several interventions in reduc-
ing HF-related hospitalization. All different categories of 
interventions (i.e., cardiac rehabilitation, invasive treatment, 
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Fig. 2  Effects of different interventions on HF-related hospitalization 
in meta-analyzed and single-study results. ACE, angiotensin-converting 
enzyme inhibitors; ARB, angiotensin II receptor blockers; MRA, min-

eralocorticoid receptor antagonists; CR, cardiac rehabilitation; CRT, 
cardiac resynchronization therapy; CA, catheter ablation; TM, telem-
onitoring; STS, structured telephone support

Fig. 3  Forest plot of RR for HF-related hospitalization between cardiac rehabilitation and control. Random effects model
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medication, and care pathways) entail interventions that 
prove able to statistically significantly reduce HF-related 
hospitalizations. Strong or at least moderate evidence was 
found for the beneficial effects of CA, CRT, ACE inhibitors, 
MRAs, ARBs, CR, TM, and STS. Limited evidence was 
found for the ability of beta-blockers,, statins, mitral valve 
repair, and multidisciplinary clinics or self-management pro-
motion programs to reduce hospitalization rates. Conflicting 
or no evidence was found for the effects of anticoagulation 
and stem cell therapy.

The findings of this umbrella review were generally 
supported by the American Heart Association and Euro-
pean Society of Cardiology heart failure guidelines [46, 
64]. Yet, evidence for effectiveness was still lacking for 

several interventions in these guidelines. A couple of 
interventions proposed in the guidelines had low levels 
of evidence, as they were only supported by a single ran-
domized clinical trial. Although these guidelines do not 
solely focus on the prevention of (re)hospitalization, this 
umbrella review now provides additional evidence for the 
effectiveness of ARBs (e.g., Valsartan) and telemonitoring 
as effective in the prevention of (re)hospitalization in heart 
failure. Therefore, the results of this review may be used in 
addition in clinical practice, as well as by policymakers, as 
a guideline in deciding what treatment option might help 
prevent hospitalization in at risk heart failure patients.

Effectiveness of reported interventions was meas-
ured in terms of a reduced risk for heart failure related 

a

b

Fig. 4  (A–D) Forest plots of RR for HF-related hospitalization between (A) catheter ablation, (B) cardiac resynchronization therapy, (C) mitral 
valve therapy, and (D) stem cell therapy, and control. Fixed effects model
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hospitalizations. However, it would be naïve to suggest 
that this equals the clinical, genuine effect of treatment. 
Non-effectiveness of treatment could also be related to 
non-adherence or non-acceptance of the intervention by 
the patient, since it is estimated that non-adherence ranges 
between 30 and 50% in patients with chronic illnesses 
[65]. And non-adherence not only holds for medication, 
yet also for cardiac rehabilitation [66, 67] and telemoni-
toring [68, 69]. It has been shown that worsening of HF 
is often related to non-adherence of patients [70] and is in 
fact associated with 10% of hospitalizations [65, 71] and 
a 10% increased risk of readmission [72]. The other way 
around, reductions in non-adherence are found to result in 
less hospital admissions [73].

Differences in non-adherence to different forms of inter-
ventions were also found. For example, patients are found 
to be more adherent to ACE-inhibitors (77.8%) as compared 
to beta-blockers (69.8%) [74]. These differences could be 
explained by cognitions of patients regarding the efficacy of 
the intervention and the usability of the intervention [75]. 
Moreover, low health literacy or simply a lack of knowledge 
about the syndrome could also contribute to non-adherence 

[76–78]. In clinical practice, one should therefore educate 
patients about the importance of disease management with 
medication, invasive therapy, cardiac rehabilitation, and care 
pathways [65, 79].

Moreover, when implementing interventions in practice, 
one should not only focus on effectiveness, yet also incorpo-
rate, for example, the costs of the intervention. Especially, 
since HF is the most costly condition in western countries, 
with at least twice the costs of the estimated consumption of 
healthcare in the general population in a year [32, 33, 80], 
mainly due to HF-related hospitalization [28, 29]. Research 
has shown that, in terms of cost-effectiveness, medication 
treatment with beta-blockers, ARBs, or ACE inhibitors 
could be preferred over more cost expensive therapies as 
device therapy with CRT [81, 82]. More specifically, with 
regard to specific forms of medication, ivabradine seems a 
cost-effective treatment option, while this does not hold for 
valsartan [82]. In addition, general HF treatment combined 
with telemonitoring has been found to be between 27 and 
52% more cost-efficient than usual care alone [83, 84]. Fur-
thermore, telemonitoring seems not only cost-efficient; but 
nowadays, with the pandemic consequences of COVID-19 

c

d

Fig. 4  (continued)
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it seems more desired than ever [85]. The pandemic served 
as a catalyst, as both healthcare professionals as patients 
wanted optimal care in a time of reduced ambulatory out-
patient clinics, with being compliant to social distancing 
[84]. Our review shows, in addition, that, even though the 
terms are interchangeably used to both describe some form 
of “remote care,” telemonitoring and structured telephone 
support have different levels of effectiveness with regard to 
prevention of heart failure related (re)hospitalizations, which 
should be accounted for in clinical practice.

In this umbrella review, we only aimed to provide an 
overview of effective treatment options for prevention 
of heart failure (re)hospitalization. Consequently, no 

conclusions could be drawn regarding the hierarchy of 
effectiveness based upon this review. In future research, it 
should be examined what factors contribute to effectiveness 
of interventions, as our study only showed that particular 
interventions could reduce heart failure hospitalizations, 
but not why per se. Research should focus on the effective 
mechanisms of care pathway programs, for example, or on 
determinants of successful implementations of interven-
tions for heart failure.

The aim of our review was to assess interventions 
which are currently used in clinical practice and examined 
in large populations. Our results are based upon meta-
analyses performed within the past 10 years. Yet, most 

a

b

c

Fig. 5  (A–F) Forest plots of RR for HF-related hospitalization between (A) angiotensin-converting enzyme inhibitors, (B) angiotensin II recep-
tor blockers, (C) mineralocorticoid receptor antagonists, (D) beta-blockers, (E) statins, and (F) anticoagulation, and control. Fixed effects model
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recent innovative treatment options are probably under-
represented. For example, no study examined the effects of 
SGLT-II inhibitors, while the European Society of Cardi-
ology stated that SGLT-II inhibitors could be preferred in 
heart failure patients [86]. Future studies should examine 
whether the use of SGLT-II inhibitors could show effec-
tive in reducing hospitalization. Moreover, as the aim of 
our review was to assess interventions which are currently 

used in clinical practice and examined in large popula-
tions, we expected to find multiple meta-analyses examin-
ing the same interventions. A large amount of overlap in 
RCTs in included meta-analyses was found. This stresses 
the importance of registration of protocols and knowing 
whether the intended research subject has a significantly 
different research objective than existing, or outdated 
reviews [62].

d

e

f

Fig. 5  (continued)
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To conclude, this umbrella review highlights different 
levels of evidence regarding the effectiveness of several 
interventions in reducing HF-related hospitalization in 
HFrEF patients. It provides an overview of all, known, 
meta-analyses conducted in the past 10 years that examined 
interventions to prevent heart failure related hospitaliza-
tions. All different categories of interventions entail inter-
ventions that prove able to statistically significantly reduce 

HF-related hospitalizations. Most evidence was found for 
the beneficial effects of angiotensin-converting enzyme 
inhibitors (ACE), mineralocorticoid receptor antagonists 
(MRAs), angiotensin II receptor blockers (ARBs), car-
diac rehabilitation, and telemonitoring. The results of this 
review may be used in clinical practice, as well as by poli-
cymakers, to guide treatment for heart failure patients at 
risk of hospitalization.

a

c

b

Fig. 6  (A–C) Forest plot of RR for HF-related hospitalization between (A) multidisciplinary clinics or self-management promotion programs, 
(B) structured telephone support, and (C) telemonitoring, and control. Fixed effects model
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a1

b2

b4

b1

b3

c1

Fig. 7  (A–D) Funnel plots of the effects of (A) cardiac rehabilitation, (B) telemonitoring, (C) medication, and (D) invasive therapy
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c2

c4

c6

c3

c5

d1

Fig. 7  (continued)
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