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l Faculty of Health Sciences at Manresa, Universitat de Vic - Universitat Central de Catalunya (UVic-UCC), Manresa, Spain
m Central Catalonia Chronicity Research Group (C3RG), Institut de Recerca i Innovació en Ciències de la Vida i de la Salut a la Catalunya Central (IRIS-CC), Vic, Spain
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1. Introduction

Angina pectoris (AP) is a common condition in Western society. 
Contemporary treatment of AP includes optimal medical therapy, which 
comprises preventive and anti-anginal medication to reduce morbidity 
and mortality, and improve health-related quality of life (HRQoL). When 
symptoms persist, revascularisation should be considered. However, 
trials have questioned the benefits of revascularisation on morbidity and 
mortality in patients with stable AP [1], highlighting the need to explore 
other therapeutic strategies. Interestingly, retrospective evidence 
showed lower risks for morbidity and mortality following ExCR 

compared to revascularisation [2]. Randomised controlled trials (RCTs) 
on the contemporary benefits of ExCR in patients with AP are scarce, and 
are limited by small sample sizes and/or heterogeneity in design [3]. 
Therefore, we aimed to provide contemporary estimates on the effect of 
ExCR in patients with AP.

2. Methods

This study represents a secondary analysis of The Cardiac Rehabili
tation Meta-Analysis of Trials in patients with coronary heart disease 
(CHD) using individual participant data (CaReMATCH) study. The main 
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results of CaReMATCH have been described elsewhere [4]. The ethics 
committee of the Radboudumc (Nijmegen, The Netherlands) waived the 
requirement for ethical approval (2022-15847). Included trials were 
approved by their local ethics committee.

For the present study, we exclusively selected individuals diagnosed 
with angina pectoris. RCTs were eligible if they 1) were published since 
2010, 2) had a minimum of 6-months follow-up, and 3) compared ExCR 
to usual care without any structured exercise prescription. ExCR was 
supervised or non-supervised, either with or without additional psy
chosocial or educational intervention, and managed in an outpatient, 
community- or home-based setting. AP was defined as both stable and 
unstable angina, with most trials being unable to differentiate between 
the two. The primary outcome was HRQoL, and was measured using one 
of four validated questionnaires, including the Euro Quality of Life 
questionnaire (EQ-5D), Short Form 36-item health survey (SF-36), 15- 
dimensional quality of life questionnaire (15D), and Quality of Life 
Index – cardiac version. To combine questionnaires, primary analyses on 
HRQoL were based on calculating standardized scores (i.e., Z-scores). To 
ease interpretation of HRQoL effect sizes, we performed secondary an
alyses by pooling data from questionnaires reporting HRQoL as utility 
indices (UIs).

Secondary outcomes included composite outcomes of 1) all-cause 
mortality and rehospitalisation, and 2) cardiovascular-related mortal
ity and rehospitalisation. Time to event data were defined as the interval 
between randomisation and event or right censoring, whichever 
occurred first. We adopted one-stage linear models as our primary 
analysis in the intention-to-treat population with complete follow-up 
data. Linear and Cox mixed-effect regression models were used to 
quantify the overall effect of ExCR on HRQoL and time-to-event out
comes, respectively. Given the variation in trial follow-up timings, we 
pooled HRQoL data from the last follow-up timing with a maximum 
follow-up of 12 months. To evaluate the robustness of our results, we 
performed: 1) two-stage meta-analyses using random effects, and 2) 
omitted the largest trial from the analyses (Snoek et al.; Supplemental 
References). Data were presented as means and standard errors (SE), 
medians (interquartile range (IQR)) or frequencies ( %) as appropriate. 
Reporting were performed in line with the Preferred Reporting Items for 
Systematic Review and Meta-Analyses of Individual Participant Data 
(PRISMA-IPD) statement (eTable 1).

3. Results

Seven out of eight trials included in CaReMATCH involved in
dividuals with AP (Supplemental References, eFigure 1, eTable 2), 
comprising 286 participants. Baseline characteristics were well- 
balanced across groups (Table 1). Participants were frequently male (n 
= 229, 80.1% men) and had a mean age of 68±8.9 years. Comorbidities 
were frequently present (hypertension: n = 189, 66.1%, diabetes: n =
62, 21.7%). Trials were published between 2012 and 2020, and were 
frequently performed in Europe (n = 4). Delivery of ExCR was often 
home-based (n = 4), or combined with center-based sessions (n = 2), 
with all trials including aerobic exercise (eTable 2).

Compared to controls, participation in ExCR significantly increased 
HRQoL measured as Z-scores (standardised mean difference (SMD): 
0.252, 95% confidence interval (CI): 0.037 to 0.467) (Fig. 1). Compa
rable inferences were made when pooling questionnaires reporting UIs, 
although 95%CI’s were wider (mean difference (MD): 0.031, 95% CI: 
− 0.004, 0.067) (eFigure 2). During a median follow-up of 12.5 months 
(IQR: 11.3, 17.6), 38 events occurred related to mortality or hospital
isation (ExCR: n = 16, control: n = 22), with 29 events being 
cardiovascular-related (ExCR: n = 10, control: n = 19). Participation in 
ExCR did not significantly reduce the risk for all-cause (HR 0.60, 95% CI; 
0.29 to 1.26) or cardiovascular-related mortality and hospitalisation 
(HR: 0.81, 95% CI; 0.41 to 1.62, Figure 2). Observations were consistent 
across secondary analyses (eTable 2, eFigure 3–4).

4. Discussion

In patients with AP, participation in ExCR significantly improved 
HRQoL compared to non-ExCR controls up to 12-month follow-up. The 
2018 Cochrane review found no beneficial effects of ExCR on HRQoL 
compared to non-ExCR controls [3]. Importantly, six out of the seven 
RCTs included in the 2018 Cochrane-review were published more than 
two decades ago. This may be explained by the observation that studies 
published in the past decade typically included a case-mix of patients 
with CHD rather than a specified population of AP. Pooling IPD from 
multiple trials bypasses this limitation, as we exclusively included trials 
conducted since 2010 and selected participants with AP only. Conse
quently, this led to a sample size of 286 participants that is substantially 
larger than previous RCTs, which varied between 24 and 113 partici
pants [3]. This enabled us to demonstrate that contemporary ExCR 
significantly improved HRQoL in patients with AP. This observation has 
significant clinical importance, especially since improving patients’ 
HRQoL is one of the main goals in the treatment of chronic coronary 
syndromes [5].

Following our secondary aim, we did not observe significant effects 
of ExCR on all-cause or cardiovascular-related mortality or hospital
isation risk across 12-month follow-up. Potential explanations for this 
observation include the relatively low event rate in patients with AP, 
combined with the relatively small sample size and short follow-up. 
Supporting this, effect sizes of ExCR on all-cause and cardiovascular- 
related hospitalisation and mortality observed in our IPD meta- 
analysis are comparable to those presented in meta-analyses on the ef
fects of ExCR in patients with heart failure or CHD ([6,7]). Therefore, 
ExCR may have the potential to reduce mortality and hospitalisation risk 
in patients with AP, although further research using a sufficiently 
powered sample size is needed.

Our study has some limitations. First, we were unable to distinguish 
between patients with stable and unstable AP in several included trials. 
Since the majority of included trials excluded conditions that interfere 
with performing physical activity, we expect that the majority of pa
tients included stable AP. Second, no data on timing of revascularisation 
prior to ExCR was available, so we could not evaluate the clinically 

Table 1 
Baseline characteristics of patients with angina pectoris randomized to either 
ExCR or non-ExCR controls.

ExCR (n = 143) Controls (n = 143)

Age, years (SE) 68.1 (0.74) 68.3 (0.85)
Sex, n women ( %) 31 (21.7) 26 (18.2)
BMI, kg/m2 (SE) 28.1 (0.37) 28.1 (0.41)
LVEF, % (SE) 53 (1.7) 57 (1.5)
Current smoker, n ( %) 12 (8.4) 8 (5.6)
Medication use, n ( %) 

Betablockers 
ACE-inhibitors 
ARB 
Antilipids 
Diuretics 
Antithrombotics

94 (65.7) 
64 (44.8) 
14 (17.9) 
132 (92.3) 
45 (31.5) 
139 (97.2)

100 (69.9) 
68 (47.6) 
16 (19.0) 
128 (89.5) 
29 (20.3) 
136 (95.8)

Hypertension, n ( %) 101 (79.5) 88 (68.2)
Dyslipidaemia, n ( %) 103 (81.1) 99 (76.7)
Diabetes, n ( %) 37 (26.1) 25 (17.5)
Revascularisation 

PCI, n ( %) 
CABG, n ( %)

71 (49.7) 
23 (24.2)

72 (61.0) 
25 (21.2)

PCI + CABG, n ( %) 6 (4.2) 4 (2.8)
No revascularisation, n ( %) 20 (14.0) 26 (18.2)
Unknown, n ( %) 23 (16.1) 25 (17.5)

Data were presented as means (mean difference (MD)) and standard errors (SE), 
medians (interquartile range (IQR)) or frequencies ( %) as appropriate. ACE- 
inhibitors angiotensin-converting enzyme inhibitors, ARB angiotensin receptor 
blocker, BMI body mass index, ExCR exercise based cardiac rehabilitation, LVEF 
left ventricular ejection fraction, PCI percutaneous coronary intervention, CABG 
coronary artery bypass graft.
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relevant question whether the timing of ExCR affected our outcomes. 
Future studies are recommended to specifically focus on the timing of 
ExCR in relation to the revascularisation procedure, as one may adopt 
ExCR as a post-revascularisation treatment, but also as a first-line 
approach prior to potential need for revascularisation.

5. Conclusion

This CaReMATCH IPD meta-analysis found contemporary ExCR 
participation to significantly improve HRQoL in patients with AP, 
although we did not observe significant effects on all-cause and 
cardiovascular-related mortality and hospitalisations over a 12-month 
follow-up. The improvement in HRQoL confirms the benefit of partici
pating in ExCR, highlighting the need to further study the potential 
wider clinical effects of ExCR in patients with AP.
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HRQoL up to 12 months (SMD 0.252 [95% CI: 0.037, 0.467]). Additionally, participation in ExCR did not reduce the risk of all-cause or CVD-related hospitalisation 
and mortality (HR 0.60, 95% CI 0.29, 1.26; HR 0.81, 95% CI: 0.41, 1.62, respectively), although 95% CI were wide. Results were derived from linear and Cox mixed 
effects models respectively. Given the variation in trial follow-up timings, we pooled HRQoL data from the last follow-up timing with a maximum follow-up of 12 
months. All models on HRQoL were corrected for the baseline HRQoL. HRQoL was expressed as standardized scores (i.e. Z-scores). CI confidence interval, CVD 
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