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Aims Despite strong evidence, access to exercise-based cardiac rehabilitation (ExCR) remains low across global healthcare
systems. We provide a contemporary update of the Cochrane review randomized trial evidence for ExCR for adults
with heart failure (HF) and compare different delivery modes: centre-based, home-based (including digital support),
and both (hybrid).

Methods Databases, bibliographies of previous systematic reviews and included trials, and trials registers were searched with

and results no language restrictions. Randomized controlled trials, recruiting adults with HF, assigned to either ExCR or a
no-exercise control group, with follow-up of >6 months were included. Two review authors independently screened
titles for inclusion, extracted trial and patient characteristics, outcome data, and assessed risk of bias. Outcomes of
mortality, hospitalization, and health-related quality of life (HRQoL) were pooled across trials using meta-analysis at
short-term (<12 months) and long-term follow-up (>12 months) and stratified by delivery mode. Sixty trials (8728
participants) were included. In the short term, compared to control, EXCR did not impact all-cause mortality (relative
risk [RR] 0.93; 95% confidence interval [CI] 0.71—-1.21), reduced all-cause hospitalization (RR 0.69; 95% CI 0.56—0.86,
number needed to treat: 13, 95% Cl 9-22), and was associated with a clinically important improvement in HRQoL
measured by the Minnesota Living with Heart Failure Questionnaire (MLWHF) overall score (mean difference: —7.39;
95% Cl —10.30 to —4.47). Improvements in outcomes with ExCR was seen across centre, home (including digitally
supported), and hybrid settings. A similar pattern of results was seen in the long term (mortality: RR 0.87, 95% CI
0.72—1.04; all-cause hospitalization: RR 0.84, 95% CI 0.70—1.01, MLWHF: —9.59, 95% CI —17.48 to —1.50).

Conclusions To improve global suboptimal levels of uptake for HF patients, global healthcare systems need to routinely recommend
ExCR and offer a choice of mode of delivery, dependent on an individual patient’s level of risk and complexity.
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Graphical Abstract

No. studies | ExCR Control

All-cause mortality

Relative Risk (RR)* [95% confidence interval]

Interaction Test between

Centre 11 15/285 171275
Home 10 1301761 [36/752
Hybrid 14 55912 | 59/879
Overall 35 100/1958 | 112/1906

All-cause hospitalisation _ No. studies | EXCR
5

Centre 19/123 21/123
Home 8 77/442 100/430
Hybrid 1 86/583 149/582
Overall 24 182/1148 | 270/1135

MLWHF overall score
Centre

Home 11
Hybrid 7
Overall 22

———— 0.95 (0.48, 1.87)

| Control | Relative Risk (RR)* [9:
————0.83(0.37, 1.86)

| Control | Mean difference (MD)** [95% confidence interval] | P-value***

delivery modes P-value ***

0.86 (0.54, 1.39)
0.96 (0.67, 1.38) 0.94
0.93 (0.71, 1.21)

| P-value***

o confidence interval|

0.78 (0.59, 1.03)
0.63 (0.46, 0.36) 055
0.69 (0.56, 0.36)

-10.80 (-14.90, -6.70)
-6.90 (-11.30, -2.60)
-6.40 (-11.80, -0.90) 031
-7.40 (-10.30, -4.50)

This 2023 Cochrane review of 60 randomized trials in 8728 heart failure patients, confirms the benefits of participation in exercise-based cardiac
rehabilitation (ExCR), including reduced risk of hospitalization and a clinically meaningful improvement in health-related quality of life. Leveraging
on the development of alternative modes of rehabilitation delivery with the COVID-19 pandemic, we provide a contemporary evidence base to
demonstrate patient outcome benefits of EXCR programmes whether delivered in home and digitally supported or centre-based (or hybrid) settings.
MLWHE, Minnesota Living with Heart Failure Questionnaire. *Relative risk <1.0 indicates reduced risk of event in favour of ExCR. **Mean difference
of <0.0 indicates improvement in MLWHF total score in favour of EXCR. ***Interaction p > 0.05 indicates no significant difference in ExCR effect

across centre, home, and hybrid mode of delivery trials.

Keywords Heart failure ® Cardiac rehabilitation e
Health-related quality of life
Introduction

Heart failure (HF) is a leading cause of mortality and morbidity
globally.” Supported by class | evidence from meta-analyses of
randomized trials,>? exercise training is recognized as a key
component of comprehensive HF management and a Grade A
recommendation in international guidelines.**

Despite robust evidence and strong recommendation, the
uptake remains low with less than 20% of patients with HF
across United States and Europe receiving exercise-based car-
diac rehabilitation (ExCR).®~® Whilst the reasons for poor access
are complex and include system-, clinician-, and patient-level
barriers, a key factor is setting of ExCR delivery.” Traditionally
delivered in a supervised centre-based setting, access to ExCR
has been further challenged during and following the COVID-19
pandemic.’® As a result, there have been calls for healthcare sys-
tems to move to alternative ExCR delivery models that include
home-based programmes that can be digitally supported, and
hybrid programmes combining elements of both centre and home
participation. Whilst such alternative delivery models have the
advantages of overcoming inconvenience of travel, a dislike of
group-based activities, and facilitating flexibility around work/life
commitments, questions remain about the efficacy and safety of
remotely delivered ExCR."

This 2023 Cochrane systematic review and meta-analysis pro-
vides a timely update of the randomized trial evidence for effects
of ExCR on mortality, hospitalization, and health-related quality of
life (HRQolL) of adults with HF and the impact of ExCR across

Exercise training o

Mortality e Hospitalization e

different modes of ExCR delivery (centre, home [including digitally
supported], and hybrid).

Methods

This meta-analysis was conducted and reported in accordance with the
preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 statement'? and the Cochrane Handbook for Inter-

ventional Reviews."3

Search strategy

Databases searched included CENTRAL, MEDLINE, Embase, CINAHL,
PsycINFO, and Web of Science. Searches ran from 29 January 2018
(the end date of the previous 2019 version of this Cochrane review)
to 13 December 2021. Also searched were the bibliographies of both
identified systematic reviews and included trials, and trial registers (i.e.
ClinicalTrials.gov and World Health Organization International Clinical
Trials Registry). There were no language restrictions (search strategies
listed in online Appendix S7).

Eligibility criteria

Trials were eligible for inclusion if they: (i) employed a random-
ized trial design with >6-month follow-up; (ii) included participants
>18years old with HF; (iii) employed ExCR; and (iv) included a
control group not receiving a formal exercise programme. Trials
were excluded if the participants had previously received exercise
training.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Data extraction and risk of bias
assessment

Data extracted from trials included: trial methods (design, setting, num-
ber of sites), participant characteristics (total number randomized, sex,
age, diagnosis), interventions (duration, type of exercise, frequency,
duration, intensity, modality, setting), control treatments, outcome
data, funding sources and conflicts of interest. Outcomes included:
all-cause mortality, all-cause hospitalization, HF-specific hospitalization
and HRQoL. Risk of bias was determined using Cochrane Risk of
Bias | tool'* based on the following factors: random sequence genera-
tion, allocation concealment, blinding of outcome assessment, selective
reporting, intention-to-treat analysis, incomplete outcome data, groups
balanced at baseline, and groups receiving the same intervention. Trials
were defined to be at an overall low risk of bias if they demonstrated
low risk of bias for both random sequence generation and allocation
concealment.

Two review authors (CDM and IRM) independently screened refer-
ences, confirmed trial eligibility, and completed data extraction. Dis-
agreements were resolved by a third review author (RST).

Statistical analysis and evidence grading

Outcome data were pooled across included trials at two time points:
‘short-term’ (<12 months) and ‘long-term’ (>12 months) follow-up.
Heterogeneity was assessed qualitatively by comparing trial char-
acteristics and quantitatively by use of 1> statistic and y? test of
heterogeneity. Given the heterogeneity in HF populations, ExCR inter-
ventions, and control groups, a random-effects model was used to pool
outcome results across trials. Dichotomous outcomes are expressed
as relative risk (RR) with 95% confidence intervals (Cl). For those
event outcomes that achieved statistically significant risk reductions,
we also report the number needed to treat (NNT) for an addi-
tional beneficial outcome and 95% CI. HRQoL was expressed as
mean difference (MD) and standardized mean difference (SMD) for
Minnesota Living with Heart Failure Questionnaire (MLWHF) total
score and all HRQolL scales, respectively. Due to variety of meth-
ods of reporting HRQoL findings, a vote-counting approach was also
used, where results were categorized as ‘positive’ (ExCR better than
control, p <0.05), ‘negative’ (control better than ExCR, p <0.05), or
‘neutral’ (ExCR and control difference, p > 0.05)."> Small study bias
was investigated using funnel plots and Egger’s test.’® In addition to an
overall pooled analysis, meta-analyses were stratified by ExCR inter-
vention setting, that is, centre, home (including digitally supported),
and hybrid, and a y? test was used to investigate potential sub-
group differences. Meta-regression was used to examine the follow-
ing pre-specified potential trial level treatment effect modifiers: type
of rehabilitation (exercise only or comprehensive), type of exercise
(aerobic only or aerobic and resistance), exercise dose (i.e. duration
[weeks] X frequency [sessions per week] X length of session [h]), num-
ber of centres (single or multicentre), risk of bias (i.e. low risk for both
random sequence generation and allocation concealment), geographi-
cal location (North America vs. Europe vs. other), follow-up (months),
and sample size. Statistical analyses were performed in RevMan Web
and STATA v17.0."7 Two-sided p <0.05 were considered statistically
significant.

Grading of Recommendations Assessment, Development and
Evaluation (GRADE) was used to assess the certainty of evidence for
each outcome at short-term follow-up. GRADE assessment includes
consideration of trial limitations, consistency of effect, imprecision,
indirectness, and publication bias. Two reviewers (CDM and LL)

independently used the GRADE criteria for each short-term follow-up
outcome. Any discrepancies were resolved by a third reviewer (RST).

Results

Study selection

Database searches for this update yielded a total of 4587 titles,
of which 138 full-text publications were assessed for eligibility.
An additional report was sourced by bibliographic searching of
included studies. Sixteen new randomized controlled trials (8728
participants) were identified, resulting in a total of 60 trials (104
publications). As six trials were multi-arm, there were 66 ExCR
versus control comparisons. The search and selection process are
summarized in Figure 1.

Trial and patient characteristics

Included trials randomized a total of 8728 patients, predomi-
nantly with HF with reduced ejection fraction (HFrEF) and New
York Heart Association (NYHA) classes Il and Ill (Table 7). Nine
trials included an (undefined) proportion of people with HF
with preserved ejection fraction (HFpEF)."®-25 Most trials were
small and single centre, with two large trials (HF-ACTION and
TELEREH-HF) contributing approximately 40% of all included par-
ticipants.>2® Most trials reported only in the short-term; nine
trials reporting follow-up >12 months.'826-33 Median follow-up
was 6 months. Participants mean age across trials ranged from
51 to 81years. Although trials predominantly recruited males,
most recent trials recruited a higher proportion of females.
Ethnicity was not reported consistently. Fifteen trials were con-
ducted exclusively at home (some including digital support), the
remainder with centre-based (22 trials), or hybrid (23 trials).
A comprehensive rehabilitation intervention was reported in 18

tria|5,18'21 —-23,25,27,31,34-41

including an educational or psychological
component alongside exercise training programme. As shown in
Table 1, exercise prescription focused on aerobic training and

ranged widely between trials.

Risk of bias assessment

The risk of bias criteria was judged to be either low, unclear,
or high (Figure 2). Trials frequently failed to report methods
of sequence generation, allocation concealment, and outcome
blinding. Two (3%) trials**** had a high risk of bias for random
sequence generation. One (2%) trial* had a high risk of bias for
allocation concealment. Twelve (20%) trials?22326.28.34363840.45-48
were defined to be at overall low risk of bias.

Outcome findings

Outcomes results are summarized in Table 2.

Mortality

There was no difference between ExCR and control in the risk
of mortality in the short-term (RR 0.93; 95% CI 0.71-1.21;

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Previous studies Identification of new studies via databases and registers

Identification of new studies via other methods

= Studies included in previous version of Records removed before screening: e
2 review (n = 44) Records identified from: Duplicate records (n = 1,790) Websies (12 0)
g Reports of studies included in previous Databases (n = 4,587) Records marked as ineligible by automation Organisations (1 0)
2 version of review Registers (n = 0) tools (n = 0) cn.arx%n D)
g (n=75) Records removed for other reasons (n = 0) Bla=
Records screened Records excluded
(n=2,797) (n=2,660)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
o - _ —
g (n=137) (n=0) = (n=0)
€
H
8
5
8
Reports excluded:
Insufficient follow-up (n = 41)
Review (n = 29)
Wrong comparator (n = 21)
Reports assessed for eligibilty Wrong intervention (n = 5) Reports assessed for eligibilty Reports excluded:
—
(n =137) Wrong patient population (n = 4) =1) 0(n=0)
Author not contactable (n = 3)
Ongoing RCT (n = 3)
No response from author (1 = 2)
Report included previously (1 = 1)
New studies included in review
Reports of new included studies
(n=29)

o
3
g
3 i
3
&

Total studies included in review

—

(n=60)
Reports of total included studies
(n=104)

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of study selection process. RCT,

randomized controlled trial.

GRADE: low certainty) (Figure 3A). Similar results were seen in
the long-term (RR 0.87; 95% CIl 0.72—1.04; online supplementary
Appendix 2A). There was no difference in ExCR effect across
delivery settings (subgroup p-value for short- and long-term: 0.94
and 0.18, respectively). Trials did not report information on cause
of death, such HF-related.

Hospitalization

Exercise-based cardiac rehabilitation reduced the risk of all-cause
hospitalization in the short-term (RR 0.69; 95% CI 0.56-0.86;
GRADE: moderate certainty, with an NNT of 13 [95% CI 9-22])
(Figure 3B); long-term (RR 0.84; 95% CI 0.70—1.01; online sup-
plementary Appendix 2B). There was no difference in ExCR
effect across delivery settings (subgroup p-value for short- and
long-term: 0.55 and 0.51, respectively). There was no significant
difference between ExCR and control for HF-related hospital-
ization in either the short-term (RR 0.80; 95% Cl 0.60—1.06;
moderate certainty) (Figure 3C) or the long-term (RR 0.90; 95% ClI
0.73-1.10) (online supplementary Appendix 2C). There was some
evidence a larger reduction with centre compared to home in the
long-term (subgroup p-value for short- and long-term: 0.286 and
0.007, respectively).

Health-related quality of life

Exercise-based cardiac rehabilitation participation resulted in
improved HRQoL measured by MLWHF total score, and all

HRQoL scales in the short-term (MD: —7.39; 95% Cl —10.30
to —4.47; GRADE: moderate certainty; Figure 3D; and SMD:
—0.53; 95% ClI —0.71 to —0.35; GRADE very low certainty;
Figure 3E). There was no difference in EXCR effect across delivery
settings (subgroup p-value for HRQoL by MLWHF total score
and all HRQolL scales: 0.31 and 0.96, respectively). ExCR also
improved MLWHEF total score in the long-term (MD: —9.49; CI
—17.48 to —1.50; online supplementary Appendix 2D). There was
no difference in ExCR effect across delivery settings (subgroup
p =0.88). Out of 106 comparisons, 40 (38%) reported a positive
impact of ExCR compared to control, 63 (59%) reported a neutral
effect, and three (3%) comparisons reported a negative (control
better than ExCR) impact on HRQoL (online supplementary
Appendix 3).

Meta-regression

There were no differential treatment effects across trial-level
characteristics and outcomes in univariate meta-regression, except
for the following: larger improvement in ExCR—control MLWHF
total score in single centre trials compared with multicentre trials
(MD: —11.53 vs. —3.57, p=0.046); reduced reduction in HF
hospitalization with more recent publication date that is, more
recent trials had a smaller RR reduction (trial publication 1999
or before, RR: 0.34 vs. trial publication 2000 or later, RR 0.94,
p = 0.05); larger mortality benefit in trials in Europe and other, than
in North America (RR 0.64 vs. 0.67 vs. 0.90, respectively, p = 0.05);
and higher risk of bias was associated with a larger ExCR—control

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Summary of included trial characteristics
All trials New trials Centre-based Home-based Hybrid
(n=60) in update trials (n =22) (digitally trials
(n=16) supported) (n=23)
trials (n = 15)
Population characteristics
Male sex, % 78 59 79 68 735
Age, years, mean 63.3 63.9 61.7 64.9 64.5
HF type
HFpEF included, n (%) 8 (13) 2 (25) 2 (9) 4 (27) 2(9)
NYHA class IV, n (%) 15 (25) 8 (50) 6 (27) 4(27) 5(22)
Mean LVEF, % 323 322 332 323 291
Intervention characteristics
ExCR type, n (%)
Exercise only 42 (70) 11 (69) 16 (73) 10 (67) 16 (70)
Comprehensive 18 (30) 54 (31) 6 (27) 5@33) 7 (30)
Aerobic only 42 (70) 10 (62) 16 (73) 10 (67) 11 (48)
Exercise type
Aerobic and resistance 18 (30) 6 (38) 6 (27) 5(33) 12 (52)
Exercise prescription
Mean session duration, min 38 41 414 31.5 40.3
Session frequency, per week, mean 32 34 2.8 34 3.6
Programme length, weeks, mean 27 27 24.5 24.6 294
Follow-up, months, median 6 10 6 12 6
Study characteristics
Publication year, n (%)
1990 to 1999 5(8) 0(0) 3(14) 0(0) 209
2000 to 2009 22 (37) 0(0) 9 (41) 3(5) 10 (44)
2010 to 2019 26 (43) 9 (56) 9 (41) 10 (17) 7(12)
2020 onwards 7(12) 7 (43) 1) 2(3) 4 (30)
Study location, n (%)
Europe 30 (50) 5(8) 13 (59) 6 (10) 11 (48)
North America 16 (27) 4(7) 4(18) 5(8) 7 (30)
Other 14 (23) 8 (13) 5(23) 4(7) 5(22)
Single centre, n (%) 47 (78) 10 (63) 22 (100) 12 (80) 13 (57)

ExCR, exercise-based cardiac rehabilitation; HF, heart failure; HFpEF, heart failure with preserved ejection fraction, LVEF, left ventricular ejection fraction; NYHA, New York

Heart Association.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding (performance bias and detection bias): All outcomes
Selective reporting (reporting bias)

Intention-to-treat analysis?

Incomplete outcome data?

Groups balanced at baseline?

Groups received same intervention?

H

I

0%  25%

50%

75% 100%

E Low risk of bias

[[] Unclear risk of bias

[ High risk of bias

Figure 2 Summary of risk of bias assessment across included trials.
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Figure 3 Forest plot of exercise-based cardiac rehabilitation (ExCR) versus control for (A) overall mortality in the short-term (<12-month
follow-up), (B) overall hospitalizations in the short-term (<12-month follow-up), (C) HF hospitalizations in the short-term (<12-month
follow-up), (D) overall Minnesota Living with Heart Failure Questionnaire (MLWHF) score in the short-term (<12-month follow up), and
(E) all HRQoL outcomes in the short-term (<12-month follow-up). Cl, confidence interval; RR, relative risk; SD, standard deviation; SMD,

standardized mean difference; WMD, weighted mean difference.

difference versus low risk of bias on both all-cause mortality (RR

Discussion

0.70 vs. 1.26) and MLWHF (MD: —9.59 vs. —3.32, p=0.03) (online

supplementary Appendix 4).

Small study bias

There was evidence of small study bias for HF-related hospitaliza-
tions (Egger’s test p =0.015) and HRQolL by all scales (Egger’s test
p=0.001). Other outcomes showed no evidence of funnel plot

asymmetry (online supplementary Appendix 5).

This 2023 Cochrane systematic review of 60 randomized trials
in over 8500 HF patients confirms the benefits of participation
in ExCR. Meta-analyses showed ExCR to be associated with a
reduction in the risk of hospitalization and improvement in HRQoL

in both the short-term (trials with follow-up to 12 months) and
long-term (trials with follow-up >12 months) (Graphical Abstract).
For example, compared to control, there was an overall reduction
of 31% (95% Cl 14-44%) in the RR of all-cause hospitalization

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 3 Continued.
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(NNT of 13, 95% ClI 9-22) and as improvement in disease-specific
HRQol assessed by the total MLWHF score of —7.4 (95% Cl —10.3
to —4.5) in trials with short-term follow-up. A change in MLWHF
total score of >5 points is considered clinically meaningful.** That
recent trials recruited a wider range of patients (i.e. women,
NYHA class IV, HFpEF and HF with mildly reduced ejection
fraction [HFmrEF], and acute decompensated HF), increases the
potential applicability of these benefits of ExXCR to real-world
clinical practice.

Our review included a number of trials evaluating alternative
modes of EXCR delivery to the traditional supervised centre-based
delivery. Fifteen trials were delivered remotely in a home setting

that could include digital support and 23 trials with a mix of both
centre and home-based sessions (hybrid). Given the urgent need
to improve rehabilitation access and participation, our finding of
gains in HF patient outcomes with EXCR, irrespective of delivery
mode, is an important one. Our meta-regression findings of no
difference in HF patient outcomes between trials employing an
ExCR only intervention compared with trials of comprehensive
cardiac rehabilitation (including education or psychological support
or both) and trials of aerobic exercise training versus aerobic and
resistance exercise, are consistent with the stratified meta-analysis
findings of the CROS-HF systematic review.*° It is also important
to note that whilst the CROS-HF study reported no statistically

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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significance reduction in hospitalization (either all-cause or HF)
this likely reflects their inclusion of a smaller number of trials and,
therefore, less events. This is reflected in their wide 95% Cls, but
their mean pooled treatment effects are comparable to those seen
in the present analysis (i.e. all-cause hospitalization: RR 0.79, 95%
Cl 0.41-1.53; HF hospitalization: RR 0.84, 95% CI 0.07-9.71).

Strengths and limitations

This review has several major strengths. We believe it to be the
most comprehensive and contemporary overview of randomized
trial evidence of ExCR in adults with HF to date. Importantly,
given the stubbornly poor uptake of ExCR across global healthcare
systems, our meta-analyses assess the impact of ExCR across
different delivery settings: centre, home (including digitally sup-
ported), and hybrid. We also undertook a meta-regression analysis
to explore the potential impact other trial level characteristics on
the impact of cardiac rehabilitation. However, we acknowledge lim-
itations in the review methods and included trials. Firstly, our com-
parison of centre-based ExCR versus alternative modes of delivery
is indirect. In other words, we compared modes of delivery from
separate trials, in contrast to a direct (‘head-to-head’) comparison
of ExCR modes within a randomized trial. This indirect compari-
son therefore needs to be interpreted with caution. Although we
found patient populations across trials in three delivery modes
not to differ substantially, there was a paucity of reporting on key
HF characteristics, such as time after the index event/diagnosis.
Nevertheless, the recently updated Cochrane review of random-
ized trials directly comparing home (and digitally supported) versus
centre-based ExCR supports our finding of similar improvement in
outcome HF patients irrespective of delivery mode.>! Our findings
of similar improvements in HRQoL across models of ExCR delivery
are also supported by the network meta-analysis of Tegegne et al.,>
although this analysis did not consider mortality or hospitalization.
Secondly, several included trials failed to report methodological
details (including generation and concealment of the method of
random allocation, and outcome blinding) and may therefore be
subject to risk of bias. Meta-regression analysis showed that only
the outcome of all-cause mortality and HRQoL were impacted
by risk of bias, and the benefit of EXCR on MLWHF total score
remained when we restricted meta-analysis to low risk of bias
trials (MD: —3.32, 95% Cl —8.20 to 1.57, seven trials). Thirdly,
statistical heterogeneity was high (* >50%) for many outcomes,
likely arising from the broad inclusion criteria of this systematic
review resulting in trials with a range of ExCR interventions and
control regimes. To account for this heterogeneity, we employed a
more conservative random-effects model of meta-analysis, sought
to fully explore the possible causes of heterogeneity using stratified
meta-analysis and meta-regression and downgraded the strength
of evidence in GRADE. Fourthly, while trials reported a prescribed
dose of exercise, few, if any, reported the actual level of exercise
undertaken by participants. So, we were not able to formally assess
the impact of intervention adherence. Fifthly, given that most tri-
als that included HFpEF patients, were mixed populations including
HFrEF and HFmrEF, we were not able to formally contrast the
impact of ExCR across these subgroups. Finally, given background

HF medication was not consistently across cardiac rehabilitation
trials, especially in older trials, we were not able to undertake a for-
mal analysis of the impact of specific medications on the impact of
cardiac rehabilitation. However, as we demonstrated in a previous
Cochrane review, year of trial publication can be used as proxy of
the quality of medical care that is, more recently published trials are
likely to reflect a better standard of background of HF care than
older trials.> Interestingly, our meta-regression analysis did show
some evidence (p =0.05) of a smaller relative risk reduction in HF
hospitalization with cardiac rehabilitation in trials published since
2000, raising the hypothesis that contemporary improvements in
medical HF therapy may mediate the impact of cardiac rehabilita-
tion on HF outcomes.

Implications for clinical practice
and future research

Increasing recognition, not only of the need to reduce the risk
of clinical events and improve survival of HF patients, but also
to optimize HRQoL, underscores the importance of rehabili-
tation.>*>> As proposed by a recent state of the art review,
evidence for ExCR, supports its place as a fifth pillar’ of HF
management and alongside the four classes of drugs, that is,
angiotensin receptor—neprilysin inhibitors, beta-blockers, miner-
alocorticoid receptor antagonists, and sodium—glucose cotrans-
porter 2 inhibitors.” Whilst this review found the patient character-
istics to be broadly similar across trials, irrespective of the mode of
delivery, given their less intensive supervision, patients should be
carefully selected for home-based (and digitally supported) pro-
grammes. The scientific statement from the American Associa-
tion of Cardiovascular and Pulmonary Rehabilitation, the Ameri-
can Heart Association, and the American College of Cardiology
recommend the use of home-based models, should be limited to
patients who are clinically stable, at low to moderate risk, and who
cannot attend a traditional supervised centre-based programme."’
Future trials need to focus their recruitment on HF phenotypes less
represented in current trials (i.e. HFpEF, HFmrEF, and acute HF)
and patient subgroups at high risk of not accessing rehabilitation
(e.g. ethnic minorities, more complex patients, including those with
multimorbidity) and evaluate of the impact of alternative modes
of ExCR delivery (including home, digitally supported, and hybrid
programmes) using well designed ‘head-to-head’ studies.’

Conclusions

The 2023 Cochrane systematic review and meta-analysis provides
a comprehensive and contemporary update of the randomized trial
evidence base confirming the benefits of EXCR that includes both
reduced hospitalization risk and a clinically important improve-
ment in HRQoL for HF patients. Importantly, this meta-analysis
shows that home-based, digitally supported, and centre-based (and
hybrid) programmes are all associated with improvements in health
outcomes. To improve suboptimal levels of ExCR uptake, global
healthcare systems need to develop their services, so rehabili-
tation is routinely recommended for people with HF as part of

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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routine care. Dependent on their level of risk and complexity, indi-
vidual patients should be offered a choice of the mode of ExCR
programme — centre, home (with or without digital support), or
hybrid.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Acknowledgements

We thank the Cochrane Heart Group for running the bibliographic
database searches, and Claudia Armengol and Soumeen Jin (both
University of Glasgow, College of Medical, Veterinary, and Life
Sciences) for their assistance with translation of two included
papers.

Conflict of interest: RS.T. is lead investigator on the following
ongoing externally funded research projects of cardiac rehabilitation:
REACH-HFpEF randomized trial funded by UK National Institute of
Health Research (NIHR130487); DK:REACH:HF trial funded by Danish
Heart Foundation (20-R145-A9654-22157), and is Director of Cardiac
Rehabilitation Cochrane Centre. All other authors have nothing to
disclose.

References

1. Emmons-Bell S, Johnson C, Roth G. Prevalence, incidence and survival of heart
failure: A systematic review. Heart 2022;108:1351-1360. https://doi.org/10.
1136/heartjnl-2021-320131

2. Long L, Mordi IR, Bridges C, Sagar VA, Davies E|, Coats AJS, et al; Cochrane
Heart Group. Exercise-based cardiac rehabilitation for adults with heart fail-
ure. Cochrane Database Syst Rev 2019;1:CD003331. https://doi.org/10.1002/
14651858.CD003331.pub5

3. Taylor RS, Walker S, Smart NA, Warren FC, Piepoli MF, Ciani O, et al;
ExTraMATCH Il Collaboration. Impact of exercise-based cardiac rehabilitation
in patients with heart failure (ExTraMATCH Il) on mortality and hospitalisation:
An individual patient data meta-analysis of randomised trials. Eur | Heart Fail
2018;20:1735-1743. https://doi.org/10.1002/ejhf.1311

4. Heidenreich PA, Bozkurt B, Aguilar D. 2022 AHA/ACC/HFSA Guideline for
the management of heart failure: A report of the American College of
Cardiology/American Heart Association Joint Committee on Clinical Prac-
tice Guidelines. Circulation 2022;145:895—e1032. https://doi.org/10.1161/CIR.
0000000000001063

5. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bhm M, et al;
ESC Scientific Document Group. 2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure: Developed by the Task Force for
the diagnosis and treatment of acute and chronic heart failure of the European
Society of Cardiology (ESC). With the special contribution of the Heart Failure
Association (HFA) of the ESC. Eur | Heart Fail 2022;24:4—131. https://doi.org/10.
1002/ejhf.2333

6. Bjarnason-Wehrens B, McGee H, Zwisler AD, Piepoli MF, Benzer W, Schmid
JP, et al.; Cardiac Rehabilitation Section European Association of Cardiovascular
Prevention and Rehabilitation. Cardiac rehabilitation in Europe: Results from the
European Cardiac Rehabilitation Inventory Survey. Eur | Cardiovasc Prev Rehabil
2010;17:410—-418. https://doi.org/10.1097/HJR.0b013e328334f42d

7. National Heart Failure Audit (NHFA). 2021 Summary Report. https://www.
hqip.org.uk/resource/national-heart-failure-audit-nhfa-2021-summary-report/.
Accessed 20 October 2023.

8. Golwala H, Pandey A, Ju C, Butler J, Yancy C, Bhatt DL, et al. Temporal trends and
factors associated with cardiac rehabilitation referral among patients hospitalized
with heart failure: Findings from Get With The Guidelines-Heart Failure registry.
J Am Coll Cardiol 2015;66:917—926. https://doi.org/10.1016/j.jacc.2015.06.1089

9. Taylor RS, Dalal HM, Zwisler AD. Cardiac rehabilitation for heart failure:
‘Cinderella’ or evidence-based pillar of care? Eur Heart | 2023;44:1511-1518.
https://doi.org/10.1093/eurheartj/ehad118

-

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

0.

Laoutaris ID, Dritsas A, Adamopoulos S. Cardiovascular rehabilitation in
the COVID-19 era: ‘A phoenix arising from the ashes?. Eur | Prev Cardiol
2022;29:1372-1374. https://doi.org/10.1093/eurjpc/zwab116

. Thomas R), Beatty AL, Beckie TM, Brewer LC, Brown TM, Forman DE, et al.

Home-based cardiac rehabilitation: A scientific statement from the Ameri-
can Association of Cardiovascular and Pulmonary Rehabilitation, the Ameri-
can Heart Association, and the American College of Cardiology. Circulation
2019;140:e69—e89. https://doi.org/10.1016/j.jacc.2019.03.008

. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.

The PRISMA 2020 statement: An updated guideline for reporting systematic
reviews. BMJ 2021;372:n71. https://doi.org/10.1136/bm;j.n71

. Higgins ], Thomas ], Chandler |, Cumpston M, Li T, Page M, et al. Cochrane

Handbook for Systematic Reviews of Interventions, version 6.3. Chicester, UK: Wiley;
2022. www.training.cochrane.org/handbook Accessed 20 October 2023.

. Higgins JPT, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al;

Cochrane Bias Methods Group; Cochrane Statistical Methods Group. The
Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BM/
2011;343:d5928. https://doi.org/10.1136/bmj.d5928

. Campbell M, McKenzie JE, Sowden A, Katikireddi SV, Brennan SE, Ellis S,

et al. Synthesis without meta-analysis (SWiM) in systematic reviews: Reporting
guideline. BMJ 2020;368:16890. https://doi.org/10.1136/bmj.l6890

. Sterne JAC, Egger M. Funnel plots for detecting bias in meta-analysis. | Clin

Epidemiol 2001;54:1046—1055. https://doi.org/10.1016/s0895-4356(01)00377-8

. StataCorp. Stata statistical software: Release 17. College Station, TX: StataCorp

LLC; 2021.

. Andryukhin A, Frolova E, Vaes B, Degryse ]. The impact of a nurse-led care

programme on events and physical and psychosocial parameters in patients with
heart failure with preserved ejection fraction: A randomized clinical trial in
primary care in Russia. Eur | Gen Pract 2010;16:205—214. https://doi.org/10.3109/
13814788.2010.527938

. Antonicelli R, Spazzafumo L, Scalvini S, Olivieri F, Matassini MV, Parati G, et al.

Exercise: A ‘new drug’ for elderly patients with chronic heart failure. Aging
2016;8:860—872. https://doi.org/10.18632/aging.100901

Davidson PM, Cockburn ], Newton PJ, Webster JK, Betihavas V, Howes L, et al.
Can a heart failure-specific cardiac rehabilitation program decrease hospitaliza-
tions and improve outcomes in high-risk patients? Eur | Cardiovasc Prev Rehabil
2010;17:393-402. https://doi.org/10.1097/HJR.0b013e328334ea56

Gary RA, Dunbar SB, Higgins MK, Musselman DL, Smith AL. Combined exercise
and cognitive behavioral therapy improves outcomes in patients with heart failure.
J Psychosom Res 2010;69:119—-131. https://doi.org/10.1016/j.jpsychores.2010.01.
013

Jaarsma T, Klompstra L, Ben Gal T, Ben Avraham B, Boyne ], Bick M, et dl.
Effects of exergaming on exercise capacity in patients with heart failure: Results
of an international multicentre randomized controlled trial. Eur | Heart Fail
2020;23:114-124. https://doi.org/10.1002/ejhf.1754

Lang CC, Smith K, Wingham J, Eyre V, Greaves CJ, Warren FC, et al.; REACH-HF
Investigators. A randomised controlled trial of a facilitated home-based rehabili-
tation intervention in patients with heart failure with preserved ejection fraction
and their caregivers: The REACH-HFpEF pilot study. BMJ Open 2018;8:e019649.
https://doi.org/10.1136/bmjopen-2017-019649

Nilsson BB, Westheim A, Risberg MA. Long-term effects of a group-based
high-intensity aerobic interval-training program in patients with chronic heart
failure. Am | Cardiol 2008;102:1220—1224. https://doi.org/10.1016/j.amjcard.
2008.06.046

Wall HK, Ballard |, Troped P, Njike VY, Katz DL. Impact of home-based,
supervised exercise on congestive heart failure. Int | Cardiol 2010;145:267-270.
https://doi.org/10.1016/j.ijcard.2009.09.478

O’Connor CM, Whellan D, Lee KL, Keteyian SJ, Cooper LS, Ellis S, et al.;
HF-ACTION Investigators. Efficacy and safety of exercise training in patients
with chronic heart failure: HF-ACTION randomized controlled trial. JAMA
2009;301:1439—1450. https://doi.org/10.1001/jama.2009.454

Piotrowicz E, Pencina M), Opolski G, Zareba W, Banach M, Kowalik |, et al. Effects
of a 9-week hybrid comprehensive telerehabilitation program on long-term
outcomes in patients with heart failure: The Telerehabilitation in Heart Failure
patients (TELEREH-HF) randomized clinical trial. JAMA Cardiol 2020;5:300—308.
https://doi.org/10.1001/jamacardio.2019.5006

Austin |, Williams R, Ross L, Moseley L, Hutchison S. Randomised controlled
trial of cardiac rehabilitation in elderly patients with heart failure. Eur | Heart Fail
2005;7:411-417. https://doi.org/10.1016/j.ejheart.2004.10.004

Belardinelli R, Georgiou D, Cianci G, Purcaro A. Randomized, controlled trial of
long-term moderate exercise training in chronic heart failure: Effects on functional
capacity, quality of life, and clinical outcome. Circulation 1999;99:1173-1182.
https://doi.org/10.1161/01.CIR.99.9.1173

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

95U9017 SUOWIWIOD SAIIE8ID 3|qeal|dde auyy Ag peusencb afe sa (ol O ‘88N JO S3|nJ J0j Akeiqiaulju 9|1 UO (SUOTIPUOD-pUe-SWLBI W0 A8 | 1M Ale.q 1 puluoy//sdiy) SUORIPUOD Pue SWLB | 8Y) &8s *[9z0z/c0/ST] Uo Arlgiauluo A8 ‘saded Aq 9y0g JUB/200T 0T/I0p/uwiod Ao Im Alelq Ul uo//Sdny Wiy pepeojumod ‘2T ‘€202 ‘¥7806.8T


https://doi.org/10.1136/heartjnl-2021-320131
https://doi.org/10.1136/heartjnl-2021-320131
https://doi.org/10.1002/14651858.CD003331.pub5
https://doi.org/10.1002/14651858.CD003331.pub5
https://doi.org/10.1002/ejhf.1311
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1002/ejhf.2333
https://doi.org/10.1002/ejhf.2333
https://doi.org/10.1097/HJR.0b013e328334f42d
https://www.hqip.org.uk/resource/national-heart-failure-audit-nhfa-2021-summary-report/
https://www.hqip.org.uk/resource/national-heart-failure-audit-nhfa-2021-summary-report/
https://doi.org/10.1016/j.jacc.2015.06.1089
https://doi.org/10.1093/eurheartj/ehad118
https://doi.org/10.1093/eurjpc/zwab116
https://doi.org/10.1016/j.jacc.2019.03.008
https://doi.org/10.1136/bmj.n71
http://www.training.cochrane.org/handbook
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.l6890
https://doi.org/10.1016/s0895-4356(01)00377-8
https://doi.org/10.3109/13814788.2010.527938
https://doi.org/10.3109/13814788.2010.527938
https://doi.org/10.18632/aging.100901
https://doi.org/10.1097/HJR.0b013e328334ea56
https://doi.org/10.1016/j.jpsychores.2010.01.013
https://doi.org/10.1016/j.jpsychores.2010.01.013
https://doi.org/10.1002/ejhf.1754
https://doi.org/10.1136/bmjopen-2017-019649
https://doi.org/10.1016/j.amjcard.2008.06.046
https://doi.org/10.1016/j.amjcard.2008.06.046
https://doi.org/10.1016/j.ijcard.2009.09.478
https://doi.org/10.1001/jama.2009.454
https://doi.org/10.1001/jamacardio.2019.5006
https://doi.org/10.1016/j.ejheart.2004.10.004
https://doi.org/10.1161/01.CIR.99.9.1173

ExCR for adults with heart failure

2273

30.

31

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Belardinelli R, Georgiou D, Cianci G, Purcaro A. 10-year exercise train-
ing in chronic heart failure: A randomized controlled trial. | Am Coll Cardiol
2012;60:1521—-1528. https://doi.org/10.1016/j.jacc.2012.06.036

Cowie A, Thow MK, Granat MH, Mitchell SL. Effects of home ver-
sus hospital-based exercise training in chronic heart failure. Int | Cardiol
2012;158:296—298. https://doi.org/10.1016/j.ijcard.2012.04.117

Jonsdaéttir S, Andersen KK, Sigurosson AF, Sigurosson SB. The effect of physical
training in chronic heart failure. Eur | Heart Fail 2006;8:97—101. https://doi.org/
10.1016/j.ejheart.2005.05.002

Mueller L, Myers ], Kottman W, Oswald U, Boesch C, Arbrol N, et al. Exercise
capacity, physical activity patterns and outcomes six years after cardiac rehabilita-
tion in patients with heart failure. Clin Rehabil 2007;21:923—-931. https://doi.org/
10.1177/0269215507079097

Dalal HM, Taylor RS, Jolly K, Davis RC, Doherty P, Miles ], et al. The effects
and costs of home-based rehabilitation for heart failure with reduced ejection
fraction: The REACH-HF multicentre randomized controlled trial. Eur | Prev
Cardiol 2019;26:262-272. https://doi.org/10.1177/2047487318806358

Dracup K, Evangelista LS, Hamilton MA, Erickson V, Hage A, Moriguchi |,
et al. Effects of a home-based exercise program on clinical outcomes in
heart failure. Am Heart | 2007;154:877—-883. https://doi.org/10.1016/j.ahj.2007.
07.019

du H, Newton P), Budhathoki C, Everett B, Salamonson Y, Macdonald PS,
et al. The Home-Heart-Walk study: The effect of a self-administered walk
test on perceived physical functioning and self-care behaviour in people with
stable chronic heart failure: A randomized controlled trial. Eur | Cardiovasc Nurs
2018;17:235-245. https://doi.org/10.1177/1474515117729779

Gary RA, Paul S, Corwin E, Butts B, Miller AH, Hepburn K, et al. Exercise and
cognitive training as a strategy to improve neurocognitive outcomes in heart
failure: A pilot study. Am | Geriatr Psychiatry 2019;27:809—819. https://doi.org/
10.1016/j.jagp.2019.01.211

Jolly K, Taylor RS, Lip GY, Davies M, Davis R, Mant J, et al. A randomized
trial of the addition of home-based exercise to specialist heart failure nurse
care: The Birmingham Rehabilitation Uptake Maximisation study for patients with
Congestive Heart Failure (BRUM-CHF) study. Eur | Heart Fail 2009;11:205-213.
https://doi.org/10.1093/eurjhf/hfn029

Passino C, Severino S, Poletti R, Piepoli MF, Mammini C, Clerico A, et al. Aerobic
training decreases B-type natriuretic peptide expression and adrenergic activation
in patients with heart failure. ] Am Coll Cardiol 2006;47:1835—-1839. https://doi.
org/10.1016/j.jacc.2005.12.050

Peng X, Su Y, Hu Z, Sun X, Li X, Dolansky MA, et al. Home-based telehealth
exercise training program in Chinese patients with heart failure. A randomized
controlled trial. Medicine (Baltimore) 2018;97:e12069. https://doi.org/10.1097/
MD.0000000000012069

Ryu HY, Kim KS, Jeon IC. Influence of home-based exercise intensity on the
aerobic capacity and 1 year re-hospitalization rate in patients with chronic heart
failure. | Kor Phys Ther 2018;30:181—186. https://doi.org/10.18857/jkpt.2018.30.
5.181

Liu MH, Wang CH, Tung TH, Kuo LT, Chiou AF. Effects of a multidisciplinary
disease management programme with or without exercise training for heart
failure patients: Secondary analysis of a randomized controlled trial. Int | Nurs
Stud 2018;87:94—102. https://doi.org/10.1016/j.ijnurstu.2018.06.010

Mehani SH. Correlation between changes in diastolic dysfunction and
health-related quality of life after cardiac rehabilitation program in dilated

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

cardiomyopathy. | Adv Res 2013;4:189-200. https://doi.org/10.1016/j.jare.2012.
06.002

Mueller S, Winzer EB, Duvinage A, Gevaert AB, Edelmann F, Haller B, et al;
OptimEx-Clin Study Group. Effect of high-intensity interval training, moderate
continuous training, or guideline-based physical activity advice on peak oxygen
consumption in patients with heart failure with preserved ejection fraction: A
randomized clinical trial. JAMA 2021;325:542—551. https://doi.org/10.1001/jama.
2020.26812

Zwisler AD, Schou L, Soja AM, Brgnnum-Hansen H, Gluud C, Iversen L, et al. A
randomized clinical trial of hospital-based, comprehensive cardiac rehabilitation
versus usual care for patients with congestive heart failure, ischemic heart
disease, or high risk of ischemic heart disease (the DANREHAB trial) — design,
intervention, and population. Am Heart | 2005;150:899. https://doi.org/10.1016/
j-ahj.2005.06.010

Kitzman DW, Whellan D), Duncan P, Pastva AM, Mentz R}, Reeves GR, et al.
Physical rehabilitation for older patients hospitalized for heart failure. N Engl | Med
2021;385:203-216. https://doi.org/10.1056/NEJM0a2026141

McKelvie RS, Teo KK, Roberts R, McCartney N, Humen D, Montague T,
et al. Effects of exercise training in patients with heart failure: The Exercise
Rehabilitation Trial (EXERT). Am Heart | 2002;144:23-30. https://doi.org/10.
1067/mhj.2002.123310

Witham MD, Fulton RL, Greig CA, Lang CC, van der Pol M, Boyers D, et al.
Efficacy and cost of an exercise program for functionally impaired older patients
with heart failure: A randomized controlled trial. Circ Heart Fail 2012;5:209-216.
https://doi.org/10.1161/CIRCHEARTFAILURE.111.963132

Rector TS, Cohn JN. Assessment of patient outcome with the Minnesota Living
with Heart Failure questionnaire: Reliability and validity during a randomized,
double-blind, placebo-controlled trial of pimobendan. Pimobendan Multiceter
Research Group. Am Heart | 1992;124:1017-1025. https://doi.org/10.1016/
0002-8703(92)90986-6

Bjarnason-Wehrens B, Nebel R, Jensen K, Hackbusch M, Grilli M, Gielen S,
et al;; German Society of Cardiovascular Prevention and Rehabilitation (DGPR).
Exercise-based cardiac rehabilitation in patients with reduced left ventricular
ejection fraction: The Cardiac Rehabilitation Outcome Study in Heart Fail-
ure (CROS-HF): A systematic review and meta-analysis. Eur | Prev Cardiol
2020;27:929—-952. https://doi.org/10.1177/2047487319854140

McDonagh STJ, Dalal H, Moore S, Clark CE, Taylor RS. Cochrane corner: Centre
versus telemedicine approaches to cardiac rehabilitation. Heart 2023;110:7-10.
https://doi.org/10.1136/heartjnl-2023-322640

Tegegne TK, Rawstorn JC, Nourse RA, Kibret KT, Ahmed KY, Maddison R.
Effects of exercise-based cardiac rehabilitation delivery modes on exercise
capacity and health-related quality of life in heart failure: A systematic review
and network meta-analysis. Open Heart 2022;9:¢001949. https://doi.org/10.1136/
openhrt-2021-001949

Dibben GO, Faulkner ], Oldridge N, Rees K, Thompson DR, Zwisler AD, et al.
Exercise-based cardiac rehabilitation for coronary heart disease: A meta-analysis.
Eur Heart | 2023;44:452—469. https://doi.org/10.1093/eurheartj/ehac747
Redfield MM, Borlaug BA. Quality of life and exercise ability in heart failure
with preserved ejection fraction: No time for therapeutic complacency. JAMA
2021;326:1913-1915. https://doi.org/10.1001/jama.2021.15874

Pandey A, Butler ). Improving exercise tolerance and quality of life in heart failure
with preserved ejection fraction-time to think outside the heart. Eur | Heart Fail
2021;23:1552—-1554. https://doi.org/10.1002/ejhf.2313

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

95U9017 SUOWIWIOD SAIIE8ID 3|qeal|dde auyy Ag peusencb afe sa (ol O ‘88N JO S3|nJ J0j Akeiqiaulju 9|1 UO (SUOTIPUOD-pUe-SWLBI W0 A8 | 1M Ale.q 1 puluoy//sdiy) SUORIPUOD Pue SWLB | 8Y) &8s *[9z0z/c0/ST] Uo Arlgiauluo A8 ‘saded Aq 9y0g JUB/200T 0T/I0p/uwiod Ao Im Alelq Ul uo//Sdny Wiy pepeojumod ‘2T ‘€202 ‘¥7806.8T


https://doi.org/10.1016/j.jacc.2012.06.036
https://doi.org/10.1016/j.ijcard.2012.04.117
https://doi.org/10.1016/j.ejheart.2005.05.002
https://doi.org/10.1016/j.ejheart.2005.05.002
https://doi.org/10.1177/0269215507079097
https://doi.org/10.1177/0269215507079097
https://doi.org/10.1177/2047487318806358
https://doi.org/10.1016/j.ahj.2007.07.019
https://doi.org/10.1016/j.ahj.2007.07.019
https://doi.org/10.1177/1474515117729779
https://doi.org/10.1016/j.jagp.2019.01.211
https://doi.org/10.1016/j.jagp.2019.01.211
https://doi.org/10.1093/eurjhf/hfn029
https://doi.org/10.1016/j.jacc.2005.12.050
https://doi.org/10.1016/j.jacc.2005.12.050
https://doi.org/10.1097/MD.0000000000012069
https://doi.org/10.1097/MD.0000000000012069
https://doi.org/10.18857/jkpt.2018.30.5.181
https://doi.org/10.18857/jkpt.2018.30.5.181
https://doi.org/10.1016/j.ijnurstu.2018.06.010
https://doi.org/10.1016/j.jare.2012.06.002
https://doi.org/10.1016/j.jare.2012.06.002
https://doi.org/10.1001/jama.2020.26812
https://doi.org/10.1001/jama.2020.26812
https://doi.org/10.1016/j.ahj.2005.06.010
https://doi.org/10.1016/j.ahj.2005.06.010
https://doi.org/10.1056/NEJMoa2026141
https://doi.org/10.1067/mhj.2002.123310
https://doi.org/10.1067/mhj.2002.123310
https://doi.org/10.1161/CIRCHEARTFAILURE.111.963132
https://doi.org/10.1016/0002-8703(92)90986-6
https://doi.org/10.1016/0002-8703(92)90986-6
https://doi.org/10.1177/2047487319854140
https://doi.org/10.1136/heartjnl-2023-322640
https://doi.org/10.1136/openhrt-2021-001949
https://doi.org/10.1136/openhrt-2021-001949
https://doi.org/10.1093/eurheartj/ehac747
https://doi.org/10.1001/jama.2021.15874
https://doi.org/10.1002/ejhf.2313

	Exercise-based cardiac rehabilitation for adults with heart failure -- 2023 Cochrane systematic review and meta-analysis
	Introduction<?xmltex?><0:query0:id="Q3" 0:lwPstyle="AQ" ><0:p>AUTHOR: Please note, refs.no. 42 and 49 have been deleted as they were a duplicate of refs.no. 25 and 40, respectively. Subsequent references have been renumbered accordingly. Please check</0:p></0:query>
	Methods
	Search strategy
	Eligibility criteria
	Data extraction and risk of bias assessment
	Statistical analysis and evidence grading
	Results
	Study selection
	Trial and patient characteristics
	Risk of bias assessment
	Outcome findings
	Mortality
	Hospitalization
	Health-related quality of life
	Meta-regression
	Small study bias
	Discussion
	Strengths and limitations
	Implications for clinical practice and future research
	Conclusions
	Supplementary Information
	Acknowledgements
	References

