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Abstract

Overweight and obesity have been associated with cardiovascular disease, diabetes mellitus type 2, osteoarthritis,
respiratory disorders, cancer, and decline in life expectancy. Cardiac autonomic modulation can be assessed based
on Heart Rate Variability (HRV), which is an important marker of cardiovascular risk. High Intensity Interval
Training (HIIT) have been developed as an alternative exercise with low volume and expected to help efficiently
reduce risk factors associated with the overweight condition. To evaluate the effect of the HIIT exercise program
for 4 weeks on HRV in overweight men in Medical Rehabilitation Outpatient Clinic at dr. Soetomo Hospital. This
study was conducted from October to December 2020. Eighteen men visited Medical Rehabilitation Outpatient
Clinic at dr. Soetomo Hospital were recruited and randomized into the control and exercise groups. The exercise
group performed the HIIT exercise program for 4 weeks and the control group received no intervention. HRV
measurement was done before and after the intervention for the exercise group and for the control group was taken
before and after 4 weeks of observation. Within-group comparison in exercise group showed significant increase
in RMSSD and SDNN while decrease LF/HF ratio (p = 0.009, p = 0.017, and p = 0.034, respectively). Within-
group comparison in control group showed no significant differences. Between-group comparison at the end of
study showed no significant differences. The HIIT exercise program for 4 weeks showed significant increase in
RMSSD and SDNN also decrease the LF/HF ratio in overweight/obese men.
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1. Introduction

Overweight and obesity have been identified as major health problems worldwide (Speiser et al., 2005). It
is associated with an increased risk of cardiovascular disease, type 2 diabetes mellitus, osteoarthritis, respiratory
problems, and cancer as well as decreased life expectancy (Ouerghi et al., 2017). Therefore, obesity and obesity-
related comorbidities are a major challenge to health systems and present as an important public health problem
worldwide. WHO developed the Global Action Plan for the Prevention and Control of Non-communicable
Diseases 2013-2020. One of the 9 targets of global non-communicable diseases is to overcome the prevalence of
obesity. Diabetes and obesity prevalence must be controlled by 2025 from 2010 (World Health Organization,
2013). Obesity rates continue to increase in both developed and developing countries (Heydari et al., 2012; Speiser
et al., 2005). Based on the 2018 Basic Health Research (Riskesdas) data, the epidemiology of overweight (an
indicator of overweight in adults, namely BMI 25.0 to <27) at the age of 18 years is around 13.6% 21.8%. While
the obesity rate in adults is around 21.8% (an indicator of obesity in adults is BMI 27,0). This figure is expected
to continue to increase. Since being overweight is associated with various health problems, an effective fat loss
strategy is needed (Heydari et al., 2012). Interactive educational interventions and patient-centered care are
effective in improving metabolic control, independent nursing behavior, and quality of life. The American College
of Sports Medicine (ACSM) recommends moderate to vigorous-intensity aerobic exercise at least 150 minutes a
week (30 minutes, 5 times a week) accompanied by 2-3 weight training sessions a week. Despite the benefits of
doing such exercise, many people find it difficult to achieve the volume target of the exercise. To overcome this,
high-intensity interval training (HIIT) has been developed as a form of low-volume exercise and is expected to be
an efficient way to reduce the risk caused by being overweight. Several studies have linked the effect of high-
intensity interval training on cardiovascular health, metabolic capacity, and aerobic performance that has the same
effect and are even superior when compared to moderate-intensity aerobic exercise (Kilpatrick, et al, 2014).

The autonomic nervous system has an important role in the regulation of the cardiovascular system.
Cardiac autonomic modulation can be assessed based on heart rate variability (HRV), which is the variation
between adjacent heart rates. HRV is an important marker of cardiovascular risk which provides an overview of
early changes in the autonomic control of the heart. Low HRV values indicate decreased in cardiac
parasympathetic activity and have been associated with cardiovascular disease, diabetes, sleep disturbances, and
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emotional disturbances (Farah et al., 2014). Based on the description above, the researchers estimated that giving
high-intensity interval training to overweight/obese patients could reduce cardiovascular risk by assessing HRV
changes. Therefore, the researchers wanted to evaluate the benefits of high-intensity interval training on changes
in HRV in overweight/obese patients.

2. Materials and Methods

This study is an experimental study with pre and posttest randomized control group design. The purpose
of this study is to observe the effect of 4 weeks HIIT intervention to the Heart Rate Variability in male
overweight/obese participant between age 18-55 years old at Medical Rehabilitation outpatient clinic dr. Soetomo
Hospital. Subject allocated into exercise group (9 subjects) and control group (9 subjects). Exercise group
perform 4 weeks of HIIT exercise session using treadmill walking, each session lasted + 42 minutes, 3 times a
week. Control group continue doing activities as usual.

Participants

Overweight/obese patients aged 18-55 years who visited the Medical Rehabilitation Polyclinic of RSUD
Dr. Soetomo Surabaya who met the inclusion criteria and was excluded in the exclusion criteria were given
information about the aims and objectives of the study. Participants were asked to sign the informed consent form
after receiving an explanation. Research subjects were taken by consecutive sampling. Inclusion criteria included:
Male with Body Mass Index (BMI) > 23kg/m2; Age 18-55 years; Normal cognitive function; Systolic blood
pressure < 140 mmHg, diastolic < 90 mmHg. Exclusion criteria: erythema, sores, ulcers, or gangrene in one or
both feet, peripheral neuropathy, the range of motion of both ankles for plantar flexion < 45 degrees and
dorsiflexion < 20 degrees, Is routinely perform aerobic exercise, diagnosed with ischemic heart disease, restrictive
or obstructive airway disease, neuromusculoskeletal vascular disease of the lower limbs that interferes with
ambulation function, impaired vision, impaired balance, recent stroke or transient ischemic attack, fever, renal
failure, history of coronary artery bypass surgery (< 4 weeks) or percutaneous intervention (<3 weeks). Eligible
participants were included and randomized into exercise group (n=9) and control group (n=9).

Anthropometric parameters

The body weight of the participants was measured on a scale with 0.1 kg readability. The participants
didn’t use any footwear, and wore light clothes. The height of participants was measured using a stadiometer with
0.1 cm readability. The body mass index is defined as the ratio of the mass of body in kilograms, divided by body
height in meters squared. The overweight was 23-24.9kg/m?, and obese was above 25.0kg/m?.

HRV measurements

HRV recording was performed in the morning before the activity. During recording, the participants were
in a sitting position and asked to remain calm during recording. The recording is done using a Polar H10 connected
to a Samsung Galaxy Note 4 smartphone via Bluetooth using the Elite HRV application. The recording is done
for 5 minutes. The recording data is then transferred to a computer for later analysis using Kubios HRV Standard
3.3 software. The data taken are RMSSD, SDNN, and LF/HF ratio. The exercise group was recorded before the
intervention and 2 days after the last exercise while the control group was recorded before and after the 4-week
observation period.

Intervention

The exercise group received HIIT exercises using a BTL treadmill connected to an electrocardiogram
monitor. The workout begins with a 5-minute warm-up by walking at 2mph at a 0% inclination. The exercise was
then continued with high-intensity exercise for 2 minutes and low-intensity exercise for 2 minutes with a total
duration of 32 minutes of core training. Determination of exercise intensity by adjusting the inclination height of
the treadmill at the same speed of 2mph. The high intensity was calculated using the Karvonen formula with high
intensity defined as HR rest + 80-90% HR Reserve and low intensity defined as HR Rest + 30-40% HR Reserve.
After the core workout, cool down at a speed of 2mph and an inclination of 0%. Exercises are carried out 3 times
a week for 4 weeks with a total of 12 training sessions, the distance between exercises is not more than 2 days.
The control group was educated to carry out daily activities as usual.

Statistical Analysis

The values are reported as mean + standard deviations. Statistical analyses were carried out by IBM SPSS
(Statistical Package for Social Sciences (SPSS), Version 23, Chicago, IL). All data were normally distributed
checked by Shapiro-Wilk test. The dependent paired t-test was utilized to determine the within group changes
from pre- to post-test and independent t-test was conducted to investigate the changes between two groups
concerning post-test values.
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3. Results and Discussion

All participants successfully fulfill the intervention, no side effects were reported. Comparison of
characteristics between the two study groups was compared based on age, height, weight, and BMI. From BMI
data, 33% of the control group were in the overweight category and 66% were in the obesity category, from the
treatment group 22% were in the overweight category and 77% were in the obese category. All study subjects
had no comorbidities that would affect HRV recording (ischemic heart disease, heart rhythm disturbances,
restrictive or obstructive airway disease). Other factors that affect HRV measurements such as psychological
factors (depression, stress), use of pacemakers, use of beta-blocker drugs, or other antiarrhythmic drugs were
excluded from the study subjects so that they would not affect HRV values at the time of recording.

Table 1 The Demographic and Anthropometric Data.
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Variable Exercise group (n=9) Control group (n=9) p value
Age (Years) 30.4+2.6 36+1.8 0.407
Height (cm) 168.3+5.8 167.11+6.97 0.794
Weight (kg) 79.5+£10.3 76.2+11.57 0.482
BMI (kg/m?) 28+2.7 27.15+2.83 0.657

Values are presented as mean+ SD. BMI: body mass index

This study reveals significant changes in RMSSD (p = 0,009), SDNN (p = 0,017) and LF/HF ratio (p =
0.034) at the exercise group with large effect size for RMSSD, SDNN, and LF/HF ratio (Cohen’s D 1.0; 1.15;
0.85 respectively), no significant changes in RMSSD, SDNN and LF/HF ratio at the control group over 4 weeks
of observation. There was no significant difference at the RMSSD (p = 0.059), SDNN (p = 0.203), and LF/HF
ratio (p = 0.120) between groups at the end of observation.

Table 2 Changes in Heart Rate Variability Parameters

Parameter Exercise Group Control Group

Pre Post Pre Post
SDNN 33.34+16.98 49.64+30.47* 38.93+13.70 34.1145.52
RMSSD 28.08+17.06 51.88+25.62* 37.58+17.68 34.94+13.23
LF/HF Ratio 1.76+1.11 1.48+0.80* 1.76+1.11 2.30+1.26

Values are presented as meanz SD. *Significantly different from baseline (P < 0.05).SDNN: standard deviation of normal to
normal R-R intervals, RMSSD: root mean square of the successive differences, LF/HF ratio high frequency / low frequency.

A systematic review study by Picard et al., (2021) who studied the effect of physical exercise on HRV in
patients with type 2 diabetes mellitus found that after physical exercise there was an increase in SDNN and
RMSSD. After stratification by exercise type, HIIT showed improvements in RMSSD and LF/HF ratio. The study
by Ahmed et al., (2019) that studied the effect of 12 weeks of HIIT on HRV in overweight and obese subjects
with type 2 diabetes mellitus also found an increase in RMSSD (23%; p<0.05) and SDNN (28%; p <0.05) and a
decrease in the value of the LF/HF ratio by 31% in the treatment group. Researchers suggest that the improvement
in HRV values after 4 weeks of HIIT exercise is the effect of repeated pressure on blood vessels and changes in
baroreceptors after HIIT exercise. The mechanism of HIIT provides an improvement in HRV values as illustrated
by an increase in the value of SDNN, RMSSD, and a decrease in the LF/HF ratio, presumably through repeated
pressure on the blood vessel walls that stimulates the endothelium to synthesize nitric oxide (NO). In addition,
HIIT increases the expansion of the carotid arteries which will increase baroreceptor sensitivity (Heydari, et al.,
2013). RMSSD is associated with HF power which indicates the parasympathetic activity of the heart. LF power
shows the index of sympathetic and parasympathetic with predominantly sympathetic and LF/HF ratio shows
sympathovagal balance (Picard, et al., 2020). In this study, there was a decrease in the LF/HF ratio in the treatment
group which indicated an increase in the dominance of the parasympathetic over the sympathetic. This is in line
with the increase in the RMSSD value which also indicates an increase in the parasympathetic activity of the
heart. Researchers suggest that there is an increase in cardiac parasympathetic activity after 4 weeks of HIIT
exercise in the treatment group.

Vasconcellos et al., (2016) which examined the effect of a 12-week recreational soccer program on
adolescents aged 12-17 years with obesity found that there was an increase in parasympathetic dominance in the
treatment group by observing HRV values, but between there was no significant difference between the treatment
and control groups.

The results of this study are different from research by Ahmed, et al., (2019) which found that there were
significant differences in the values of the RMSSD, SDNN, and LF/HF ratio between the HIIT exercise group
and the control group after a 12-week observation period. A study by Ahmed, et al., (2019) used an interval period
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of 4 minutes of high-intensity exercise and 2 minutes of low-intensity exercise for 30 minutes 3 times a week in
subjects with obesity and suffering from type 2 diabetes mellitus. required to fast for 12 hours before recording.
The subjects in the study by Ahmed, et al., (2019) were obese men with comorbid diabetes mellitus, different
from this study which only used overweight/obese subjects without diabetes mellitus. The interval volume in the
study by Ahmed et al., (2019) was also different, which used a 4-minute high and a 2-minute low interval. The
duration of the exercise intervention is also different whereas Ahmed et al., (2019) observed for 12 weeks, while
in this study it was only 4 weeks. The researcher argues that differences in subject characteristics, differences in
the composition of exercise intervals, and different durations of observation can be factors that influence the
differences in the results of this study compared to research by Ahmed, et al., (2019). According to Rodrigues et
al., (2019) fasting 12 hours before recording HRV did not have a different effect on not fasting before recording
HRV. So that the factor of recording HRV 12 hours after fasting in the study by Ahmed, et al., (2019) was not
associated with differences in HRV recording results in this study. In addition, in this study, the RMSSD, SDNN,
and LF/HF ratio values in the treatment and control group subjects were still in normal values both before and
after 4 weeks of observation. This could be a factor that caused the improvement in HRV values in the treatment
group not significantly different from the control group after 4 weeks of observation, although there was a
significant increase in the treatment group after 4 weeks of exercise.

HRYV is influenced by several factors including comorbidity, psychological, circadian rhythm, and physical
activity of each individual (Sammito and Béckelmann, 2016). This study did not control the observation of sleep
patterns, psychology, and physical activity of each individual outside the treatment. Researchers assume that those
factors affect HRV recording results after 4 weeks of HIIT intervention hence there was no difference between
the two groups. The value of Cohen's D effect size in the treatment group is medium (Cohen's D = 0.70) for
SDNN, large (Cohen's D = 0.83) for RMSSD, and medium (Cohen's D = 0.77) for LF/HF Ratio shows that the
HIIT exercise had sufficient effect to provide changes in HRV in overweight/obese men.

4. Conclusion
HIIT intervention for 4 weeks increases the value of RMSSD and SDNN while lowering the LF/HF ratio in
overweight/obese men at the Medical Rehabilitation Unit RSUD dr. Soetomo. Furthermore, larger RCTs will be
needed to increase confidence in the effects of HIIT on HRV and to determine practice guidelines. The HIT
exercise can be added as an alternative exercise program to increase cardiac parasympathetic activity in
overweight/obese men. The results of this study can be used as a reference for future research.
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