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Introduction

Coronary artery disease (CAD) is the most prevalent form 
of cardiovascular disease. The prevalence of CAD is 
increasing in the middle-aged and elderly populations. It 
has remained one of the leading causes of mortality in the 
past decade and has led to high medical expenditure in 
many countries.1,2 CAD is a significant health concern. In 
2013, the total CAD prevalence for Americans aged 
⩾20 years was 6.2%, and the prevalence was 3.3% among 
Asians aged ⩾18 years.1 Projections show that by 2030, 

Effectiveness of endurance exercise  
training in patients with coronary  
artery disease: A meta-analysis of 
randomised controlled trials

Yu-Chi Chen1, Jen-Chen Tsai2, Yiing-Mei Liou3 and Paul Chan4

Abstract
Background: Exercise interventions apparently reduce the risks of and prevent coronary artery disease (CAD). 
Developing an exercise intervention for patients with CAD is a rapidly expanding focus worldwide. The results of 
previous studies are inconsistent and difficult to interpret across various types of exercise programme.
Aim: This study aimed to update prior systemic reviews and meta-analyses in order to determine the overall effects of 
endurance exercise training on patients with CAD.
Methods: The databases (PubMed, Medline, CINAHL, EMBASE and Cochrane Library) were searched for the 
interventions published between January 1, 2000, and May 31, 2015. Comprehensive meta-analysis software was used to 
evaluate the heterogeneity of the selected studies and to calculate mean differences (MDs) while considering effect size.
Results: A total of 18 studies with 1286 participants were included. Endurance exercise interventions at a moderate to 
high training intensity significantly reduced resting systolic blood pressure (MD: −3.8 mmHg, p = 0.01) and low-density 
lipoprotein cholesterol (MD: −5.5 mg/dL, p = 0.02), and increased high-density lipoprotein cholesterol (MD: 3.8 mg/dL, 
p < 0.001). There were also significant positive changes in peak oxygen consumption (MD: 3.47 mL/kg/min, p < 0.001) 
and left ventricular ejection fraction (MD: 2.6%, p = 0.03) after the interventions. Subgroup analysis results revealed that 
exercise interventions of 60–90 minutes per week with a programme duration of >12 weeks had beneficial effects on 
functional capacity, cardiac function and a number of cardiovascular risk factors.
Conclusions: Endurance exercise training has a positive effect on major modifiable cardiovascular risk factors and 
functional capacity. Nurses can develop endurance exercise recommendations for incorporation into care plans of 
clinically stable CAD patients following an acute cardiac event or revascularisation procedure.
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CAD prevalence will increase to 18% in American 
adults.1,3 Moreover, the overall CAD-caused death rate 
was 20% in Europe; the death rates per 100,000 were 
102.6 for the USA,140.8 for Austria, 90.3 for the UK and 
111.2 for Germany in 2013.3,4 CAD causes significant 
morbidity and mortality and significantly contributes to 
disabilities in developed countries.5 With advanced treat-
ments, more people are able to live longer with sympto-
matic CAD. The effectiveness and accessibility of health 
care for people with CAD is crucial for preventing re-
infarction and maintaining physical function.6,7

Chronic elevation of blood pressure (BP), blood lipid dis-
orders, physical inactivity and a decline in functional capac-
ity remain the major modifiable risk factors for CAD. 
Exercise-based rehabilitation programmes are some of the 
most widely recommended strategies for reducing these 
risks, thereby facilitating secondary prevention.6–9 Secondary 
prevention interventions include exercise as an integral com-
ponent of nursing care. In such programmes, nurses support 
the management of patients in the vulnerable period follow-
ing hospital discharge.10 Considering the inadequate provi-
sions of cardiac rehabilitation services in many countries and 
the present emphasis on cost containment, further analysis is 
warranted in order to examine the relative efficacy of exer-
cise programmes for patients with CAD. In 2004, a systemic 
review and meta-analysis revealed that exercise-based car-
diac rehabilitation reduced cardiac mortality and improved 
triglyceride (TG) levels and systolic BP (SBP), but no sig-
nificant changes were found in high-density lipoprotein cho-
lesterol (HDL-C) and low-density lipoprotein cholesterol 
(LDL-C) levels and diastolic BP (DBP) in CAD patients.11 
More recently, two meta-analyses focusing on the effect of 
exercise-based cardiac rehabilitation for CAD on cardiovas-
cular mortality discovered inconsistent results in re-infarc-
tion and all-cause mortality rates.7,8

From a nurse’s perspective, the effects of exercise pro-
grammes on cardiovascular risk factors and functional 
capacity among CAD patients are concerning issues.6,10 
Furthermore, the effects of exercise training vary with exer-
cise modality; thus, the exercise dose that would optimise 
benefits for patients with CAD remains unclear.12,13 Other 
factors affecting the assessment of exercise training are the 
differences in the measured outcome variables. Exercise 
recommendations are likely to vary according to these dif-
ferences. Therefore, it is important to update prior systemic 
reviews and meta-analysis results in order to examine the 
training modality of endurance exercise programmes (type, 
volume, and duration of exercise training intervention pro-
gramme), as well as to investigate the overall effectiveness 
of exercise training programmes on cardiovascular risk fac-
tors and functional capacity for CAD patients.

Aims

This study (a) conducted a systemic review and meta-anal-
ysis of current randomised controlled trials (RCTs) in 

order to update and assess the effects of endurance exer-
cise training on patients with CAD by considering the 
magnitude of changes in major cardiovascular risk factors, 
functional capacity and cardiac functioning, and (b) exam-
ined whether the magnitudes of change in these measured 
variables were related to the characteristics of the exercise 
programme. Our findings would help to establish a scien-
tific basis for the provision of specific exercise guidance 
for patients with CAD.

Methods

This review was conducted in accordance with the guide-
lines of the Preferred Reporting Items for Systemic 
Reviews and Meta-Analyses14 and recommendations from 
the Cochrane Collaboration.

Search strategy

The electronic databases PubMed, Medline, CINAHL, 
EMBASE and the Cochrane Library were searched using 
search strategies focusing on aerobic endurance exercise 
interventions conducted with patients diagnosed with 
CAD. The searches were limited to RCTs published in 
English between January 1, 2000, and May 31, 2015. The 
literature search was conducted using search terms catego-
rising aerobic exercise intervention, cardiovascular risk 
factors, functional capacity, cardiac function and CAD. 
Furthermore, the references of the included studies and 
any relevant reviews and meta-analyses were manually 
searched. Two reviewers (Y-CC and J-CT) independently 
screened the titles and abstracts of each identified article 
and read potentially eligible articles in full to determine 
whether they met the inclusion criteria. Disagreements 
were reviewed by a third reviewer (Y-ML), and then all the 
reviewers discussed them item by item together according 
to the inclusion criteria until consensus was reached.

Inclusion and exclusion criteria

Studies were considered as eligible if they were RCTs and 
included patients who had experienced a myocardial infarc-
tion (MI), coronary artery bypass graft or percutaneous 
coronary intervention, or had CAD diagnosed through 
angiography (⩾70% stenosis of at least one major coronary 
artery). Considering the effective duration of exercises, we 
included RCTs that had an intervention duration of 8–24 
weeks, an exercise frequency of ⩾3 times/week and an 
individual exercise session duration of ⩾20 minutes of at 
least moderate intensity. These criteria were in concord-
ance with previous guidelines.15,16 Additional inclusion cri-
teria for the present analysis were as follows: (a) study 
participants aged ⩾20 years; (b) RCTs that investigated the 
effects of dynamic endurance exercise; and (c) RCTs that 
compared an aerobic exercise programme with usual care 
or no endurance exercise intervention. In this review, we 
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excluded studies involving patients who had other medical 
conditions, such as severe chronic heart failure.

Measured outcomes

For inclusion, RCTs had to assess one of the major cardio-
vascular risk factors (the primary outcomes), namely rest-
ing BP, plasma HDL-C, LDL-C or total cholesterol levels 
or TC levels. Functional capacity, as directly measured by 
peak oxygen consumption (peak VO2) on the basis of 
exercise testing, and the left ventricular ejection fraction 
(LVEF), determined by echocardiography studies, were 
defined as the secondary outcomes.

Study quality assessment

The Physiotherapy Evidence Database (PEDro) scale was 
used to assess the methodological quality of each study.17–19 
The score ranged from 0 to 10, with a higher score indicat-
ing higher quality. The quality appraisal and data extrac-
tion results of each selected study were independently 
recorded by two reviewers. Disagreements were resolved 
by discussion or a third reviewer.

Data extraction and statistical analysis

Comprehensive meta-analysis V2 software (Biostat, NJ, 
USA) was used to analyse the extracted data and calculate 
the mean difference of the effect size and 95% confidence 
intervals (CIs). Variances were calculated from the pooled 
standard deviation of the change scores between the inter-
vention and control groups. Heterogeneity between study 
results was assessed and quantified using the Cochrane Q 
and I2 statistic tests.20,21 Data from each trial were pooled 
using a fixed-effects model. When substantial heterogene-
ity existed according to the I2 statistic, a random effects 
model was used.22 Subgroup analysis was conducted in 
order to investigate the relationships between the magni-
tudes of change in outcome variables and the dose of inter-
vention. In addition, the present analysis calculated the 
fail-safe n,22 and a funnel plot was drawn for each outcome 
variable in order to assess the risk of publication bias.23–25

Results

Literature search results

Figure 1 shows the literature search flowchart and the 
study inclusion results. In total, 1077 potentially relevant 
RCTs were initially identified after a comprehensive elec-
tronic database literature search. A total of 1010 articles 
were screened out based on the abstracts and titles. The 
main reasons for exclusions included: inappropriate popu-
lation, such as patients with chronic heart failure, inade-
quate duration length of exercise programme, and lacking 
statistical information. A total of 18 RCTs12,26–42 that 
met all of the inclusion criteria were selected.

Methodological quality of the studies

The PEDro scores of the 18 RCTs ranged from 5 to 8. 
These RCTs fulfilled the eligibility criteria, involved ran-
domised allocation and had an appropriately matched 
intervention group at baseline. Of the 18 RCTs, one (5.5%) 
blinded the participants,39 one (5.5%) blinded the thera-
pists42 and five (27.8%) blinded the assessors.26–29,39 
Funnel plots were used to detect the potential publication 
bias of the included RCTs. There was no significant publi-
cation bias as evidenced by funnel plot asymmetry. 
Therefore, publication bias is unlikely to have affected the 
results of the present meta-analysis.

Participant characteristics

The participants, applied exercise programmes and out-
comes of the selected RCTs are presented in Table 1. These 
studies were conducted in the USA and different countries 
in Asia and Europe. Thirteen RCTs (72.2%)26–30,32–34,37,38,40–42 
included both men and women participants, and five RCTs 
(27.8%)12,31,35,36,39 included only men. The sample sizes of 
the studies ranged from 25 to 269 participants. A total of 
712 participants completed their exercise interventions, 
and 571 were in control groups. Seven RCTs (38.88%)26,32–

34,37,38,42 reported the attrition rates of the study partici-
pants, ranging from 4.2% to 20%, and the average dropout 
rate was 11.2%. The overall mean age of the study partici-
pants was 57 years (SD = 10.8).

Exercise interventions

Among the selected RCTs, one39 comprised home-based 
and cardiac rehabilitation exercise groups, three28,29,33 
included exercise-based rehabilitation programmes, 
eight12,26,27,30,31,34,38,42 had hospital-based or supervised 
outpatient exercise programmes, three32,40,41 involved 
home-based exercise programmes and three35–37 included 
combined outpatient and home-based exercise pro-
grammes. The intensity of aerobic training was determined 
according to the maximal heart rate (HRmax; n = 4; 60–
85%), heart rate reserve (HRR; n = 5; 40–85%), functional 
capacity (n = 6; 55–70% peak VO2) or anaerobic threshold 
by exercise testing (n = 3). The exercise frequency of the 
selected RCTs ranged from three to seven times per week, 
and the duration of each exercise session was 20–60 min-
utes. Five RCTs26,27,29,34,42 reported their adherence rates 
for the exercise sessions, ranging from 75% to 94%.

Effects of exercise on primary outcome in 
cardiovascular risk factors
Figure 2 shows the forest plot of the changes in BP. Seven 
RCTs12,26,30–34 compared resting SBP between the exercise 
(n = 204) and control (n = 203) groups. Endurance training 
resulted in a mean difference (MD) in SBP decrease of 3.8 
mmHg (p = 0.01). The effect of exercise training on DBP 
was assessed in four studies,12,32–34 with 105 participants in 
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each group, and there was no statistically significant effect 
of exercise training on DBP (MD: −1.4 mmHg, p = 0.25).

Figure 3 shows the forest plot of the overall changes in 
the blood lipid profile. Data were analysed from four 
RCTs,26,35,38,41 with 177 and 139 participants in the training 
and control groups, respectively. The meta-analysis results 
revealed a significant exercise training effect on LDL-C 
(MD: −5.5 mg/dL, p = 0.02) and HDL-C (MD: 3.8 mg/dL, 
p < 0.001) concentrations. Changes in TG (MD: −4.8  
mg/dL, p = 0.37) and total cholesterol (MD: −13.2 mg/dL, 
p = 0.28) levels were not statistically significant.

Effects of secondary outcomes in exercise on 
peak VO2 and LVEF

Figure 4 illustrates the changes in peak VO2 and LVEF 
after the interventions. The effect of exercise training on 
peak VO2 was reported in 14 RCTs,12,26–31,33–37,39,42 which 
collectively had 405 and 390 participants in the training 

and control groups, respectively. One RCTs39 compared 
home-based and cardiac rehabilitation exercise groups to a 
control group and was separated into two analyses. The 
results of this meta-analysis revealed a significant positive 
effect of exercise training on peak VO2 (MD: 3.47 mL/kg/
min, p < 0.001). Seven RCTs26,28–31,40,42 with 369 and 275 
participants in the training and control groups, respec-
tively, were used in order to investigate the effect of 
dynamic exercise training on LVEF. LVEF values signifi-
cantly improved among the participants in the training 
groups (MD: 2.6%, p = 0.03).

Subgroup analyses

Duration of exercise intervention.  Among the selected 
RCTs12,30–34,37–39 with an intervention duration of ⩽12 
weeks (8–12 weeks), endurance exercise training signifi-
cantly reduced SBP (MD: −3.3 mmHg, p = 0.03) and peak 
VO2 (MD: 3.6 mL/kg/min, p < 0.001) compared with usual 

Figure 1.  Flow chart of the literature search.
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Table 1.  Study participants, programme characteristics and outcomes of the selected 18 trials.

First author
(year)

Participants and 
country

Group (n) 
pre/post

Intervention (FITT) Outcomes PEDro 
score

Belardinelli26

(2001)
CAD after PCI
Mean age: 57 y
84.6% male
USA

E: 67/59
C: 63/59

E: 3/week, 60% peak VO2, hospital 
based (cycle ergometer), 30 min/
session, total 24 weeks
C: sedentary, do not exercise regularly

SBP (p = 0.02)
peak VO2 (p < 0.001)
LVEF (p = 0.02)
TC (p < 0.001)
LDL-C (p < 0.001)
HDL-C (p = 0.02)
TG (p = 0.02)

6

Blumenthal27 
(2005)

Stable CAD (MI, 
CABG, angioplasty)
Mean age: 63 y
69% male
USA

E: 48/48
C: 42/42

E: 3/week, 70–85% HRR, supervised 
exercise training (walking, jogging), 
35 min/session, total 16 weeks
C: usual care

Peak VO2 (p = 0.02) 8

Giallauria30

(2006)
AMI at hospital 
discharge
Age ⩾65 y
82.5% male
Italy

E: 20/20
C: 20/20

E: 3/week, 60% peak VO2, supervised 
outpatient (cycling), 30 min/session, 
total 12 weeks
C: instruction of correct lifestyle

SBP (NS)
Peak VO2 (p < 0.001)
LVEF (NS)

6

Giallauria29 
(2011)

2–4 weeks after MI 
(first event)
Mean age: 60 y
80% male
Italy

E: 37/37
C: 38/38

E: 3/week, 60–70% peak VO2, exercise-
based CRP (bicycle), 30 min/session, 
total 24 weeks
C: usual care

Peak VO2 (p < 0.001)
LVEF (p < 0.001)

7

Giallauria28 
(2013)

Acute STEMI
Mean age: 54 y
87% male
Italy

E: 25/25
C: 21/21

E: 3/week, 60–70% peak VO2, exercise-
based CRP (bicycle), 30 min/session, 
total 24 weeks
C: usual care

Peak VO2 (p < 0.05)
LVEF (p < 0.05)

7

Lee31

(2008)
MI >3 months,
Age ⩽65 y
100% male
Taiwan

E: 20/20
C: 19/19

E: 3/week, 55–70% peak VO2, RPE: 
12–13, supervised outpatient (cycling), 
20 min/session, total 12 weeks
C: no training

SBP (NS)
Peak VO2 (p < 0.05)
LVEF (NS)

6

Lee32

(2013)
ACS with PCI
Age: 18–80 y
80% male
Korea

E: 30/26
C: 30/29

E: 4–5/week, 40–80% HRR, wireless 
home-based rehabilitation, 30 min/
session, total 12 weeks
C: usual care

SBP (NS)
DBP (NS)

5

Myers12

(2000)
Recent MI
Mean age: 56 y
100% male
Switzerland

E: 12/12
C: 13/13

E: 4/week, 60–70% peak VO2, 
supervised exercise (cycling), 45 min/
session, total 8 weeks
C: usual clinical follow-up

SBP (NS)
DBP (NS)
Peak VO2 (p < 0.05)

6

Oliveira33 
(2014)

Recent MI
Mean age: 56 y
83.7% male
Portugal

E: 49/47
C: 47/45

E: 3/week, 70–85% HR maximum, 
supervised exercise-based CRP (cycle 
ergometer or treadmill), 30 min/
session, total 8 weeks
C: usual care

SBP (p < 0.05)
DBP (NS)
Peak VO2 (p < 0.05)

6

Ribeiro34

(2012)
CAD patients
81.6% male
Portugal

E: 24/20
C: 23/18

E: 3/week, 65–75% HR maximum, 
supervised outpatient exercise 
programme, 35 min/session, total 
8 weeks
C: usual care

Peak VO2 (p < 0.05)
SBP (NS)
DBP (NS)

6

Seki36

(2003)
Stable CAD (AMI, 
PCI,
CABG >6 months)
Age ⩾65 y
100% male
Japan

E: 20/20
C: 18/18

E: 1/week (outpatient) + 2/week (home 
based), at anaerobic threshold level 
(walking or bicycling), 20–30 min/
session, total 24 weeks
C: standard care

Peak VO2 (NS) 6

(Continued)
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First author
(year)

Participants and 
country

Group (n) 
pre/post

Intervention (FITT) Outcomes PEDro 
score

Seki35

(2008)
CAD (AMI, PCI, 
CABG ⩾6 months)
Age: ⩾65 y
100% male
Japan

E: 20/18
C: 19/16

E: 1/week (outpatient, 20–60 min/
session) + 2/week (home based, 
⩾30 min/session), at anaerobic 
threshold or RPE: 12–13 (walking, 
bicycle), total 24 weeks
C: usual outpatient care

Peak VO2 (NS)
TC (p < 0.05)
TG (NS)
HDL (p < 0.05)
LDL (NS)

5

Tsai37

(2006)
1 month after 
PTCA
Age ⩽75 y
82.1% male
Taiwan

E: 42/34
C: 42/33

E: 1–3/week, 60–85% HRR, supervised 
outpatient (cycle ergometer) combined 
1–3 /week with home exercise, 40 min/
session (average: 3.2± 1.1/week), total 
8 weeks
C: usual daily activities

Peak VO2 (p < 0.001) 6

Vona38

(2004)
Uncomplicated AMI 
⩽3 weeks
Age: <70 y
76.9% male
Italy

E: 28/28
C: 24/24

E: 3/week, 75% HR maximum, 
supervised aerobic training (cycling), 
40 min/session, total 12 weeks
C: usual care

TC (NS)
TG (NS)
HDL (p < 0.05)
LDL (NS)

7

Wu39

(2006)
Pectoris angina with 
CABG
Mean age: 62 y
100% male
Taiwan

E: 18/18
C: 18/18

E: 3/week, 60–85% peak HR, A: CRP 
(bicycle, treadmill), B: home based, 
30–60 min/session, total 12 weeks
C: usual care

Peak VO2 (p < 0.05) 
A, B

7

Yu41

(2003)
CAD (AMI, PCI)
Mean age: 61 y
79.5% male
Hong Kong

E: 72/72
C: 40/40

E: 7/week, 65–85% HRR, home 
exercise, 60 min/session, total 24 weeks
C: conventional therapy

TC (NS)
LDL (p < 0.05)
HDL (p < 0.05)
TG (NS)

5

Yu40

(2004)
CAD (AMI, PCI 
within 6 weeks)
Mean age: 63 y
75% male
Hong Kong

E: 181/181
C: 88/88

E: 7/week, 65–85% HRR or resting 
HR + 30, home exercise, 60 min/
session, total 24 weeks
C: conventional therapy

LVEF (NS) 5

Zheng42

(2008)
AMI (3–7 days post-
primary PCI)
China

E: 30/27
C: 30/30

E: 3/week, at anaerobic threshold 
levels, supervised outpatient (cycling), 
30 min/session, total 24 weeks
C: routine therapy

LVEF (p < 0.01)
Peak VO2 (p < 0.01)

6

Participants: AMI: acute myocardial infarction; CAD: coronary artery disease; PCI: percutaneous coronary intervention; HF: heart failure; PTCA: 
percutaneous transluminal coronary angioplasty; CABG: coronary artery bypass grafting; STEMI: ST segment elevation myocardial infarction; ACS: 
acute coronary syndrome; y: years.
Group: E: exercise group; C: control group.
Intervention: FITT: frequency, intensity, type, time; HR: heart rate; HRR: heart rate reserve; CRP: cardiac rehabilitation programme; RPE: rating of 
perceived exertion; A and B represent the CRP and home-based exercise groups, respectively.
Outcome: Peak VO2: peak oxygen consumption; DBP: diastolic blood pressure; SBP: systolic blood pressure; HDL: high-density lipoprotein; LDL: 
low-density lipoprotein; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride; LVEF: left ven-
tricular ejection fraction; TC: total cholesterol.

Table 1. (Continued)

care. Among the RCTs26–29,35,36,40–42 with an intervention 
duration of >12 weeks, exercise training had significant 
positive effects on HDL-C (MD: 4.50 mg/dL, p = 0.01), 
LDL-C (MD: −8.92 mg/dL, p = 0.04), TG (MD: −29.0 mg/
dL, p < 0.001), peak VO2 (MD: 3.1 mL/kg/min, p < 0.001) 
and LVEF (MD: 4.2%, p < 0.001).

Type of exercise programme.  The studies that implemented 
exercise-based cardiac rehabilitation programmes28,29,33 
or supervised exercise programmes12,26,27,30,31,33,34,42 
showed significant training effects on SBP (MD: −3.2 

mmHg, p = 0.04), HDL-C (MD: 2.0 mg/dL, p < 0.001), 
LDL-C (MD: −5.7 mg/dL, p = 0.04), peak VO2 (MD: 3.6 
mL/kg/min, p < 0.001) and LVEF (MD: 3.4%, p = 0.01) 
compared with control groups. The studies that mainly 
implemented home-based exercise programmes35–37,39 
showed significant effects on SBP (MD = −8.63 mmHg, 
p = 0.04) and peak VO2 (MD: 2.3 mL/kg/min, p = 0.01).

Volume of exercise training.  We conducted a subgroup analy-
sis in order to compare the exercise effects of training pro-
grammes with a weekly exercise volume of 60–90 minutes 
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to weekly exercise training for longer than 90 minutes. The 
participants of the study programmes with a weekly exer-
cise volume (represented by the frequency of exercise ses-
sions/week × the duration of each session) of 60–90 minutes 
showed significant improvements in SBP (MD: −4.2 
mmHg, p = 0.02), HDL-C (MD: 3.5 mg/dL, p = 0.03), TG 
level (MD: −29.4 mg/dL, p < 0.001), peak VO2 (MD = 4.1 
mL/kg/min, p < 0.001) and LVEF (MD: 3.4%, p = 0.01). 
The subgroup analysis also revealed no additional signifi-
cant effects on the study outcomes in exercise interventions 
with a weekly training volume of longer than 90 minutes in 
comparison with the control groups.

Discussion

The PEDro scores of the 18 selected studies ranged from 5 
to 8 out of 10 points, representing adequate quality. 
Although no clear cut-off point and unequivocal threshold 
score existed regarding acceptable methodological quality, 
according to the evidence and validation studies, 
Sherrington et al.43 reported median PEDro scores of 4 and 

5 based on 615 sports physiotherapy trials. Moreover, de 
Morton also presented the mean of total PEDro scores to 
be 4.8 from 1966–2009 publications.19 The most common 
limitations in study design included lack of blinding. 
However, such blinding is often not possible in RCTs that 
involve exercise interventions.

The results demonstrate that endurance exercise train-
ing has a positive effect on the primary outcomes of the 
modifiable cardiovascular risk factors of SBP, HDL-C and 
LDL-C. Our findings are consistent with previous studies, 
and also demonstrate a significant improvement in second-
ary outcomes (peak VO2 and LVEF). Notably, there were 
significant effects for exercise programmes with exercise 
durations ranging from 60 to 90 minutes weekly. A total of 
20–30 minutes/day and 3–5 days/week of moderate- to 
vigorous-intensity exercise is recommended for most 
adults in order to obtain health/fitness benefits,16,44 so the 
minimum dose selected was 60–90 minutes per week. This 
study revealed a significant reduction of 3.8 mmHg in SBP 
among CAD patients following dynamic endurance train-
ing. The lack of significant effect of exercise training on 

Figure 2.  Average net changes and 95% confidence intervals (CIs) for systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) after exercise interventions.
df: degrees of freedom.
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DBP reductions in this meta-analysis might be partly 
because this analysis included the RCTs that were con-
ducted with intervention durations of 8–12 weeks. The 
exercise guidelines provided by the American College of 
Cardiology (ACC)16 and the American Heart Association 
(AHA) suggest that for an exercise to be effective at reduc-
ing cardiovascular risks, the exercise duration needs to last 
for, on average, 12 weeks.44 The duration of exercise 

training intervention in the included studies (8–12 weeks) 
would not be long enough to make a significant change. 
Furthermore, the mean baseline DBP value of the study 
participants was classified as either pre-hypertensive (80–
89 mmHg) or normal (<80 mmHg), so it was not easy to 
reduce DBP significantly. The factors discussed above 
might have contributed to the failure to detect a significant 
change in DBP.

Figure 3.  Average net changes and 95% confidence intervals (CIs) for blood lipid profiles after exercise interventions.
df: degrees of freedom.
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HDL-C levels were significantly increased among the 
exercise participants when compared with their counter-
parts in the control groups. We also found a significant 
effect of exercise training on LDL-C, namely a reduction of 
5.5 mg/dL. This is a crucial finding because a 1% reduction 
in LDL-C has been shown to reduce the risk of major coro-
nary events by approximately 2%.45 TG levels were not 
significantly reduced in our analysis. In our subgroup anal-
yses, TG levels significantly decreased among the study 
participants who engaged in exercise training for >12 
weeks (MD: −29.0 mg/dL, p < 0.001). This analysis 

included 50% of the RCTs that were implemented with 
exercise training durations of 8–12 weeks only. However, 
a previous study found that it should take at least 12 weeks 
in order to observe a clinically significant change in TG.9 
This means greater levels of more regular exercise could 
reduce the level of TG.6,9 In addition, the exercise adher-
ence and attrition rates were reported incompletely, so we 
could not investigate and infer the possibility of effective-
ness. In future studies, exercise interventions should be 
implemented for >12 weeks in order to show the correlative 
effect for reducing TG levels.

Figure 4.  Average net changes and 95% confidence intervals (CIs) for peak oxygen consumption (peak VO2) and left ventricular 
ejection fraction (LVEF) after exercise interventions.
Wu, 2006 A and Wu, 2006 B represents cardiac rehabilitation programme and home-based exercise groups respectively.
df: degrees of freedom.
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Low functional capacity was reported to be a stronger 
predictor of cardiovascular diseases and mortality than 
other established risk factors.46 In our meta-analysis, 14 
RCTs reported an effect of endurance training on peak 
VO2, with a significant mean increase of 3.5 mL/kg/min. 
Similar findings were reported in a meta-analysis involving 
18 studies on CAD (net change of peak VO2: 2.3 mL/kg/min) 
with training programme durations of 2–24 weeks.47 An 
increase of one metabolic equivalent (equivalent to 3.5 mL/
kg/min) in functional capacity was associated with a risk 
ratio for all-cause death of 0.84.48 Our subgroup analysis 
results revealed that endurance exercise interventions sig-
nificantly affected peak VO2, regardless of the programme 
type (supervised or home based), training duration (8–12 
weeks or >12 weeks) and weekly exercise volume (60–90 
minutes or >90 minutes) when the intervention groups 
were compared with the usual care control groups.

LVEF was found to be a significant clinical parameter for 
assessing the prognosis of cardiovascular disease,49,50 and it is 
currently widely used as such. For every 1% decrease in the 
LVEF value, the odds of death increased by a factor of 1.04.51 
The improvement in LVEF was probably due to revasculari-
sation procedures or a resumption of cardiac function in 
patients with CAD recovering from their cardiac events. 
Despite the aforementioned factors, we found significant 
improvements in LVEF values among exercise participants 
compared with controls. This result is partly in agreement 
with previous systemic reviews that have reported a signifi-
cant effect of endurance exercise on LVEF in patients with 
heart failure (MD: 2.59%, p < 0.001).52 Our subgroup analy-
sis results suggest that LVEF is evidently improved if the 
exercise programme lasts 12 weeks. Additional high-quality 
RCTs are warranted in order to confirm the effects of aerobic 
exercise training on LVEF among patients with CAD.

The present findings should be interpreted with consid-
eration of the following limitations. First, we could not 
analyse numerous potentially confounding factors that 
may have affected the outcome variables, such as diet 
changes, body weight and comorbidities, due to a lack of 
original study report data. Second, five of the 18 selected 
RCTs included only men. While the remaining 13 RCTs 
included both men and women, there still remained a very 
large proportion of men among the study participants. This 
study’s findings should not be generalised to women. 
Further investigation is required in order to adequately 
address this. Third, only five of the selected RCTs men-
tioned the attendance rate of the exercise participants. 
Considering the inadequate reporting of exercise adher-
ence in the selected RCTs, we could not investigate the 
effect of compliance on the study outcomes; therefore, we 
suggest including this factor in future studies. Finally, the 
reviewed RCTs enrolled clinically stable patients with 
CAD. Patients with significant CAD-related complica-
tions were excluded from this analysis. Consequently, the 
present findings should not be generalised to patients with 
severe CAD complications. More randomized control 

studies are necessary to determine the safety and optimal 
duration of endurance exercise training for patients with 
CAD, particularly women patients and patients with 
comorbidities.

Conclusion

In this study, we analysed the effectiveness and magnitudes 
of change of cardiac outcomes in CAD patients on endur-
ance exercise interventions. Our meta-analysis displayed 
novelty results to confirm that exercise training modalities 
conducted for 60–90 minutes per week at moderate to vig-
orous exercise intensity (approximately 60–85% HRR) for 
12 weeks or longer show beneficial effects in CAD patients, 
including improved functional capacity, better cardiac 
function and reduced cardiovascular risk factors. Among 
those, a supervised exercise programme demonstrated 
positive effects on LVEF and peak VO2 and reduced most 
cardiovascular risk factors, such as SBP, LDL-C and HDL-
C, among clinically stable patients with CAD following 
cardiac events. This evidence may help advanced practice 
nurses when counselling cardiac patients in order to engage 
them in regular exercise aimed at achieving desired levels 
of physical activity and improving quality of life.

Implication for clinical practice

•• It is evident that endurance exercise training  
provides important physiological benefits and 
continues to be a major approach to treating clin-
ically stable CAD patients. It is found that, when 
training at moderate to high intensity, levels of 
SBP and LDL-C are reduced; the level of HDL-C 
and the values of LVEF and peak VO2 are 
improved in CAD patients.

•• Programme duration and amount of exercise are 
important factors in making exercise training 
programmes successful for CAD patients. 
Endurance exercise training with a programme 
duration of >12 weeks at 60–90 minutes/week 
favourably modifies most cardiovascular risk 
factors (SBP, LDL-C, HDL-C and TG) and 
improves LVEF and peak VO2.

•• Due to the fact that different types of exercise pro-
gramme lead to different clinical effects, practic-
ing nurses need to consider CAD patients’ 
individual needs when planning exercise pro-
grammes. Supervised exercise programmes have 
significant effects on SBP, LDL-C, HDL-C, LVEF 
and peak VO2, while a home-based exercise train-
ing programme can improve SBP and peak VO2.
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