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Superior Effects of High-Intensity Interval
Training Compared to Conventional Therapy
on Cardiovascular and Psychological Aspects in
Myocardial Infarction

Ha-Yoon Choi, MD, Hee-Jun Han, MD, Ji-won Choi, PT, Han-Young Jung, MD, Kyung-Lim Joa, MD

Department of Physical and Rehabilitation Medicine, Inha University School of Medicine, Incheon, Korea

Objective To evaluate the effect of high-intensity interval training (HIIT) on psychological symptoms, activity states,
and cardiovascular functions in patients with myocardial infarction (MI) of low and moderate risk stratification.
Methods This prospective study randomly allocated 44 patients with MI to 18 sessions of HIIT or conventional
moderate-intensity continuous training (MICT). Outcome measures were assessed at baseline and after 18
sessions.

Results Post-exercise cardiovascular and functional states, maximal oxygen uptake (VO,,,,,), metabolic
equivalents (METs), 6-Minute Walking Test (6MWT), and Korean Activity Scale/Index (KASI) scores were
significantly improved in the HIIT group compared to those in the MICT group after 18 exercise sessions. In
particular, VO,,,,, was significantly (p<0.005) improved in the HIIT group (7.58 mL/kg/min) compared to that in
the MICT group (2.42 mL/kg/min). In addition, post-exercise psychological states (i.e., scores of Fatigue Severity
Scale [FSS] and depression items of the Hospital Anxiety and Depression Scale [HADS_D]) were significantly
improved in the HIIT group compared to those in the MICT group after 18 exercise sessions. HADS-D was
improved by 1.89 in the HIIT group compared to decrement of 0.47 in the MICT group. FSS was improved by 6.38
in the HIIT group compared to decrement of 0.77 in the MICT group (p<0.005).

Conclusion This study demonstrates that HIIT can improve cardiac function, psychological, and activity states in
low and moderate risk MI patients. Compared to conventional MICT, HIIT can improve cardiovascular functions,
activity states, depression, and fatigue more effectively.
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INTRODUCTION

Coronary heart disease (CHD) accounts for one-third of
all deaths globally, with a total of 7.4 million deaths due
to CHD in 2013 [1]. Cardiac rehabilitation (CR) is an ac-
cepted treatment modality following myocardial infarc-
tion (MI) [2]. Exercise-based CR is known to result in a
significantly lower risk of fatal and non-fatal re-infarction
by improving cardiac and coronary vascular functions
as well as CHD risk factor profiles [3]. Current guidelines
encourage moderate to high-intensity aerobic exercise
for 20-30 minutes for CR, preferably on all days of the
week [4].

High-intensity interval training (HIIT) involving re-
peated 30- to 300-second bouts of aerobic exercise at
intensities ranging from 85% to 100% of maximal oxygen
uptake (VO,,,,) interspersed by recovery periods of equal
or shorter duration is another form of exercise. The po-
tential of HIIT for CR has been recently investigated [5].
However, the majority of previous studies did not start
HIIT immediately in acute phase. The periods from MI
to the onset of phase II CR used in previous studies were
3 to 6 months after MI. Furthermore, most studies only
enrolled low risk patients or they did not suggest risk
stratification for cardiac rehabilitation [5-9]. Therefore,
the effect of HIIT on cardiovascular variables, including

Screening/recruit CR after Ml (n=147) |

VO,,...,» needs to be evaluated in acute phase II patients
with defined risk stratification.

High prevalence rates of psychological symptoms and
disorders have been reported in patients with MI. These
symptoms and disorders have negative impacts on prog-
nosis of patients [10-13]. Apart from improving physical
capacity, effects of CR include modification of sympa-
thovagal balance and improved mental competence. De-
pression and anxiety are commonly observed risk factors
in patients after MI. They are also strong predictors of
mortality [10-13]. Participation in CR can alleviate mani-
festations of depression and anxiety [14-17]. However,
little is known about the effect of HIIT on psychological
symptoms post-MI. Because CR programs are crucial
sources for CHD secondary prevention, it is important to
determine the optimal training method to improve car-
diovascular and psychological symptoms.

Therefore, the aim of this study was to compare effects
of HIIT and moderate-intensity continuous training
(MICT) CR on cardiovascular functions and psychologi-
cal symptoms of phase II MI patients with defined risk
stratification (low and moderate risk).

MATERIALS AND METHODS

This study was a prospective, non-blinded, randomized
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controlled trial. Participants were randomly allocated
to 18 sessions of HIIT or MICT training. Outcomes were
measured at baseline and after 18 sessions. An outline of
the participant pathway for this study is presented in Fig. 1.

Patients

A total of 44 study subjects had first time ST-segment el-
evation myocardial infarction (STEMI). They were treated
by primary percutaneous coronary intervention (PCI)
between October 2015 and March 2017. Risk stratifica-
tion (low, moderate, and high risk) was performed based
on the American Association of Cardiovascular and Pul-
monary Rehabilitation. Enrolled patients were in ‘low
or moderate’ group who agreed to receive CR by visiting
a rehabilitation clinic within 1-2 weeks after discharge
from cardiology department.

A total of 147 patients were admitted to the outpatient
department of rehabilitation after MI, of which 86 did not
participate in phase II CR program. A total of 61 patients
were enrolled for baseline assessment, 15 of which were
evaluated to belong to the high-risk group. Therefore,
they were excluded from this study. Exclusion criteria
included prior PCI or CABG, left ventricular ejection
fraction (LVEF) less than 40%, uncontrolled arrhythmia,
hypertension, diabetes, or additional issues that would
preclude potential participation in the program.

All patients underwent an initial baseline exercise toler-
ance test (ETT). A total of 24 patients were assigned to the
HIIT group while 22 patients were assigned to the con-
ventional MICT group. Two patients (one patient in each
group) could not finish all 18 sessions because of ankle
injury and occupational reasons. Therefore, 23 patients

4-min
100 4 high
90
< 60
S
5-min 5-min
warm-up cool-down
30
10-min
stretching

»
»

in the HIIT group and 21 patients in the control group
were analyzed in this study. In addition, HIIT and con-
trol groups were subdivided into low (7 patients in each
group) and moderate (16 in HIIT and 14 in the control)
subgroups (Fig. 1).

The number of patients recruited was small, although it
was enough to meet the calculated required sample size
of 20 patients per group determined by using G*Power
program with a Cohen d effective size of 0.2, a statistical
power of 0.95, and an error probability of 0.05.

Interventions

Patients in the HIIT group warmed up for about 10 min-
utes at an intensity of 40%-50% of HR max. HIIT consist-
ing of 4x4 minute exercise periods at 85%-100% of heart
rate maximum (HR,,,,) per session. Exercise periods were
separated by a recovery period for 3 minutes at 50%-60%
of HR,,. Training sessions finished with a cool-down pe-
riod at 40%-50% of HR,,,, [18]. One session consisted of
10 minutes of stretching, 5 minutes of warm-up, 28 min-
utes of main exercise, and 5 minutes of cool-down for a
total of 48 minutes (Fig. 2).

Members in the control group participated in con-
ventional MICT. For MICT, the intensity was simply the
one that the participant could carry on for a prolonged
time-period. The subject should be able to converse in
full sentences. During MICT sessions, patients worked
continuously at an intensity of 60%-70% of HR,,,. In
the MICT group, exercise program was continued for
the same time-period. During 28 minutes of main exer-
cise, the exercise intensity was 60%-70% of HR .. There
were 18 sessions for all patients in each group [18]. Both
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Fig. 2. Comparison of high-intensity interval training (HIIT) and moderate-intensity continuous training (MICT) pro-

tocols: (A) HIIT group, (B) MICT group.
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groups were conducted an average of 1-2 sessions per
week for 9-10 weeks.

All patients provided written informed consent before
study enrollment. This study was approved by the Insti-
tutional Review Board of Inha University Medical School
(IRB No. 201701025).

Outcome measures

Cardiovascular function, psychological state, and activ-
ity state were evaluated before and after the 18-session
exercise program. For cardiovascular functions, the fol-
lowing parameters were evaluated: LVEF, VO,, .., meta-
bolic equivalents (METs), HR,,,,, the 6-Minute Walking
Test (6MWT), maximal systolic blood pressure, and maxi-
mal diastolic blood pressure. Korean Activity Scale/Index
(KASI) scores were used to determine changes in activity
states due to cardiovascular functional improvements.

Psychological states were evaluated using self-adminis-
tered questionnaires, including the Hospital Anxiety and
Depression Scale (HADS) for anxiety and depression, the
Patient Health Questionnaire (PHQ-9) for depression,
Insomnia Severity Index (ISI) for insomnia, and Fatigue
Severity Scale (FSS) for fatigue.

Activity states are one of the most important variables
in clinical practice or research. They represent the patient
ability, overall condition, and severity of illness [19]. The
Duke Activity Status Index (DASI) is a tool that can mea-
sure activity capacity [20]. KASI, a Korean version of DASI
[19], was used in this study.

HADS, a tool most commonly used to screen levels of
anxiety and depression in people with physical problems,
was used in this study. Seven of its items are related to
anxiety while the other seven items are related to de-
pression [21]. PHQ-9 is a tool for screening, diagnosing,
monitoring, and measuring severity of depression. It can
be applied repeatedly to access the alleviation or wors-
ening of depression symptoms in response to treatment
[22]. FSS is a one of the most commonly used 9-item self-
report questionnaires to assess fatigue in individuals with
physical problems [23]. ISI is a 7-item multi-dimensional
screening tool for insomnia. It assesses severity of sleep
onset and maintenance difficulties, satisfaction with cur-
rent sleep pattern, interference with daily functioning,
and degree of distress or concern caused by the sleep
problems [24]. These were used in this study.

WWWw.e-arm.org

Statistics

The Mann-Whitney test was used to compare group
demographic and clinical data, including VO,,,,,, 6MWT,
KASI, HADS, PHQ-9, ISI, and FSS before and after treat-
ment. Repeated measures analysis of variance was used
to compare variables before and after intervention be-
tween the both groups (time-group interaction). All
statistical analyses were performed using SPSS version
18 for Windows (SPSS Inc., Chicago, IL, USA). Statistical
significance was accepted at p-value <0.05.

RESULTS

Demographics and clinical characteristics are sum-
marized in Table 1. Mean age of the 44 study subjects
was 54.93+9.91 years. Of these subjects, 89% were males.
Mean ejection fraction was 46.90%+7.14%. Mean BMI
was 25.39+3.06 kg/m’. Initial mean VO, was 30.17+7.56
mL/kg/min. Initial METs was 8.62+2.16. 6MWT was
502.88+75.99 m. Mean duration from a diagnosis of MI to
first ETT was 14.29+6.53 days. No demographic or clini-
cal value was significantly different between the HIIT and
control MICT groups. Mean durations from diagnosis were

Table 1. Demographics and initial clinical characteristics
of subjects

Control HIIT

(n=21)  (n=23) Pvalue
Age (yr) 57.31£12.62 53.00+6.84 0.251
Sex (male:female) 0.884
Male 18 21
Female 3 2
LVEF (%) 47.31£9.63 46.56x4.54 0.786
Risk stratification 0.202
Low 7 7
Moderate 14 16
Number of involved vessels 0.110
1 10 15
2 8 6
3 3 2
BMI (kg/m?) 26.30+2.47 24.65+3.36 0.151

VO,,..x (mL/kg/min) 27.98+8.63 31.95+6.29 0.163

Values are presented as meantstandard deviation.

HIIT, high-intensity interval training; LVEF, left ventricle
ejection fraction; BMI, body mass index; VO,,,,,, maximal
oxygen consumption.
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Table 2. Pre- and post-training cardiac functions, psychological statuses, and activity states in the two study groups

Control HIIT
p-value
Pre Post Pre Post

VO, (ML/kg/min) 27.98+8.63 30.40+8.39 31.95+6.29 39.53+6.71 0.001*
METs 7.99+2.46 8.81+2.42 9.13+1.80 11.30+1.93 0.004*
6MWT (m) 505.92+68.16 561.62+73.92 500.41+83.95 606.56+72.70 0.034*
KASI 51.46+21.84 53.04+20.14 59.04+13.36 71.48+8.05 0.019*
HADS_A 7.05+3.13 4.76+3.13 5.63+3.04 3.94+2.85 0.449
HADS_D 5.41+3.29 5.88+3.67 6.57+2.24 4.68+2.81 0.025*
PHQ-9 4.69+4.32 3.77+£3.70 5.50+3.95 2.00+2.00 0.068
ISI 5.77+3.78 5.62+3.68 7.31+5.77 4.88+5.39 0.150
FSS 23.69+11.65 24.46+13.02 27.44+12.54 19.06+9.10 0.034*

Values are presented as mean#tstandard deviation.

HIIT, high-intensity interval training; VO,,,,, maximal oxygen consumption; METs, metabolic equivalents; 6MWT,
6-Minute Walking Test; KASI, Korean Activity Scale/Index; HADS_A, anxiety items of the Hospital Anxiety and De-
pression Scale; HADS_D, depression items of the Hospital Anxiety and Depression Scale; PHQ-9, Patient Health Ques-
tionnaire; ISI, Insomnia Severity Index; FSS, Fatigue Severity Scale.

*p<0.05.
50 1
40
g /
N
> "
20 A
— HIIT*
---- Control
10 | |
Pre-CR Post-CR
700 -
600
'_
2 500 -
©
400
— HIIT*
---- Control
300 | |
Pre-cR Post-CR

KASI

124
10 4
ol e
6 -
— HIIT*
---- Control
4 T 1
Pre-CR Post-CR
80
70
60 -
s04 0 T
— HIIT*
---- Control
40 T ]
Pre-CR Post-CR

Fig. 3. Improvements in cardiovascular functions in the two study groups (*p<0.05). CR, cardiac rehabilitation; VO,,.,,,
maximal oxygen consumption; METs, metabolic equivalents, 6BMWT, 6-Minute Walking Test; KASI, Korean Activity
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11.67+3.32 days in the HIIT group and 17.25+10.14 days
in the control group. After the first ETT, patients under-
went 18 exercise sessions followed by a second ETT. Mean
exercise durations were 67.11+17.53 days in all patients,
61.47+13.74 days in the HIIT group, and 73.41+30.41 days
in the control group. Time duration from diagnosis to the
start of exercise or total exercise duration were not signifi-
cantly different between HIIT and control groups.

A total of 18 sessions followed an average of 1-2 times
a week protocol over an average of 9-10 weeks. Patients
who did not complete all 18 sessions due to personal
reasons or other morbidity were dropped out. Exercise
was performed with sufficient intensity to reach the pre-
scribed HR value. All 44 patients completed 18 sessions
of exercise without any adverse event.

Cardiovascular function and activity state were im-
proved after exercise compared to pre-exercise in both
HIIT and control group. However, post-exercise cardio-
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vascular and functional states (VO,,,,,, METs, 6MWT,
and KASI) were improved significantly more in the HIIT
group than those in the conventional MICT group (Table
2, Fig. 3). Post-exercise psychological states were also
significant different between the two groups (Table 2,
Fig. 4). Depression items of HADS (HADS_D) showed
significant intergroup differences. Similarly, PHQ-9 (a
depression questionnaire) tended to show less depres-
sion in the HIIT group (p=0.068) compared to that in the
control group. FSS scores (a measure of fatigue) showed
greater improvement in the HIIT group than that in the
control group. On the other hand, HADS scores for anxi-
ety (HADS_A) and ISI for insomnia were not significantly
different between the two groups (Table 2, Fig. 4).

DISCUSSION

In this study, we examined the effect of HIIT on car-
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Fig. 4. Improvement of psychological functions in the two study groups (*p<0.05). CR, cardiac rehabilitation; HADS_
A, anxiety items of the Hospital Anxiety and Depression Scale; HADS_D, depression items of the Hospital Anxiety and
Depression Scale; ISI, Insomnia Severity Index; ESS, Fatigue Severity Scale.
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diovascular functions and psychological symptoms. Our
results showed that HIIT was more effective in improving
objective cardiovascular functions such as VO,,,,,, METs,
6MWT, and subjective functional activity state evaluated
by KASI questionnaire than MICT (Table 2, Fig. 3). In ad-
dition, HIIT improved psychological symptoms such as
depression and fatigue more than MICT.

Increases in VO,,,, depend on time spent near VO

2max 2max

during training sessions. HIIT protocols allow patients to
exercise at near maximal VO,,,,, for longer durations than
conventional MICT in order to improve maximal cardio-
vascular functions [6,25].

Previous studies have shown that HIIT can achieve
better VO
ever, the majority of these studies only enrolled low risk

hmax ad METs improvements than MICT. How-
patients or did not suggest risk stratification for cardiac
rehabilitation. In addition, previous studies on HIIT en-
rolled patients 3 to 6 months after MI or did not clearly
mention about the initial time of CR participation [5-9].
In the present study, we enrolled patients with low and
moderate risks that started CR about 14 days after MI.
These results could suggest that HIIT is a safe and effec-
tive method for improving cardiovascular functions in
stable low risk MI and moderate risk MI patients in early
phase II session.

We found that KASI scores reflecting patient’s subjec-
tive activity states were significantly improved in the HIIT
group more than those in MICT group (Table 2, Fig. 3).
KASI is a Korean version of DASI. It has been used to esti-
mate the likelihood of major adverse cardiac events [26].
Relatively high correlations between KASI scores and
VO.,,... have been reported [19,20]. Although KASI is com-
monly used to assess functional activity state after MI,
the effect of HIIT on KASI scores has not been studied.
Results of this study suggest that HIIT is a more effective

2max

method than MICT for improving objective cardiovascu-
lar functions measured by VO,,,,, and subjective activity
as well as functional state of MI patients.

Depression has been found in 65% of MI patients [14-
17]. Because depressive symptoms are also linked to CR
participation and outcome while fatigue can interfere
with activities of daily living, participation, and quality of
life, optimal methods are needed to improve cardiovas-
cular efficiency and emotional and psychological states
of MI patients [27]. In previous studies, the effect of HIIT
was mainly assessed in terms of cardiovascular efficacy.

However, in the present study, psychological aspects
were also evaluated.

There has been no report on the effect of HIIT on psy-
chological distress. The study by Korzeniowska-Kubacka
et al. [28] has shown that 8-week conventional CR can
only decrease depression and anxiety in women. How-
ever, our results showed that HIIT improved depression
whereas MICT did not (Table 2, Fig. 4). Considering that
majority of study participants in our study were men (only
5 of 44 participants were women), our results suggest
that HIIT could be effective in reducing depression in
men with MI. A larger-scale study with longer duration is
needed to determine the effect of HIIT on psychological
symptoms in males and females.

Fatigue is a general and sustained feeling of exhaus-
tion or difficulty performing physical and mental activi-
ties. It negatively affects physical functions, emotional
states, activities of daily living, and quality of life [29,30].
There has been no previous report about the relation-
ship between fatigue and cardiac rehabilitation including
HIIT. Previous studies on HIIT conducted for 4 weeks in
healthy people suggested that it was more effective in
increasing neuromuscular fatigue threshold than MICT
[31]. Similarly, we found that HIIT could more effectively
reduce fatigue than MICT (Table 2, Fig. 4). This indicates
that HIIT is a better CR method than MICT for addressing
fatigue control in MI patients.

In the present study, HIIT did not more effectively
reduce anxiety or insomnia than MICT. Although not
statistically significant, insomnia was decreased more in
the HIIT group compared to that in the control group. A
previous study in a general population has shown that
depression and anxiety can increase the risk of insomnia
and vice versa [32]. However, relationships between de-
pression/anxiety and insomnia are known to be complex.
A large scale, long-term study is needed in the future to
determine the effect of HIIT on insomnia and anxiety.

This study has some limitations. First, the number of
patients recruited was small, although it was enough to
meet the calculated required sample size of 20 patients
per group. Second, high risk patents were not enrolled in
this study because we were not sure of the safety of HIIT
for these patients. Third, because our study subjects had
returned to society before enrollment, many other factors
such as the level of social support might have affected
psychological aspects.
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In this study, HIIT was found to be more effective than
MICT in improving cardiac functions, activity, and psy-
chological states in low and moderate risk phase II MI
patients. This observation suggests that HIIT can more
effectively improve cardiac function, activity, and psy-
chological status than MICT. A further larger scale, longer
duration study is needed in the future to confirm our re-
sults regarding the benefit of HIIT for MI patients.
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