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Abstract
Purpose To review the literature on health-related quality of life (HRQoL) outcomes for exercise-based cardiac rehabilita-
tion (EBCR) in contemporary acute coronary syndrome (ACS) patients.
Methods Electronic databases (CENTRAL, MEDLINE, Embase, and CINAHL) were searched from January 2000 to March 
2019 for randomised controlled trials (RCTs) comparing EBCR to a no-exercise control in ACS patients recruited after 
year 2000, follow-up of at least 6 months, and HRQoL as outcome. Potential papers were independently screened by two 
reviewers. Risks of bias were assessed using the Cochrane Tool. Data analyses were performed using RevMan v5.3, random 
effects model.
Results Fourteen RCTs (1739 participants) were included, with eight studies suitable for meta-analyses. EBCR resulted in 
statistically significant and clinically important improvements in physical performance (mean difference [MD] 7.09, 95% 
CI 0.08, 14.11) and general health (MD 5.08, 95% CI 1.03, 9.13) (SF-36) at 6 months, and in physical functioning (MD 
9.82, 95% CI 1.46, 18.19) at 12 months. Statistically significant and sustained improvements were also found in social and 
physical functioning. Meta-analysis of two studies using the MacNew Heart Disease HRQoL instrument did not show any 
significant benefits. Of the six studies unsuitable for meta-analyses, five reported significant changes in overall HRQoL, 
general physical activity levels and functional capacity, or quality-adjusted life-years (QALYs).
Conclusions In an era where adherence to clinical practice guidelines has improved survival, EBCR still achieves clinically 
meaningful improvements in physical performance, general health, and physical functioning in the short and long term in 
contemporary ACS patients.

Keywords Health-related quality of life · Quality of life · Exercise · Cardiac rehabilitation · Acute coronary syndrome · 
Systematic review · Meta-analysis

Introduction

Acute coronary syndrome (ACS) is the leading contributor 
to overall cardiovascular disease (CVD) burden globally [1], 
resulting in 18 million deaths in 2016 [1, 2] and projected 
to exceed 23 million by 2030 [3, 4]. Disease reoccurrence 
is also extremely common as 40% of ACS survivors are 
readmitted to hospital within 30 days of discharge [5] and 
20% experience a repeat cardiac event within the first year 
[6]. Although there have been reductions in mortality from 
CVD in recent decades due to the availability and accessibil-
ity of life-saving cardiac interventions and guideline-based 
medications, this rate of decline is slowing, thus many more 
people live with CVD and related disability.
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Lower health-related quality of life (HRQoL) is often 
experienced post cardiac event [7]. Persistent symptoms, 
both physical (e.g. pain and fatigue) and psychological 
(e.g. depression and anxiety), decrease patients’ perceived 
level of personal competence and their ability to perform 
usual activities [8–10]. When compared to the general 
population, ACS survivors are shown to be 2.7 times more 
likely to report fair/poor general health and 1.5 times more 
likely to state limitations to daily activities [11]. There-
fore, more comprehensive interventions aimed at improv-
ing patients’ physical functioning, reducing physical limi-
tations, and regaining previous abilities are needed.

Cardiac rehabilitation (CR) aims to improve multiple 
aspects of a patient’s life and includes several interven-
tions such as supervised exercise, smoking cessation 
counselling, medication education, and stress reduction 
strategies. CR is defined by the World Health Organization 
(WHO) as “the sum of activities required to ensure them 
[patients] the best possible physical, mental and social 
conditions, so that they may, by their own efforts, resume 
and maintain as normal a place as possible in the commu-
nity” [12]. Exercise-based cardiac rehabilitation (EBCR) 
is the most widely recognised CR strategy [13] because 
of known dose–response benefit for mortality from all 
causes including CVD [14, 15], and a strong potential to 
improve HRQoL [16]. EBCR is consistently and strongly 
recommended in international clinical practice guidelines, 
particularly for ACS [17–21].

Previous reviews evaluating the effectiveness of EBCR 
[22–24] including the latest Cochrane review [24] focused 
on clinical endpoints such as mortality, morbidity, and 
hospital readmission. The most recent of these reviews, 
which examined only contemporary trials (since 2000) 
reported a lack of benefits for mortality and hospital read-
missions [22]. These reviews referred to improvements in 
HRQoL but failed to conduct the meta-analyses needed 
to form robust conclusions. One review conducted a the-
matic analysis on HRQoL outcomes reported that HRQoL 
improvements have a bidirectional relationship with 
increased physical activity [25]. Another recently pub-
lished meta-analysis of HRQoL outcomes [26] concluded 
that CR results in modest benefits with greater improve-
ments from non-exercise-based and psychological inter-
ventions, which seems counterintuitive. These findings 
contradict the results of two recently updated Cochrane 
reviews, which found no consistent evidence of superior 
HRQoL following patient education [27] and considerable 
uncertainty around the effects of psychological interven-
tions [28]. One criticism of this meta-analysis is that older 
trials were included, which may not reflect the impact of 
contemporary therapies for ACS. Therefore, the impact of 
EBCR on patient-reported outcome measures (PROMs) 

such as HRQoL considering medical progress in this 
evolving patient group remains poorly understood.

Clinicians and policymakers need to be guided by robust 
evidence to decide on appropriate patient interventions 
with reference to endpoints that matter to patients with 
ACS. PROMs provide more individualised perspectives 
on patient-valued outcomes [29] and offer opportunities to 
measure health benefits of interventions beyond survival, 
disease, and physiological markers [30, 31]. Therefore, this 
review aimed to synthesise available evidence and evaluate 
the HRQoL benefits of EBCR in ACS patients who were 
treated based on latest guideline recommendations and were 
recruited from year 2000.

Methods

This systematic review and meta-analysis was performed 
following a protocol registered in PROSPERO (ID: 
CRD42018109816). All reporting is in accordance with the 
Cochrane collaboration [32] and the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [33].

Data sources and searches

We used Boolean search methods combining keywords (car-
diac rehabilitation AND exercise) AND quality of life AND 
‘acute coronary syndrome’ OR ‘myocardial infarction’ OR 
‘angina’ AND ‘trial’. To identify relevant papers, one author 
(DC) searched four electronic databases including Cochrane 
Central Register of Controlled Trials (CENTRAL), MED-
LINE, and Embase via OvidSP and CINAHL via EBSCO 
(Supplementary Table).

Two reviewers (DC and RG) independently screened 
titles and abstracts. Full-text publications of potentially rel-
evant papers were assessed for eligibility based on prespeci-
fied criteria. Any differences in decisions were resolved by 
other reviewers (SR, LL). We also examined the reference 
lists of included papers, publications with the first or last 
authors, and sought full-text articles that may have come out 
from conference abstracts, and consulted previous system-
atic reviews with similar aims to this review [22, 24, 25, 34] 
to ensure a comprehensive search.

Study selection

We included published randomised controlled trials (RCTs) 
comparing EBCR to a no-exercise control with HRQoL as 
outcome assessed using a validated instrument, and a follow-
up of at least 6 months. Studies that compared traditional 
EBCR to alternative exercise CR modalities such as yoga, 
tai chi, and other similar routines were excluded. Only those 
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trials reported in English were included, unless a translated 
version was readily available.

Interventions

EBCR is delivered supervised or unsupervised, either in 
isolation or as part of a comprehensive program that may 
include some form of educational and/or psychosocial sup-
port [12, 24]. Standard care is defined in this review as usual 
medical care and follow-up mainly focused on pharmaco-
logic therapy and may include advice or informal education 
on exercise, psychosocial support, and diet, but does not 
involve a structured exercise component.

Participants

To ensure representation of a population that would have 
received contemporary treatments, we included adult par-
ticipants who have had ACS (where ≥ 80% of total study 
population had acute myocardial infarction [AMI] with or 
without revascularisation such as PCI or CABG), angina 
pectoris, or CAD confirmed by angiography; on optimum 
secondary preventative medical therapy according to the 
recommendations of the Sixth Joint Task Force [21]; and 
recruited after the year 2000 (following the methods of a 
recently published systematic review) [22].

Risk of bias assessment

We utilised the Cochrane Risk of Bias Assessment Tool 
[35] (Supplementary Table), specifically designed for RCTs, 
which assesses selection, performance, detection, attrition, 
and reporting biases. Three further quality characteristics 
were included in the assessment (groups balanced at base-
line, intention-to-treat analysis, and groups that received 
comparable treatment except for the intervention) in accord-
ance with the 2016 Cochrane review [24]. One reviewer 
(DC) critically appraised the risks of bias of included stud-
ies and a second reviewer (RG) independently reviewed all 
assessments. Any inconsistencies were resolved by discus-
sion or by consensus meeting (SR, LL).

Data extraction

Data from included studies were extracted and entered into 
an electronic spreadsheet. There was substantial variation in 
the quality of data reporting in studies included in the meta-
analyses. We contacted the original authors [36–41] for data 
not reported in the papers. However, necessary statistical 
information such as standard deviations (SDs) that could 
not be supplied by the original researchers were imputed for 
meta-analysis with the guidance of a statistician. Methods 
employed to estimate missing SDs [42, 43] were (a) using 

the Cochrane SD spreadsheet, (b) manual computation for 
SD using the upper and lower limits of the confidence inter-
vals (CIs), and (c) using the t test table. Where data on indi-
vidual domains were not reported at all [41] or when SDs 
were too impracticable to be statistically estimated robustly 
[40, 44], the specific HRQoL domains of these studies were 
excluded from the meta-analyses.

Data synthesis and analysis

Where meta-analysis was possible, data were combined for 
statistical analyses using Review Manager v5.3, random 
effects model. Statistical heterogeneity of included studies 
was assessed using the χ2 test and the I2 statistic. Data were 
presented as mean differences (MD) with 95% confidence 
interval (CI) and statistical significance at p value ≤ 0.05. 
Furthermore, data were interpreted using the published 
minimal clinically important differences (CID) standards 
in health status for patients with heart disease [45]. These 
standards were developed using state changes, which repre-
sent the smallest amount that an individual’s score can shift 
by moving up or down one response choice [45]. CID values 
for the Short Form-36 Health Survey (SF-36) vary according 
to domain (5 for physical functioning, general health, and 
mental health; 6.25 for physical performance and vitality; 
8.33 for emotional performance; 10 for bodily pain; and 12.5 
for social functioning) [45]. For the MacNew Questionnaire 
(MacNew), the published CID value is 0.5 [46]. A sensitivity 
analysis was also conducted to examine the robustness of the 
study findings (difference MD ranged from − 1.53 to 2.74 
for each domain). Potential for publication bias was assessed 
using Egger’s test and funnel plots were constructed to vis-
ualise possible asymmetry [47] (Supplementary Figure). 
Where meta-analysis was not appropriate, the results have 
been analysed and reported descriptively.

Results

Study selection and characteristics

Initial electronic search yielded 2442 references, of which 
1288 were screened after duplicate removal and 55 full-text 
articles were assessed for eligibility based on the prespeci-
fied criteria. Ultimately, 14 RCTs (Table 1) were included 
in the systematic review (1739 participants) and eight of 
these were suitable for meta-analyses (Fig. 1). Five studies 
were included in the meta-analysis for the SF-36 at 6-month 
follow-up [36, 37, 40, 44, 48], two for SF-36 at 12 months 
[44, 49], and two for the MacNew at 6 months [50, 51]. One 
study was included in meta-analyses for SF-36 for both 6 
and 12 months [44].
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The mean age of participants in individual studies ranged 
from 56 to 77 years, 81.1% were males, with two studies 
including males exclusively [40, 41]. Included studies were 
conducted in Europe (n = 6) [38, 39, 49, 50, 52, 53], Canada 
(n = 2) [51, 54], and one each in Australia [44], China [48], 
Hong Kong [37], Japan [40], New Zealand [36], and Saudi 
Arabia [41].

HRQoL assessment instruments

All HRQoL instruments used in the included trials were 
validated for the ACS patient population. The most com-
monly used generic HRQoL instrument was the SF-36 or 
its condensed version, SF-12 (n = 8) [36–38, 40, 41, 44, 48, 
49], followed by EQ-5D (n = 3) [36, 39, 52], and 15D (n = 1) 
[53]. Cardiac disease-specific instruments were also used 
such as the MacNew (n = 2) [50, 51], Myocardial Infarc-
tion Dimensional Assessment Scale (MIDAS) [48], and the 
Quality of Life Index (QOLI)—cardiac version III [54]. Two 
studies used multiple HRQoL instruments [36, 48].

Interventions

Centre-based with supervised exercise sessions was the most 
common mode of EBCR delivery (n = 6) [37, 39, 40, 44, 49, 
52], followed by home-based with telephone or face-to-face 
follow-up (n = 3) [38, 48, 54], home-based with technology- 
or web-based intervention (n = 3) [36, 50, 51], and a blended 
centre- and home-based model (n = 2) [41, 53]. EBCR was 
typically offered with education and psychosocial group ses-
sions including behavioural and lifestyle modification. While 
there was variation in CR programs, the most common struc-
ture was a 6- to 12-week program, with 60 min of supervised 
exercise, delivered three times a week. Telephone or email 
support was also available for those involving technological 
interventions.

Effect on HRQoL

The meta-analysis of five studies [36, 37, 40, 44, 48] that 
used SF-36 at 6-month follow-up (Fig. 2) showed that EBCR 

Fig. 1  Preferred reporting items 
for systematic reviews and 
meta-analyses flow diagram
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Fig. 2  SF-36 domains at 6 months
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significantly increased physical performance (n = 555, MD 
7.09, 95% CI 0.08, 14.11), general health (n = 702, MD 5.08, 
95% CI 1.03, 9.13), social functioning (n = 664, MD 4.42, 
95% CI 0.35, 8.50), physical functioning (n = 664, MD 4.29, 
95% CI 0.98, 7.59), and mental health (n = 702, MD 3.04, 
95% CI 0.17, 5.92), with physical performance and general 
health improvements both statistically significant and clini-
cally important. Statistical heterogeneity across these studies 
was high (I2 = 4 to 84%).

In the two studies [44, 49] that used SF-36 at 12 months 
(Fig. 3), EBCR showed both statistically significant and 
clinically important improvements in physical functioning 
(MD 9.82, 95% CI 1.46, 18.19) and statistically significant 
benefits in bodily pain (MD 8.54, 95% CI 01.34, 15.75) and 
social functioning (MD 7.07, 95% CI 0.35, 13.79). There 

was moderate evidence of statistical heterogeneity between 
these studies (I2 = 0 to 71%).

Two studies [50, 51] that used MacNew at 6 months 
(n = 216) also qualified for a meta-analysis (Supplementary 
Figure) but showed no statistically significant nor clinically 
important difference between groups was observed across 
the four HRQoL domains. There was low statistical hetero-
geneity between these studies (I2 = 0 to 33%).

Six studies were unsuitable to be included in the meta-
analyses because there was no consistent instrument used 
[39, 52–54] or necessary statistics such as SDs for individual 
domains were not available [38, 41]. Of these, five stud-
ies individually showed statistically significant improve-
ments from EBCR, either in overall HRQoL (p < 0.05) 
[41, 52, 54], general physical activity levels and functional 

Fig. 3  SF-36 domains at 12 months
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capacity (p < 0.05) [39, 52, 54], or quality-adjusted-life-
years (QALYs) (average change + 0.013) [53].

Risk of bias assessment

The overall risk of bias of the included studies was low based 
on the Cochrane Risk of Bias Assessment Tool (Fig. 4). 
Studies that failed to report enough detail to be accurately 
assessed were given an unclear score. All studies showed 
balanced baseline characteristics. However, three studies 
[37, 40, 51] had interventions other than EBCR delivered 
unequally across intervention and control groups. The risk 
for reporting bias was low for all of the studies except one 
[38], which did not report exercise capacity outcomes at 
other follow-up periods. Four studies [37, 41, 51, 54] had 
high potential for attrition bias, while three studies [37, 40, 
41] did not conduct intention-to-treat analysis. Detection 
bias was judged as unclear for six studies [37, 38, 40, 41, 
53, 54] and high for four [44, 48–50]. For selection bias, 
eight studies [37, 40, 41, 48, 49, 52–54] had unclear score 
for allocation concealment and six [37, 40, 41, 49, 52, 53] 
for random sequence allocation. There was also low evi-
dence of publication bias as shown in the funnel plots (Sup-
plementary Table).

Discussion

In this systematic review and meta-analysis, we report that 
in the context of current optimal medical therapy, clinically 
important improvements from EBCR are still achieved in 
physical performance and general health, as well as physi-
cal functioning in the long term. Significant and sustained 
benefits are also observed in physical and social functioning, 
with the addition of short-term gains for mental health and 
long-term reductions in bodily pain. These findings support 
and complement previous reviews without meta-analyses 
that showed overall HRQoL benefits from EBCR [22, 24, 
25] and, particularly, improvements in physical activity [25]. 

However, contrary to the only meta-analysis that showed 
minimal improvements from exercise [26], our meta-analy-
ses found not only statistically significant but also clinically 
meaningful differences between groups in physical perfor-
mance and general health, as well as physical functioning—
the domains that are known to be impacted most by ACS 
diagnosis [11]. Combining RCTs that used the same instru-
ments in assessing HRQoL made it possible to pool data into 
a meta-analysis and quantify the differences between groups.

EBCR is a complex intervention and health benefits may 
be occurring as a result of the combined effect or interplay of 
different components. However, the main intervention used 
in EBCR is exercise due to the well-acknowledged health 
benefits in the literature such as decreased mortality and 
risk factors associated with most chronic diseases, includ-
ing CVD [55]. Participation in exercise activities improves 
physical function and exercise tolerance, especially if the 
exercises were tailored to individual needs and capacity [55, 
56]. These improvements in physical function are also more 
likely translated to increased performance of daily activities 
that are easily recognised and felt by patients. It is therefore 
not surprising to observe improvements in physical perfor-
mance as well as general health from EBCR. In addition, 
effects of exercise in physical functioning are not simply 
sustained but also found to be more meaningful in the long 
term. It is further suggested that health benefits from exer-
cise may not only be explained by way of increased physical 
activity, but also possibly by cellular or molecular mecha-
nisms [57].

Social functioning benefits from EBCR proved substan-
tial and were sustained over time. These improvements are 
potentially associated with physical gains, which enable 
patients to be more confident participating in social activi-
ties [58]. The inherent presence of social contact in EBCR 
from both staff and other participants in CR programs 
may also have been beneficial not just in social function-
ing but also in mental health. Regular social support from 
CR staff that kept patients socially engaged was identified 
as a contributor to the effectiveness of CR that extends to 

Fig. 4  Risk of bias assessment 0% 25% 50% 75% 100%
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the post-discharge period [59]. Furthermore, peer support 
through multiple modes of interaction between people expe-
riencing the same challenges from a life-changing event such 
as ACS have been shown to positively affect psychosocial 
health outcomes [60].

The meta-analyses in this review included both a generic 
(SF-36) and a cardiac disease-specific HRQoL questionnaire 
(MacNew), reflecting the recommendation of the American 
Heart Association (AHA) [61]. However, when cardiac-
specific data for the MacNew was pooled, no difference in 
any domain was detected between groups, despite individual 
studies [50, 51] reporting improvements in some domains. 
This result is contrary to a previous meta-analysis that 
included a wide range of interventions [26], which showed 
statistical improvement in all MacNew domains. Failure 
to detect significant change with the MacNew in our study 
could be a consequence of ceiling effect [62] as both studies 
had samples with high scores at baseline and the distribution 
of statistical power when combining data [63].

Limitations

While we have run a systematic and thorough database 
search and examined the reference lists of previews reviews 
and included papers, as well as papers published by the 
first and last authors for comprehensiveness, one limita-
tion of this review is the possibility that some studies that 
used terms other than health-related quality of life but were 
still relevant and utilised a validated instrument may have 
been missed. Another limitation is the small number of 
eligible studies for meta-analysis due to the differences in 
instruments used. Excluding papers reported in languages 
other than English may also have narrowed the scope of 
this review. There was substantial contextual variability 
between studies in terms of income level of countries where 
the studies were conducted. While differences in the quality 
of data reporting was mitigated by contacting the authors 
for information needed and by estimating data using avail-
able statistical techniques, some studies were still excluded 
from meta-analyses due to incomplete data reporting. Meta-
regression analysis was also not conducted due to the incon-
sistent reporting of variables within individual studies.

Conclusions and recommendation

We report that EBCR imparts clinically important differ-
ences to HRQoL, particularly physical performance and 
general health (short term) and physical functioning (long 
term) in patients with ACS even in the current era of opti-
mised cardiac care. This review reinforces the importance 

of evaluating CR benefits beyond mortality and morbidity to 
consider patient-valued outcomes, such as HRQoL. Under-
standing the effects of EBCR in patient-reported outcomes 
offers guidance for clinicians and program coordinators to 
provide care and evaluate interventions using more person-
centred approaches. We recommend that PROMs be given 
due recognition as a valuable endpoint, with the specific 
inclusion of HRQoL as one PROM in routine assessments 
in ACS patients attending CR.
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