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ABSTRACT 

Overweight and obesity are associated with autonomic nervous system dysfunction that is one of the 

considerations for heart disease, decreased parasympathetic activity, and increased sympathetic 

activity, which is an unfavorable pattern for the heart. Autonomic nervous system measurement can be 

done in an invasive manner through the assessment of Heart Rate Variability (HRV). Decreased HRV 

values in obesity occur due to higher body weight and fat mass. Exercise has been shown to increase 

vagal modulation, HRV, and reduce sympathetic nerve activity and catecholamine plasma levels. 

Giving High Intensity Interval Training (HIIT) to overweight and obesity is recommended because it 

has effectiveness in increasing the work of autonomic nerves through weight loss or body fat mass loss 

as well as stimulation and inhibition of enzymes that affect the sympathetic and parasympathetic 

nervous systems performance. The balance of the work system on the sympathetic and parasympathetic 

nerves will provide a cardio protective effect to reduce the risk of heart disease. 
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INTRODUCTION 

The increase in the prevalence of obesity increases the risk of non-communicable diseases, such 

as cardiovascular disease, musculoskeletal disorders, and several cancers.1 The National Clinical 

Guideline Center recommends that adults should increase their activity levels by doing physical activity 

for at least 30 minutes with moderate or high intensity, even without weight loss, but at least it can 

improve health and reduce the risk of cardiovascular disease and type 2 diabetes.2 During exercise and 

recovery, the autonomic nervous system modulates cardiovascular function to meet the metabolic needs 

of working muscles3. The autonomic nervous system consists of sympathetic nerves and nerves 

parasympathetic whose action is regulated by the medulla oblongata. In this case the sympathetic nerves 

will increase heart rate, muscle contractility, and conduction velocity through the mediation of α and β 

adrenoreceptors. Meanwhile, the parasympathetic nerves work to lower the heart rate through 

muscarinic receptors. Control of the autonomic nervous system in the heart is also influenced by 

baroreceptors, chemoreceptors, tissue metabolism, hormones, habits, and ethnicity4. HRV is the 

variation in the interval between consecutive heartbeats depending on the extrinsic regulation of the 

heart rate. It is a sensitive and informative method of providing an assessment of changes in autonomic 

nerve activity in both physiological and pathological conditions5.  

The imbalance between the sympathetic and parasympathetic nervous systems is one of the 

considerations in detecting the presence of heart disease, decreased vagal activity (parasympathetic 

activity), and increased sympathetic activity, which is an unfavorable pattern of autonomic nerve 

activity. Research by comparing individuals who are obese with individuals who have normal body 

mass index (BMI) shows a response to increased arterial pressure during exercise, which is an indicator 

of cardiovascular disease risk6. Obesity is associated with lower HRV values and autonomic 

dysfunction at rest. Decreased HRV values in obesity are associated with higher body weight and fat 

mass7. Decreased vagal tone has also been associated with coronary heart disease and sudden cardiac 

death. In fact, in experimental clinical studies, it is known that individuals with the greatest decrease in 

vagal tone and / or increase in sympathetic nerve activity after myocardial infarction, they have a higher 

risk of experiencing sudden cardiac death3.  

Losing weight through exercise or restricting calorie intake is highly recommended to increase 

vagal activity8. Exercise has been shown to increase vagal modulation, HRV, and reduce sympathetic 

nerve activity as well as resting plasma catecholamine levels9. Exercise intensity plays an important 
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role in regulating substrates utilization, both carbohydrates and fats during exercise. From systematic 

review studies and meta-analyzes, it is concluded that high-intensity interval training (HIIT) is an 

alternative exercise with time efficiency that is as effective as moderate-intensity continuous training 

with increased aerobic capacity in young individuals 10. Many studies currently show that HIIT can be 

a strategy to increase functional capacity and reduce the risk of mortality in overweight and obese11. 
Increased exercise intensity can result in a significant increase in vagal activity 12. Determination of 

optimal and safe exercise intensity needs to be done in overweight subjects and obesity through 

assessment of autonomic neural mechanisms. Based on the background described, this study aimed to 

see the effect of HIIT on increasing modulation of the cardiac autonomic nervous system through HRV 

analysis in overweight and obese subjects. 

 

METHODS 
In this study, the literature review method was used, namely by conducting studies on several 

research journals related to HIIT and the cardiac autonomic nervous system through HRV analysis in 

overweight and obese subjects. The literatures are from electronic database such as PubMed, Pedro, 

Google Scholar and PEDro. The literatures are search from January 2nd  2020 to May 5th 2020. The e-

book from database also used for the literature. The literatures were searched with key word 

‘overweight, sedentary, inactive, and obesity’, ‘high intensity interval training for overweight and 

obesity’ high intensity interval training increases heart rate variability’, ‘correlation between fat mass 

with heart rate variability’, ‘overweight/obesity and autonomic nervous system’. The study that was 

discussed about overweight/obesity and high intensity interval training and also physical activity that 

affects autonomic nervous system in overweight or obese subjects used to this study. We performed a 

hand search of the reference list of retrieved studies to detect manuscript not found by the search in the 

electronic engines mentioned above. Inclusion criteria: studies were included in this study if they are: 

1) in English, 2) reported about the correlation overweight and obesity with heart rate variability, 3) 

reported about high intensity interval training in overweight and obesity for heart rate variability and 

autonomic nervous system, 4) study clinical trial, randomized controlled trial, systematic review and 

meta analysis, review article and experimental study. Exclusion criteria: studies were excluded from 

this study if they are : 1) didn’t report about the result, 2) not suggest about the exercise for heart rate 

variability and autonomic nervous system in overweight and obese. 

 

DISCUSSION 

a. Association between obesity and heart rate variability (HRV) 

Heart Rate Variability (HRV) is a description of the irregularity in heart rate that reflects the 

effects of the sympathetic and parasympathetic branches and other physiological control mechanisms 

on heart function13. Assessment of the autonomic nervous system regulation using the HRV method can 

be analyzed through time domain, frequency domain, nonlinear analysis, time-frequency domain, and 

others. The most frequently used measurement is the time domain, including R-R intervals (SDNN) 

that represent the variation in the R-R interval at the time of measurement; root mean square of 

successive differences (RMSDD) that represent the vagal tone and correlating high-frequency (HF) 

HRV; the percentage of successive normal sinus RR intervals of more than 50 ms (pNN50) that 

represents the vagal tone and the measurement of the frequency domain consisting of low frequency 

(LF) represents the sympathetic nervous activity and high frequency (HF) represents the combination 

of the sympathetic nervous system and partly parasympathetic; The LF / HF ratio represents the balance 

of the two autonomic nervous systems, where a decrease in the LF / HF ratio assessment indicates an 

increase in parasympathetic or a decrease in sympathetic 13,14.  

The resting phase of autonomic nerve dysfunction reflects low vagal cardiac activity 

characterized by decreased baroreflex sensitivity. The reduced sensitivity of the baroreflex in obesity 

will interfere with the regulation of the afferent feedback mechanism that plays a role in producing the 

proper autonomic adjustment of the cardiovascular system when exercise is disrupted by a higher 

amount of body fat15. In addition, excess fat tissue will produce cytokines and pro-inflammatory 

substances. others that affect autonomic nerve function 16. Cytokines, such as TNF-α and IL-6, non-

esterified free fatty acids, ghrelin, neuropeptide Y, melanocortin and decreased adiponectin and leptin 

resistance are mediators in the activation of the sympathetic nervous system17. Increased nervous 
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activity sympathetic induced by leptin can increase lipolysis in white adipose tissue, thermogenesis in 

brown adipose tissue and increase metabolic activity in liver and skeletal muscle resulting in increased 

energy expenditure18. 

Obese subjects had higher baseline HR and blood pressure values compared to eutrophic types. 

In autonomic nerve modulation, significant reductions were observed in the RMSSD, SD1 index, and 

HF values. The obese group showed decreased vagal activity and decreased SDNN, SD2 levels and 

decreased overall variability. The high LF (nu) index value and the decrease in the mean RR in obese 

group in this case indicate the dominance of sympathetic nerves and decreased activity of the vagal or 

parasympathetic nerves.19 This decrease in variability is a cause for concern because it is associated 

with an increased risk of heart disease due to decreased adaptation of the heart to stressful situations 3. 

 

b. Effect of high intensity interval training on heart rate variability 

HIIT is high intensity exercise and is done repeatedly. It consists of alternating periods of high 

intensity exercise involving 30-300 seconds  of aerobic exercise at 85-100% of maximum rate oxygen 

consumption (VO2max) followed by periods of rest or low intensity exercise of the same or shorter 

duration to allow subjects to allocate greater time to high intensity rather than continuous exercises20. 

A systematic review conducted by Thivel at al (2018) concluded that HIIT can significantly reduce 

blood pressure, insulin resistance, triglycerides, and elevated HDL-C21. HIIT is as good as Moderate 

Intensity Continuous Training (MICT) in reducing fat mass and abdominal circumference in obese 

subjects. Furthermore HIIT requires a shorter duration of time for these outcomes if compared to MICT 
22.  

A systematic review research conducted by Costa et al in 2019 aims to determine the 

modulation of the sympathetic and parasympathetic nervous systems after weight loss through exercise 

and diet. One experimental study and 14 observational studies presented the LF value which is a 

description of the sympathetic nervous system, where the result of some parasympathetic nerves is a 

decrease in the LF value. HF was measured in one experimental study and found to be significantly 

improved immediately after the first week of exercise intervention.  The study concluded that giving 

exercise increased the HRV value after weight loss in subjects compared to diet alone. In this case, 

variations in changes in the autonomic nervous system in obesity are caused by changes in body weight 

after periodic exercise. Weight gain is generally associated with sympathetic nerve dominance, but it is 

currently unclear whether the mechanism of dominance is acquired directly or through parasympathetic 

inhibition 23. 

A randomized control trial conducted by Heydari in 2013 on young men with a mean BMI of 

28.7 ± 3.1 kg m-2 who were given HIIT intervention (cycle ergometer) 3 times a week for 12 weeks. 

HRV was analyzed in supine for 30 minutes with Polar Heart Rate Monitor to get the RR interval then 

analyze by Polar ProTrainer 5 software. The result showed an increase in at the HF, RMSDD, and 

pNN50 values where these results reflect an increase in parasympathetic nerve cardiac activity33. This 

research also conclude that HIIT follow by brief moderate intensity enhance cardiac parasympathetic 

nerve outflow.  Increasing RMSDD index is correlated with VO2max enhancement24. 

A randomized controlled trial study by Phoemsapthawee et al in 2019 to determine the response 

of HRV and cardiorespiratory fitness in the intervention group by providing a combination of 

continuous moderate intensity aerobic exercise (fast walking, jogging, ball games, or swimming) and 

high intensity interval training with resistance training with a frequency of 2 times a week for 12 weeks. 

While the control group did not receive exercise, only recommended diet and physical activity. The 

results showed a decrease in body anthropometry and an increase in VO2max. In the measurement of 

HRV, there was a significant increase in the value of HF, while resting HR, LF, LF / HF ratio, and SD2 

after 12 weeks of treatment in the intervention group decreased. This study concluded that HRV was 

increased due to decreased fat mass and increased aerobic fitness (VO2max) in obese subjects. Subjects 

with a higher sympathovagal balance had greater increases in physical fitness (VO2max). Increased 

parasympathetic and decreased sympathetic outflow to the heart elicited by exercise training is typically 

considered a factor in cardio protection. These findings appeared to support a concept of cardiovascular 

protection that regular physical activity could reduce mortality and morbidity of CVD25. 

A randomized controlled trial study by Rodrigues et al in 2020 was conducted on 70 overweight 

and obese subjects who were given HIIT treatment with different intensities and volumes. The treatment 
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that are given in three groups is 1-high-intensity interval training (HIIT) (n = 25, 1 × 4 min bout at 85–

95%HR peak, 3×/week), 4-HIIT (n = 26, 4 × 4 min bouts at 85–95%HR peak, interspersed with 3 min 

of recovery at 50–70%HR peak, 3×/week), and moderate continuous training (MCT) (n = 19, 30 min at 

60–70%HR peak, 5×/week). The result of the this study find that 4-HIIT and MCT showed positive 

outcomes for almost all variables (LF, RMSSD , SD2, and, SD1 index) while 1-HIIT had a positive 

influence only on SD2 index. An increase in the SD1index means an increase in parasympathetic 

activity, while an increase in the SD2 index means a decrease in sympathetic activity. This research 

concluded that the adaptation of the cardiac autonomic nervous system through HRV analysis was 

related to receptor variants, β2 adrenergic (ADRB2) after 16 weeks of HIIT. The results obtained from 

this study show that genetic characteristics have an influence on the body's adaptation in long term 

aerobic exercise. The increase in parasympathetic activity is obtained by increasing the LF value26. 

A randomized controlled trial study by Alansare et al in 2018 compared the effects of two 

different exercise protocols (HIIT vs. MICT) on heart rate variability in physically inactive adults 

concluded that 8 HIIT sessions were able to improve sympathetic and parasympathetic nerve balance 

where the data of this study were analyzed using the LF / HF ratio assessment. The increase in the 

balance of the sympathetic and parasympathetic nerves occurs because the high intensity of exercise 

will activate the parasympathetic nerves. It is concluded that, exercise intensity ≥80% heart rate peak 

(HRpeak) will increase the value of the frequency domain. However, exercise intensity ≤80% HRpeak 

will not affect the frequency domain value. In this study, the SDNN value (number of R-R intervals) 

was increased, indicating a decrease in resting heart rate. This indicates an early adaptation to regular 

exercise. This adaptation is brought about by the sinoatrial node (SA node) adaptation. This research 

contradicts with past research that was done by Heydari (2013), the resting RMSSD value does not 

show an increase like the SDNN value, which indicates that a decrease in resting heart rate can be 

achieved through a decrease in SA node activity without improvement in the autonomic nervous 

system27. 

Research that has been conducted has shown that HIIT can reduce levels of catecholamines, 

betaadrenergic receptors, and levels of angiotensin II28. Research that has been conducted has shown 

that HIIT can reduce levels of catecholamines, betaadrenergic receptors, and levels of angiotensin II 29. 

Research by Holloway in 2015 showed that angiotensin II levels decreased significantly in animal 

models undergoing HIIT treatment. In addition, other studies have shown that after being given HIIT, 

there is a decrease in renin-angiotensin levels which is characterized by reduced angiotensin-converting 

enzymes, angiotensin receptors, and renin receptors 30,31. Furthermore, administering HIIT interventions 

also leads to increased levels of nitric oxide (NO) and is a potential mediator that can increase cardiac 

autonomic modulation stimulated after exercise32. NO in this case has an indirect effect on inhibiting 

sympathetic influence and plays a role in increasing parasympathetic activity33. Studies conducted on 

animal and human subjects have revealed that increased NO levels are associated with increased vagal 

or parasympathetic activity33, 34. Wisloff et al have proven that HIIT can cause fluctuations between 

high and low intensity, thereby triggering a greater response at the cellular and molecular levels. In 

addition, HIIT also has benefits in reducing the number of reactive oxygen species and increasing the 

activity of superoxide dismutase and glutathione peroxidase35. A study with patient subjects who had 

coronary artery bypass graft (CABG) showed that HIIT can increase HRV by increasing HF, SDRR, 

and RMSSD, as well as reducing the LF and LF / HF ratio. However, the mechanism underlying this 

effect is not clear36.  

But on the other hand, research conducted by James et al (2012) on healthy subjects stated that 

high-intensity training with the interval training type had an effect on decreasing the value of the 

parasympathetic nerve indicators (SDNN, RMSSD, pNN50, HF, HF (nu)). In addition, this type of 

exercise also causes an increase in the value for the sympathetic nerve indicator (LF (nu)) 1 hour after 

the training session. This change is followed by a decrease in systolic blood pressure. This increase in 

modulation of the sympathetic nerves has an effect on the increased risk of heart disease in high-

intensity exercise. Conditions will begin to return to normal as in the pre-workout phase after less than 

24 hours and will persist 48 hours to 72 hours after exercise37. Therefore, training with lower intensity 

at the start of exercise is recommended to be done first to provide physiological adaptations to the body 

as preparation before training with a higher intensity. 
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CONCLUSION 
High Intensity Interval Training (HIIT) is one of the exercises that can be given to overweight and 

obesity subjects. This exercise aims to increase the modulation of the autonomic nervous system in the 

heart. An increase in HRV values will be obtained after continuous HIIT through the mechanism of 

decreasing body weight or body fat mass, as well as due to stimulation and inhibition of enzymes that 

affect the performance of the sympathetic and parasympathetic nervous systems. The balance of the 

work system on the sympathetic and parasympathetic nerves will then provide a cardio protective effect 

which functions to reduce the risk of heart disease. Adaptation to high intensity exercise for obesity 

conditions requires further research so that the provision of optimal exercise effectiveness can be 

appropriately carried out. 
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