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Objective  We conducted a systematic review and meta-analysis to analyze the effects of cardiac rehabilitation (CR) on 
post-discharge prognoses of patients with acute myocardial infarction (AMI).
Methods  A literature search was conducted through four international medical and two Korean databases. 
Primary outcomes for the effectiveness of CR included all-cause mortality, cardiovascular mortality, recurrence, 
revascularization, major adverse cardiovascular event, major adverse cardiocerebrovascular event, and readmission. We 
summarized and analyzed results of studies about CR for AMI, including not only randomized controlled trials (RCTs) 
but also non-RCTs. We calculated the effect size separately by the study type.
Results  Fourteen articles were finally selected. Of these, two articles were RCTs, while 12 were non-RCTs. In RCTs, the 
overall mortality rate was lower in the group that participated in CR than that in the conventional care group by 28% 
(relative risk=0.72; 95% confidence interval, 0.34–1.57). Among non-RCTs, CR participation significantly decreased the 
overall risk of mortality. Moreover, the rates of recurrence and major adverse cardiovascular events were lower in the 
group that participated in CR compared to those in the non-CR group.
Conclusion  The meta-analysis shows that CR reduces the risk of re-hospitalization and all-cause mortality after AMI, 
compared to no participation in CR. This outcome was seen in RCTs as well as in non-RCTs. More studies are necessary 
for concrete conclusions about the beneficial effects of CR after AMI in various settings.
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INTRODUCTION

The rate of mortality from cardiovascular causes in 
South Korea has rapidly increased by 41.6%, over a 10-
year period between 2005 and 2015, and has become the 
second most common cause of death since 2014. Among 
the causes of cardiac death, ischemic heart disease ac-
counted for approximately 52%; 28.9 per 100,000 individ-
uals died of this disease in 2015, and in most cases, the 
cause of death was acute myocardial infarction (AMI) [1].

Following the treatment of AMI, the patients’ physi-
cal quality of life deteriorated; however, the awareness 
about cardiac rehabilitation (CR) remained low [2]. There 
has been a lot of evidence supporting the importance of 
CR, and it has been suggested that the secondary pre-
vention should begin soon after the acute stage of the 
illness, to minimize the prolonged inactivity and onset 
of AMI-related complications [3]. Secondary prevention 
should include optimal medical therapy for coronary ar-
tery disease and combination therapy with appropriate 
medications if there are comorbidities, such as diabetes, 
hypertension, and hyperlipidemia. The patients should 
also adopt strict self-care practices that include cessation 
of smoking, dietary modifications, regular exercise, and 
stress management. However, despite receiving profes-
sional acute care during AMI, patients might face difficul-
ties in performing regular exercises due to tachycardia, 
frequent arrhythmia, decreased cardiac output, frequent 
orthostatic hypotension, and exercise-induced hyperten-
sion for a certain period after discharge from hospital. In 
particular, in patients with a history of chronic ischemic 
heart disease who receive inpatient treatment for AMI, 
the overall ability to perform exercise further reduces, 
due to skeletal muscle degeneration and reduced muscle 
oxidative capacity. Although long-term CR is necessary 
for patients with AMI, the participation rate in CR still 
low, even in the Western countries, such as United States 
and Canada.

Anderson et al. [4] reported an updated systematic re-
view from their previous Cochrane report. They explored 
the effects of exercise-based CR in patients with coronary 
heart disease (CHD) in terms of mortality, morbidity, 
health-related quality of life, and cost-effectiveness. They 
searched randomized controlled clinical trials published 
between December 2009 to July 2014. Target populations 
were patients’ post-myocardial infarction or revascu-

larization, or those with a diagnosis of angina pectoris 
or CHD, as defined by angiography. A total of 63 stud-
ies with 14,486 participants were included. The meta-
analysis showed a reduction in cardiovascular mortality 
(relative risk [RR]=0.74; 95% confidence interval [CI], 
0.64–0.86) and risk of hospital admission (RR=0.82; 95% 
CI, 0.70–0.96). There was no significant effect on all-cause 
mortality, myocardial infarction (MI), or revasculariza-
tion. The study confirmed consistent benefits across 
patients and intervention types. Moreover, these benefits 
were independent of the study quality, setting, and pub-
lication date.

Rauch et al. [5] explored the effect of multi-component 
CR on various prognoses including all-cause mortal-
ity and other clinical endpoints, after an acute coronary 
event. In this systematic review, they searched several 
randomized controlled trials (RCT), and cohort studies 
published in 1995 or later. They performed a meta-anal-
ysis of 1 RCT and 24 cohort studies according to the type 
of study, and concluded that CR participation after acute 
coronary syndrome (ACS) and coronary artery bypass 
graft (CABG) is associated with reduced mortality, even 
in the modern era of coronary artery disease (CAD) treat-
ment.

In the previous systematic reviews and meta-analyses, 
the population comprised those with ACS including non-
ST elevation MI, ST-elevation MI, and unstable angina 
[4,5]. However, the most important candidates for CR 
could be MI patients regardless of the ST status. Due to 
direct injury to the myocardial muscle, MI could be a 
more complicated disease in the ACS spectrum com-
pared to stable or unstable angina. However, there has 
been no systematic review about the effects of CR, in-
cluding only patients of MI. 

MATERIALS AND METHODS

The criteria for identifying and selecting study re-
ports, outcomes of interest, methods of data extraction, 
methods for assessing the risk of bias and methods for 
statistical analysis were prespecified. We conducted and 
reported this systematic review in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analyses statement (PRISMA).
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Data searches and sources
The Medline, Embase, CENTRAL (Cochrane Central 

Register of Controlled Trials), Cumulative Index to Nurs-
ing and Allied Health Literature (CINAHL), KoreaMed, 
and Kmbase databases were searched. To improve the 
sensitivity of the search, Medical Subject Headings 
(MeSH) were used. Detailed searching strategies are de-
scribed in Supplement A.

Study selection
The key question that was decided based on a discus-

sion about previous studies and expert opinion was, 
“Can CR have an impact on recurrence, readmission, re-
intervention, and mortality after acute myocardial infarc-
tion?” Table 1 describes the detailed strategies for study 
inclusion such as population, intervention/comparator, 
outcomes, time, setting, and design. The outcome pa-
rameters for effectiveness included the recurrence rate, 
re-intervention rate, readmission rate, ischemic event, 
major adverse cardiac event (MACE), major adverse car-
diac and cerebrovascular event (MACCE), emergency 
room visit, and mortality. We selected studies published 
after early 2000s since there have been significant chang-
es in acute medical treatment such as percutaneous cor-
onary intervention (PCI) including stents for AMI as pre-
vious studies did [5]. Since we narrowed down the study 
population to include only patients with AMI, we in-
cluded not only RCTs but also non-RCTs. CR was defined 
as a supervised or unsupervised inpatient, outpatient, 
or center-based intervention that included some form of 

exercise training, either alone or in addition to psycho-
social and/or educational interventions. The comparator 
group included those who received standard medical 
care, but no structured CR treatment. We included pa-
tients who had suffered a MI, irrespective of sex or age, 
and had undergone revascularization (CABG or PCI). We 
excluded those with angina pectoris or unstable angina—
CHD defined by angiography. Finally, we selected stud-
ies that reported one or more of the following outcomes: 
mortality, recurrence, revascularization (CABG or PCI), 
and hospitalization. Two reviewers (S. Jee and C. Kim) 
independently assessed all identified titles/abstracts for 
possible inclusion, with any disagreements resolved by 
discussion or consultation with the third reviewer.

Data extraction and management
One reviewer (I. Choi) extracted the study and patient 

characteristics, intervention and comparator details, and 
outcome data from included studies using a standard-
ized data collection form. The second and third authors 
(I. Choi and S. Cho) checked the data for accuracy, and 
disagreements were resolved by consensus. Duplicate 
publications of the same study were assessed for addi-
tional data and authors were contacted where necessary, 
to obtain additional information.

Assessment of risk of bias and overall quality of 
evidence

The risk of bias of included RCT and non-RCT studies 
was assessed using the Cochrane Collaboration’s core 
risk of bias items and risk of bias for non-randomized 
studies (RoBANS), respectively [6]. GRADE guidelines 
were used to assess the overall quality of evidence for 
each outcome [7].

Data synthesis and analysis
Data were extracted for several categories, including 

study characteristics (design, country, duration, inclu-
sion criteria), patient characteristics (numbers, disease 
categories, type of intervention, age, the composition 
of study and control group, place, duration of interven-
tion, frequency), and clinical outcomes. Data from RCTs 
and non-RCTs were analyzed separately. If a quantita-
tive measurement was possible, we conducted a meta-
analysis and confirmed the heterogeneity, else it was 
described qualitatively. We used the outcome values at 

Table 1. Strategy for study inclusion

Contents
Population Acute myocardial infarction

Intervention/
comparator

Cardiac rehabilitation/usual care

Outcomes Recurrence, readmission,  
re-intervention, death

Time Publication: after 2000
Duration of study and follow-up:  

no limitation

Setting -

Study design RCT
Non-RCT (quasi-RCT, case-control 

study, cohort study)

RCT, randomized controlled trial.
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the longest follow-up time point of each study. Dichoto-
mous outcomes were expressed as RRs with 95% CIs. 
Variance and heterogeneity among the included studies 
were explored by using the forest plots and I2 statistics, 
respectively. Data from each study were pooled using a 
fixed-effects meta-analysis model and for the analysis 

with I2 above 75% by using the random-effects model. If 
there was statistical heterogeneity, meta-regression was 
conducted to explore the covariance that affected the 
random effects, and to confirm the reason for heteroge-
neity. Subgroup analysis was conducted according to age 
group and follow-up length (Table 2). All statistical analy-
ses were performed using Review Manager (RevMan) 5.3 
software (https://training.cochrane.org/online-learning/
core-software-cochrane-reviews/revman).

RESULTS

Selection and inclusion studies
Our literature search yielded 11,020 titles, of which 74 

full papers were considered for inclusion. Fourteen pub-
lications were included (see Fig. 1 for a summary of the 
study selection process). Among 14 studies, 2 were RCTs 
[8,9] and the others were non-RCTs (8 prospective cohort 
studies [10-17] and 4 retrospective cohort studies [18-
21]). Majority of the studies were conducted in Europe 
(64%) or North America (22%). The most frequent follow-
up period was 1 year (57%) and the longest follow-up was 
above 10 years (14%). Table 3 describes both lists and 
characteristics of the finally selected studies. Table 4 de-
scribes variables according to the study design.

Table 2. Category and parameters for subgroup analysis

Category Parameters

Patient  
characteristics

Age, sex, country

Study design Number of subjects
Prospective or retrospective
Publication year

Follow-up length Above/below 1 year

Risk of bias RCT
-  Blindness for intervention: low/

high/not known
-  Blindness for evaluation: low/high/

not known
Non-RCT

-  Study population selection: low/
high/not known

-  Blindness for evaluation: low/high/
not known

RCT, randomized controlled trial.

Records identified through

database searching

Ovid MEDLINE (n=2,947)

Ovid-EMBASE (n=9,418)

Cochrane Library (n=808)

CINAHL (n=1,457)

KoreaMed (n=116)

KMBASE (n=120)

Additional records identified

through other sources

(n=0)

Records after duplicates removed

(n=11,020)

Records screened

(n=233)

Full-text articles assessed

for eligibility

(n=74)

Studies included in

qualitative synthesis

(n=14)

Studies included in

quantitative synthesis

(meta-analysis)

(n=14)

Records excluded

(n=10,946)

Full-text articles excluded,

with reasons (n=60)

1. Not met inclusion criteria (n=25)

2. No outcome variable for CR (n=2)

3. Not met study design (n=4)

4. Not original article (n=28)

5. Not accessible to full text (n=1)

Fig. 1. Summary of study selection 
process.
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Risk of bias based on study designs
RCT
One RCT did not report adequate details to enable a 

complete assessment of the potential risk of bias [8]. 
Among evaluation categories, performance bias was not 
clearly reported in any of the studies. In particular, there 
was a high risk of detection bias in one study, while it was 
not clearly reported in another study (Fig. 2).

Non-RCTs
We evaluated the risk of bias for a cohort study using 

the RoBANS tool, which was developed in the Republic 
of Korea. We divided the cohort studies into prospective 
and retrospective cohort studies. Next, we evaluated the 
comparability of participants, selection of participants, 
confounding variables, measurement of exposure, blind-
ing of outcome assessment, outcome evaluation, incom-
plete outcome data, and selective reporting for each co-
hort study. Several prospective studies showed a high risk 
or unclear risk in comparability, selection of participants, 
confounding variables, measurement of exposure, and 
outcome evaluation. Some retrospective studies showed 
an unclear risk of bias for incomplete outcome data (Fig. 
3). Table 1 describes the outcome variables according to 
the study designs. Meta-analysis was conducted using 
the outcome variables.

Meta-analysis of RCTs
All-cause mortality
Two studies used all-cause mortality as a measure of 

the effectiveness of CR for 9–10 years after AMI [8,9]. 
Pooled results across studies showed that CR participa-
tion was associated with a decrease in all-cause mortality 
after AMI, compared with no CR participation (RR=0.72; 
95% CI, 0.34–1.57) (Fig. 4). Heterogeneity was calculated 
with I2, which was 69% (Fig. 4, Table 5).

Readmission
There was only 1 study that reported the effect of CR on 

the rate of readmission [8]. West et al. [8] showed no sig-
nificant difference between CR participants and non-CR 
participants for 1 year after enrollment (Table 5).

Meta-analysis of non-RCTs
All-cause mortality
The meta-analysis showed a high heterogeneity score 
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among studies (I2=93%). We attempted to explore the 
reason for high heterogeneity using meta-regression. 
Meta-regression analysis also revealed no significant co-
variates including age, sex, country, and follow up dura-
tion. Hence, we conducted a qualitative analysis of the 
all-cause mortality among non-RCTs.

The all-cause mortality was reported in 8 prospec-
tive cohort studies [10-17] and in 3 retrospective cohort 
studies [18-20]. Kureshi et al. [12] reported a significant 
decrease in all-cause mortality in the group that partici-
pated in CR compared to that which did not, for 7 years 
(hazard ratio [HR]=0.59; 95% CI, 0.46–0.75). Table 5 de-

scribes the outcomes for mortality according to the study 
designs. Rauch et al. [15] reported the outcomes about 
cardiac mortality. In CR groups, there was a significant 
low odds ratio (OR) for cardiac mortality, 4 to 12 months 
after AMI (OR=0.43; 95% CI, 0.23–0.79). Table 5 shows the 
detailed data.

Re-intervention
Data of re-intervention was reported by 2 prospective 

cohort studies [13,15] and 1 retrospective cohort study 
[20]. The CR group had a higher rate of re-intervention 
compared to that in the non-CR group (RR=1.25; 95% CI, 
0.75–2.07) (Fig. 5).

Recurrence
The data of recurrence after AMI was reported by 3 

prospective cohort studies [11,13,15] and 1 retrospective 
cohort study [21]. The meta-analysis showed a signifi-
cantly lower rate of recurrence in the CR group compared 
to that in the non-CR group (RR=0.42; 95% CI, 0.25–0.71) 
(Fig. 6).

Readmission
The data about readmission was reported in 3 pro-

spective cohort studies [13,15,17] and in 2 retrospective 
studies [20,21]. The CR group showed a lower rate of re-
admission compared to that in the non-CR group; how-
ever, the difference was not significant (RR=0.92; 95% CI, 
0.81–1.06) (Fig. 7).

MACCE
MACCE was reported by 2 cohort studies [14,15]. The 

Table 4. Outcome variables according to study designs

Outcomes variable
Study design

Randomized controlled trial Prospective cohort Retrospective cohort
Cardiac mortality O

All-cause mortality O O O

Re-intervention O O

Recurrence O

Readmission O O O

Ischemic event O

Major adverse cardiac events O

Major adverse cardiac and  
cerebrovascular events

O

Emergency room visit O
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Fig. 2. Summary of risk of bias of the randomized con-
trolled study.
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CR group showed a significantly lower rate of MACCE 
compared to that in the non-CR group (RR=0.47; 95% CI, 
0.40–0.55) (Fig. 8).
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DISCUSSION

We conducted a systematic review and meta-analysis 
about the various outcomes of CR after AMI, especially 
during the era of primary coronary intervention. Accord-
ing to 14 selected studies (2 RCT, 8 prospective cohort 
studies, and 4 retrospective cohort studies) for the meta-
analysis, there was a significant reduction in the rate 
of recurrence and MACCE in those who underwent CR 
compared to those who did not, reported in cohort stud-
ies and in non-RCTs. However, our analysis of the RCTs 
did not show a significant decrease in all-cause mortality 
and readmission.

In contrast to previous meta-analyses [4,5], we did 
not find a statistically significant reduction in all-cause 
mortality with CR, in the RCTs. This might be explained 
by the inclusion of only AMI patients, due to which our 
meta-analysis focused on a very specific population. Ac-
cording to the Cochrane studies [4,5], the population 
comprised those with ACS, including not only unstable 
angina but also AMI. We generalized the definition of CR 
for the inclusion criteria, as the number of studies that 
could be included for the meta-analysis reduced signifi-
cantly with a more specific definition of CR for AMI. The 
general definition of CR could also affect the outcomes 
about impact of CR on cardiac mortality and recurrence. 
Hence, this generalization could show non-significance 
of the effect of CR. This suggests that more randomized 
controlled studies with well-defined CR for specific pop-
ulations are necessary.

West et al. [8] conducted a large randomized controlled 
trial with exercise-based CR for AMI patients with 1–2 
sessions per week for 6–8 weeks. However, they included 
relatively large populations, which might not show sig-
nificantly favorable outcomes on all-cause mortality. 
Moreover, they did not monitor the cardiac mortality. 
We assumed that the negative outcome was due to the 
dose-dependency of CR on all-cause mortality, which 
was already reported by Santiago de Araujo Pio et al. [22]. 
According to Santiago de Araujo Pio et al. [22], West et al. 
[8] used low-intensity CR for AMI, in contrast to that in 
the study by Maroto Montero et al. [9]. This low intensity 
of CR could lead to non-significant results for all-cause 
mortality. Another factor is the population selected; we 
focused on CR for AMI except unstable angina. There are 
few RCTs that particularly explored the effect of CR in pa-

tients with AMI. Hence, more studies including specific 
populations, intervention, and primary treatment should 
be conducted.

The present analysis has a few limitations. First, the 
poor level of reporting in the included RCTs made it dif-
ficult to evaluate the risk of bias. However, there was 
significant improvement in the quality of reporting in 
a more recent study. Nevertheless, the lack of meta-
analysis about the effect of CR in patients with AMI led 
us to conduct this analysis. In contrast to RCTs, cohort 
studies showed a relatively better quality of methods. 
Hence, we included them for the meta-analysis. Included 
studies did not consistently report all outcomes relevant 
to this review, and events were often reported in study 
descriptions about dropouts or withdrawal. Our results 
are therefore based on small and different subsets of the 
overall evidence base. However, we found our results to 
be consistent with a previous meta-analysis about the 
rate of re-intervention and readmission in those who un-
derwent CR. Finally, we sought to focus on the diagnoses 
of study participants as AMI on the basis of Braunwald’s 
classification of CHD [23], to study whether the CR can 
affect several outcomes after AMI, including non-ST-seg-
ment elevation MI. We could not apply this specific cat-
egorization of the diagnosis due to the limited reporting 
by studies about the inclusion and exclusion criteria and 
participants’ characteristics. Nevertheless, we believe 
this to be the most comprehensive review of evidence 
to date, summarizing the results of RCTs with 2,000 AMI 
and non-RCTs with >20,000 AMI patients.

In conclusion, the present study was planned and con-
ducted to identify the effects of CR on the post-discharge 
prognosis of patients with AMI from two perspectives. A 
systematic literature review of recent articles was con-
ducted, and a comparison between CR participation and 
non-participation groups among patients with AMI in 
Korea was performed.

The meta-analysis shows that CR reduces the risk of re-
hospitalization and all-cause mortality after AMI, com-
pared to no participation in CR. This outcome was seen 
in non RCTs but not in RCTs. We believe that more stud-
ies are necessary for conclusive outcomes of CR on AMI 
with various settings and intensities.
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