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ABSTRACT
T e (ol [g o ETalo PO oI IEI0i\IES  Exercise-based cardiac rehabilitation (CR) programs

increase physiological function. However, it is not yet clear which feature of exercise is most
effective in improving important physiological performance indicators in heart patients.
Therefore, this study aimed to compare the effects of high-intensity interval training (HIT)
and moderate-intensity continuous training (MCT) on the metabolic equivalent of tasks
(METs), submaximal myocardial oxygen consumption (MVO2submax), and heart rate recovery
(HRR) of heart patients after coronary artery bypass graft (CABG) surgery.

Twenty-four post-CABG patients (15 males and 9 females) with a
mean age of 60.75 + 3.16 years and a mean body mass index (BMI) of 28.40 + 1.09 kg/m?
were randomly divided into three groups of HIT, MCT, and control group (CG). The training
groups (HIT and MCT) trained for eight weeks, three sessions per week, and 45 min per
session. The research variables (METs, MVOzsubmax, and HRR) were measured and compared
in two stages before and after eight-weeks of CR programs.

After eight weeks of CR programs, patients in both training groups showed a
significant improvement in METs, MVOzsubmax, and HRR (P<0.05), and the HIT group
showed significantly greater improvement in METs (P=0.001) and HRR (P=0.001)
Received: 30 May 2023 Fompared to Fhe MCT group. Moreover, the MCT group showg(? a significaptly more
Accepted: 16 Dec 2023 improvement in MVOsubmax (P=0.001) than the HIT group. In addition, no cardiovascular
Available Online: 19 Feb 2024 adverse events related to HIT or MCT occurred during the implementation of the study.
According to the results of the present study, HIT seems to be more effective
than MCT in improving METs and HRR of post-CABG patients and is safe as well.
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Introduction

oronary artery disease (CAD) is one of the most

common causes of death worldwide, affecting

17.5 million people each year and killing 8.76

million [1]. Untimely, death from coronary
heart disease (CHD) has increased by 28% over the past 20
years [2].

The first recommendation for controlling this illness is
exercise. Exercise increases exercise capacity in terms of
VO2peak or METs, and exercise capacity has been
suggested as the best predictor of survival in cardiovascular
(CV) patients [3]. Exercise capacity has been shown to be
inversely related to mortality from CV disease [4], and
exercise reduces cardiac mortality by 15-31% by increasing
Peak oxygen consumption(VO2peak) or metabolic
equivalent of tasks (METs) [5]. Aerobic exercise is
recommended as a non-pharmacological treatment for
patients with CAD [6].

An important tool for secondary prevention of CV
diseases is the use of cardiac rehabilitation (CR) programs
[5,10]. In general, CR includes training on lifestyle changes,
psychological support, and supervised exercise programs
[11]. A recent meta-analysis review shows that exercise-
based CR programs reduce cardiac mortality by 20-26%
compared to standard medical care [5].

Despite the fact that exercise has become a central
element in CR programs, the amount, style, repetition
(interval), and intensity of exercise that leaves the best
results for heart patients is controversial [15]. In medicine,
although exercise has often been suggested as an
intervention that is beneficial to health, and moderate-
intensity exercise has often been used to treat heart patients,
the physiological adaptations of high-intensity exercise have
been less studied [15]. The favorable results of high-
intensity interval training (HIT) in reducing CV risk factors
and CV mortality over the past decade have drawn the
attention of sports medicine professionals to the use of HIT
in CR programs [18,19]. The HIT includes high-intensity
exercise courses (maximum intervals) intervals with passive
or active rest periods of low to moderate intensity (recovery
intervals) [20].

Methods

The present research design is semi-experimental.
Patients with CAD, having developed acute myocardial
infarction (AMI) and being treated with coronary artery
bypass graft (CABG) surgery only 4-6 months after surgery,
were identified and selected. The participants entered the
research process after homogenizing in terms of age, gender,
body mass index (BMI), body fat percentage, and meeting
the inclusion criteria, including LVEF=30-40% and clinical
evaluation [25,26]. This research was approved by the Ethics
Committee of the Medicine Faculty of Ahvaz Jundishapur
University of Medical Sciences, complies with the

declaration of Helsinki, and all patients signed a written
consent before entering the research process.

Twenty-four post-CABG patients (15 males and 9
females) with a mean age of 60.75 + 3.16 years and a mean
BMI of 28.40 + 1.09 kg/m2 were randomly divided into
three groups of HIT, moderate-intensity continuous training
(MCT), and control group (CG). The training groups (HIT
and MCT) trained for eight weeks, three sessions per week,
and 45 min per session. The research variables (METS,
MVO2submax, and HRR) were measured and compared in
two stages before and after eight weeks of CR programs.
Figure 1 depicts the various stages of this study in a
CONSORT flow diagram. This trial study met the criteria in
the CONSORT checklist.

Cardiopulmonary exercise test (CPET), which involved
running incrementally on a treadmill with a gradual increase
in treadmill speed and incline, was specifically performed
based on the Bruce protocol [7,28]. The HIT group training
protocol included 10 minutes of warm-up with 50-70% heart
rate reserve (HRR), four four-minutes running on the
treadmill with 80-90% HRR, interval with three three-
minutes active rest stages, including running on the treadmill
with 50-70% HRR, and 10 minutes of cooling with 50-70%
HRR [7,28]. The MCT group training protocol included 10
minutes of warm-up with 50-70% HRR, 25 minutes of
continuous running on the treadmill with 70-80% HRR, and
10 minutes of cooling with 50-70% HRR [7,28].

Results

The mean and standard deviation of the basic
characteristics of patients are displayed in Table 1. The
results of the one-way ANOVA test showed no significant
difference between any of the basic characteristics of
patients in the three groups before CR programs (P>0.05),
except for HRsumax (P=0.033); therefore, as presented in
Table 1, patients in the three groups were homogeneous in
terms of basic characteristics.

As seen in Table 2, the results of the ANCOVA test
showed a significant difference between METS, MV Ozsubmax,
and HRR of patients in the three groups after CR programs
(P<0.05). As exhibited in Table 3, paired comparison of
groups using Bonferroni’s post hoc test showed that after
eight weeks of each of the two HIT or MCT procedures,
METs, MVOzsuwmax, and HRR of patients significantly
improved compared to CG (P=0.001) also the results of
Bonferroni’s test showed a significant difference between
METs (P=0.001), MVOzsumax (P=0.001), and HRR
(P=0.001) of patients in the HIT and MCT groups, which
indicates a significant superiority of HIT over MCT in
improving METs and HRR of patients, as well as a
significant superiority of MCT over HIT in improving
patients” MV O2submax (Table 3). Figures 2, 3, and 4 show
changes in METSs, MV Oazsubmax, and HRR of patients in the
three groups before and after CR programs.
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Figure 1. CONSORT flow diagram, showing the results of the patients’ enrollment and randomization

Table 3. Paired comparison of groups after CR programs™

Physiological HIT vs. CG MCT vs. CG HIT vs. MCT

variables HIT G MD P*  MCT ce MD P HIT MCT MD P
(Erﬁih:)usuon 36.2354 zd?o 1852 0001 56.8117 176?0 1337 0001 196.23?4 56.8117 0.515 0001
VOspese 3113 24.55 29.43 24.55 3113 2043 .
(mL.kg™.min) +1.32 +1.01 S ol +0.67 +1.01 S e +1.32 +0.67 LY o
METs 8.89 7.01 8.40 7.01 8.89 8.40 .
(kcalkghour)  +0.38 +0.28 1916 0001 .54 +0.28 1857 0001 439 +0.19 0559 0.001
z‘k')';:;*’)"‘“ B BN s oom BB BB g8 001 S BB s oo
(Srﬁm’g;x wozs I8 saer ooz M2 IS 150 000 WO M2 su oo
MVOsuwmax 1364312  14532.50 oo IZBIZ USZSO - oo 612 1712 e g

(bpm.mmHg)  +675.63  +674.94  1067.675 +675.63  +468.64

E;i?;a)k e 0% oem om0 U082 o597 M HOST o33 0000
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toom) o5 aa0 56 oo R SN0 seo oo e %0 206 ooor
T OER M ww ow 2P0 om o BROZE om am
Do BN EE am oo R S o BT B0 aw om

*Values are presented as mean + standard deviation
**Resulted from Bonferroni’s post hoc test

aHIT vs. MCT (P<0.05).

vs., versus; MD, mean difference
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Figure 2. METSs changes in the three groups before and after CR programs
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Figure 3. MVVO2submax changes in the three groups before and after CR programs
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Figure 4. HRR changes in the three groups before and after CR programs
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Conclusion

The results of the present study showed that the use of
HIT in the CR programs of post-CABG patients in a
controlled manner and with the method applied in this study
caused no adverse events and compared to the conventional
MCT, it caused further improvement in some physiological
functional indicators including METs and HRR in these
patients. Furthermore, because exercise capacity (METS) is
known to be the best predictor of survival in heart patients
and is inversely related to all causes of mortality in these
patients, as well as due to the strong correlation of HRR with
heart mortality, the choice of CR exercise programs that
results in the greatest improvement in METs and HRR is
important for these patients.
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