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ABSTRACT

Background: Heart rate recovery (HRR) has been considered a prognostic and
mortality indicator in both healthy and coronary patients. Physical exercise
prescription has shown improvements in VO;peak and HRR, but most of the studies
have been carried out applying continuous training at a moderate intensity, being very
limited the use of protocols of high intensity interval training in coronary patients.

We aimed to compare the effects of a moderate continous training (MCT) versus a
high intensity interval training (HIIT) programme on VO; peak and HRR.

Methods: Seventy three coronary patients were assigned to either HIIT or MCT groups
for 8 weeks. Incremental exercise tests in a cycloergometer were performed to obtain
VOypeak data and heart rate was monitored during and after the exercise test to
obtain heart rate recovery data.

Results: Both exercise programmes significantly increase VO;peak with a higher
increase in the HIT group (HIT: 4.5+ 4.46 ml/kg/min vs MCT: 2.46+3.57 ml/kg/min;
P=0.039). High intensity interval training resulted in a significantly increase in HRR at
the first and second minute of the recovery phase (15,44+7,04 vs 21,22 46,62, P
<0,0001 and 23,7319,64 vs 31,52+8,02, p <0,0001, respectively).

Conclusions: The results of our research show that the application of HIIT to patients
with chronic ischemic heart disease of low risk resulted in an improvement in VOpeak,
and also improvements in post-exercise heart-rate recovery, compared with
continuous training

Keywords: coronary artery disease, high interval training, heart rate recovery, aerobic
functional capacity.

Abbreviations:

CHD: coronary heart disease

HR: heart rate

HRR: heart rate recovery

MCT: moderate continuous training
HIIT: high intensity interval training

CAD: coronary artery disease

CHF: congestive heart failure

CPET: cardiopulmonary exercise test



1. Introduction

Coronary heart disease (CHD) continues to be the leading cause of morbidity and
mortality in the developed countries, being the cause of approximately one third of all
deaths in individuals over the age of 35 [1]. In spite of the research carried out to date,
the pathophysiological basis of the disease is still not fully understood, with, among
other pathogenic approaches, the chronic dysfunction of the autonomic nervous
system being proposed as such a basis[2]. This has been implicated in the development
of cardiovascular risk factors such as hypertension, diabetes, and dyslipidemia, and has
been directly linked with mortality caused by coronary artery disease [3].

The results of recent meta-analysis [4] have confirmed that the inclusion of exercise
programs in cardiac rehabilitation reduces cardiovascular mortality and hospital
readmissions. The majority of the published research on the benefits of exercise for
individuals with cardiovascular diseases have used constant load exercise (MCT) of
between 60% and 80% of VO,peak. These studies have shown significant
improvements in aerobic functional capacity (VO2peak) of between 12% and 31% [5].
In this context, for many years moderate continuous training (MCT) has been accepted
as the gold standard [6]. However, for some time now, different teams have adopted a
high-intensity interval training model (HIIT) as the most efficient with respect to
objective adaptations of the majority of cardiac rehabilitation programs in patients
with coronary artery disease (CAD), congestive heart failure (CHF) and metabolic
syndrome [7].

In recent years, various revisions and meta-analysis on the implementation of HIIT for
CAD and CHF have been published [8-11]. Two of these studies [10, 11] demonstrated
in 260 patients with coronary heart disease the superiority of HIIT over continuous
training with greater increases in VO;peak. These findings are consistent with the
results of previous meta-analysis, which compared HIT with continuous training in
patients with heart failure [12] and cardio-metabolic disease [13]. Recent studies [14,
15] have even shown their effects on the diastolic dysfunction of the left ventricle that
had not been effectively treated with drugs.

HIIT is usually defined as exercise of repeated intervals of a short to intermediate
duration (eg. 10 s to 5 min) completed at a higher intensity than the corresponding
anaerobic threshold [16] . The exercise intervals are separated by low-intensity
recovery times or rest which allow for partial recovery from the efforts of the previous
interval [16].

The heart rate recovery (HRR) has been proposed in many studies as an indicator of
prognosis and mortality, in that a slowing of the HRR after strenuous exercise is a
predictor of mortality both in healthy subjects and in patients with CHD [3, 17].
Meanwhile, other authors even consider that post-exercise HRR is a good inidcator of



cardiac rehabilitation program effectiveness [18-20], it being a quality index to stratify
patient risk upon completing a rehabilitation program [21].

Post-exercise HRR can be divided into 2 phases: fast and slow. The quick phase refers
to the first minute of recovery (< 1 min) and characterises a period in which there is an
abrupt and rapid decline of the HR [22, 23]. The slow phase, meanwhile, refers to the
period following the fast phase (> 2 min) [23-25]. HRR in the first minute after
exercising corresponds to vagal reactivation, especially in the first 30 seconds [22],
while later recovery (22 min) is likely attributed to a drop in sympathetic activity [26].

To date there exists no consensus regarding the most appropriate time and method to
obtain HRR data. Since the publication of Cole et al’s research [27, 28] into men and
women without cardiovascular disease, measuring the HRR in the first minute after
exercise is the most common method employed, with a cut-off point of <12 bpm to
consider a reading as clinically abnormal. Readings lower than 12 bpm were associated
with mortality risk for any cause 2 times higher in the population group referred to
[28]. Measuring HRR 2 minutes after exercise during passive recovery in a sitting
position has also shown itself to be an independent predictor of cardiovascular
mortality from all causes in a long series of coronary patients, moreover providing
valuable information that can be used for risk stratification in this population group
[29]. Readings lower than 22 bpm 2 minutes after exercise have been considered
clinically abnormal [27, 28]. Shetler et al [30] suggested that a recovery of 22 bpm 2
minutes after exercise exceed in capacity the HRR 1 prognosis. Other studies carried
out on healthy subjects confirmed the prognostic value of the HRR reading at 2 min
post-exercise [27, 31].

Training sessions in cardiac rehabilitation programs which often use continuous
exercises of moderate intensity have shown improvements in HRR after 8 [32] and 12
[33-37] weeks of training, the studies being more limited [38, 39] which have valued
modifications in the HRR employing HIIT protocols, compared with the continuous
protocols of constant intensity.

Intermittent high-intensity exercise, which are matched to continuous for either
energy expenditure or exercise duration, have shown improvements in different
hemodynamic indicators at rest, cardiorespiratory fitness, entotelial functionality and
morphology and function of the left ventricle [40-45].

The objective of this research was to compare the influence of 2 different exercise
protocols (continuous and HIIT) when used with coronary patients as part of a cardiac
rehabilitation program on post-exercise heart-rate recovery readings.

2. Methods

2.1 Study population



A prospective, randomized clinical trial (NCT02168712) was conducted with patients
referred by the Cardiac Rehabilitation Department who were diagnosed with stable
New York Heart Association functional class | or Il coronary artery disease with angina
pectoris or myocardial infarction and no heart failure. To be included in the study,
patients had to achieve a respiratory exchange ratio > 1.10 during the initial
cardiopulmonary exercise test (CPET). This respiratory exchange ratio value is often
used as a criterion for achieving a maximum exercise effort [46]. Patients who had
residual ischemia (by electrocardiogram [ECG] criteria or angina symptoms), severe
ventricular arrhythmias, uncontrolled hypertension, permanent pacemakers, or
implanted cardiac defibrillators were excluded.

After signing an informed consent form, patients were randomized on a one-to-one
basis to either the MCT or the HIIT group. The mode of exercise training was a cycle
ergometer with 40 minutes per sessions, 3 days per week (total of 24 sessions over 2
months).

Patients entered the study within 6 weeks from the revascularization procedure.
Selected CPET variables were recorded before and after the exercise training.
Cardiopulmonary exercise tests were administered by staff blinded as to which
exercise training group the patients were assigned.

Characteristics and medication use of the patients are shown in table 1.

2.2 Cardiopulmonary exercise test (CPET)

All patients underwent exercise testing with a cycle ergometer (Ergoline900S, Ergoline
GmbH, Bitz, Germany) including analysis of exhaled gases (UltimaCardiO2, Medical
Graphics Corporation, St Paul, Minnesota). The exercise test protocol was tailored to
each patient’s physical condition, with gradual increments of 10, 15, or 20 W/min. The
same protocol was applied before and after the Exercise training program. The
objective of the exercise tests was to achieve a sustained effort for 8 to 12 minutes,
with the aim of proper oxygen uptake (VO:z) kinetics and maintaining a linear
relationship between VO,, exercise workload and heart rate (HR).

A 12-lead ECG was continuously monitored, and blood pressure was measured every 3
minutes during the exercise tests. Exercise workloads in watts and metabolic, cardiac,
ventilatory and electrocardiographic parameters were analyzed. The ECG was
continuously monitored during the first 5 minutes of recovery. Recorded HR was
determined from the computerized test reports and was the average of the last 5 RR
intervals.

HRR indices were calculated by subtracting first and second minute HR on recovery
period from the maximal HR obtained during stress testing and designated as HRR-1
and HRR-2, respectively. [28, 47]. The relative change in HRR was determined as the
decrease produced in HR at 1 and 2 min after finishing exercise expressed as a
percentage of the peak HR (%HRR-1/HRpeak and %HRR-2/HRpeak, respectively). We
also calculated the relative decrease in HR at 1 and 2 min post-exercise as a



percentage of the increase produced from resting HR to peak HR (%HRR-1/(HRpeak -
HRrest) and %HRR-2/(HRpeak — HRrest), respectively).

The first (VT1) ventilatory threshold were considered to be indicator of the aerobic
threshold, and was determined after the ventilatory equivalent method described by
Skinner et al. [46]. The VO, in mL-kg? ‘min™? and HR in beats'-min! at VT1 were the
parameters used to determine the MCT exercise intensity.

2.3 Steep Ramp Test

To design the HIIT program, we used the steep ramp test (SRT) protocol, according to
the methodology described by Meyer et al. [48]. This exercise test protocol is
composed of 2 minutes of free pedaling at 25 W followed by progressive 25-W
increments every 10 seconds, maintaining a constant pedal cadence of between 50
and 60 rpm. The test was stopped when the patient could not maintain continuous
pedal cadence of > 40 rpm after encouragement to increase to 50 rpm and/or
experienced hemodynamic and/or electrical alterations. The maximum exercise load
achieved, as measured in watts, was the exercise parameter used to design the HIT
program for each patient.

2.4 MCT and HIIT Program Designs

The metabolic parameters obtained during the pretraining CPET were used to design
the MCT program. Patients were asked to keep their training HR below the HR at VT1
during the first month. During the second month, the intensity of the exercise was
adjusted, increasing to a training HR that corresponded to VT1 plus 10%. The HIT
protocol used the methodology initially described by Meyer et al [48] and which was
recently published by our group [49]. In this type of exercise, the intensity was
established using workload (watts), without taking HR into consideration as a measure
for regulating the intensity of the exercise. The training workloads depended on the
maximum workload achieved during the SRT. The intervals were designed as follows.
In the first month of training, 20-second repetitions at an intensity corresponding to
50% of the maximum load reached with the SRT (peak intervals) were followed by 40-
second recovery periods at 10%. In the second month of training, the intensity of
exercise was adjusted using the results of a new SRT. The total duration of both types
of training was 40 minutes per session throughout the exercise program (including
warm-up and cool-down). Table 2 summarizes the exercise time and intensity
progression for both MCT and HIIT. Patients rated the peak level of exertion during
each training session using the Borg Rating of Perceived Exertion Scale [50]. Both types
of exercise were reviewed and approved by the local Research Ethics Committee.
Patients enrolled in the study participated in other activities established in our cardiac
rehabilitation program that were aimed at managing psychological stress and learning
about cardiac health habits. They were also taught to devise a home walking program
for the days on which they did not have to attend sessions in the hospital. The
recommended intensity of walking was a perceived exertion of 11 to 13 on the Borg
scale.



2.5 Safety of the Exercise Training Programs

To verify the safety of using this kind of aerobic Exercise training, we made a daily
record of any incidents or adverse effects that could limit the planned exercise. An
incident was considered low if there were no repercussions and it was possible to start
and/or restart training (eg, muscle overload, fatigue, muscular pain, and dyspnea
without oxygen desaturation). A moderate incident was defined as one that limited the
planned training (dyspnea with desaturation < 94%, muscle injury, vasovagal
conditions), and an incident was defined as severe if it was potentially lifethreatening
(ischemia, ventricular arrhythmia, hypertensive emergencies).

2.6 Statistical analysis

Quantitative variables were described using means and standard deviations. The
normality of the data distribution was determined using the Kolmogorov Smirnov test.
To evaluate the effect of each exercise protocol on the quantitative variables, pre- and
post-program values were compared using Student’s dependent samples t test. The
effect was measured in absolute terms via the difference between the post-program
values and those obtained before training. These changes were described with the
mean and standard deviation. Comparisons between the 2 training programs were
made using Student’s t test in the case of quantitative variables and using the x 2 test
of association or Fisher exact test for qualitative variables. All the comparisons were
made using 2-tailed tests, and the level of significance was set at P < 0.05. The
relationship between HRR and VO,peak was assessed by calculating Pearson
correlation coefficients. All statistical tests were performed using commercially
available software (SPSS, Version 19,0, Inc., Chicago, IL, USA).

3. Results

A total of 73 patients were included and studied (36 patients MCT group and 37
patients HIT group). At the start of the study, there were no significant differences
between the groups with regard to clinical characteristics and medication use.

3.1 Training Data

The intensity of exercise in the MCT group in the first month was 64.2% + 8.5% of the
VO;peak reached during the initial CPET (corresponding to the VT1) and 69.5% + 8.7%
in the second month (corresponding to VT1 + 10%). The exercise workload applied at
the peak intervals in the HIIT group using the Meyer et al methodology [48] was
104.5% + 22.2% (first month) and 134.5% * 29.7% (second month) of the maximum
load reached in the initial CPET corresponding to 50% of the SRT in both months.
Adherence to the treatment sessions (the number of sessions attended compared with
the number of sessions scheduled) was 87.5% in the MCT group and 92% in the HIIT

group.

3.2 Cardiopulmonary exercise test



The exercise effort test results for both groups can be seen in Table 3. After 8 weeks of
training, both exercise programs significantly increased their VO;peak, with a greater
increase in the HIIT group (4.5 £ 4.46 ml/kg/min vs 2.46 + 3.57 ml/kg/min, for patients
of the HIIT and MCT groups respectively, P=0.039).

Both groups also showed a significant increase in the peak exercise workload achieved
(MCT 13.13 + 19.39 W vs HIIT 26.28 + 23.52 W), with a significantly higher increase in
the HIIT group (P=0.012). A significant increase was observed in maximal HR in the HIIT
group only (10.55 + 11.74 beats-minl; P=0.001). The total time of the exercise effort
test, as well as the VO, and exercise workload at VT1 significantly increased in both
groups, but HR at VT1 only increased in the HIIT group (3.48 £ 9.23; p=0.030).

3.3 Heart Rate Recovery

In Table 3, the heart-rate recovery values for both groups are reflected. With regard to
the HR recovery in the first and second minute after the exercise test, the only
significant change was observed in the HIIT group (15.44 + 7.04 vs 21.22 + 6.62; P
<0.0001 and 23.73 £+ 9.64 vs 31.52+ 8.02; p<0.0001, respectively). Differences were
observed in changes in HRR-1 (MCT: 1,27 + 8,06 vs HIIT: 5,77 = 8,06; p=0,021) and in
HRR-2 (MCT: 2,94 £ 9,16 vs HIIT: 7,78 + 7,69; p=0,022) between groups.

3.4 Relationship between HRR and Peak VO2

Peak VO, showed significant correlation with HRR-1 (r = 0.40; p < 0.001) and %HRR-
1/HRpeak (r = 0.28; p =0.014), and with HRR-2 (r = 0.43; p < 0.001) and %HRR-
2/HRpeak (r = 0.26; p =0.026), for the whole group of patients pre-training. With
regard to the post-training Peak VO; showed significant correlation with HRR-1 (r =
0.38; p < 0.01), and with HRR-2 (r = 0.53; p < 0.001) and %HRR-2/HRpeak (r = 0.37; p
<0.01), for the whole group of patients (Figure 1).

3.5 Safety of the Training Intervention

No incidents or adverse events were recorded that limited the ability of patients to
perform the prescribed exercise in either of the training programs.

4. Discussion

The principle contribution of this study has been the verification of an improvement in
the post-exercise heart-rate recovery (HRR1 and HRR2) associated with the group of
patients that underwent training with HIT methodology. In addition, a greater
increase in post-exercise values of VOypeak in the HIIT group was also recorded.
Another interesting observation is that in the group of patients as a whole, we found a
significant correlation of VO,peak between HHR1 and HHR2.



In contrast to most previous research that analysed only HRR1 [32-37], we measured
the heart rate recovery in the 1 and 2 min post-exercise. Both points have shown
associations with mortality risk, although the heart rate in min 2 post-exercise has
proved to be the most powerful predictor [30], which suggests the need to add
systematic evaluation of HRR2 in patients with cardiovascular disease. Considering that
this was a maximal exercise test, we propose that in addition to the indices of HRR as
absolute values (HRpeak-HR1 and HRpeak -HR2), it is perhaps preferable to also
consider HRR as a percentage of the peak HR recorded during the graded
cardiopulmonary test. Thus, HRR relative to HRpeak as a measure of HR recovery
applicable to all subjects regardless of age is expressed. Similarly, only the HIIT group
improved the% HRR1 / HRpeak (%) (13.37 + 6.03 to 16.84 + 4.94 bpm; p = 0.003) and%
HRR2 / HRpeak (%) (to 20.50 + 7.74 to 25.00 = 5 35 bpm; p <0.0001), with average
post-exercise values of % HRR1 / HRpeak (%)of 17.93% and 16.84% for MCT and HIIT
groups respectively; and %HRR2 / HRpeak (%) of 26.22% and 25.00% for MCT and HIIT
groups, respectively.

Our study showed average HRR1 values (pre- and post-training) above the clinical cut-
off point established at <12 bpm at min 1 post-exercise for a HRR anomaly to be
considered. However, it should be noted that 16 of the 73 patients (21.9%) of our
study did not reach a HRR-1 of 12 in the evaluation previous to the start of the exercise
program. Only 7 patients maintained their HRR1 below the limit of <12 bpm after the
recovery period, emphasizing in this regard the effectiveness of HIIT, which reduced
the number of patients below the clinical HRR1 limit by 81.8%. Although an HRR of <12
bpm in the 1st minute after exercise is the most commonly used index, some research
has shown increases in mortality risk with HRR 1 of <25 bpm [51] and <22 bpm [52].
Different studies have shown improvements of heart-rate recovery with exercise
training. Mahdavi Anari et al [53] observed, after a 12-week training period, a
significant improvement of the HRR-1 (13.76 + 1.38 bpm to 17.07+1.33 bpm). The
improvement in recovery was similar in patients with coronary artery bypass graft or
percutaneous transluminal coronary angioplasty. The results obtained in our HIIT
group were similar in HRR-1 (15.44 + 7.04 bpm to 21.22 + 6.62 bpm). For their part,
Ribeiro et al [54] and Tiukinhoy et al [55] also observed similar results in the
improvement of HRR1 with an 8-week exercise program. Thus, HHR is a useful
indicator to stratify the patient risk after completing a rehabilitation program.

Regarding the HRR-2 value, Cole et al [28] proposed a normality limit of <42 beats.
Based on this criterion, only 6 of our patients (8.2%) were above this limit before
starting the exercise program, it being reached by 13 patients (17.8%) at the end of it.
While the MCT group managed to have 3 patients more under this limit upon
completing the exercise program, in the HIIT group, 4 new patients were incorporated,
suggesting greater effectiveness in the HIIT modality. Unlike the many studies that
have evaluated HRR1, those that have measured HRR-2 are scarcer, meaning that their
established clinical criteria of normality are less powerful.

The later recovery (22 min) is likely attributed to a drop in sympathetic activity
(reduced activation of peripheral muscle mechanoreceptors and chemoreceptors) and
to humoral factors such as catecholamines [25, 51, 56-60], and, in contrast to that



which occurs in the fast phase of the HRR (<1 min), the slow phase (22 min) is clearly
dependant on the intensity and duration of the previously performed exercise[22],
conditioning the normalisation of the associated metabolic stress [25, 61].

The intermittent high-intensity exercise (HIIT), which are matched to continuous for
either energy expenditure or exercise duration, have shown improvements in different
hemodynamic indicators at rest, cardiorespiratory fitness, entotelial functionality and
morphology and function of the left ventricle [40-45]. However, Conraads et al [62]
observed in a large population of CAD patients similar improvements in exercise
capacity and peripheral endothelial function following HIIT or moderate continuous
training.

The physiopathological reason why an abnormal HRR is associated with a worse clinical
prognosis is not clear. In accordance with Huang et al [63], there exists a close
relationship between HRR and the endothelial function; thus, any delay in the HRR
might indicate endothelial dysfunction, and this alteration has proved to be a powerful
predictor of global mortality in CHD [63].Another factor that might contribute to HRR
delay has been associated with an excessive pro-inflammatory state. In accordance
with the recent concept of “cholinergic anti-inflammatory pathway”, immunity is
coordinated by neural circuits that operate reflexively, and this well established neural
circuit terminates excessive pro-inflammatory cytokine responses, preventing
immune-mediated damage [64, 65]. Therefore, a fall in parasympathetic activity can
result in a pro-inflammatory response, thereby increasing morbidity and mortality [2,
66, 67]. Similarly, Youn et al [68] confirmed that a slowing of post-exercise HRR was
linked to an exaggerated pro-inflammatory response, being an independent predictor
variable in patients with heart failure.

Different studies have shown that HIIT training improves VO,peak values in patients to
a greater extent with respect to continuous load training [38, 43, 45]. Also of note in
our research was that VO, peak improved in both groups, but more so (p<0.05) in the
HIIT group. Other investigations [62] showed no differences in VO, peak improvement
using HIIT vs aerobic continuous training in patients with coronary artery disease. In
the HIT protocol of our study, the training intensity was established using the
workload in watts as a percentage of the maximum workload reached in the SRT. The
workloads applied were high intensity with a range of 104% and 134% of the maximum
load reached during the initial effort test (CPET). Meyers et al [69] noted that using this
methodology for the HIIT design, exercise time at an intensity higher than 85%
VOypeak during prolonged training was prolonged, which justifies physiological
adaptations to those associated with the improvement of the VO2peak.

In our study, we found a significant correlation between the VO2peak values of the
entire group with HRR-1 (r=0.40; p<0.001) and HRR-2 (r=0.43; p<0.001), thereby
confirming the relation between VO2peak and HRR suggested by the authors [70-74].
Our group [75] also found a significant correlation between VO,peak (ml/kg/min) and
HRR3 (r = 0.36; p < 0.001) in adult physically active men. Together, this data indicates
that cardiorespiratory fitness is linked to HRR.
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Maximum heart rate increased with training in the HIIT group, with changes in the
continuous training (MCT) group not being found. This response seems to be related to
the high workload achieved in the HIIT group in the effort test after the training
program. Underlying these functional improvements, cellular adaptations including
rate of Ca%* cycling and Ca?* sensitivity of the cardiomyocytes were demonstrated in
animal models following HIIT.

The two groups of our study improved VO3 and the load (W) associated with VT1, with
no differences between them. Similar results were found in other research studies [40,
76-78], while in others, greater improvements in VO, associated to VT with HIIT were
obtained [39, 79]. The different protocols used may justify the lack of concordance in
the results. Looking at HR related to VT, this factor only increased in the HIIT group,
reflecting peripheral metabolic adaptations that allow for the sustaining of a greater
workload in VT4,

In line with the increase of VO.peak, the maximum load reached (Wmax) increased
significantly more (p = 0.012) in the HIT group, reflecting an improvement in the base-
acid balance with peak loads.

Additionally, HIIT seems to be a safe exercise modality and did not differ in frecuency
or magnitude of cardiovascular adeverse events during exercise training as compared
with continuous training, as was shown previously [77].

Although it is a randomized study, we studied a small number of patients. It would be
necessary large-scale, randomized clinical trials to investigate clinical end-points.

5. Conclussions

The results of our research show that the application of HIIT to patients with chronic
ischemic heart of low risk resulted in an improvement in VOzpeak, and also
improvements in post-exercise heart-rate recovery, compared with continuous
training (which showed no significant changes). Given the observed inverse
relationship between the values of VO;peak and post-exercise HR recovery rates with
all-cause mortality in these patients, the results of our study argue for giving
preference to the interval high intensity training during the rehabilitation program in
low-risk coronary patients.
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FIGURE LEYENDS

Figure 1. Correlation between HRR-1 and HRR-2 plotted against Peak VO, pre- and
post-training. a) HRR-1 pre-training values against Peak VO, pre-training. b) HRR-1
post-training values against Peak VO post-training. ¢) HRR-2 pre-training values
against Peak VO pre-training. d) HRR-2 post-training values against Peak VO, post-
training.
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Table 1. Patients’ characteristics and medication use

MCT HIIT
(n=36) (n=37) P

Age (years) 58+ 11 58+ 11 0.82
Men (%) 92 78 0.21
Body mass Index (kg/m?) 29.5+4.1 29.6 + 4.4 1.00
Waist circumference (cm) 104 +9 104 +£11 1.00
Hip circumference (cm) 105+8 104 +9 0.88
Waist to Hip ratio 0.99 +0.05 1.00 + 0.07 0.90
Cardiovascular risk factors
Family history (%) 47 46 1.00
Hypertension (%) 57 65 0.67
Diabetes mellitus (%) 31 27 0.88
Dyslipidaemia (%) 66 43 0.09
History of Smoking (%) 81 73 0.74
Active smokier during program(%) 10 14 0.64
Stroke (%) 9 5 0.67
Carotid disease (%) 3 3 1.00
Peripheral vascular disease (%) 9 8 1.00
Hyperuricaemia (%) 11 8 1.00
Medical history
Angina pectoris (%) 50 43 0.36
Myocardial infarction (%) 50 57 0.45

LVEF (%) 59 + 14 6211 0.29

Conservative (%) 12 19 0.44

PCI (%) 73 59 0.35

CABG (%) 15 22 0.53
Drugs administered
Beta-blockers (%) 89 86 1.00
Calcium channel blockers (%) 14 27 0.27
ACE-inhibitors (%) 71 54 0.20
Angiotensin receptor antagonists (%) 20 19 1.00
Nitrates (%) 11 11 1.00
Anti-platelet agents (%) 97 97 1.00
Acenocoumarol (%) 11 5 0.43
Statins (%) 94 100 0.23
Ezetimibe (%) 6 3 0.61
Antidiabetics (%) 22 22 1.00

ACE: Angiotensin converting enzyme; CABG: Coronary artery bypass graft; HIIT: High-intensity interval training; LVEF: Left

ventricular ejection fraction; MCT: Moderate continuous training; PCI: Percutaneous coronary intervention
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Table 2. Program designs for MCT group or HIIT groups

Week Warm-up time and intensity Exercise time and intensity Cool-down time and intensity
(MCT and HIIT) (MCT and HIIT)

1 12 minute (25 watts) MCT: 15 minute at VT1 13 minute (25 watts)
HIIT: 15 repetition (*)

2 10 minute (25 watts) MCT: 20 minute at VT1 10 minute (25 watts)
HIIT: 20 repetition (*)

3 7 minute (25 watts) MCT: 25 minute at VT1 8 minute (25 watts)
HIIT: 25 repetition (*)

4 5 minute (25 watts) MCT: 30 minute at VT1 5 minute (25 watts)
HIIT: 30 repetition (*)

4-8 5 minute (25 watts) MCT: 30 minute at (VT1+ 10%) 5 minute (25 watts)

HIIT

: 30 repetition (**)

* 20-second repetitions at 50% of the maximum load reached with the first SRT (steep ramp test) followed by

40-second of recovery period at 10% of the first SRT. ** 20-second repetitions at 50% of the maximum load

reached with the second SRT followed by 40-second of recovery period at 10% of the second SRT. MCT:

moderate continuous training; HIIT: high intensity interval training; VT1: first ventilatory threshold
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Table 3. Cardiopulmonary exercise stress test variables and HRR-1 and HRR-2 values
in MCT group vs. HIIT group

MCT Group HIIT Group

Pretraining Posttraining Change Pretraining Posttraining Change
Total Exercise 9.00+2.01 10.10+2.58 ** 1.10+1,78 7.80+1,75 9.54+2.25 *** 1.74+1.91
time, (min)
VOypeak, 20.3215.03 22.78+6,53*** 2.46%3.57 19.44+4.69 23.94+4.85 *** 4.50+4.46 T
(ml/kg/min)
Maximum HR, 117.56+19.57 118.53+20.61 0.97+11.58 115.36+13.51 125.92+14.04 *** 10.55+11.74 ¢
(bpm)
Maximum SBP, 171.03+23.04 164.92+26.37 -6.11+21.72 170.75%21.39 177.92+23.06 7.16+23.92
(mmHg)
Maximum DBP, 92.47+12.29 89.44+8.26 -3.02+12.38 90.14+19.76 91.72+10.75 1.58+10.85
(mmHg)
Maximum Power 109.22+37.21 122.47441.23 *** 13.13£19.39 103+37.71 129.29+45.89 *** 26.28+23.52 1
(W)
Maximum RER 1.12+0.09 1.15+0.09 0.02£0.12 1.14+0.08 1.19+0.11 * 0.04+0.11
VO, at VT1, 12.59+2.88 14.37+3.52 *** 1.7712.09 11.98+2.64 14.48%2.70 *** 2.50+3.06
(ml/kg/min)
HR at VT1, (bpm) 90.32+13.89 89.38+14.12 -0.94+7.00 89.64+10.45 93.12+10.81 * 3.48+9.23 1

P=0.038

Power at VT1, (W) 54.56+24.25 62.504£26.55 ** 7.94+16.92 49.24+22.33 64.55+21.98 *** 15.30£16.10
HRR-1, (bpm) 19.9248.79 21.19+47.93 1.27+8.06 15.44+7.04 21.2246.62*** 5.77+8.061
%HRR-1/H Rpeak 16.6816.44 17.93+6.29 1.24+7.18 13.37+6.03 16.84+4.94** 3.47+6.54
(%)
HRR-2, (bpm) 28.4619.85 31.40+11.94 2.94+9.16 23.73+9.64 31.5248.02%** 7.78+7.691
%HRR_Z/HRpeak 24.0217.04 26.22+7.64 2.19+7.15 20.50+7.74 25.0045.35%** 4.4915.96

(%)

* Within-group difference <0.05; ** Within-group difference <0.01; *** Within-group difference <0.001

1 Between-group difference <0.05; 1 Between-group difference < 0.01

Abbreviations: HR: heart rate, SBP: systolic blood pressure, DBP: diastolic blood pressure, W: watios, RER: respiratory
exchange ratio, VT1: ventilatory threshold 1, HRR-1: heart rate peak minus heart rate at 1min of recovery, HRpeak:
heart rate peak, HRR-2: heart rate peak minus heart rate at 3min of recovery
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