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Abstract

Aims

Methods
and results

Conclusion

Coronary heart disease is the most common reason for referral to exercise-based cardiac rehabilitation (CR) globally.
However, the generalizability of previous meta-analyses of randomized controlled trials (RCTs) is questioned. Therefore,
a contemporary updated meta-analysis was undertaken.

Database and trial registry searches were conducted to September 2020, seeking RCTs of exercise-based interventions with
>6-month follow-up, compared with no-exercise control for adults with myocardial infarction, angina pectoris, or following
coronary artery bypass graft, or percutaneous coronary intervention. The outcomes of mortality, recurrent clinical events,
and health-related quality of life (HRQoL) were pooled using random-effects meta-analysis, and cost-effectiveness data were
narratively synthesized. Meta-regression was used to examine effect modification. Study quality was assessed using the
Cochrane risk of bias tool. A total of 85 RCTs involving 23 430 participants with a median 12-month follow-up were in-
cluded. Overall, exercise-based CR was associated with significant risk reductions in cardiovascular mortality [risk ratio
(RR): 0.74, 95% confidence interval (Cl): 0.64-0.86, number needed to treat (NNT): 37], hospitalizations (RR: 0.77, 95%
Cl: 0.67-0.89, NNT: 37), and myocardial infarction (RR: 0.82, 95% CI: 0.70-0.96, NNT: 100). There was some evidence
of significantly improved HRQoL with CR participation, and CR is cost-effective. There was no significant impact on overall
mortality (RR: 0.96, 95% Cl: 0.89—1.04), coronary artery bypass graft (RR: 0.96, 95% Cl: 0.80-1.15), or percutaneous cor-
onary intervention (RR: 0.84, 95% ClI: 0.69—1.02). No significant difference in effects was found across different patient
groups, CR delivery models, doses, follow-up, or risk of bias.

This review confirms that participation in exercise-based CR by patients with coronary heart disease receiving contempor-
ary medical management reduces cardiovascular mortality, recurrent cardiac events, and hospitalizations and provides add-
itional evidence supporting the improvement in HRQoL and the cost-effectiveness of CR.
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Structured Graphical Abstract

Key Question

Compared to no exercise control, what are the clinical benefits of exercise-based cardiac rehabilitation (CR) for patients with coronary

heart disease (CHD)?

Key Finding

In this meta-analysis of 85 randomized controlled trials of 23,430 CHD patients, exercise-based CR reduced the risk of cardiovascular
mortality, recurrent cardiac events, and hospitalizations, improved health-related quality of life and was cost-effective.

Take Home Message

Exercise-based CR provides important benefits to CHD patients including improved quality of life, and better cardiovascular outcomes

across different patient groups. In addition, it is cost-effective.

Exercise-based CR is recognized as a key component

of comprehensive disease management

23,430 patients with CHD (post-MI/PCI/CABG, or stable angina)

This updated Cochrane systematic review and meta-analysis of 85 RCTs in
=

found that CR was associated with:

Better
® _j@

| | _J
’- ’ R
e Health-related quality
of life

o Cost-effectiveness

Reduced risk of
Y
o

L
¢ Cardiovascular mortality
¢ Myocardial infarction
* Hospitalization

Exercise-based CR is recognized as a key component of comprehensive disease management. CABG, coronary artery bypass graft; CHD, coronary
heart disease; MI, myocardial infarction; PCI, percutaneous coronary intervention; RCTs, randomized controlled trials.

Coronary heart disease ¢ Cardiac rehabilitation ¢ Exercise training * Physical activity * Prevention

Keywords

Introduction

Coronary heart disease (CHD) is the most common cause of death glo-
bally."? With increasing numbers of people living longer with CHD, ac-
cessible and effective health services for the management of CHD are
crucial. Exercise-based cardiac rehabilitation (CR) is recognized as a key
component of comprehensive CHD management and is a Class | Grade
A recommendation in international guidelines.>*

Although meta-analyses of randomized controlled trials (RCTs) have
shown the beneficial effect of CR in patients with CHD,>™ this evidence
base has been questioned on the grounds of: (i) uncertainty in the im-
pact on mortality; (ii) lack of data on health-related quality of life
(HRQoL); (iii) inclusion of RCTs limited to low-risk patients and

conducted in high-income country settings, and (iv) lack of trials con-
ducted during the era of modern CHD therapy.7_9

To address these uncertainties, we undertook a contemporary up-
date of the Cochrane systematic review and meta-analyses of RCTs
to assess the effects of exercise-based CR in patients with CHD on mor-
tality, clinical events, HRQoL, and cost-effectiveness. We also sought to
explore whether intervention effects varied with patient case mix, study
and intervention characteristics, and CR delivery settings.

Methods

We conducted and reported this meta-analysis in accordance with the
Cochrane Handbook for Interventional Reviews and the Preferred
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of study selection process.

Reporting Items for Systematic Reviews and Meta-Analyses and the synthe-
sis without meta-analysis statements, respectively.'®~"?

Search strategy and study selection

We undertook update literature searches of Cochrane Central Register of
Controlled Trials (CENTRAL), MEDLINE, Embase, CINAHL, and Science
Citation Index Expanded from June 2014 (the search end date of the
Cochrane 2016 review®) to September 2020 (strategy provided in
Supplementary material online, File S7). We also searched two clinical trials
registers (World Health Organization’s International Clinical Trials Registry
Platform and ClinicalTrials.gov), and hand-searched reference lists of re-
trieved articles and recent systematic reviews. Records collected from trial
registry searches were used to identify trials not picked up in database
searches, as well as ongoing studies. We sought RCTs of exercise-based
CR (exercise training alone or in combination with psychosocial or

educational interventions) compared with no-exercise or usual care con-
trol, with at least 6-month post-baseline follow-up outcome measures.
All patients in both the intervention and control groups were generally re-
ported to receive (local or national) guideline recommended medical
treatment.

Two reviewers (G.O.D. and J.F.) independently confirmed trial eligibility.
Disagreements were resolved by discussion or by a third reviewer (RS.T.), if
necessary.

Patient population

We included adults (>18 years), in either hospital-or community-based set-
tings, who had a myocardial infarction (Ml), who had undergone revascular-
ization [coronary artery bypass grafting (CABG) or percutaneous coronary
intervention (PCI)], or who had angina pectoris or coronary artery disease
defined by angiography.

£20Z YoJe\ 1 uo Jasn yoimiep 10 Ausiaaiun Aq 6Z2/820./2SY/9/yb/81onle/uesyina/woo dno-olwapeoe//:sdiy Woll papeojumoc]


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac747#supplementary-data

Exercise-based cardiac rehabilitation for CHD

455

Table 1 Summary of study, population, intervention,
and comparator characteristics

Study characteristics Number of studies (%) or median

of study means (range)

Publication year

1970-9 2 (2%)
1980-9 12 (14%)
1990-9 20 (24%)
2000-9 21 (25%)
2010-9 23 (27%)
2020 onwards 7 (8%)
Study continent
Europe 48 (56%)
North America 13 (15%)
Asia 16 (19%)
Australia 5 (6%)
Other 3 (4%)
LMIC 21 (25%)
Single centre 61 (72%)
Sample size 137 (25-3959)
Duration of follow-up, 12 (6-228)
months
Population Characteristics
Sex
Males only 21 (25%)
Females only 1 (1%)
Both males and females 61 (72%)
Not reported 2 (2%)
Age, years 56 (44-77)
Diagnosis
Post-Ml only 40 (47%)
Revascularization only 14 (16%)
Angina only 5 (6%)
Mixed CHD population 25 (29%)
Other® 1(1%)
Intervention characteristics
Intervention type
Exercise only programme 38 (45%)
Comprehensive 47 (56%)
programme

Dose of intervention
Duration 6 months (0.75-42)

Frequency 1-7 sessions/week

Continued

Table 1 Continued

Study characteristics Number of studies (%) or median

of study means (range)

Length 20 to 90 min/session
Intensity * 50%-90% maximal/peak HR or HRR
+ 50%—95% VO, max
*» Borg RPE 11-16
Setting
Centre-based only 40 (47%)
Combination of centre 21 (25%)
and home
Home-based only 21 (25%)
Not reported 3 (3%)
Comparator
Usual/standard care 50 (59%)
Usual care plus® 24 (28%)
‘No exercise’ 8 (9%)
Other 3 (4%)

CHD, coronary heart disease; HR, heart rate; HRR, heart rate reserve; LMIC,
low-middle-income country; RPE, ratings of perceived exertion; VO,;max, maximal
oxygen uptake.

*He 2020 recruited patients with Ml in the absence of obstructive coronary artery
disease.

®Usual care plus education, guidance or advice about diet and exercise, but no formal
exercise training.

Data abstraction and quality appraisal

Two reviewers (G.O.D. and J.F.) independently completed data extraction
and assessed study quality using the Cochrane Risk of Bias (ROB) tool,"
which was checked by a third reviewer (RS.T.). Trials were assessed based
on random sequence generation, allocation concealment, blinding of out-
come assessment, incomplete outcome data, and selective reporting.
Information regarding study methods (country, design, follow-up, and set-
ting), participant characteristics (numbers randomized, age, sex, diagnosis,
and inclusion/exclusion criteria), intervention (exercise mode, duration, fre-
quency, intensity), and control (description, i.e. usual care, no exercise), out-
comes, funding sources, and notable author conflicts of interest were
obtained.

Outcomes and certainty of evidence

Clinical event outcomes included overall and cardiovascular (CV) mortality,
fatal and/or non-fatal Ml (as reported by studies), CABG, PCl, overall hos-
pitalization, and CV hospitalization. Other outcomes included HRQolL and
CR costs, and cost-effectiveness per quality-adjusted life year (QALY). One
reviewer (G.O.D.) assessed the certainty of the evidence using Grading of
Recommendations ~ Assessment,  Development, and  Evaluation
(GRADE),""* and had it checked by a second reviewer (RS.T.). GRADE
assessment was applied to clinical event outcomes (overall and CV mortal-
ity, fatal and/or non-fatal MI, CABG, PCI, overall hospitalization, and CV
hospitalization) at 6—12 months follow-up, the most frequently reported
follow-up time point across trials. Evidence was downgraded from high cer-
tainty by one level based on the following domains: limitations in study de-
sign or execution (ROB), inconsistency of results, indirectness of evidence,
imprecision, and publication bias.
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Table 2 Summary of meta-analysis effects of exercise-based cardiac rehabilitation on clinical event outcomes at
longest follow-up, short-term follow-up (6-12 months), medium-term follow-up (13-36 months), and long-term
follow-up (>36 months)

Outcome n n n events/participants RR (95% CI) Statistical GRADE
fol!ow-up time participants studies Intervent|on Comparator heter.'og.entzeity P assessm.ent of
point statistic 3 test certainty
. Ovem” mo,.m,,ty ..................................................................................................................................................................
Longest follow-up 16829 47 919/8608 950/8221 0.96 (0.89-1.04) 0%
6—12 months 8823 25 228/4590 242/4233 0.87 (0.73-1.04) 35% DDHDO Moderate®
13-36 months 11073 16 467/5611 498/5462 0.90 (0.80-1.02) 0%
>36 months 3828 11 476/1902 493/1926 0.91 (0.75-1.10) 35%
CV mortality
Longest follow-up 7762 26 296/3997 382/3765 0.74 (0.64-0.86)*** 0%
6—12 months 5360 15 109/2799 114/2561 0.88 (0.68-1.14) 0% DDHDO Moderate®
13-36 months 3614 5 199/1861 39/1753 0.77 (0.63 to 0.93)** 5%
> 36 months 1392 8 56/690 100/702 0.58 (0.43-0.78)%** 0%
Fatal and/or non-fatal MI
Longest follow-up 14151 39 383/7181 43716970 0.82 (0.70-0.96)* 9%
6—12 months 7423 22 140/3820 174/3603 0.72 (0.55-0.93)* 7% @®®O Moderate”
13-36 months 9565 12 264/4830 237/4735 1.07 (0.91-1.27) 0%
>36 months 1560 10 65/776 102/784 0.67 (0.50-0.90)** 0%
CABG
Longest follow-up 5872 29 211/3028 215/2844 0.96 (0.80-1.15) 0%
6—12 months 4473 20 125/2324 232/2149 0.99 (0.78-1.27) 0% DDDD High
13-36 months 2826 9 123/1413 126/1413 0.97 (0.77-1.23) 0%
>36 months 675 4 19/333 29/342 0.66 (0.34-1.27) 18%
PCI
Longest follow-up 3878 17 171/1960 201/1918 0.84 (0.69-1.02) 0%
6—12 months 3465 13 91/1743 104/1722 0.86 (0.63-1.19) 7% BPPO Moderate®
13-36 months 1983 6 114/996 116/987 0.96 (0.69-1.35) 26%
>36 months 567 3 28/281 37/286 0.76 (0.48-1.20) 0%
All-cause hospitalization
Longest follow-up 7802 21 504/3958 593/3844 0.77 (0.67-0.89)** 32%
6-12 months 2030 14 130/1054 209/976 0.58 (0.43-0.77)%x* 42%* ®P®O Moderate®
13-36 months 5995 9 392/3017 417/2978 0.92 (0.82-1.03) 0%
CV hospitalization
Longest follow-up 1730 8 152/871 174/859 0.85 (0.67-1.08) 12%
6—12 months 1087 6 40/546 42/541 0.8 (0.41-1.59) 53% BBOO Low™
13-36 months 943 3 129/470 141/473 0.92 (0.76-1.12) 0%

CABG, coronary artery bypass graft; Cl, confidence interval; CR, cardiac rehabilitation; CV, cardiovascular; Ml, myocardial infarction; PCl, percutaneous coronary intervention; RR, risk
ratio.

“Downgraded by one level due to imprecision with a wide confidence interval.

®Downgraded by one level due to evidence of publication bias.

“‘Downgraded by one level due to substantial heterogeneity.

*P <0.05.

**P <0.01.

%P <0.001.

£20Z YoJe\ 1 uo Jasn yoimiep 10 Ausiaaiun Aq 6Z2/820./2SY/9/yb/81onle/uesyina/woo dno-olwapeoe//:sdiy Woll papeojumoc]



Exercise-based cardiac rehabilitation for CHD

457

Study Events, Events, %
D RR (86% C1) Treatment Control Weight
Wilheimsen 75 —_—— 0.79 (0.51, 1.24) 28/158 38157 i
Kallio 79 —— 0.73(0.51,1.03) 41188 56/187 513
Andersen 81 - 122(020,512) 446 Va2 0.30
Swvarajan 82b + 1.50 (0.16, 13.83) 374 137 0.13
Carson 82 — 0.58 (0.29, 1.13) 121151 21182 1.38
Sivarajan 82a + 1.37(0.16,12.70) 379 1/36 0.13
Bengtsson 83 —. 1.85 (0.70, 4.87) 1081 690 067
WHO 83 -~ 0.91(0.75, 1.10) 169/1208 1691096 16.05
Vermeulen B3 —_— 0.43(0.09,2.13) 2047 551 025
Roman 83 ——4 0.64 (0.37, 1.10) 16/63 21100 206
Stern 83 + 0.23 (0.01,552) V42 1729 0.06
Erdman 86 + 900 (050, 161.86) 4/40 /40 007
Bethell 90 —t— 1.37 (0.68, 2.76) 16113 12116 126
Fridiund 91 —_— 067 (0.31, 1.47) wa7 14/91 1.01
Leizorovicz (PRECOR) 91 +* 0.11 (0.01, 2.08) 060 481 0.07
Oldridge 91 —_———t——— 0.77 (0.18, 3.36) 99 4102 029
Bertie 92 + 0.13(0.01, 252) w57 53 0.07
Schuler 82 * 204(019,2182) 2/56 157 0.1
Engblom 92 e — 0.85(0.40, 1.77) 121119 13109 1.14
Heller 93 223(056,879) &213 237 033
Fletcher 94 086 (0.20, 362) 4 447 0.30
Holmback 94 1.03(0.07,1580) 1/34 1/35 008
Debusk 94 1.20 (0.52, 2.72) 12293 0292 092
Haskell (SCRIP) 94 1.07 (0.22, 5.21) 148 185 0258
Carlsson 98 0.99 (0.14, 6.91) 21113 21112 016
Bell 98 i_ 087 (0.44, 2.13) 190251 8102 099
Stahle 99 1.58 (0.40, 6.28) 556 %3 033
Hofman-Bang 99 - 0.15(0.02, 1.18) 1148 641 014
Dorn (NEHDP) 99 - 1.09 (0.93, 1.28) 162/315 1500319 2481
Toobert 00 + 200(0.00,45.12) 117 o 0.06
Higgins 01 + 273(0.11,8543) 1/54 e 0.08
VHSG 03 + 202(0.19,2182) 298 199 011
Yu 04 e 0.55 (0.14, 2.12) 1132 a2 0.34
Hambrecht 04 + 0.49 (0.05, 5.24) 1151 2150 on
Maroto 05 S e 0.44 (0.19, 1.01) 7190 16/90 088
Bnfta 05 + 0.20 (0.01, 4.00) a7 256 007
Zwisier 08 —— 1.16 (0,66, 2.03) w227 20219 186
Rexd 11 + 0.19 (0.01, 3.87) o115 2/108 0.07
West (RAMIT) 12 - 1.02 (0.87, 1.18) 245/5903 243910 27.0%
Mutwalli 12 + 0.25 (0.01, 5.91) o28 w21 0.06
Wang 12 + 0.33 (0.04, 3.14) 1/80 80 0.12
Oerkild 12 + 0.88 (0.28, 2.82) 4119 621 0.46
Pal 2013 -+ 067 (0.11, 3.92) 2129 120 020
Lear 2018 * 0.36 (0.02, 8.50) o34 1ar 0.06
Hautala 2017 + 0.29 (0.01, 7.08) o109 1/96 0.06
Campo 2020 + 0.33 (0.03,3.13) 1118 7 0.12
Prabhakaran 2020 —— 1.01 (0.74, 1.37) 1711963 771068 6.49
Snoek 2020 -+ 3.03(0.13, 73.48) 1/89 090 0.06
Overall (l-squared = 0.0%, p = 0.719) [ 0.96 (0.89, 1.04) 919/8608 0508221 100.00
NOTE Weights are from random effecis analyss

I
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Figure 2 Forest plot: exercise-based cardiac rehabilitation vs. control for overall mortality.

Statistical analysis

Outcome data were pooled at the longest reported follow-up and at three
separate time periods: ‘short-term’ (6—12 months), ‘medium-term’ (13-36
months), and ‘long-term’ (>36 months) follow-up. Given the level of clinical
heterogeneity (variation in CR interventions and populations), we purpos-
ively undertook random-effects meta-analyses, using the DerSimonian and
Laird random-effects meta-analysis method, assuming that each study esti-
mates a different underlying intervention effect. Dichotomous outcomes
(overall and CV mortality, MI, CABG, PCl, and all-cause hospitalization,
and CV hospitalization) are expressed as risk ratios (RRs) with 95% confi-
dence intervals (Cls). For those clinical event outcomes with significant risk
reductions, we calculated the number needed to treat for an additional
beneficial outcome (NNT).'® Where >2 trials reported the same validated
HRQoL measures and domains [i.e. Short-Form-36 (SF-36), EuroQol-5D
(EQ-5D)], continuous outcomes were pooled separately by each scale
and reported as the mean difference (MD) and 95% CI. Given the hetero-
geneity in HRQoL outcome measures and reporting, for comprehensive-
ness, we used a vote-counting approach to synthesis in addition to

meta-analyses, where the number of positive, negative, and non-significant
results was summed. Cost-effectiveness data were synthesized narratively.
Statistical heterogeneity was considered substantial where I statistic >50%.
For outcomes with >10 trials included in the meta-analysis, we used the
funnel plot and Egger’s test to examine small study bias."” The two-sided
P-values <0.05 were considered statistically significant. A univariate
random-effects meta-regression was used to explore heterogeneity and
examine the following pre-defined treatment effect modifiers across clinical
event outcomes only: (i) case mix (patients percentage presenting with MI),
(if) ‘dose’ of exercise [dose (units) = number of weeks of exercise training X
average sessions per week X average duration of each session in min], (iii)
type of CR (exercise only vs. comprehensive CR), (iv) length of follow-up
(longest follow-up used where multiple time points are assessed), (v) pub-
lication year, (vi) sample size, (vii) CR setting (home or centre based), (viii)
ROB (low in <3 of 5 domains), (ix) study continent (Europe, North
America, Australia/Asia, or other), and (x) study country status
[low-middle-income countries (LMICs) or high-income countries] accord-
ing to the World Bank Group'®. Given the number of statistical
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Study Events, Events, %
0 RR (95% CI) Treatment Control Weght
Wilheimsen 75 e 0.69 (0.43, 1.12) 231158 33157 874
Kallio 79 —— 0.63 (0.44, 0.92) 35/188 55/187 14.80
Shaw (NEDHP) 81 —— 0.71 (0.37, 1.38) 147323 201328 463
Vecchio B1 g v 0.20 (0.01, 3.97) w25 2025 023
Swarajan 82a — 135(0.15,1250) T 132 041
Sevarajan 820 - + 3.61(0.19, 67.81) V65 033 024
]
Vermeulen 83 —_—— 0.43 (0.09, 2.13) 247 5/51 0.81
Roman 83 o 0.58 (0.32, 1.08) 1393 24/100 546
WHO 83 - 0.87 (0.70, 1.07) 144/1208 151/1096  45.16
Haskell (SCRIP) 94 + 0.71 (0.12, 4.20) 2145 3155 065
Miller 84 * }7] 0.11 (0.01, 2.31) o127 21 022
Bethell 90 —II-Q-— 1.11 (0.53, 2.33) 13113 12116 ar4
Ormnish 90 +* 1.43 (0.14, 14.70) 228 120 038
]
Schuler 92 - + 5.09 (0.25, 103.66) 2156 0/57 023
Debusk 94 —t— 1.22 (0.51, 290) 117293 9292 274
Specchia 96 e 0.40 (0.15, 1.10) 5125 1313 204
]
Hofman-Bang 99 * T 0.15 (0.02, 1.18) 1/46 a4 048
Dugmore 99 :I‘ 0.67 (0.12, 3.85) 262 62 067
Toobert 00 -+ 2.00 (0.09, 45.12) mnm7 011 o
]
La Rovere 02 —_—— 0.47 (0.19, 1.15) /49 12/46 287
Hambrecht 04 . : 0.20 (0.01, 3.99) w51 2150 023
Brifta 05 - - 0.33 (0.01, 7.87) w57 1156 020
I
Montero 05 e 0.50 (0.21, 1.18) 7/%0 14/90 278
Aronov 10 —0+— 0.49 (0.13, 1.95) 197 6/195 1.09
Campo 2020 - - 0.33 (0.03, 3.13) 7118 a7 041
]
Bubnova 2020 - 1.00 (0.06, 15.71) T8 178 027
Bubnova 2020 - : 0.33 (0.04, 3.14) uTe y78 0.41
Snoek 2020 e + 3.03(0.13, 73.48) 89 0/90 020
Overall (l-squared = 0.0%, p = 0.795) é 0.74 (0.64, 0.86) 296/3997 382/3765  100.00
]
NOTE: Weights are from random effects analysis :
I |
00548 1 183

Figure 3 Forest plot: exercise-based cardiac rehabilitation vs. control for cardiovascular mortality.

comparisons performed in this review, the results interpretation was pri-
marily based on 95% Cls rather than P-values. Statistical analyses were per-
formed in RevMan Web version 3.12.1 and STATA version 16.1.

Results

Search and selection of studies
The search selection process is summarized in Figure 1. Updated data-
base and trial registry searches resulted in a total of 13783 hits, of
which 11056 unique records were identified, and 244 were selected
for full-text review. The main reasons for exclusion were study design
(e.g. non-RCT, <6-month follow-up), or use of exercise comparators.
The 22 new RCTs (7795 participants; 43 publications),'®* identified in
this update, provide a total evidence base of 85 RCTs (145 publications,
23 430 participants) comparing exercise-based CR with a no-exercise
control group in patients with CHD."*~'% The participants in the newly
included trials represent about one-third of all participants included in
this study (33%). A complete list of primary and associated supplemen-
tary references for included studies is provided in Supplementary
material online, File S2.

A summary of the study, participant, intervention, and comparator
characteristics of the 85 included studies is presented in Table 1.

Seventy-nine (93%) of the 85 studies were two-arm parallel RCTs,
with four studies comparing more than two arms, (two types of CR
vs. control),>"***28? one study using quasi randomization methods,*®
and one cluster RCT.®? Sixteen of the 22 new trials identified were
undertaken in Ll"IICs,19’21‘Z‘H‘("zg‘3(”4'374‘O resulting in a total of 21
RCTs in LMICs. Three large multicentre trials contributed a total of
8956 participants (~40% overall).>*%?” The median age of participants
across studies was 56 years, and over the last decade, the percentage
of female patients included in trials increased from 11% to 17%. The me-
dian CR intervention duration and trial follow-up were 6 and 12 months,
respectively. Thirty-eight of the 85 (45%) interventions were exercise
Only,20-2428.31-3335,394448,49.52.5459,60.65,69.73.7677 82-8488-9294100 e

47 (55%) involving multiple components including education (20
25,26,29,34,37,38,51,53,55,57,61,62,70,78,85-87,97,101,102

trials), psychosocial (seven
trials) 3646287274805 o 3 combination of both (16
trials),19:3045:5063.6466-68,7175,9396.9899.103 . st components (i.e. con-

trolled diet, risk factor management, smoking cessation, relaxation; four
trials).27'47'79'81 Exercise was typically aerobic, with the inclusion of resist-
ance  training  reported in  27% trials (23 out of
85)22:27283035.39:41434446,47 5054656977 83868990.100-102 T fose of exer-
cise interventions varied widely, with frequency ranging between 1 and 7
sessions per week, length of sessions ranging between 20 and 90 min,
and intensity ranging between 50% and 90% of maximal or peak heart
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Study Events, Events %
D RR (85% CI) Treatment Control Weight
Carson 82 —_— 1.31(059,289) 13151 1001152 346
Wilhelmsen 75 — 0,89 (0.54, 145)  25/158 28157 767
Kallio 79 el 161(007,267) 34188 21187 137
Shaw (NEHDP) 81 —_— 0.86 (0.45, 163)  16/323 19328 493
Roman 83 —— 0.75(0.42,1.33)  16/93 23100 605
Stern 83 —— 0.60 (0.04, 10.60)  1/42 1720 032
Bengtsson 83 -+ 056 (0.10,295) 281 490 085
WHO 83 - 1.10 (0.85, 1.41)  122/1208 1011006 1763
Vermeulen 83 —_—— 048 (0.16,1.468) 447 /51 1.86
Miller 84 —4—;—— 0.56(0.17,1.87) 5127 571 150
Erdman 86 -+ 200 (0.19,21.18) 240 1/40 043
Bethell 90 —— 066 (0.30, 146) 9113 14116 343
Leizorovicz (PRECOR) 91 —_—— 068 (0.20,228) 460 881 157
Andersen 81 —-.-—1-— 0.46(0.12,1.71) 46 842 134
Schuler 82 -+ - 0.15(0.01,275) /56 ST 028
Bertie 92 + - 0.31(0.01,746) /57 1/53 024
Haskell (SCRIP) 94 ———— 0.43(0.14,1.33) 4145 10155 178
DeBusk 94 —— 0,50 (0.24, 1.05) 107293 20202 389
Holmback 94 : * 514 (0.26, 103.35) 2/34 035 027
Dugmore 99 —_— 041(0.18,092) 7/82 17/62 335
Hofman-Bang 99 -+ 0.18 (0.01,362) (/48 241 027
Belardinel 01 -+ - 0.33(0.04,311)  1/50 3150 0.48
La Rovere 02 : 0.19(0.01,381) 049 2146 027
Hambrecht 04 0.98 (0.06, 15.25)  1/51 1/50 0.32
Maroto 05 p— 060 (0.31,154) 990 1360 342
Briffa 05 0.98 (0.08,15.32) 1/57 1/56 032
Kovoor 08 f -+ 202(0.31,27.37) am2 1170 0.48
Giallauria 08 +— 052 (0.05 540)  1/30 23 044
Zwisler 08 —p—— 1.45(0.68,3.15) 15227 10/219 357
Munk 09 1.00 (0.07, 14.90)  1/20 1120 0.33
Aronov 10 —-h—dﬁ 040(0.08,202) 2197 5105 0.89
Mutwalli 12 + 0.25(0.01,591) 028 121 0.24
West (RAMIT) 12 — 0.04 (0.63,1.39) 43483 46/484 1048
Hautala 2017 —_—— 027(0.10,072) 5109 16/95 241
Zhang 2018 g . 0.33(0.01,803) 085 1/65 024
Chaves 2019 - - - 010(001,208) O30 220 027
Chaves 2018 -+ 0.27(0.03,280) 1/37 220 0.44
Prabhakaran 2020 —— 0.87 (0.42,183) 131053 151068 301
Bubnova 2020 -+ 0.20(0.02,167) 178 578 0.53
Bubnova 2020 —-0-—{-— 050(0.13,1.93) 78 678 128
Snoek 2020 ————— 1.35(0.31,585) 480 3190 1.00
Overall (lsquared = 8 6%, p = 0.316) 3 0.82 (0.70, 0.96) 38VT181  437/69T0 100.00
NOTE: Weights are from random effects analysis :
I
00528 1 189

Figure 4 Forest plot: exercise-based cardiac rehabilitation vs. control for myocardial infarction.

rate, 50%—-95% of aerobic capacity, or at a rating of perceived exertion be-

tween 11 and 16. Of the 21 home-based exercise pro-
25,2930,36,3843-45,5357,61-6366.71.72.7678798297 ¢\ \were delivered

25,29,72,82

grammes,
electronically via mobile phones or the internet.

Risk of bias and GRADE assessment

The overall ROB of included trials was judged to be low or unclear
(see Supplementary material online, Figure S7), and the quality of
reporting improved since 2010 (80% of studies had <3 low-ROB
domains pre-2010 vs. 55% post-2010). The 30 (35%) trials
reported sufficient and appropriate details of random sequence
generation, 1252832343741 454BS056606165,66,727779.8297.100103 3y 93

(27%)  reported appropriate  allocation
3134,36,455061,65.6872.77.79.82.85.9698.103 ivty 24 (28

concealment,21_25’29_
%) reporting sufficient
details of outcome assessment blinding23~2%28:29:34-36:57.59.60.65.71~
7AT7BIB2B4B598103 The 38 (44%) trials were assessed to have

low-ROB  for incomplete outcome  data,'%?>26:28.29.32-

37,40,42,45,49,50,54,59,60,67,69,70,72,73,75,77,79,83,84,86,95,97,98,101,103 and

62 (73%) had low-ROB for selective reporting,'23-2529:34-36:40-68.70-
72.74-788082-89.91,9294-99,101-103. GRADE assessments for the clinical
event outcomes at short-term follow-up ranged from low to high
(Table 2), downgrading for imprecision (wide Cls), evidence of publica-
tion bias, or substantial statistical heterogeneity.

Outcomes

A summary of pooled clinical events across all four follow-up time
points [longest reported follow-up, short-term (6—12 months),
medium-term (13-36 months), and long-term (>36 months)] is pre-
sented in Table 2. GRADE assessments for certainty of evidence at
short-term (6—12 months) follow-up across clinical event outcomes
ranged from low-to-high certainty. We downgraded overall mortality,
CV mortality, PCI, and CV hospitalization by one level for imprecision,
due to wide Cls that overlapped the boundary with no effect. We
downgraded Ml and all-cause hospitalization by one level due to evi-
dence of publication bias. We downgraded CV hospitalization by an
additional level due to evidence of substantial heterogeneity.
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Study Events. Events, %
D RR (95% CI) Treatment Control Weight
Vecchio 81 s ]. 0.33(0.01,7.81) 028 1125 034
Shaw (NEHDP) 81 —_—— 1.08 (0.55, 2.10) 177323 16/328 760
Swaraan 82b B 1.02 (0.32, 328) m2 4)42 246
Sivaraan 82a —_— 0.55(0.14,207) anT 442 189
Roman B3 -+ 0.36 (0.04, 3.39) 183 3100 067
Stern 83 g 209 (0.09, 49 65) 1/42 029 034
Miler 84 ————————— 1.68 (0.47,6.00) ona7 am 207
Leizorovicz (PRECOR) 91 -+ 203 (0.19,21.84) 280 161 080
Bertie 92 +* 279(0.12,67.10) 157 0/53 033
Schuler 92 1.02 (0.07, 15.88) 1/56 1157 045
Engblom 92 ‘ 092(0.06, 1447) 1119 11109 044
Holmback 94 + 0.34 (0.01,8.13) 034 1135 0.34
Haskel (SCRIP) 94 —_—— 0.46 (0.18, 1.16) 6/145 141168 389
Specchia 96 + 165(0.66,4.11) 11128 ™31 401
DeBusk 94 — 1.27(0.83,1.94) 421293 33202 18.51
Hofman-Bang 99 — 045 (0.12, 1.67) 346 6/41 193
Stahie 99 —_—— 095 (0.36, 252) 756 7/53 352
Manchanda 00 s + 0.08 (0.00, 1.28) 021 621 042
Belardinelli 01 —_— 060 (0.15, 2.40) 59 559 1.75
La Rovere 02 —— 1.41 (0.54, 3 65) 9/49 6/46 an
Hambrecht 04 - 0.33(0.01, 7.84) 0551 1/50 033
Sandstrom 05 —_—— 051 (0.10, 2 66) 250 451 123
Kovoor 08 —_——— 0.32 (0.07. 1.55) 2m2 &70 137
Zwisler 08 ——— 0.90 (0.43, 1.86) 13227 147219 628
Back 08 4 + 232(0.10,5342) 121 016 0.34
Munk 09 ‘1 -+ 3.00(0.13,69.52) 120 020 034
Reid 11 + 0.31 (0.01, 7.81) 01115 11108 033
West (RAMIT) 12 —— 0.96 (0.70, 1.32) 64/483 67/484 3314
Lear 15 - 0.36 (0.04, 3.32) 134 aar 069
Chaves 19 + 150(0.06,3519) 1739 o018 034
Chaves 19 + 1.66 (0.07, 38.92) 137 020 034
Overal (-squared = 0.0%, p=0910) q) 0.96 (0.80, 1.15) 2113028 2152844 10000
NOTE: Weights are from random effects analysis
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Figure 5 Forest plot: exercise-based cardiac rehabilitation vs. control for coronary artery bypass graft.

Mortality
Of the 60 trials (61 comparisons) that reported overall mortality, 13
trials reported zero events in both arms. There was no difference in
risk of overall mortality at short-term follow-up (6—12 months; RR:
0.87,95% Cl: 0.73-1.04, = 0%; moderate certainty evidence) or long-
est follow-up (47 trials, RR: 0.96, 95% CI: 0.89-1.04, P?= 0%; Figure 2).
Across 33 trials (35 comparisons) reporting CV mortality, seven trials
reported zero events in both arms. A 26% reduction in risk of CV mor-
tality was seen at longest reported follow-up (26 trials, RR: 0.74, 95% CI:
0.64-0.86, I* = 0%; Figure 3) with an NNT of 37. At short-term (612
months) follow-up, there was no significant difference in CV mortality
(RR: 0.88, 95% Cl: 0.68—1.14, [*= 0%, moderate certainty).

Fatal and/or non-fatal Mi

Across 42 trials (44 comparisons) reporting fatal and non-fatal Ml, three
trials reported zero events in both arms. An 18% reduction in risk was
shown at longest follow-up (39 trials, RR: 0.82, 95% Cl: 0.70-0.96, P =
9%; Figure 4) with an NNT of 100. The overall risk was driven by signifi-
cant reductions in the short-term (6—12 months; RR: 0.72, 95% Cl: 0.55—
0.93, I* = 7%, high certainty evidence) and long-term (>36 months; RR:
0.67,95% Cl:0.50-0.90, I* = 0%) with no difference in the medium-term
follow-up (13-36 months; RR: 1.07, 95% Cl: 0.91-1.27, I* = 0%).

Revascularization events

Of 31 trials (33 comparisons) reporting CABG, two trials reported
zero events in both arms. There was no difference in risk of CABG
at longest follow-up (29 trials, RR: 0.96, 95% CI: 0.80-1.15, I2=0%;
Figure 5). Of the 20 trials (21 comparisons) reporting PCl, three trials
reported zero events in both arms. There was no significant difference
in risk of PCI (17 trials, RR: 0.84, 95% Cl: 0.69-1.02, = 0%,; Figure 6).

Hospitalization

Across 22 trials (24 comparisons) that reported overall hospitalization,
one trial reported zero events in both arms. A 23% reduction in overall
hospitalization risk with participation in exercise-based CR was shown
at the longest follow-up (21 trials, RR: 0.77,95% CI: 0.67-0.89, ?=32%;
Figure 7) with an NNT of 37. Nine trials reported CV hospitalizations
and one trial reported zero events in both arms. There was no signifi-
cant difference in CV hospitalization at longest follow-up (eight trials,
RR: 0.85, 95% Cl: 0.67-1.08, I* = 12%; Figure 8).

Health-related quality of life

Six trials reported SF-36 summary component scores with up to
12-month follow-up (Figure 9). There was evidence of increases in
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Study Everts, Events %
D RR (85% CI) Treatment Control Weight
'I
Schuler 92 ¢- | 0.68 {0.12, 3.91) 2/56 5T 1.22
Haskell 94 —_—— 0.82 {0.41, 1.62) 13145 17156 7.97
Specchia 96 : !1: 1.05(0.07, 16.57) 1125 M3 043
DeBusk 94 p——- 0.75(0.46, 1.24) 25/293 337202 15.36
Stahle 99 :—I—’_ 3.79 (0.84, 17.02) 8/56 2/53 1.66
Hofman-Bang 99 —_—— 0.81 (0.38, 1.71) 10748 1141 6873
Manchanda 00 + i 0.50 {0.05, 5.10) 21 a2 069
Belardinelli 01 -—._':- 0.36 (0.12, 1.08) 4/59 11/59 318
Hambrecht 04 “—“*—':'-- 0.33 (0.0, 1.14) 351 8/50 24
1
Maroto 05 —.—-:-— 0.56 (0.189, 1.59) 5/90 890 337
Sandstrom 05 : + 5.10 {0.25, 103.60) 250 51 041
Kovoor 08 _E-'.-_ 1.22(0.34,4.34) s§T2 470 i |
Back 08 - + 2.32(0.10, 53.42) w21 016 0.38
Zwisler 08 —— 0.82 (0.61, 1.37) 38227 401219 23.02
West (RAMIT) 12 —— 0.97 (0.68, 1.38) 537483 55/484 29.62
Chaves 2019 + . 0.17 {0.01,3.91) 039 1119 0.38
Chaves 2018 g : 0.11 {0.01, 2.20) 37 220 042
1
Snoek 2020 + ; 0.34 (0.01, 8.16) o/s9 1/90 037
Overall (I-squared = 0.0%, p = 0.569) o 0.84 (0.69, 1.02) 171/1960 201/1918 100.00
1
1
NOTE: Weights are from random effects analysis 1
T ' T
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Figure 6 Forest plot: exercise-based cardiac rehabilitation vs. control for percutaneous coronary intervention.

both the mental component score (MD: 2.14, 95% CI: 1.07-3.22,
I*=21%) and the physical component score (MD: 1.70, 95% Cl:
—0.08-3.47, > =73%) with exercise-based CR. These findings were
supported by improvements in selected SF-36 individual domain scores
(Figure 10) that included physical functioning, physical performance,
general health, vitality, social functioning, and mental health. There
was no evidence of an improvement in pooled EQ-5D visual analogue
scores (VASs; MD 0.05, 95% Cl —0.01-0.10, I* = 69%; Figure 11).
Vote-counting across the 32 trials that assessed HRQoL using a
range of validated generic or disease-specific outcome measures con-
firmed the benefit of CR, with 20 (63%) trials reporting higher levels
of HRQoL with exercise-based CR compared with control in one or
more subscales and 12 (38%) trials reporting higher levels of HRQoL
in >50% of the subscales (see Supplementary material online, Table S1).

Costs and cost-effectiveness

Only 8 of the 85 studies reported data on healthcare costs of CR with 5
studies reporting overall healthcare costs in both groups (Table 3). Total
healthcare costs were lower with exercise-based CR than usual care in
three studies (mean US$2378,%° €1083,%” and US$415'°? less per pa-
tient), higher healthcare costs were reported for exercise-based CR
than usual care in three studies (mean US$395,°° US$4,839,”% and US
$480% more per patient), and no difference was reported in one study.
However, the difference was significant in only one (mean US$2378/pa-
tient; P<0.001). Acceptable cost-effectiveness ratios per QALY in

favour of exercise-based CR were reported in three trials (US
$42,535,°° €15,247,7% and US$9,200%°).

Small study bias

Egger’s tests and visual inspection of funnel plots indicated there was no
evidence of small study bias for overall mortality (Egger’s test: P=0.05;
Supplementary material online, Figure S2), CV mortality (Egger’s test:
P=0.20; Supplementary material online, Figure S3), CABG (Egger’s
test: P=0.12; Supplementary material online, Figure $4), and PCI
(Egger’s test: P=0.39; Supplementary material online, Figure S5).
However, there was evidence of small study bias with funnel plot asym-
metry and significant Egger’s tests for M| (Egger’s test: P=0.001;
Supplementary material online, Figure S6) and all-cause hospitalization
(Egger’s test: P < 0.001; Supplementary material online, Figure S7).

Meta-regression

There was no evidence of significant differences in treatment effects
across patient, intervention, and study characteristics for all clinical
event outcomes (see Supplementary material online, Table 52).

Discussion

This updated Cochrane review and meta-analysis of RCTs incorporated
data from >23 000 CHD patients and confirmed the benefits of partici-
pation in exercise-based CR that include reductions in risk of CV
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Study Events, Events, %
D RR (95% CI) Treatment Control Weight
—'.-:—l
Belardinelli 01 0.52 (0.28, 0.99) 11/59 21/59 40
Briffa 05 ——— 0.98 (0.59, 1.65) 19/57 19/56 5.39
Engblom 96 —— 0.68 (0.45, 1.04) 26102 34191 6.97
Giallauria 08 —_—— 0.44 (0.13, 1.55) 3/30 7131 1.23
Hambrecht 04 -+ . 0.14 (0.02, 1.10) 1/51 7150 0.48
Haskell 94 —— 0.92 (0.71, 1.19) 62/145 721155 11.45
Hoffman-Bang 99 — 0.81(0.51,1.27) 19/46 2141 6.39
Lewin 92 —+—v—1 0.50 (0.25, 1.02) 9/58 18/58 333
Mutwalli 12 —+—-I 0.27 (0.10, 0.74) 4/28 11721 1.88
Shaw (NEDHP) 81 - 0.98 (0.79, 1.21) 109/323 113/328 12.73
VHSG 03 ——r— 0.79 (0.38, 1.66) 11/98 14/99 314
Yu 04 il . 1.16 (0.69, 1.95) 34/132 16/72 536
Zwisler 08 —— 0.98 (0.79, 1.21) 95/227 94/219 12.64
Reid 11 _ﬁ—— 0.63(0.18, 2.16) 4/115 6/108 1.26
Lear 15 _— 047(0.13,166) 334 7137 120
Hautala 17 —0-—: 0.29(0.11,0.77) 5/109 15/95 1.95
Santaularia 17 _— 064 (0.26,161)  6/41 10044 217
Campo 20 -—-0—-:-—-— 0.57 (0.29, 1.10) 12/118 21117 375
Chaves 19 - : 0.12 (0.01, 1.02) 1139 419 0.45
Chaves 19 - : 0.41(0.10, 1.64) 37 4/20 1.01
Bubnova 20 _I'-.-— 1.00 (0.40, 2.53) ars 878 2.13
Bubnova 20 —-..'"— 0.92 (0.43, 1.95) 11/78 1278 3.03
Prabhakaran 20 —— 0.82 (0.56, 1.19) 48/1953 59/1968 8.04
Overall (l-squared = 32.1%, p = 0.071) o 0.77 (0.67,0.89) 504/3958 593/3844 100.00
NOTE: Weights are from random effects analysis E
| I I
0146 1 68.5

Figure 7 Forest plot: exercise-based cardiac rehabilitation vs. control for overall hospitalization.

mortality, M, and all-cause hospitalization at a median follow-up of 12
months (Structured graphical abstract). No significant differences in ef-
fect were found across patient case mix, the type or set of CR pro-
gramme, the dose of exercise prescribed, study sample size, location,
length of follow-up, year of publication, and ROB. Reduced hospitaliza-
tions are likely to have benefits for both healthcare services as well as for
patients in terms of health resource usage and associated costs, and early
return home to families and community support networks. Importantly,
this updated review demonstrates that the benefits of CR extend across
recent trials that are more representative of the modern therapeutic ap-
proach in CHD, the expanded CHD population, and low- and
middle-income settings (21 trials undertaken in LMICs with 7851 parti-
cipants), where the prevalence of CHD continues to rise.'®*
Additionally, we found gains in HRQoL with increased scores across six
of the eight SF-36 domains, mental component scores, EQ-5D VAS, and
synthesis without meta-analysis across 32 trials reporting HRQoL data.
Based on the minimally important clinical differences, the increases in the
individual domain scores were not clinically important,'® but increases
in EQ-5D VAS scores could be clinically meaningful.'® Minimally important
clinical differences for the summary component scores are yet to be pub-
lished for CHD patients. Aithough HRQoL is important to patients and im-
provements have been demonstrated in generic measures, this finding
might have been more convincing if a generic measure had been

accompanied by the additional use of a CHD disease-specific HRQoL
measure. To provide more persuasive evidence, we recommend that fu-
ture trials consider routinely incorporating both types of HRQoL outcome
measures for at least 12 months to delineate which, if any, aspects of
HRQoL may yield an improvement. Trial-based economic evaluations
showed that CR is a cost-effective use of healthcare resources compared
with usual care.

Coronary heart disease is clinically changing from a life-threatening
disease to a chronic disease trajectory, as reflected in the terminology
of current clinical guidelines on chronic coronary syndr‘omes.4 This cru-
cial shift strongly calls for interventions that contribute to improvements
inthe rehospitalization rate and the well-being and HRQoL of people liv-
ing with chronic diseases. Thus, this latest Cochrane review of RCTs still
reinforces the importance of exercise-based CR as part of integrated
CHD care alongside modern invasive and pharmacological therapy.

Limitations

Our review has a number of potential limitations. First, although we
found that the methodological quality and reporting of studies have im-
proved over the last decade and that poor reporting did not appear to
alter the review findings, several ROB assessments across trials were
judged to be unclear, with many studies inadequately reporting
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0.85(0.67,1.08)

Events, Events,
Treatment Control
1/51 7150
231145 331155
a8 621
11/98 14/99
95227 94/219
4115 6/108
4118 6117
11/89 8/90
152/871 174/859

Weight

19.37

343

9.38

52.28
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357

7.08

100.00

I

0179
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Figure 8 Forest plot: exercise-based cardiac rehabilitation vs. control for cardiovascular hospitalization.

Exercise Usual Care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.8.1 Physical component score
Dorje 2019 468 69 156 452 65 156 225% 1.60[0.11, 3.09] Bl
He 2020 79 29 232 7329 236 B8.0% 6.00[0.7511.25
Ma 2020 13.3 B 150 99 59 150 23.2% 3.40[2.05, 4.75) —-—
Oerkild 2012 11 82 17 -14 838 18  6.8% 0.30[-5.58,6.18] —r
Snoek 2020 506 7.2 89 49 82 90 18.7% 1.60 [-0.66, 3.86) T
Zwisler 2008 452 98 227 464 98 219 209% -1.20[-3.02, 0.62) b
Subtotal (95% Cl) 871 870 100.0% 1.70[-0.08, 3.47] ‘
Heterogeneity: Tau*= 3.07; Chi*= 18.67, df= 5 (P = 0.002), F= 73%
Test for overall efiect Z=1.87 (P = 0.06)
1.8.2 Mental component score
Dotje 2019 515 93 156 50 86 156 21.4% 1.50 [-0.49, 3.49] ™
He 2020 73 28 232 71 27 236 4.4% 2.00[-2.98, 6.98] —tr
Ma 2020 124 54 150 9 62 150 36.4% 340[2.08, 472 -
Oerkild 2012 -14 73 17 -0.3 B89 19 39% -1.10[-6.40,4.20] "
Snoek 2020 532 88 89 525 9.2 90 13.8% 0.70[1.94,3.34] e
Zwisler 2008 506 108 227 484 115 219 201% 220([0.13, 4.27] [
Subtotal (95% CI) 871 870 100.0% 2.14[1.07,3.22] &
Heterogeneity: Tau®= 0.38; Chi*=6.32, df=5(P=0.28); F=21%
Test for overall effect Z= 3.91 (P < 0.0001)

-10

50 5 10

Favours [control] Favours [experimental)

Figure 9 Forest plot: exercise-based cardiac rehabilitation vs. control for health-related quality of life (short-form-36 summary component scores).

methodologies. Second, this update sought to combine evidence across
a range of CHD indications and studies that employed exercise-based
CR interventions with varying doses of exercise, delivery settings, and

durations

of follow-up. However,

we applied

random-effect

meta-analysis to take account of this potential clinical heterogeneity
across studies. Furthermore, the GRADE assessment framework also
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Exercise Usual Care
Study of Subgroup__Mean _SD_Total Mean SD_Total
1.9.1 Physical functioning
Belardinelli 2001 B2 18 53 54 320 59 11.3%
Bniffa 2005 176 217 55 68 267 51 87T%
Hassan 2016 £5 65 30 767 106 30 131%
He 2020 85 21 132 T4 19 136 135%
Maddison 2014 529 52 75 518 52 78 145%
‘Wang 2012 808 137 68 732 13 65 13.0%
West 2012 65 28 795 B4 30 B 140%
Yu 2003 88 12 72 B2 17 40 1I0%
Sublotal (95% CI) 1386 370 100.0%
Heterogenelly: Tau®= 40.31; Chif= 83.40,df= 7 (P = 0.00001); = 2%
Testfor overall effect Z= 3.47 (P = 0.0005)
1.9.2 Physical performance
Belarginell 2001 W 8 59 58 14 69 165%
Biifa 2005 100 741 55 75 556 61 35%
Hassan 2018 625 234 30 508 202 30 104%
He 2020 B0 21 232 7722 236 168%
Maddison 2014 526 66 75 508 66 78 180%
Wang 2012 682 173 68 562 468 65 0I%
West 2012 68 31 785 E7 33 BH 17.4%
‘Yu 2003 % 33 N2 B6 35 40 84%
Sublotal (95% C1y 1386 1370 100.0%
Heterogeneity. Tau = 37.82, Chi"= 54 38, dr= 7 (F < 0.00001), F= 7%
Testfor overall effect Z = 3.05 (P = 0.002)
1.3 Bodily pain
Belardinelli 2001 ] 134%
Briffa 2005 02 258 A%
Hassan 2016 786 11.9%
He 2020 7 128%
Maddison 2014 524 13.3%
‘Wang 2012 682
West 2012 3
Yu 2003 80
Subtotal (95% C1y

Heterogeneity Tau®= 153 26; Chi®
Testfor overal effect Z= 0.0

1.9.4 General health
Belardinell 2001 o4 59 s
riffa 2005 27 148 55 22
Hassan 2018 43 78 30 385
He 2020 ® B om N
Madison 2014 553 63 75 632
‘Wang 2012 574 203 68 43
‘Wesl 2012 58 25 795 57
Yu2003 64 26 72 KO
Subtotal (95% CI) 1386

Heterogenelly. Tau® = 20,00, Chi
Testfor averall eflect Z= 110 {

195 Vitality

Briffa 2005 118 222 55 69
Hagsan 2016 B85 111 30 677
He 2070 8 17 2w 73
Maddison 2014 567 B2 75 559
Wang 2012 €63 173 60 564
West 2012 B85 4 795 65
Yu 2003 7 18 72 65
Subtotal {95% CIj 1327

196
"7
25
62
ny
4
7

43.50,d1=7 (P = 0.00001), F= 4%
.002)

&1 106%
30 134%
236 16.0%
78 181%
65 121%
811 177%
40 121%
1311 100.0%

Heterogenelty Tau®= 20.78; Chi*= 38 47, of = 6 (P < 0.00001); = 86%

Testfor overall efect 7= 2.01 (F = 0.004)

1.9.6 Social functioning
Belardinell 2001 58 11 59 68
236 31 55 164
Hassan 2016 675 18 3 563
He 2020 % n om N
Magdison 2014 533 68 75 624
‘Wang 2012 713 14 B8 658
West 2012 8 8 795 79
Yu2003 89 7 T2 B2
Sublotal (95% CI) 1386

12
M3
183

19

69

18

9

FL

Heterogeneity. Tau®= 1.16; Ch*= .71, if = 7 (P= 0.27);

Testfor averall effect Z=2.26 (P = 0.02)

1.9.7 Emotional performance

Bnffa 2005 333 488 55 336
Hassan 2016 611 734 30 499
He 2020 B5 34 232 65
Maddisan 2014 4 68 75 516
Wang 2012 808 378 68 758
West 2012 85 23 T 85
Yu 2003 93 18 72 83
Subtotal {95% Cly 27

288
181
3
L]
387
5
3

59 136%
s 22%
0 35%
236 161%
78 320%
65 60%
Bl 247%

40 25%
1370 100.0%

81 11%
0 33%
236 9T%
78 418%
65 23%
B11 388%

40 29%
1311 100.0%

Heterogeneity: Tau?= 1.29; Chi*=7.32, df= 6 (P = 0.29), F = 18%

Testfor overall effect Z= 0.67 (P =0.50)

1.9.8 Mental health

Belardinelli 2001 714 59 45
Briffa 2005 36 185 55 39
Hagsan 2016 695 26 30 615
He 2020 77 013 W 7N
Maddison 2014 546 65 75 54
‘Wang 2012 735 171 68 654
West 2012 76 13 795 76
Yu 2003 8 16 72 B0
Sublotal {95% CI} 1388

Heterogeneity Tau®= 34.76; Chi*= 10711, df= 7 (P < 0.00001); = 93%

Testfor overall efect Z= 250 (F = 0.01)

15
142
75
23
85
07
13

53 120%
51 111%
30 135%
236 127%
78 140%
65 11.0%
811 143%
40 11.4%
1370 100.0%

Mean Difference
IV, Random, 95% C1

28.00(21.13,34.87)
10.80[0.44, 21.16]
6.80[2.35,11.25)
11.00[7.27,14.73)
1.0010.65, 2.65]
760[3.06,12.14]
1.00F1.89, 2.88]
6.00[0.05, 11.95]
84T[3.69, 13.24]

18.00(13.75, 22.25)
2500[0.17, 49.83]
1170[0.84, 22.76]

3,000,980, 6.90]
1.80F0.2, 3.89)
12.00 010, 2410}
200F113,543)
9.00 [-4.26, 22.26]
808289, 13.27]

-2.00F3183,-24.17]
930 [1.83,20.43)
11.70[2.00, 20.40)
3001262, 8.63)
050£210,3.10]
470(0.73,10.13]
1.0011.79, 379
0.00 19,66, 9.66]
0.06[-8.97, 8.84]

2000(14.18, 2582
0501538, 6.30]
450 [0.27, 8.73)
7.00(347,1083]
210010, 4.10)
840[217,1463]
1.00(1.45, 3.45)
4.00 [6.55, 14.56]
5,56 [2.08, 9.25]

5.00-2.96,12.96]
8.30[253,14.07]
8.00[4.13,11.87)
-D20£217,177]
290[3.21,16.59)
0.00F2.35, 2.35]
14.00[7.28, 20.71)
5.781.89, 9.67]

D00F415,4.15)
720[4.32,18.73)
1120[2.24, 20.16]
1.00F273,4.73)
080F129, 308]
550[1.31,12.21]
200£079, 4.79]
7.00(-3.69,17.69)
198 [0.26, 3.70]

030 }19.20, 18:60]
1120(0.39, 2201)
0.00F6.07, 6.07]
-D.202.39, 1.99]
4.90[4.30,168.10]
000235, 2.35]
1000 [-162, 21 62|
0691133, 271]

2500(19.76, 30.24]
-0.30[6 55, 5.95]
800[5.16,10.84]
100F317,517)
0601 45, 2.86]
8101163, 1457)
0.001.27,1.27)
4.0011.94,9.94]

5.60[1.21,9.98]

Mean Diffes ence

IV, Random, 95% C1

S

*]

(X

-

-100
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Figure 10 Forest plot: exercise-based cardiac rehabilitation vs. control for health-related quality of life (short-form-36 individual domain scores).

Exercise Usual Care Mean Difference Mean Difference
Study or Subgroup _Mean _ SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Campo 2020 075 013 112 065 022 110 354% 0.10[0.05, 0.15] -
Maddison 2014 0.86 0.16 75 083 016 78 342% 0.03 [F0.02, 0.08]
Sandstrdm 2005 0.87 015 50 086 016 51 30.4% 0.01 [-0.05, 0.07]
Total (95% CI) 237 239 100.0% 0.05[-0.01,0.10]
Heterogeneity. Tau®= 0.00; Chi*= 6,47, df= 2 (P = 0.04), F= 69% !_1 -U:.G 3 UTS

Testfor overall effect: Z=1.74 (P = 0.08)

Favours [control] Favours [experimental]

Figure 11 Forest plot: exercise-based cardiac rehabilitation vs. control for health-related quality of life (EQ-5D).
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Table 3 Continued

Yu (2004)

Oldridge
(1991/93)

Marchionni

Maddison

Hambrecht (2004) Hautala (2017) Kovoor (2006)/Hall

Briffa (2005)

NR

(2003)

(2002) (2014)
Average change in 15D

NR

Utility 0.010 (95% Cl,

Usual care mean

NR

NR

NR

NR

utility: —0.012

—0.001 to 0.022)

healthcare benefit

0.06 QALY

0.052 QALY (95% ClI,

NR

Utility 0.013 (95% ClI, NR 0.045 QALY (0.023- NR NR

Incremental mean

0.007-0.1)

0.077)

=0.38;+0.009
QALY

NR), P

healthcare benefit

—$650 per QALY

+$9200 per QALY

+€15247 per

+$42 535 per QALY. NR —€24511/QALY NR

Incremental

QALY

Extensive sensitivity

cost-effectiveness

analyses reported

ratio/patient

*The healthcare costs within Hambrecht 2004 are reported with $, but currency not specified. NR, not reported; QALY, quality-adjusted life year.

considers heterogeneity in the evidence. For example, the outcomes
all-cause mortality, CV mortality, PCl, and CV hospitalization were
downgraded in GRADE due to wide Cls that crossed the boundary
with no effect. Cardiovascular hospitalization was downgraded due
to evidence of statistical heterogeneity (I statistic >50%). Thirdly, while
studies reported a prescribed dose of exercise, few, if any, reported the
actual level of exercise undertaken by participants. So, we were not able
to assess the impact of intervention adherence. Fourth, the number of
trials reporting follow-up data beyond 12 months has decreased over
the last decade, from 48% (between 2000 and 2009) to 23% (between
2010 and 2020). Consequently, the number of deaths and clinical
events reported in several trials were low or zero, and these data
were often reported within descriptions of trial loss to follow-up rather
than as primary or secondary outcomes, which also means that trials
would not have been powered for these outcomes. Additionally, haz-
ard ratios were inconsistently reported across trials; therefore, no ana-
lyses using these data were possible. Finally, we also found evidence of
reporting bias. For example, although 60 trials reported all-cause mor-
tality, only 33 of these same trials reported CV mortality. Sensitivity
analysis of the subgroup group of 16 trials that reported both mortality
outcomes (see Supplementary material online, Figures S8 and S9)
showed improvements in both pooled overall (RR 0.85, 95% CI:
0.74-0.98) and CV mortality (RR 0.79, 95% Cl: 0.68-0.92). This sensi-
tivity analysis is in contrast with our main analysis, showing different ef-
fects of exercise-based CR on overall mortality and CV mortality.

Conclusions

The findings of this latest Cochrane review of 85 RCTs in 23 430 CHD
patients confirm the clinical outcome benefits of reduced CV mortality,
MI, and hospitalization with participation in exercise-based CR and also
provide timely evidence that supports the generalizability of these ben-
efits across patients, in the context of contemporary medical manage-
ment, and across healthcare settings, including LMICs. This updated
review also provides meta-analytic evidence that CR participation im-
proves patient quality of life-based on validated HRQoL data. Our find-
ings reinforce the need to improve access to CR for patients with CHD
across the globe.

Supplementary data

Supplementary data are available at European Heart Journal online.
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