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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
and results

Databases, bibliographies of previous systematic reviews and included trials, and trials registers were searched with
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% CI 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% CI −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).
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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

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.
MLWHF, Minnesota Living with Heart Failure Questionnaire. *RR <1.0 indicates reduced risk of event in favour of ExCR. **MD of <0.0 indicates
improvement in MWHF 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 • Exercise training • Mortality • Hospitalization •
Health-related quality of life

Introduction
Heart failure (HF) is a leading cause of mortality and morbidity
globally.1 Supported by class I evidence from meta-analyses of
randomized trials,2,3 exercise training is recognized as a key
component of comprehensive HF management and a Grade A
recommendation in international guidelines.4,5

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).6–8 Whilst the reasons for poor access
are complex and include system-, clinician-, and patient-level
barriers, a key factor is setting of ExCR delivery.9 Traditionally
delivered in a supervised centre-based setting, access to ExCR
has been further challenged during and following the COVID-19
pandemic.10 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.11

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 (HRQoL) of adults with HF and the impact of ExCR across ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

. 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 statement12 and the Cochrane Handbook for Inter-
ventional Reviews.13

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 S1).

Eligibility criteria
Trials were eligible for inclusion if they: (i) employed a random-
ized trial design with ≥6-month follow-up; (ii) included participants
≥18 years 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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ExCR for adults with heart failure 3

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 I tool14 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 I2 statistic and 𝜒

2 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 (CI). 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 HRQoL 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).15 Small study bias
was investigated using funnel plots and Egger’s test.16 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 𝜒

2 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]× frequency [sessions per week]× 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 v17.0.17 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) ..
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.. 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 II and III (Table 1). Nine
trials included an (undefined) proportion of people with HF
with preserved ejection fraction (HFpEF).18–25 Most trials were
small and single centre, with two large trials (HF-ACTION and
TELEREH-HF) contributing approximately 40% of all included par-
ticipants.25,26 Most trials reported only in the short-term; nine
trials reporting follow-up >12 months.18,26–33 Median follow-up
was 6 months. Participants mean age across trials ranged from
51 to 81 years. 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
trials,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%) trials42,43 had a high risk of bias for random
sequence generation. One (2%) trial44 had a high risk of bias for
allocation concealment. Twelve (20%) trials22,23,26,28,34,36,38,40,45–48

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

Studies included in previous version of
review (n = 44)

Reports of studies included in previous
version of review

(n = 75)

Identification of new studies via databases and registers

Records identified from:
Databases (n = 4,587)

Registers (n = 0)

Records removed before screening:
Duplicate records (n = 1,790)

Records marked as ineligible by automation
tools (n = 0)

Records removed for other reasons (n = 0)

Records screened
(n = 2,797)

Records excluded
(n = 2,660)

Reports sought for retrieval
(n = 137)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 137)

Reports excluded:
Insufficient follow-up (n = 41)

Review (n = 29)
Wrong comparator (n = 21)
Wrong intervention (n = 5)

Wrong patient population (n = 4)
Author not contactable (n = 3)

Ongoing RCT (n = 3)
No response from author (n = 2)

Report included previously (n = 1)

New studies included in review
(n = 16)

Reports of new included studies
(n = 29)

Identification of new studies via other methods

Records identified from:
Websites (n = 0)

Organisations (n = 0)
Citation searching (n = 1)

Reports sought for retrieval
(n = 1)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 1)

Reports excluded:
0 (n = 0)

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% CI 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% CI 0.60–1.06;
moderate certainty) (Figure 3C) or the long-term (RR 0.90; 95% CI
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 ..
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.. HRQoL scales in the short-term (MD: −7.39; 95% CI −10.30

to −4.47; GRADE: moderate certainty; Figure 3D; and SMD:
−0.53; 95% CI −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 HRQoL scales: 0.31 and 0.96, respectively). ExCR also
improved MLWHF 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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ExCR for adults with heart failure 5

Table 1 Summary of included trial characteristics

All trials
(n= 60)

New trials
in update
(n= 16)

Centre-based
trials (n= 22)

Home-based
(digitally
supported)
trials (n=15)

Hybrid
trials
(n= 23)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Population characteristics
Male sex, % 78 59 79 68 73.5
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, % 32.3 32.2 33.2 32.3 29.1
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 41.4 31.5 40.3
Session frequency, per week, mean 3.2 3.4 2.8 3.4 3.6
Programme length, weeks, mean 27 27 24.5 24.6 29.4
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) 2 (9)
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) 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?

0% 25% 50% 75% 100%

Low risk of bias Unclear risk of bias High risk of bias

Figure 2 Summary of risk of bias assessment across included trials.

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

 18790844, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejhf.3046 by T

est, W
iley O

nline L
ibrary on [01/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



6 C.D. Molloy et al.

Ta
bl

e
2

S
um

m
ar

y
o

fm
et

a-
an

al
ys

is
re

su
lt

s

O
ut

co
m

e
N

.t
ri

al
s

(c
o

m
pa

ri
so

ns
)

P
at

ie
nt

s,
n

In
te

rv
en

ti
o

n,
n

ev
en

ts
/n

pa
ti

en
ts

(%
)

C
o

nt
ro

l,
n

ev
en

ts
/N

pa
ti

en
ts

(%
)

T
re

at
m

en
t

ef
fe

ct
,

R
R

(9
5%

C
I)

G
R

A
D

E
qu

al
it

y
ra

ti
ng

S
ta

ti
st

ic
al

he
te

ro
ge

ne
it

y
(I

2
st

at
is

ti
c;

p
-v

al
ue

)

S
et

ti
ng

su
bg

ro
up

an
al

ys
is

p
-v

al
ue

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
.

A
ll-

ca
us

e
m

o
rt

al
it

y
Sh

or
t-

te
rm

35
(3

5)
38

64
1

00
/1

95
8

(5
.1

)
1

1
2/

1
90

6
(5

.9
)

0.
93

(0
.7

1
–

1
.2

1
)

Lo
w

I2
=

0%
,0

.9
5

0.
94

C
en

tr
e

1
1

56
0

1
5/

28
5

(5
.3

)
1

7/
27

5
(6

.2
)

0.
95

(0
.4

8
–

1
.8

7)
I2
=

0%
,0

.6
5

H
om

e
1

0
1

51
3

30
/7

61
(3

.9
)

36
/7

52
(4

.7
)

0.
86

(0
.5

4
–

1
.3

9)
I2
=

0%
,0

.8
8

H
yb

ri
d

1
4

1
79

1
55

/9
1

2
(6

.0
)

59
/8

79
(6

.7
)

0.
96

(0
.6

7
–

1
.3

8)
I2
=

0%
,0

.7
4

Lo
ng

-t
er

m
8

37
80

30
0/

1
88

7
(1

6)
33

4/
1

89
3

(1
8)

0.
87

(0
.7

2
–

1
.0

4)
H

ig
h

I2
=

1
6%

,0
.3

1
0.

1
8

C
en

tr
e

3
1

92
20

/9
6

(2
1

)
34

/9
6

(3
5)

0.
60

(0
.3

8
–

0.
95

)
I2
=

0%
,0

.4
6

H
om

e
2

93
5

56
/4

69
(1

2)
54

/4
66

(1
2)

1
.0

3
(0

.7
3

–
1

.4
7)

I2
=

0%
,0

.9
1

H
yb

ri
d

3
26

53
22

4/
1

32
2

(1
7)

24
6/

1
33

1
(1

7)
0.

87
(0

.7
2

–
1

.0
3)

I2
=

1
6%

,0
.3

1

A
ll-

ca
us

e
ho

sp
it

al
iz

at
io

n
Sh

or
t-

te
rm

24
(2

4)
22

83
1

82
/1

1
48

(1
6)

27
0/

1
1

35
(2

4)
0.

69
(0

.5
6

–
0.

86
)

M
od

er
at

e
I2
=

24
%

,0
.1

4
0.

55
C

en
tr

e
5

24
6

1
9/

1
23

(1
5)

21
/1

23
(9

.8
)

0.
83

(0
.3

7
–

1
.8

6)
I2
=

30
%

,0
.2

2
H

om
e

8
87

2
77

/4
42

(1
7)

1
00

/4
30

(2
3)

0.
78

(0
.5

9
–

1
.0

3)
I2
=

6%
,0

.3
8

H
yb

ri
d

1
1

1
1

65
86

/5
83

(1
5)

1
49

/5
82

(2
6)

0.
63

(0
.4

6
–

0.
86

)
I2
=

26
%

,0
.2

0
Lo

ng
-t

er
m

7
(8

)
35

09
1

00
4/

1
75

7
(5

7)
1

07
9/

1
75

2
(6

2)
0.

84
(0

.7
0

–
1

.0
1

)
M

od
er

at
e

I2
=

62
%

,0
.0

1
0.

51
C

en
tr

e
3

1
92

20
/9

6
(2

1
)

30
/9

6
(3

1
)

0.
71

(0
.3

2
–

1
.5

8)
I2
=

59
%

,0
.0

9
H

om
e

1
81

8
23

2/
40

9
(5

7)
25

4/
40

9
(6

2)
0.

91
(0

.8
2

–
1

.0
2)

N
ot

ap
pl

ic
ab

le
H

yb
ri

d
4

(5
)

25
04

75
2/

1
25

2
(6

0)
79

5/
1

25
2

(6
3)

0.
69

(0
.4

1
–

1
.1

7)
I2
=

62
%

,0
.0

1

H
F

-r
el

at
ed

ho
sp

it
al

iz
at

io
n

Sh
or

t-
te

rm
1

6
1

96
7

1
53

/9
92

1
71

/9
75

0.
80

(0
.6

0
–

1
.0

6)
M

od
er

at
e

I2
=

1
4%

,0
.1

2
0.

29
C

en
tr

e
6

30
2

22
/1

54
36

/1
48

0.
52

(0
.2

5
–

1
.0

8)
I2
=

43
%

,0
.2

9
H

om
e

6
1

42
3

1
20

/7
1

3
1

27
/7

1
0

0.
94

(0
.7

0
–

1
.2

6)
I2
=

5%
,0

.3
9

H
yb

ri
d

4
24

2
1

1
/1

25
8/

1
1

7
0.

88
(0

.4
6

–
1

.6
8)

I2
=

0%
,0

.8
0

Lo
ng

-t
er

m
6

1
09

8
1

31
/5

58
1

40
/5

40
0.

71
(0

.5
0

–
1

.0
8)

Lo
w

I2
=

38
%

,0
.1

5
0.

00
7

C
en

tr
e

3
92

6
1

21
/4

68
1

1
8/

45
8

0.
98

(0
.7

9
–

1
.2

2)
I2
=

0%
,0

.8
4

H
om

e
3

1
72

1
0/

90
22

/8
2

0.
38

(0
.1

9
–

0.
73

)
I2
=

0%
,0

.8
0

H
yb

ri
d

0
H

R
Q

o
L

-M
LW

H
F

to
ta

ls
co

re
Sh

or
t-

te
rm

1
7

(1
7)

26
99

M
D

:−
7.

39
(−

1
0.

30
to
−

4.
47

)
M

od
er

at
e

I2
=

82
%

,<
0.

01
0.

94
C

en
tr

e
4

26
1

M
D

:−
1

0.
82

(−
1

4.
90

to
−

6.
74

)
I2
=

1
3%

,0
.3

3
H

om
e

1
1

1
44

5
M

D
:−

6.
90

(−
1

1
.2

6
to
−

2.
55

)
I2
=

74
%

,<
0.

01
H

yb
ri

d
2

99
3

M
D

:−
6.

37
(−

1
1

.8
4

to
−

0.
89

)
I2
=

92
%

,<
0.

01
Lo

ng
-t

er
m

3
(3

)
32

9
M

D
:−

9.
49

(−
1

7.
84

to
−

1
.5

0)
Ve

ry
lo

w
I2
=

73
%

,0
.0

3
0.

1
8

C
en

tr
e

1
94

M
D

:−
1

0.
00

(−
1

8.
70

to
−

1
.3

0)
H

om
e

0
H

yb
ri

d
2

23
5

M
D

:−
8.

82
(−

21
.9

1
to

4.
27

)
I2
=

86
%

,<
0.

01
H

R
Q

o
L

–
al

lo
ut

co
m

e
m

ea
su

re
s

Sh
or

t-
te

rm
37

(3
8)

47
69

SM
D

:−
0.

53
(−

0.
71

to
−

0.
35

)
Ve

ry
lo

w
I2
=

87
%

,<
0.

00
01

0.
94

C
en

tr
e

1
3

56
5

SM
D

:−
0.

45
(−

0.
79

to
−

0.
1

1
)

I2
=

72
%

,0
.0

1

H
om

e
1

2
(1

3)
1

49
6

SM
D

:−
0.

61
(−

0.
92

to
−

0.
30

)
I2
=

86
%

,0
.0

1

H
yb

ri
d

1
2

27
08

SM
D

:−
0.

53
(−

0.
71

to
−

0.
35

)
I2
=

87
%

,<
0.

01

C
I,

co
nfi

de
nc

e
in

te
rv

al
;H

F,
he

ar
t

fa
ilu

re
;H

R
Q

oL
,h

ea
lth

-r
el

at
ed

qu
al

ity
of

lif
e;

M
D

,m
ea

n
di

ffe
re

nc
e;

M
LW

H
F,

M
in

ne
so

ta
Li

vi
ng

w
ith

H
ea

rt
Fa

ilu
re

Q
ue

st
io

nn
ai

re
;R

R
,r

el
at

iv
e

ri
sk

;S
M

D
,s

ta
nd

ar
di

ze
d

m
ea

n
di

ffe
re

nc
e.

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

 18790844, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejhf.3046 by T

est, W
iley O

nline L
ibrary on [01/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



ExCR for adults with heart failure 7

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). CI, 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
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 HRQoL by all scales (Egger’s test
p= 0.001). Other outcomes showed no evidence of funnel plot
asymmetry (online supplementary Appendix 5). ..

..
..

..
..

..
..

..
..

..
..

..
..

.. Discussion
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% CI 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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8 C.D. Molloy et al.

Figure 3 Continued.

(NNT of 13, 95% CI 9–22) and as improvement in disease-specific
HRQoL assessed by the total MLWHF score of−7.4 (95% CI−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.49 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 ExCR 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.50 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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ExCR for adults with heart failure 9

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% CIs, but
their mean pooled treatment effects are comparable to those seen
in the present analysis (i.e. all-cause hospitalization: RR 0.79, 95%
CI 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.51 Our findings
of similar improvements in HRQoL across models of ExCR delivery
are also supported by the network meta-analysis of Tegegne et al.,52

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% CI −8.20 to 1.57, seven trials). Thirdly,
statistical heterogeneity was high (I2 >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 ..
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..
..

..
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..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.. 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.53 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.54,55 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.9 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.11

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.9

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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10 C.D. Molloy et al.

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.
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