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Background: In recent years, the incidence of heart disease has increased and patients are younger. Cardiac
rehabilitation training has been proposed to improve the prognosis of patients with heart disease. Cardiac
rehabilitation includes moderate-intensity continuous training (MCT) and high-intensity interval training
(HIIT). These two training methods have different effects in improving the prognosis of patients. The aim
of the present study was to improve reference for patients with cardiac rehabilitation.

Methods: English databases, including PubMed, Cochrane Library, and Embase, were searched from the
establishment of the database to April 2021 for randomized controlled trials (RCTS) of rehabilitation training
at different intensities. RevMan 5.3 was used for the meta-analysis.

Results: A total of 8 articles (with a total of 465 patients) were included, including 236 patients in the
experimental group and 229 patients in the control group. Different intensities of training had statistically
significant differences in peak oxygen uptake [mean difference (MD): 1.21, 95% confidence interval (CI):
-0.66 to 3.07, P=0.20] and the left ventricular ejection fraction difference (MD: 2.53, 95% CI: -2.10 to 7.17,
P=0.28).

Discussion: Cardiac rehabilitation training can effectively improve the patient’s cardiac function indicators
and self-care ability, and reduce the incidence of cardiovascular disease (CVD). However, large-sample,

multicenter, and long-term RCTs are needed to strengthen the findings of the study.
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Introduction

Cardiovascular disease (CVD) is caused by a number of
factors, including high blood pressure, smoking, drinking,
diabetes, dyslipidemia, and metabolic syndrome. It mainly
manifests as ischemic or hemorrhagic diseases in the brain,
heart, and body tissue. In 2008, 17.3 million people died
of CVD worldwide, accounting for 30% of total deaths
worldwide (1). In 2013, the China Cardiovascular Disease
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Report reported that there was an estimated 290 million
CVD patients in China, and approximately 3.5 million
people die from CVDs every year, and the prevalence and
mortality of cardiovascular diseases are still showing an
upward trend (2). The incidence of coronary heart disease
is affected by many factors. The general incidence rate is
about 6% to 7%, and the mortality rate is about 2% to
3% (3). Coronary heart disease (CHD) has the highest
mortality and disability rate (4). Cardiac rehabilitation refers

Ann Palliat Med 2021;10(11):11901-11909 | https://dx.doi.org/10.21037/apm-21-3136


https://crossmark.crossref.org/dialog/?doi=10.21037/apm-21-3136

11902

to the integration of a variety of coordinated and purposeful
interventions, such as: rehabilitation assessment, exercise
training, diet and behavior, and medical compliance.
Cardiac rehabilitation can improve the function and
structure of patients with heart disease, optimize their
physical and mental strength, and increase their social
participation. Cardiac rehabilitation training does not only
significantly reduce the prevalence and mortality of CHD
but also significantly improve the quality of life of patients.
Cardiac rehabilitation training accelerates blood circulation,
improves myocardial support capacity, promotes cardiac
rehabilitation, and reduces the risk of disability and death.
Many studies have confirmed that cardiac rehabilitation is
safe and effective (5). However, it has not been fully utilized
in clinical work.

Cardiac rehabilitation includes the following three
stages: stage I rehabilitation (in-hospital rehabilitation),
the patient is required to have no chest pain recurring in
the past 8 hours, troponin level has not increased, no new
cardiac function decompensation manifestations, no new
obvious arrhythmia or dynamic changes of ECG, resting
heart rate 50-100 beats/min, resting blood pressure 90—
150/60-100 mmHg, blood oxygen saturation >95%. stage
IT rehabilitation (early out-of-hospital rehabilitation), and
stage III rehabilitation (maintenance period). Stage II and
stage III rehabilitation, it is not suitable for patients with
unstable angina, uncontrolled disease, abnormal motor
system and abnormal metabolism (6). Cardiac rehabilitation
exercise can induce adaptive changes in the function and
structure of the cardiovascular, respiratory, musculoskeletal,
and metabolic systems, and the nature and size of the
changes depend on the type, intensity, and duration of the
exercise (7). Common training methods include moderate-
intensity continuous training (MCT) and high-intensity
interval training (HII'T). MCT refers to continuous exercise
for 20-60 min, with moderate intensity (8); HII'T refers
to repeated high-intensity exercise, usually lasting 30 s to
4 min, and interspersed with recovery time (active/passive,
low to medium intensity). Each exercise plus recovery time
is 15-45 minutes, 25 times a week (9). At present, there are
few studies on the effects of MCT and HIIT in improving
the exercise capacity and cardiac function of patients.

At present, there are many researches on the evaluation
of the effect of cardiac rehabilitation training in the
treatment of CVD patients, but there is no systematic
evaluation article pointing out the influence of training
intensity on the treatment effect of CVD patients.
The objective of this meta-analysis was to compare the
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effects of training methods at different intensities on
the rehabilitation of CVD patients. Eight articles were
included in the present study, and the research results were
reviewed for a scientific basis and theoretical reference for
choosing an appropriate intensity of cardiac rehabilitation
training in clinical work. We present the following article in
accordance with the PRISMA reporting checklist (available
at https://dx.doi.org/10.21037/apm-21-3136).

Methods
Literature retrieval

PubMed, Cochrane Library, and Embase were searched
using the following terms: “cardiac rehabilitation”,
“coronary heart disease”, “cardiovascular rehabilitation”,
“coronary atherosclerotic heart disease”, and “treatment
effect”, combined with the following descriptive terms:
“ejection fraction”, “self-care ability”, and “length of
hospital stay”. The search time was from the establishment
of the database until April 2021. Literature was identified
following the pre-established inclusion and exclusion

criteria.

Literature inclusion and exclusion criteria

The inclusion criteria were as follows: (I) randomized
controlled trials (RCTs) of cardiac rehabilitation training,
regardless of whether allocation concealment or blinding
was used; (II) patients aged 30-79 years old and diagnosed
with CHD; (III) intervention measures for the experimental
group were HII'T (the intensity was more than 76% of
the maximum heart rate or 65% of the maximum oxygen
uptake) and MCT (the intensity was 64-75% of maximum
heart rate or 46-64% of maximum oxygen uptake); and
(IV) measurement indicators were peak oxygen uptake, left
ventricular ejection volume, left ventricular end-diastolic
volume, 6-min walk test, quality of life assessment scale, and
low-density lipoprotein.

The exclusion criteria were as follows: (I) the original
text was not obtained; (II) articles in Chinese; (III) statistical
data could not be extracted; (IV) articles with insufficient
information; (V) documents with unreliable results; and (VI)
non-RCTs.

Data extraction

The data extraction was carried out independently by
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two researchers, and any inconsistencies were resolved
by discussions or by consulting a third researcher. The
data to be extracted for this study included basic article
information (title, first author, publication year, author
information, document source), basic characteristics of
study participants (sex, age, research sample size, baseline
comparability), literature research methods, research plan
design, intervention measures for experimental group and
control group, and outcome evaluation indicators.

Quality assessment

The quality evaluation was carried out as per the risk of
bias assessment recommended by the Cochrane Handbook
for Systematic Reviews of Interventions (version 5.3). The
evaluation content includes the following 7 items: (I) which
random method to use; (II) whether to perform allocation
concealment; (III) the implementation of blinding between
patients and investigators; (IV) the effect of blinding; (V)
whether the results were complete; (VI) whether the survey
results were credible; and (VII) other biases. For each RCT,
“satisfied” meant small bias, and “unsatisfied” meant high
bias. Each item scored 1 point, and a total score between 1
and 3 was considered low quality; a total score between 4

and 7 was considered high quality.

Data analysis

Forest map clearly shows the results of each study. No
overlap between the confidence intervals (Cls) of the results
of each study indicated no statistical homogeneity between
the studies.

Sensitivity analysis

The sensitivity analysis investigated whether a single study
affected the overall results of the combination, which would
have an impact on comprehensive research in the following
two situations. First, when a study is deleted, the result
will be significantly different. If there is little difference in
the overall results when a study is deleted, it indicates the
sensitivity of the combined results and the results obtained
are unstable. Second, the results show sensitivity and
stability, and the conclusion is correct.

Statistical analysis

RevMan5.3 software by the Cochrane Collaboration was
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used for the meta-analysis. The odds ratio (OR) was used
as the effect size, and the 95% CI expressed the result.
The included studies were first tested for heterogeneity,
with a=0.1 as the test level. If there was no heterogeneity
between the studies (P>0.1, I’<50%), the fixed-effects model
(FEM) was selected for the meta-analysis; if there was
heterogeneity between studies (I’>50%), the random-effects
model (REM) was selected for the meta-analysis. P<0.05
indicated that the difference was statistically significant.
When a single risk factor analysis was included in more
than 10 articles, a funnel chart was used to analyze the
publication bias of each risk factor.

Results
Literature retrieval results

Of the 833 articles initially identified, 562 were retrieved
from database, 271 were from registers. Then, 586 duplicate
articles were removed, and 186 that did not meet the
inclusion criteria were further excluded after reading the
title and the abstract; 53 articles were excluded after reading
the full text, and finally, 8 articles that met the inclusion
criteria were included (10-17). The retrieval process is
shown in Figure 1, and the basic information of the included
literature is shown in Zable 1.

Risk of bias assessment results

Cochrane Handbook for Systematic Reviews of Interventions
version 5.3 was used to evaluate the risk of bias of the
8 articles included in the present study. The risk of bias
was charted, as shown in Figures 2,3, and expressed using
RevMan 5.3 software.

Peak oxygen uptake

Eight articles were included in the present study and
reported the peak cardiac oxygen uptake of patients after
training at different intensities. A total of 236 patients in the
experimental group were measured for peak oxygen uptake,
while 229 patients in the control group were measured.
After heterogeneity testing, the results showed that I'=71%
and P=0.001, which indicated that the literature had obvious
heterogeneity. The REM was then used for analysis. The
meta-analysis results showed that MD: 1.21, 95% CI:
-0.66 to 3.07, Z=1.27, and P=0.20. Therefore, there was no
significant difference in peak oxygen uptake between the
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Figure 1 Literature retrieval process.

two groups of patients after training at different intensities
(P>0.05). The forest plot is shown in Figure 4.

As shown in Figure 5, the funnel chart was symmetrical,
and most of the data corresponded to points within the 95%
CI, indicating that that publication bias was effective so that
the results related to the peak oxygen uptake of patients at
different training intensities were above 5k +10=95.

Left ventricular ejection fraction

Five articles included in the present study reported the
left ventricular ejection fraction of patients after different
intensities of training. Left ventricular ejection fraction
was measured in 236 patients in the experimental group
and 229 patients in the control group. The heterogeneity
test showed that I’'=95% and P<0.00001, which indicated
that there was obvious heterogeneity in the literature. The
REM was then used for analysis. The meta-analysis results
showed that MD: 2.53, 95% CI: -2.10 to 7.17, Z=1.07, and
P=0.28. Therefore, there was no significant difference in
left ventricular ejection fraction between the two groups of
patients after training at different intensities (P>0.05). The
forest plot is shown in Figure 6.
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Reports not retrieved
(n=6)

Reports excluded:
These articles are old (n=30)
Article data information are
incomplete (n=21)
Fewer than 10 people were
included in the study (n=2)
etc.

As shown in Figure 7, the funnel chart was symmetrical,
and most of the data corresponded to points within the 95%
CI, indicating that the publication bias was effective so that
the results of left ventricular ejection fraction of patients at
different training intensities were above 5k +10=95.

Left ventricular end-diastolic volume

Four articles included in the present study reported the
left ventricular end-diastolic volume of patients after
different intensities of training. The left ventricular end-
diastolic volume was measured in 153 patients in the
experimental group and 137 patients in the control group.
The heterogeneity test showed that I’=76% and P=0.005,
which indicated that there was obvious heterogeneity in
the literature. The REM was then used for analysis. The
meta-analysis results showed that MD: -3.68, 95% CI:
-13.52 to 6.15, Z=0.73, and P=0.46. Therefore, there were
significant differences in the left ventricular end-diastolic
volume between the two groups of patients after training at
no different intensities (P>0.05). The forest plot is shown in
Figure 8.

As shown in Figure 9, the funnel chart was symmetrical,
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Table 1 Basic information of the included literature

11905

E i tal Control
First author Year Xperimenta ontro Outcome indicators Patient’s age Research subject
group (case) group (case)

Wisloff et al. 2007 9 9 Peak oxygen uptake, left ventricular 58 years Heart failure patients after

(10) ejection fraction, left ventricular end- (average) myocardial infarction
diastolic volume

Ellingsen 2017 77 65 Peak oxygen uptake, left ventricular 58-68 years Patients with heart failure and

etal. (11) ejection fraction decreased ejection fraction

Villelabeitia- 2019 57 53 Peak oxygen uptake, 6-min walking 58 years CHD

Jaureguizar test, quality of life evaluation scale (average)

etal. (12)

Jaureguizar 2016 36 36 Peak oxygen uptake 58 years CHD patients

etal. (13) (average)

Kim et al. 2015 14 14 Peak oxygen uptake, low-density 58.5 years Patients with acute

(14) lipoprotein, high-density lipoprotein  (average) myocardial infarction who

underwent drug-eluting stent
implantation 3 weeks before

Benda et al. 2015 10 10 Peak oxygen uptake, left ventricular  63.5 years Patients with heart failure and

(15) ejection fraction, left ventricular (average) decreased ejection fraction
end-diastolic volume, quality of life
evaluation form

Novakovi¢ 2018 9 9 Peak oxygen uptake, left ventricular 38 years Adult patients who had

et al. (16) ejection fraction, left ventricular (average) tetralogy of Fallot in childhood
end-diastolic volume, quality of
life evaluation form, low-density
lipoprotein, high-density lipoprotein

Korzeniowska- 2014 20 33 Peak oxygen uptake, left ventricular ~ Unknown Female patients with

Kubacka et al.
(17)

ejection fraction, left ventricular end-
diastolic volume, 6-min walk test

myocardial infarction

CHD, coronary heart disease.

and most of the data corresponded to points within the
95% CI, indicating that the publication bias was effective
so that the results of left ventricular end-diastolic volume
of patients at different training intensities were above

5k +10=95.

Discussion

Eight articles were included in this meta-analysis (10-17).
Of these, 6 reported age, follow-up time, and observation
indicators between the experimental group and the control
group, and there was no statistically significant difference
(P>0.05). All 8 articles used random grouping to divide the
patients into the experimental group and control group,
but none reported the blinding method and the blood
loss during the observation process. The sample size of
the literature included in the present study was small, and
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there may be bias in the measurement of some indicators.
To improve the reliability of the research, an expanded
sample size is needed in the future. As the incidence of
heart disease increases in middle-aged and elderly people,
CVD has become the main cause of death (18). Cardiac
rehabilitation training can significantly improve cardiac
function. First, cardiac rehabilitation training can improve
the function of endothelial progenitor cells and the
structure of coronary arteries, expand the coronary arteries,
and establish collateral circulation, thereby increasing blood
flow and myocardial support (19). Second, it can regulate
vascular tension, improve arterial compliance, and lower the
patient’s blood pressure at rest (20). Finally, it can control
mood swings, improve negative emotions, maintain the
body’s energy balance, and reduce fat accumulation (21).
Literature has reported that cardiac rehabilitation training
does not only greatly reduce the prevalence and mortality of
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Figure 2 Risk of bias assessment of included literature.
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CHD, but also significantly improves the quality of life of
patients (5).

Through the meta-analysis of the original data of the
8 studies, we found that HII'T can improve the patient’s
cardiac function and prognosis. For example, it can
increase the patient’s peak oxygen uptake and elevate the
left ventricular oxygen uptake fraction and end-diastolic
volume of the left ventricle. In the 6-min walk experiment,
the overall performance of patients who did HII'T was
better than that of patients who did MCT. Because the
follow-up time of each study was inconsistent and short, it
is impossible to make an accurate analysis of the long-term
quality of life of patients. At present, there are relatively
few reports on the prognosis of cardiac rehabilitation
training. The main reason is that the compliance of cardiac
rehabilitation training is poor and must be performed under
the discretion of researchers. The information collected
in this study may have publication bias, which affects the
reliability of the meta-analysis. HIIT is helpful for the
recovery and prognosis of patients with heart diseases.
However, due to the inability to obtain sufficient evidence,
high-quality, large-sample, and multicenter RCTs are
needed to study the effects of HIIT and MCT on the
rehabilitation of patients with heart disease.
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Figure 3 Risk of bias assessment of included literature.
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Experimental Control
_Study or Subgroup Mean SD Total Mean SD Total Weight
Benda NM 2015 79 17 10 86 8 10 23%
Ellingsen @ 2017 63 4 77 64 3.2 65 20.5%
Jaureguizar KV 2016 24 48 36 228 65 36 15.4%
Kim C 2015 3561 7.71 14 29.59 8.65 14 6.6%
Korzeniowska-Kubacka | 2014 242 46 24 202 3 33 17.4%
Novakovi¢ M 2018 236 31 9 215 21 9 16.1%
Villelabeitia-Jaureguizar K2019  22.78 5.75 57 22.47 571 53 17.2%
Wislgff U 2007 32.2 5 9 344 N 9 45%
Total (95% CI) 236 229 100.0%

Heterogeneity: Tau? = 4.06; Chi* = 23.91, df = 7 (P = 0.001); *=71%
Test for overall effect: Z = 1.27 (P = 0.20)
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Figure 4 Forest plot of peak oxygen uptake for the two groups of patients. CI, confidence interval; SD, standard deviation.
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Figure 7 Funnel chart of left ventricular ejection fraction of two
groups of patients. MDD, mean different; SE, standard error.

Mean Difference Mean Difference

_Study or Mean SD Total Mean  SD Total Weight IV, 95% ClI 1V, 95% ClI
Benda NM 2015 37 6 10 38 6 10  13.3% -1.00 [-6.26, 4.26] T
Ellingsen @ 2017 28 35 77 164 12 65 15.9% 11.60[10.77, 12.43] -
Jaureguizar KV 2016 62 1 36 59 14 36 12.8% 3.00[-2.82, 8.82] ™
Kim C 2015 55.68 12.44 14 51.79 12.82 14 9.7% 3.89[-5.47, 13.25] I
Korzeniowska-Kubacka | 2014 65.4 2 24 568 46 33 15.6% 8.60 [6.84, 10.36] =
Novakovi¢c M 2018 1542 179 9 1634 147 9 59% -9.20[-24.33,5.93] -1
Villelabeitia-Jaureguizar K 2019 2278 5.75 57 2247 571 53 15.5% 0.31[-1.83, 2.45]

Wisleff U 2007 26.6 9.7 9 335 57 9 114% -6.90[-14.25, 0.45] ™
Total (95% CI) 236 229 100.0% 4

Heterogeneity: Tau? = 34.92; Chi = 142.31, df = 7 (P < 0.00001); |2 = 95%
Test for overall effect: Z = 1.07 (P = 0.28)

253 [-2.10, 7.17]
,

+ + J
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Favours [experimental] Favours [control]

~100

Figure 6 Forest plot of left ventricular ejection fraction of the two groups of patients.

Conclusions

In this study, 8 articles were included in the meta-analysis.
It was found that there was a significant difference in peak
oxygen uptake, left ventricular ejection fraction, the left
ventricular end-diastolic volume, the results of the 6-min
walk experiment, quality of life, and low-density lipoprotein
between the two groups of patients after training at
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different intensities (P<0.05). Cardiac rehabilitation training
does not only improve cardiac function, peak oxygen
uptake, left ventricular ejection fraction, and left ventricular
end-diastolic volume of patients with heart disease, but also
reduces the incidence of CVD and extends the distance of
6-min walking experiment, which should be promoted in

the clinical setting.
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Mean Difference Mean Difference

_Study or Mean SD_Total Mean SD Total Weight IV, 95% CI IV, 95% Cl
Benda NM 2015 1025 1.7 10 1134 135 10 24.0% -10.90[-21.97,0.17] -
Ellingsen @ 2017 56.3 11.2 77 644 109 65 32.9% -8.10[-11.74,-4.46] -
Villelabeitia-Jaureguizar K 2019 114.08 32.18 57 99.49 33.36 53  22.4% 14.59 [2.32, 26.86] ol
Wislaff U 2007 55 137 9 631 157 9 20.7% -8.10[-21.71,5.51] -
Total (95% Cl) 153 137 100.0%  -3.68 [-13.52, 6.15] *
ity: 2= ; Chiz = = = ;12 = 769 k + T + d
Heterogeneity: Tau? = 73.09; Chi? = 12.73, df = 3 (P = 0.005); I* = 76% 100 50 0 50 100
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Figure 9 Funnel chart of left ventricular end-diastolic volume.
MD, mean different; SE, standard error.
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