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Abstract: Cardiac rehabilitation program (CRP) is a recognized non-pharmacological modality to 
decrease mortality after acute myocardial infarction (AMI) events. We aimed to evaluate the effect of CRP 
on the cardiac physiology in patients post myocardial infarction (MI). Online database search of PubMed, 
MEDLINE, EMBASE, SCOPUS, COCHRANE, and GOOGLE SCHOLAR were performed (1988–Mar 
2016); key bibliographies were reviewed. Studies comparing post MI patients who were enrolled in a CRP 
to those who were not, were included. Standardized mean difference (SMD) with the corresponding 95% 
confidence intervals (CI) by random and fixed effects models of pooled data were calculated. Study quality 
was assessed using CONSORT criteria. Outcomes of interest measured included resting and maximum 
heart rate (HR), peak VO2, ejection fraction (EF%), wall motion score index (WMSI), left ventricular 
end diastolic volume (LVEDV) in cardiac rehabilitation patients versus control. Search strategy yielded 
147 studies, 23 studies fulfilled the selection criteria, 19 of which were RCTs. These included a total of 
1,683 patients; 827 were enrolled in a CRP while 855 did not receive the intervention. Median age was  
58 years. There was no significant difference between the two groups in terms of age, comorbidities, severity 
of CAD, baseline EF or HR. Meta-analysis of data included demonstrated that CRP patients had  lower  
post-intervention resting HR than non-CRP patients (SMD: −0.59; 95% CI: −0.73 to −0.46, fixed effect 
model P<0.05). EF% was significantly improved after CRP compared to control (SMD: 0.21; 95% CI: 
0.02 to 0.40, P=0.03). Peak VO2 was significantly improved by CRP (SMD: 1.00; 95% CI: 0.56 to 1.45; 
P<0.0001). LVEDV was significantly less in CRP patients (SMD: −0.31; 95% CI: −0.59 to −0.02, fixed 
effect model P<0.05). WMSI was significantly less in CRP patients (SMD: −0.41; 95% CI: −0.78 to −0.05, 
P=0.024). CRP improves cardiac function in post MI patients. This may explain the reported improvement 
of functionality and mortality among those patients. Further randomized trials may help evaluate the long-
term benefits of CRP.
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Introduction

Exercise-based cardiac rehabilitation results in improved 
exercise capacity (1) and in reduction of mortality in 
patients after acute myocardial infarction (AMI) as seen in a 
recent Cochrane review (2-4). It has also been suggested to 
improve cardiovascular functional capacity, quality of life, 
risk factors modification and psychological profile (5).

Various factors have been suggested to explain the effect 
of cardiac rehabilitation on cardiac function. The extent 
of ventricular remodeling has been reported to be an 
important prognostic factor associated with cardiac function 
after AMI, more published studies have demonstrated that, 
in AMI patients with left ventricular dysfunction, exercise 
training not only does not contribute but may even prevent 
worsening of ventricular remodeling (6). Proponents 
of this observation have suggested that improvement in 
impaired sympatho-vagal balance might be the underlying 
mechanism. In addition, exercise training is thought to 
contribute to improvement in heart rate recovery (HRR), 
a powerful and easily measured index of vagal tone in AMI 
patients (7).

Early studies of a cardiac rehabilitation program (CRP) 
done nearly two decades ago in the form of exercise training 
and education classes have shown that these programs 
improve exercise capacity in patients with coronary heart 
disease (CHD) (8-10). However, these studies were limited 
by either small sample size (8,9) or were uncontrolled (10). 

Large, randomized, controlled studies were needed 
to confirm the benefit of CRP on exercise capacity. 
Furthermore, the mechanisms of improvement of exercise 
tolerance after CRP are not fully understood. The objective 
improvement in cardiac function after exercise training 
is controversial (11-13). The aim of this study was to 
systematically review the available data in order to evaluate 
the effects of a supervised exercise program in improving 
cardiac functions for patients post AMI in terms of cardiac 
objective evaluations detected on echo as well as stress 
testing. 

Methods

Literature search and selection of studies

Online search of MEDLINE, EMBASE, PubMed, Google 
Scholar, Scopus, and the Cochrane database was done, with 
identification of all English language published articles 
comparing the cardiac physiologic measurements in post 
AMI patients after treatment followed with or without CRP. 

The search was conducted using the following MeSH terms 
“Cardiac Rehabilitation Program” AND “exercise based 
rehabilitation” AND “acute myocardial infarction”, “cardiac 
function”, “cardiac physiology”. We used the related-
articles function to expand the search from relevant studies. 
All publications were thoroughly reviewed. The search was 
last performed on 07/01/2017. Bibliographies of reviewed 
papers were additionally screened for any other studies that 
could be included.

Outcomes of interest 

Only studies reporting on the comparison between AMI 
patients who had exercise based CRP and those who did not 
were included, regardless of mode of post AMI treatment 
[i.e., medical, surgical revascularization or percutaneous 
coronary intervention (PCI)]. The primary endpoint of the 
study was resting and maximum heart rate (HR), ejection 
fraction (EF%), peak VO2, left ventricular end diastolic 
volume (LVEDV), and wall motion score index (WMSI) in 
cardiac rehabilitation patients versus control.

Inclusion criteria

In order to be included in the analysis, studies had to 
compare the outcome measures mentioned above between 
patients who underwent CRP post AMI and those who did 
not and report at minimum one of the outcomes of interest. 
If an institution reported two studies, we selected either the 
study of better quality, larger sample size or the most recent. 
We excluded studies if they were either non-comparative, 
published as case series, did not report on outcomes of 
interest for the two groups, or there was an overlap between 
patient cohorts, authors, or institutions.

Definitions 

	 CRP was defined as a training period that ranged 
between 1 to 4.5 months, between 10 minutes to  
2 hours for 3 days a week to daily, mainly on a bicycle 
ergometer, or walking on tread mill, with targets of 
60–70% of peak VO2 was used in some studies, others 
used standard training protocols (e.g., Heleniski); 

	 Exercise testing for obtaining results: bicycle 
ergometric test was performed starting by 1 minute 
warm up, then a work load ranging from 1 Workload 
(W) to 25 W increase every 1 to 2 minutes, to achieve 
a 60–70% peak VO2 uptake which was the limit in 



Annals of Translational Medicine, Vol 7, No 17 September 2019 Page 3 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(17):416 | http://dx.doi.org/10.21037/atm.2019.08.64

some studies. The test ends by cooling down for  
1 minute. In some studies, the process was supervised 
by cardiologist, and therapists;

	 WMSI: wall motion score index was observed and 
the motion was graded as normal 0, hyperkinesia 1, 
akinesia 2, dyskinesia 3. The less the WMSI the better 
the wall motion. It was confirmed by nuclear test in 
some studies;

	 LVEDV: this was calculated in some studies, 
the smaller the volume the better the effect of 
rehabilitation and the more the remodeling effect is 
reversed;

Peak VO2: peak O2 uptake (how much O2 per minute), 
it expresses Max O2 consumption even if the work load is 
increased, it provides assessment of functional capacity, 
it was used as a good short term predictor of mortality, 
calculated by averaging the final 20–30 seconds in the 
exercise test.

Data extraction 

Between two reviewers (I Kirolos and F Pendola), the 
studies were independently searched, and data was extracted 
from each study as follows: study characteristics (first 
author, study design and year of publication) and population 
characteristics (number of patients included, age, sex, and 
comorbidity characteristics). The outcomes of interest 
measured included resting and maximum HR, peak VO2, 
EF%, WMSI, LVEDV in cardiac rehabilitation patients 
versus control. We converted continuous data that was 
reported as median and range to the mean and standard 
deviation.

Statistical analysis 

The software Stata 12 (StataCorp LP, College Station, 
TX, USA) was used for statistical analysis. For continuous 
outcomes, standardized mean difference (SMD) and 95% 
confidence intervals (CI) were used to analyze data as the 
summary statistic. SMDs greater than zero suggested the 
degree to which treatment is more efficacious than placebo. 
Conversely, SMDs lower than zero suggested the degree 
to which treatment is less efficacious than placebo (14). All 
P values of <0.05 (two tailed) were considered statistically 
significant. For the meta-analysis, we used both the fixed 
and random-effects models of Mantel-Haenszel and 
DerSimonian-Laird (15,16). When clinical or statistical 
heterogeneity was encountered, the random effects model 
was used. The χ2 (or Cochran Q statistic) and I2 statistic 
was used to quantify statistical heterogeneity across studies. 
The formula [(Q − df/Q) ×100] was used to derive the I2 
statistic from the Q statistic to provide a measure of the 
proportion of the overall variation that can be attributed 
to heterogeneity among the studies. A Q statistic that 
showed P<0.20 suggested absence of homogeneity, and an I2 
statistic exceeding 50% suggested significant heterogeneity. 
Subgroup analyses were selectively done as needed. The  
25-item CONSORT checklist was used for quality 
assessment of the prospective studies (17).

Results

Literature search

Initial search yielded 305 studies. Only 183 studies fit our 
selection criteria based on their titles and abstracts. Full 
text of those was reviewed. Out of those, 160 studies were 
excluded according to inclusion and exclusion criteria. 
Therefore, 23 studies totaling 1,683 patients were selected 
to be included in the meta-analysis (Figure 1); 827 (49%) 
patients were enrolled in a CRP while 855 (51%) did 
not receive the intervention. Median age of patients was 
58 years with equal male to female distribution in both 
intervention and control groups. There was no difference 
between the two groups regarding age, sex, comorbidities, 
severity of CAD, baseline EF% or HR (18-40) (Table 1). 

Outcomes of interest

Resting HR: post exercise resting HR was measured and 
reported in 15 out of 23 studies included in our analysis. 
Meta-analysis of included studies’ data showed that CRP 

305 publications by 

search strategy

183 full text studies 

assessed for eligibility 

23 full text studies were 

included 

122 studies excluded based 

on title or abstract review

160 studies excluded based 

on full text review

Figure 1 Systematic literature search and selection strategy.
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patients had lower post intervention resting HR with 
a median of 69 bpm (R: 56–76) compared to non-CRP 
patients where median was 71 bpm (R: 54–79). Despite 
close numbers, the difference was statistically significant 
(SMD: −0.59; 95% CI: −0.73 to −0.46; fixed effect model 
P<0.05) (Figure 2). Of note, heterogeneity between studies 
was significant (P<0.001, I2=86.8%). Subgroup analysis of 
high-quality studies showed similar results.

EF%: 17 of 23 studies reported on EF% measurement 

after implementing CRP compared to control, this was 
measured in comparison to pre-program measurement 
which was not different in either groups. Meta-analysis data 
demonstrated that CRP trained patients had significantly 
higher post-stress EF% compared to non-CRP patients 
(SMD: 0.21; 95% CI: 0.02 to 0.40, P=0.032). Subgroup 
analysis of patients who had EF% >45% at baseline showed 
similar results (SMD: 0.24; 95% CI: 0.01 to 0.48, P=0.04), 
while subgroup analysis of patients who had EF% <45% 

Table 1 Characteristics of included studies

Author (year)
Study 
design

Number of patients (N) Age (mean)
Gender Baseline EF% 

(mean)Con CRP

Total Con CRP Con CRP M F M F Con CRP

Jugdutt et al. [1988] RS 37 24 13 58 47 19 5 21 1 40 43

Jetté et al. [1993] RCT 21 10 11 45.5 52.3 NR NR NR NR 39.7 37.2

Giannuzzi et al. [1993] RCT 95 46 49 50 51 NR NR NR NR 48 51

Giannuzzi et al. [1997] RCT 77 38 39 53 54 NR NR NR NR NR NR

Heldal et al. [1999] RCT 37 18 19 52 53 18 0 19 0 47 47

Koizumi et al. [2003] RCT 29 15 14 59 54 13 2 13 1 54 56

Kubo et al. [2004] RS 48 24 24 61.8 59.1 17 7 21 3 39 41

Yu et al. [2004] RCT 269 134 134 63.9 63.7 75 25 76 24 57.6 58.4

Mimura et al. [2005] RCT 30 15 15 57 54 NR NR NR NR 50 50

Giallauria et al. [2006] RCT 268 164 104 68.3 68.8 136 28 81 23 41.9 42.2

Giallauria et al. [2008] RCT 61 31 30 55.1 55.9 22 9 22 8 42 41.6

Lee et al. [2008] RCT 39 19 20 52 52 NR NR NR NR 58 62

Zheng et al. [2008] RCT 57 30 27 NR NR NR NR NR NR 50.8 51.1

Brehm et al. [2009] RCT 37 12 25 63 60 7 5 21 4 48 46

Chung et al. [2010] RCT 87 45 42 59.6 55.8 39 6 39 3 46.2 45.9

Korzeniowska-Kubacka 
et al. [2010]

RCT 48 16 32 58.8 55.1 NR NR NR NR NR NR

Giallauria et al. [2011] RS 75 38 37 60 61 32 6 28 9 44.1 42.4

Kim et al. [2011] RCT 34 16 18 63.4 57.2 16 0 15 3 55.47 54.6

Ribeiro et al. [2011] RCT 38 18 20 57 54.3 18 0 18 2 NR NR

Giallauria et al. [2013] RCT 46 25 21 54 54 18 3 22 3 50 47

Soleimannejad  
et al. [2013]

RCT 146 73 73 56.7 58 47 26 53 20 49.05 50.5

McGregor et al. [2015] RCT 50 17 33 56.2 55.8 17 0 33 0 57 55

Acar et al. [2015] RCT 54 27 27 58 57 21 NR 22 5 49 43

RS, retrospective study; RCT, randomized controlled trial; Con, control; NR, not recorded; CRP, cardiac rehabilitation program; EF%, 
ejection fraction percentage.
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at baseline showed no statistically significant difference 
between the groups (SMD: 0.17; CI: −0.04 to 0.37, P=0.497) 
(Figure 3). Heterogeneity was significant in the overall 
and baseline EF% >45% (I2=67.7%, 71.4%, respectively, 
P<0.001) while it was insignificant in the subgroup of 
patients with baseline EF <45% (I2=49%, P=0.11). 

Peak VO2: 12 of 23 studies included reported on Peak 
VO2. Meta-analysis of included data showed that it was 
significantly improved by CRP compared to control 
(SMD: 1.00; 95% CI: 0.56 to 1.45, P<0.0001) (Figure 4). 
Heterogeneity was significant (I2=87.6%, P<0.001).

LVEDV: only 4 out of 23 studies reported on LVEDV. 
Meta-analysis of included data showed that LVEDV was 
significantly less in CRP patients compared to controls on 
fixed effect models (SMD: −0.31; 95% CI: −0.59 to −0.02; 
P<0.05) (Figure 5). Heterogeneity was also significant 
(I2=78.1%, P=0.003).

WMSI: only 2 of 23 studies included in this analysis 
reported on WMSI. Meta-analysis of included data showed 
that WMSI was significantly less in CRP patients compared 
to controls (SMD: −0.41; 95% CI: −0.78 to −0.05, P=0.024) 
(Figure 6). Heterogeneity was not significant (I2=0%, 
P=0.967).

The quality of studies in the overall analysis was assessed 

by CONSORT checklist for RCTs. This showed that most 
RCTs were of relatively good quality with a mean score of 
20 and above. Subgroup analysis was done for higher quality 
studies. This showed the same trend observed in the overall 
analysis with achievement of statistical significance in most 
outcomes. This denotes validity of the overall analysis and 
rules out the possibility of being skewed by studies of lesser 
quality. 

Discussion

Our results showed that CRP in post AMI patients 
significantly improved all surrogate markers of improved 
cardiac physiologic functions, including lower post exercise 
resting HR, increased their EF%, lower WMSI and 
LVEDV, and significantly improved peak VO2. 

Study data reviewed from various clinical trials have 
demonstrated significant reductions in cardiovascular as well 
as all-cause mortality in patients with coronary artery disease 
who have been part of an exercise-based CR programs (4,5). 
In terms of affecting the post exercise resting HR, Mimura 
et al. (26) suggested that exercise training decreases directly 
measured central sympathetic nerve outflow in patients with 
AMI. The sympatho-inhibitory effect of exercise training 

Resting Heart Rate After Intervention
CRP vs. Control

Figure 2 Forest plot showing significantly lower resting HR in CRP patient group (Fixed effects model). HR, heart rate; CRP, cardiac 
rehabilitation program; D+L, Der-Simonian and Laird (random effects model); I-V, inverse variance (fixed effects model).
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Post-Stress Ejection Fraction
CRP vs. Control

Figure 3 Forest plot showing significantly higher EF% in CRP patient group compare to controls, difference was not significant in patients 
with EF less than 45%. EF%, ejection fraction percentage; CRP, cardiac rehabilitation program; D+L, Der-Simonian and Laird (random 
effects model); I-V, inverse variance (fixed effects model).

Peak VO2 After Intervention
CRP vs. Control

Figure 4 Forest plot showing significantly higher Peak VO2 in CRP patient group; VO2, maximal oxygen consumption, maximal oxygen 
uptake; CRP, cardiac rehabilitation program; D+L, Der-Simonian and Laird (random effects model); I-V, inverse variance (fixed effects model).
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may contribute to the known beneficial effects of exercise 
training on survival in patients with uncomplicated AMI, at 
least in part. On the other hand, Giallauria et al. (41) also 
argued that despite the repeated sympathetic activity and 
increased adrenalin levels during exercise that may result in 
stimulation of the cytotoxic effect and the apoptosis process 
in the myocardial cell, the eventual ability of exercise to 
indirectly stimulate vagal nerve activity leads to a relative 

bradycardia by directly (on one side) acting on the A-V 
node and indirectly (on the other side) by inhibiting back 
the sympathetic activity, which in turn will decrease the 
cardiac work load. In addition, Ribeiro et al. (36) suggested 
that baroreceptors stimulation by exercise, increases the 
vagal tone which decreases the HR, and secondly that one 
of the harmful effects of elevated HR is the instability of 
atherosclerotic plaques, which is subsequently avoided by 

Left Ventricular End Diastolic Volume
CRP vs. Control

Figure 5 Forest plot showing significantly lower LVEDV in CRP patient group (fixed effects model). LVEDV, left ventricular end diastolic 
volume; CRP, cardiac rehabilitation program; D+L: Der-Simonian and Laird (random effects model); I-V, inverse variance (fixed effects 
model).

Wall Motion Score Index
CRP vs. Control

Figure 6 Forest plot showing significantly lower WMSI in CRP patient group. WMSI, Mall Motion Score Index; CRP, cardiac 
rehabilitation program; D+L, Der-Simonian and Laird (random effects model); I-V, inverse variance (fixed effects model).
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a slower resting HR. The results of our analysis resonate 
with these suggested mechanisms where on pooling 
data from 15 out of 23 studies included, resting HR post 
exercise was shown to be significantly less in CRP patients 
compared to controls. In spite that this result supports the 
benefit of CRP, however this result should be viewed with 
caution as there was significant heterogeneity between the 
studies reporting on this outcome. In addition, its clinical 
significance is uncertain at the values detected.

In the current analysis, 17 out of 23 studies reported 
on EF% which was found to be significantly improved 
in cardiac rehab patients compared to control group post 
exercise, of note these results are rather more significant 
in those patients who had a baseline EF >45%. This 
may suggest a bigger benefit of CRP in this subgroup 
of patients compared to those with EF <45% post MI. 
Koizumi et al. and also Zheng et al. have suggested this 
may be due to improvement of oxidative metabolism or 
other neuro-humoral factors in the otherwise non-infarcted 
myocardium. This includes a central effect, i.e., the salvaged 
myocardium that escaped from ischemia, as well as a 
peripheral adaptation effect (23,30).

As for peak VO2, 12 of our 23 included articles reported 
on it where the pooling of data showed statistically significant 
increase in peak VO2 in CRP patients. This is in line with 
literature on chronic heart failure patients whereas Jetté  
et al. (19) reported that there is an improvement in exercise 
performance capacity in CRP patients when compared to 
control group. It is well known that improved capillary supply 
and increased oxidative enzymes are important factors of 
dynamic exercise performance (42,43). The improvement in 
peak VO2 in CRP patients may be attributed to an increase in 
peak blood flow to active skeletal muscles and a more efficient 
peripheral oxygen extraction, leading to reduced myocardial 
oxygen demand. Moreover, Giallauria et al. (27) studied 
functional capacity is a well-known player in cardiovascular 
risk factors in older patients, they concluded that functional 
capacity is best measured by the peak VO2, and that exercise 
was seen to increase peak VO2, then exercise will increase 
cardiac functional capacity and decrease cardiovascular risks, 
particularly in older patients.

Only 4 out of the 23 articles included in this analysis 
reported on LVEDV, which was significantly less in CRP 
patients, 4 other studies reported on LVEDD (diameter) 
showing similar trend of results to our analysis of LVEDV, 
yet we did not include those in the same figures as they used 
diameter length as opposed to ventricular volume units. 

Chung et al. (32) suggested that the remodeling process 
that occurs after AMI affects the diastolic filling capacity 
by decreasing it, which in turn is a predictor of myocardial 
cell death, and eventually heart failure. Moreover, Yu  
et al. (25) reported on “Abnormal Relaxation Pattern” which 
only increased in control group, however in CRP group 
the decline in cardiac filling (diastolic dysfunction) in other 
words the increase in “Abnormal Relaxation Pattern”, was 
not seen. Other authors suggested there was an element of 
“Revered LV Remodeling” caused the by CRP program. 
This was achieved through neurohormone factor, “improved 
endothelial function”, and “autonomic adjustment”. It also 
can be measured through the fall in pro-brain natriuretic 
peptide (pro-bnp) and the decrease in LVEDV (28,30).

WMSI was reported in only 2 of our included studies, 
score was lower in CRP patients denoting improved wall 
motion, a few other studies reported on % wall motion 
abnormality and seem to have the same trend of the results 
of our analysis of WMSI; Giallauria et al. (41) studying 
the factors contributing to that and suggested that exercise 
increases myocardial perfusion which in turn increases the 
LV myocardial wall motion and thus decrease the score 
index. This is associated with decreased unfavorable LV 
remodeling and with the improvement of cardiovascular 
functional capacity.

Limitations of this study include the relatively small 
sample size of included studies, with some minor differences 
between the protocols followed in the CRP program and its 
length. Not all studies reported on all outcomes of interest 
taking away from the power of the analysis. In addition, 
there was significant heterogeneity between the studies in 
different outcomes, therefore results should not be over 
interpreted.

Conclusions

CRP objectively improves various aspects of functional 
cardiac capacity in post MI patients, this is mediated 
through higher EF and peak VO2, lower resting HR, 
LVEDV and WMSI. This effect may explain the reported 
improvement of functionality and mortality among those 
patients. Further randomized trials may help evaluate the 
long-term benefits of CRP.
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