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ORIGINAL SCIENTIFIC PAPER                                                                                           

The role of exercise-based cardiac rehabilitation after percutaneous 
coronary intervention in patients with coronary artery disease: 
a meta-analysis of randomised controlled trials

Tong Li, Han Jiang and Jun Ding 

China-Japan Union Hospital of JiLin University, Changchun City, P.R. China 

ABSTRACT 
Background: this study was designed to analyse patient outcomes using a combination of PCI 
and exercise-based cardiac rehabilitation compared with PCI alone.
Methods: PCI can improve the survival rate of patients with coronary artery disease, but it can 
also cause vascular endothelial cell injury, thrombosis, and even restenosis. Early cardiac rehabili-
tation exercise is crucial for patients with coronary heart disease after PCI. Five databases were 
examined for randomised controlled trials involving early cardiac rehabilitation exercise and 
standard treatment in patients with coronary heart disease after PCI. The search period lasted 
from the creation of the database (2006) until December 2022. The outcomes including angina, 
arrhythmia, coronary restenosis, left ventricular ejection fraction, left ventricular end diastolic 
diameter, 6-min walk distance, total cholesterol, heart rate, systolic blood pressure and diastolic 
blood pressure. RevMan 5.3 was used to analyse the data, and the Cochrane Collaboration was 
used to assess the quality of evidence.
Results: A total of 1231 patients were enrolled in this study. Angina pectoris (RR ¼ 0.24, 95% CI 
[0.10, 0.57], p¼ 0.001), Arrhythmia (RR ¼ 0.17, 95% CI [0.05, 0.55], p¼ 0.003), Coronary artery 
restenosis (RR ¼ 0.10, 95% CI [0.01, 0.76], p¼ 0.03).
Conclusion: Exercise after PCI improves LVEF, enhances 6MWD, lowers HR and minimises the 
risk of angina, arrhythmia and coronary artery restenosis in CHD patients. Exercise had no dis-
cernible effect on LVEDD, TC, SBP, or DBP.
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1. Introduction

Coronary Heart Disease affects about 11 million indi-
viduals in China and is still one of the main causes of 
death [1,2]. Percutaneous coronary intervention has 
been demonstrated to lower mortality and morbidity 
in CHD patients [3]. Exercise-based cardiac rehabilita-
tion (CR) has been extensively researched, and current 
international recommendations strongly advocate CR 
to improve health outcomes and reduce modifiable 
risk factors following PCI [4].

Exercise-based CR is related with considerably 
lower odds of all-cause mortality, rehospitalization, 
and cardiovascular morbidity, according to a wide 
number of randomised controlled studies (RCTs) [5]. 
Another study found that exercise-based CR increased 
myocardial perfusion and coronary endothelial func-
tion in patients with chronic coronary syndrome [6]. 
As a result, the purpose of this systematic review was 
to evaluate patient outcomes using a combination of 

PCI and exercise-based cardiac rehabilitation versus 
PCI alone.

2. Participants and methods

RCTs were searched for in PubMed, Embase, the Chinese 
National Knowledge Infrastructure (CNKI), Wanfang Data, 
and the Cochrane Database of Systematic Reviews for 
this study. The following key words were used: exercise, 
“walking”, “jogging”, percutaneous coronary intervention, 
coronary heart disease, heart function, and meta-analysis

Inclusion criteria were as follows: (1) individuals 
with coronary heart disease who have undergone PCI; 
(2) a randomised controlled trial of exercise versus 
normal care without exercise; (3) Left ventricular ejec-
tion fraction, end-diastolic diameter of the left ven-
tricle, 6-min walking distance, angina, arrhythmia, 
restenosis, heart rate, systolic and diastolic blood pres-
sure. Exclusion criteria included: (1) studies unrelated 
to exercise or PCI; (2) participants with modifiable 

CONTACT Jun Ding dingjun@jlu.edu.cn China-Japan Union Hospital of JiLin University, 126 Sendai Street, Changchun City, P.R. China 
� 2024 Belgian Society of Cardiology

ACTA CARDIOLOGICA 
2024, VOL. 79, NO. 2, 127–135 
https://doi.org/10.1080/00015385.2023.2266650 

http://crossmark.crossref.org/dialog/?doi=10.1080/00015385.2023.2266650&domain=pdf&date_stamp=2024-04-13
http://www.tandfonline.com
https://doi.org/10.1080/00015385.2023.2266650


cardiovascular risk factors or major complications; and 
(3) patients with substantial problems. (3) insufficient 
reporting or lack to provide outcome measures; (4) 
observational studies or pathology reports

The risk of bias in the included literature was assessed 
using the criteria recommended by the Cochrane 
Collaboration. The evaluation was based on seven 
parameters. Review Manager (RevMan5.3) was used for 
the statistical analysis. The mean difference (MD) and 
95% confidence interval (CI) of a meta-analysis including 
continuous outcomes were used to present the results. 
The meta-analysis results for binary data classification 
were shown using the risk ratio (RR) and 95% CI. The chi- 
square test was used to determine the degree of hetero-
geneity among all studies. A fixed-effect model was 
adopted if heterogeneity was not significant in all inclu-
sive studies (p> 0.1, I[2]� 50%). A random-effects model 
was used if the heterogeneity in all inclusive trials was 
statistically significant (p� 0.1, I[2]> 50%).

3. Results

The search approach yielded 807 studies, of which 
762 were evaluated and 732 were discarded due to 

incorrect citations. Finally, this meta-analysis com-
prised 13 published RCTs (Figure 1). including 610 
patients in the exercise group and 621 in the control 
group. The characteristics of the trials and the patients 
were both unique. Table 1 summarizes the characteris-
tics of the included studies (the essential medications 
and care, intervention strategies, follow-up length and 
clinical outcomes).

The trial findings are shown in Figures 2 and 3. For 
randomisation, two trials employed random number 
tables and computer-generated random sequences 
(Meiling Xiao et al. 2021; Yan Yang et al. 2021). In 
three trials, the allocation concealment was described 
in detail (Ya-JieShi et al. 2022; Yan Zou et al. 2022; 
Young-Hwa Lee et al. 2022). Four studies employed 
blinded procedures (Jiajia Li et al. 2022; Ya-JieShi et al. 
2022; Yan Zou et al. 2022; Young-Hwa Lee et al. 2022). 
There was no evidence of incomplete or selective 
reporting in any of the trials included. Other potential 
causes of bias were not addressed in the experiments. 
The funnel plot was symmetrically distributed, and no 
publication bias was identified.

Three trials that included 176 and 175 patients who 
underwent PCI with or without exercise evaluated 
angina pectoris. The rate of angina pectoris differed 
statistically between the two groups (RR ¼ 0.24, 95% 
CI [0.10, 0.57], p¼ 0.001, Figure 4).

The same three trials evaluated arrythmia. The rate 
of arrhythmia differed statistically between the two 
groups (RR ¼ 0.17, 95% CI [0.05, 0.55], p¼ 0.003, Figure 
4). Two trials that included 111 and 110 patients who 
underwent PCI with or without exercise evaluated cor-
onary artery restenosis. The rate of coronary artery 
restenosis differed statistically between the two groups 
(RR ¼ 0.10, 95% CI [0.01, 0.76], p¼ 0.03, Figure 4).

A statistically significant difference in the HR rate 
was found between the two groups (MD¼−4.55,95% 
CI [-7.16, −1.94], p< 0.05, Figure 5). No statistically sig-
nificant difference of SBP and DBP was found between 
the two groups (MD¼−4.42, 95% CI [–11.47, 2.63], 
p¼ 0.22, Figure 5) and (MD¼−1.60, 95% CI [–7.14, 
3.93]), p¼ 0.57, Figure 5).

No statistically significant difference in TC was 
found between the two groups (MD¼−0.99, 95% CI 
[-2.38, 0.40], p¼ 0.16, Figure 5). Five trials that 
included 296 and 299 patients who underwent PCI 
with or without exercise evaluated LVEF. A statistically 
significant difference in LVEF rate was found between 
the two groups (MD ¼ 4.56, 95% CI [1.34, 7.78], 
p< 0.05, Figure 5).

Two trials that included 100 and 103 patients who 
underwent PCI with or without exercise evaluated Figure 1. Flow diagram of the research strategy.
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LVEDD. No statistically significant difference in LVEDD 
was found between the two groups (MD¼−2.23, 95% 
CI[–5.57, 1.11], Figure 5).

Four trials that included 230 and 230 patients who 
underwent PCI with or without exercise evaluated 
6MWD. A statistically significant difference in the 
6MWD rate was found between the two groups (MD 
¼ 88.59,95% CI [58.08, 119.10], p< 0.05, Figure 5).

4. Discussion

This study included 1231 participants (610 in the 
experimental group and 621 in the control group). 
Early rehabilitation exercise combined with PCI was 
found to be more beneficial than normal care after 
PCI in lowering the risk of angina, arrhythmia, and cor-
onary restenosis. It also decreased heart rate while 
increasing LVEF and 6MWD. However, no significant 
variations in LVEDD, cholesterol level, SBP, or DBP 
were seen between the two groups.

Plaque buildup in the coronary arteries, which 
reduces the heart’s ability to receive blood, is referred 
to as CHD [20]. PCI is a clinical intervention used to 
dilate and maintain patency of narrowed coronary 
arteries with significant therapeutic efficacy [21]. 
Despite the fact that PCI is very effective in lowering 
symptoms and improving prognosis, patients continue 
to live with chronic heart disease and may face conse-
quences. As a result, active secondary prevention of 
CHD is essential to enhance patient prognosis. CR 
exercise is an important part of the secondary preven-
tion of CHD [22].

Cardiac function is critical in predicting long-term 
prognosis in PCI patients. CR exercise improves myo-
cardial blood supply and myocardial function, 

enhances left atrial contractility, alleviates left ven-
tricular remodelling, increases open coronary collateral 
circulation, strengthens cardiomyocyte vitality, 
improves myocardial glucose uptake and thus helps 
avoid cardiomyocyte injury [23]. The primary mechan-
ism thought to improve coronary collateralization 
through exercise is increased pressure gradients 
between proximal and distal arteries. The metrics 
regularly employed to assess heart function are LVEF, 
LVEDD, and 6MWD. Minghui Jiang et al. found that 
the LVEF of the progressive exercise of kinetic energy 
(PEKE) group was higher than that the LVEF of the 
patients in the RI group [11]. Ya-Jie Shi et al. reported 
that 6MWD was improved after a period of 2 months 
of cardiac rehabilitation in 51 patients with CHD [9]. 
Elevated heart rate (HR) and blood pressure (BP) after 
PCI are modifiable risk factors associated with an 
increased risk of cardiac events [24,25]. Yan Zou et al. 
observed that the HR of patients receiving PCI in the 
experimental group fell noticeably [14] after conduct-
ing an RCT with 36 controls and 12 weeks of rehabili-
tation training. According to this study, the exercise 
group had increased LVEF, 6MWD, and HR. The exer-
cise group’s LVEDD, TC, SBP, and DBP numbers don’t 
seem to indicate a better prognosis, though. More 
research is needed to identify how long the interven-
tion should last in order to produce effective change 
in TC. Patients who undergo PCI often have dimin-
ished ventricular systolic and diastolic performance as 
a result of myocardial injury, which may result in a 
modest or no reduction in blood pressure. Meanwhile, 
when blood pressure is aberrant, slow breathing exer-
cise (SBE) plays a function in stabilising it. As a result, 
the effect of SBE on decreasing blood pressure did 
not manifest. In CHD patients, the CR exercise 

Figure 2. Quality assessment of the included papers in this review: Graph illustrating bias risk.
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Figure 3. Quality rating of papers included in this review: Summary of the risk of bias.
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program was helpful in improving LV diastolic dys-
function after PCI, with no significant changes in LV 
diameters.

Additionally, research has demonstrated that exer-
cise in CHD patients following PCI is associated with a 
considerable decrease in hsCRP and inflammatory 
cytokines (TNF- alpha and IL-6), as well as a marked 
improvement in exercise tolerance and capacity [26]. 
Anxiety and depression are common symptoms in 
patients with CHD after PCI. The miRNAs play an 
important role in depression [27] and anxiety [28]. Tai 
Chi reduced anxiety, depression, and stress symptoms 
and increased miR-17-92 expression in CHD patients 
following PCI [29].

Coronary artery restenosis, angina, and arrhythmias 
are significant risk factors for post-operative CHD. car-
diac rehabilitation exercise enhances blood supply and 
decreases arterial stiffness, lowers numerous risk fac-
tors for heart disease, and improves human vascular 
system regulation [30]. Implementing a 7-day gradual 
early functional exercise program following PCI in 
young and middle-aged patients with acute myocar-
dial infarction increases compliance with functional 
exercise, daily activities and quality of life, while 
decreasing the incidence of sequelae [8]. Our study 
results revealed an improvement in angina, arrhythmia 
and coronary artery restenosis in the exercise group 
compared with the control group after PCI.

Figure 4. Comparison of adverse cardiovascular events in the activity and no-exercise groups.
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5. Conclusion

Exercise after PCI improves LVEF, enhances 6MWD, 
lowers HR, and minimises the risk of angina, 

arrhythmia and coronary artery restenosis in CHD 
patients. Exercise had no discernible effect on 
LVEDD, TC, SBP, or DBP. More research is needed 

Figure 5. Cardiac function and secondary endpoint parameters were compared between the activity and no-exercise groups.
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to increase the sample size and enhance reporting 
quality.
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