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ABSTRACT 
 

Introduction and Aim: Obesity and metabolic syndrome increases the risk of cardiovascular diseases (CVD). 

The acute myocardial infarction may be associated with autonomic dysfunction and it may have a bearing on the 

prognosis. The objective of the study was to examine the effect of deep breathing test on heart rate variability in 

obese and non-obese patients with myocardial infarction (MI).  
 

Materials and Methods: The patients with acute myocardial infarction were confirmed by universal definition and 

treatment was administered. At 12 weeks of follow up, the MI patients were screened and divided into two groups. 

30 patients of MI with BMI 25 to 30 kg/m2 formed the obese group. 30 patients of MI with BMI 18.5 to 24.9 kg/m2 

formed the non-obese group. The baseline ECG was taken for 5 minutes by using Niviqure B3 machine for HRV 

analysis. Then, deep breathing test (DBT) was performed in a standardized manner. 
 

Results: The two groups were well matched for the age (53.7±11.5 vs. 55.2±9.2years). In the baseline there was a 

statistically significant decrease in the total power (TP) of the heart i.e., HF plus LF (2178±762ms2 vs 

2991±771ms2 with a ‘p’ value 0.001) in the obese group when compared to non-obese group. On DBT there was a 

significant decrease in heart rate (81bpm to 65bpm) in non-obese group. However, in obese group there was no 

significant decrease in heart rate (79bpm to 72bpm) on DBT.  
 

Conclusion: Accordingly, we conclude that in obese patients with MI there is a reduction in respiratory vagal 

modulation of heart rate during DBT.  
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INTRODUCTION 
 

besity and metabolic syndrome increase the 

risk of cardiovascular diseases (CVD) such as 

ischemic heart disease (IHD). Myocardial 

infarction (MI) is one of the commonest clinical 

manifestations IHD. The underlying mechanisms 

may be many and cardiac autonomic nervous system 

(ANS) dysfunction is also considered as one among 

them. The ANS activity and imbalance between its 

two main components (parasympathetic and 

sympathetic nervous control) are important factors 

contributing to the initiation and progression of 

many CVD’s such as coronary artery disease, 

ventricular arrhythmia, arterial hypertension, left 

ventricular hypertrophy, and cardiomyopathy related 

to obesity (1).   
 

To assess cardiovascular autonomic nervous system 

changes in obesity, heart rate variability (HRV) 

analysis is performed. Respiratory sinus arrhythmia 

occurs in humans from the central nervous system 

mechanism i.e., the connection of respiratory and 

cardiac control centres (1).The heart rate increases 

during inspiration due to decrease vagal activity and 

decreases during expiration due to increased vagal 

activity. HRV is defined as the fluctuation in degree 

of heart rate around its mean value. HRV is 

mirroring the regularity of heart beats i.e., bigger 

regularity means lowers HRV (and vice versa). In 

the HRV, high frequency (HF) spectral power 

corresponds to the magnitude of respiratory related 

heart rate oscillations i.e. respiratory sinus 

arrhythmia (RSA). HF frequency is often analysed 

as it is an index of phasic parasympathetic activity 

(1). Several studies have demonstrated that there is 

lower parasympathetic activity (lower HF HRV 

power) in obesity (1-5).  
 

In patients with an acute MI the absence of 

respiratory sinus arrhythmias is associated with an 

increase in ‘in-hospital’ mortality (6). Depressed 

HRV is a powerful predictor of mortality and of 

arrhythmic complications (e.g. symptomatic 

sustained ventricular tachycardia) in patients 

following acute MI (6). The autonomic tone and 

reflexes after myocardial infarction (ATRAMI) trial 

was a multicentre observational study performed. 

ATRAMI provides clinical evidence that after 

myocardial infarction the analysis of HRV and vagal 

reflexes has significant prognostic value (7). Another 

similar study confirmed that heart rate variability 
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and heart rate turbulence yield more powerful 

prognostic information for arrhythmic events when 

measured late (6–10weeks after AMI) rather than 

early (within 2weeks) after AMI (8).Thus the lack of 

recovery from reduced autonomic function after 

AMI is a stronger predictor of adverse events than 

decreased autonomic function at the time of AMI 

(8). Therefore, our objective was to compare the 

HRV in obese and non-obese patients with AMI. In 

order to explain the heart rate changes with 

respiration (RSA) in obesity, we undertook this work 

with a different approach i.e., effect of deep 

breathing test (respiratory vagal modulation) on 

HRV.  The aim of the study was to examine the 

effect of deep breathing test on heart rate variability 

(HRV) in obese and non-obese patients with   

myocardial infarction. 
 

MATERIALS AND METHODS  
 

The study period was from November 2015 to 

October 2019. The study design was case control 

comparative study. The institutional ethical 

committee of JSS Medical College, Mysuru 

(JSSMC/IEC/10/5553/2016-17 dated 09/12/2016), 

approved this study. The patients with acute 

myocardial infarction were confirmed by universal 

definition (symptoms, cardiac enzymes and 

electrocardiographic changes) and treatment was 

administered in JSS Hospital Mysuru. During follow-

up at 12 weeks, in the Cardiology department, about 

200 patients with MI were screened. The present 

study included 60 patients of post myocardial 

infarction patients, having the following criteria, 

were selected for recording the data.  
 

Inclusion criteria  
 

Patients were considered eligible for the study if their 

age was more than 35 and less than 70 years. The 

patients with acute myocardial infarction (first or 

consequent) who survived to hospital discharge till 

12 weeks were included for the study. The 

Myocardial infarction as confirmed by third universal 

definition (symptoms, cardiac enzymes and 

electrocardiographic changes-as per WHO definition) 

(9).    
 

Exclusion criteria  
 

Patients were considered not eligible, if the patient’s 

age was less than 35 years or more than 70 years. The 

patients participating in any other study projects in 

the hospital were also not included. Similarly, any 

other critical illness or cardiac ailment which limits 

the life of the patient less than one year such as, 

severe valvular diseases, recurrent ventricular 

arrhythmias, heart failure, such patients were 

excluded. 
 

 The patients who met the above inclusion criteria 

were grouped based on BMI according to the Asian-

pacific cutoff points normal weight (18.5–22.9 

kg/m2), overweight (23–24.9 kg/m2), and obese (25-

30 kg/m2;10). Informed consent was obtained from 

all the subjects. Diabetes education and exercise 

prescription was given to the diabetic patients. Body 

mass index was calculated by recording height, 

weight and applying the formula, 
 

Body mass index =      Weight in kilograms 

             Height in meters square    

 (1) 30 obese patients aged 35-70 years with 

myocardial infarction (at 12 weeks) having BMI 25 

to 30kg/m2 formed the obese group. 

 (2) 30 non-obese patients aged 35-70 years with 

myocardial infarction (at 12weeks) having BMI 18.5 

to 24.9kg/m2 formed the non-obese {normal weight 

(18.5–22.9 kg/m2) and overweight (23–24.9 kg/m2)} 

group. 
 

This sample size was estimated to be enough to 

detect a clinically relevant difference of 10% in the 

HRV parameters at 5% level of significance with 

80% power. The Physiological parameters included 

were Weight, Height, BMI, Heart rate, Blood 

pressure, Resting ECG for HRV, Deep breathing test. 
 

Materials used in the study 
 

Niviqure B3 HRV analysis machine with software, 

cardiac monitors, automated sphygmomanometer, 

weighing machine available in the cardiac autonomic 

function test lab (AFT) in the Cardiology department, 

JSSH, Mysuru were used.   The Biochemical tests, 

such as FBS, PPBS, HbA1c, Lipid profile, CK-MB 

and Troponin T, were done using standard protocols 

used in biochemistry labs. 
 

Procedure of HRV recording and analysis 
 

1) Baseline recording of HR, BP 

The cardiac autonomic function tests were carried out 

in the AFT lab in the department of Cardiology 

between 10AM and 1.00 PM under ambient 

conditions after having made the patients comfortable 

and relaxed. The patient was asked to take rest for 

15minutes in supine position. The baseline HR and 

BP were recorded by using Niviqure B3 HRV 

machine and automated sphygmomanometer. A total 

of 200 patients ECG recording was done. The normal 

ECG’s having sinus rhythm were included for the 

study. The baseline heart rate was analyzed for 

frequency (HF, LF, TP) domains parameters (6) 

using the Niviqure software and tabulate as shown in 

below tables. The ECG’s having abnormalities such 

as atrial fibrillation, heart blocks etc. were excluded 

because such ECG’s analysis gives false high/low 

values of HRV (8).  
 

  2) Deep breathing test 

The patient was asked to rest in supine position for 5 

minutes. Then he/she was asked to breathe deeply at 

a rate of 6 breaths per minute (allowing 5 seconds for 

inspiration and 5 seconds for expiration). The heart 

rate was calculated using the Niviquere ECG 
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machine. The maximum and minimum heart rate 

with each breath was calculated (1, 11-13). The E/I 

ratio was also calculated. E/I ratio is the ratio of 

longest RR interval during expiration to the shortest 

RR interval during inspiration. 

 

Table 1: Frequency domain indices of HRV 
 

Total Power (ms2): 

Frequency range 

<0.4Hz 

The variance of RR intervals over the 

temporal segment 

Overall vagal potency of cardiac 

modulation 

VLF (ms2):0–0.04 Hz Very low frequency power of HRV Integrity of renin angiotensin system 

LF (ms2):0.04–0.15Hz Low frequency power of HRV Mainly, cardiac sympathetic drive 

HF (ms2):0.15–0.4 Hz High frequency power of HRV Cardiac parasympathetic drive 

LF/HF ratio Ratio of LF to HF power Sympathovagal balance 
 

Statistical methods 
 

The data obtained was tested for normality. By 

applying Kolmogorov-smirnov and Shapiro-wilk test 

to the data it is checked for the normality distribution 

for each parameter. The data is normally distributed. 

The following statistical tests done accordingly. 

1. Mean and S.D. (standard deviation) of all the 

cardiovascular parameters, in both the groups 

(stated above) were calculated. 

2. Student’s t - test (un-paired) was applied at 

5% level of significance to test the 

significance of changes in cardiovascular 

parameters stated above. 

3. Correlation analysis between Body mass 

index and Total power of HRV was done. 

 

RESULTS 
 

Table 2: The characteristics of the patients with myocardial infarction 
 

Groups Non-obese Obese ‘p’ value 

Total no. of patients 30 30 - 

Age (in years) 53±11 55±9 0.4 

No. of female patients 08 05 - 

Smokers 13 12 - 

BMI kg/m2 23.5±1.1 27.8±1.1 0.005* 

HbA1C (gm/dl) 7.3±1.5 7.48±2.1 0.4 

CK MB (ng/ml) 21.7±06 23.0±20.5 0.3 

Troponin T (ng/ml) 1.6±0.6 0.3±0.2 0.8 

Total Cholesterol 

(mg/dl) 

175±29 185±40 0.6 

LDL (mg/dl) 118±28 119±33 0.7 

HDL (mg/dl) 58±14 66±19 0.6 

 

Table 3: The HRV test in obese and non-obese patients with MI 
 

BMI Non-Obese Obese ‘p’Value 

No. of patients 30 30 - 

RR interval 

(mean ± S.D.) 

848±133 849±100 0.93 

LF 942±195 756±205 0.01* 

HF 1926±667 1270±425 0.01* 

Total Power (ms2) 2991±771 2178±762 0.001* 

LF/HF 0.50 0.60 - 
 

Table 4: The effect DBT on HRV in obese and non-obese patients with MI 
 

BMI Non-Obese Obese ‘p’ value 

No. of patients 30 30 - 

LF/HF on DBT 0.30 0.50 - 

Mean HR in bpm (MAX) during DBT 81 79 - 

Mean HR in bpm (MIN) during DBT 65 70 - 

HR (MAX-MIN diff.) 16 8 - 

RR interval in mean±S.D. (MAX) during DBT 971±107 886±95 0.002* 

RR interval in mean±S.D. (MIN) during DBT 694±87 720±99 0.29 

E/I during DBT 1.41 1.23 0.001* 
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*<0.05 

 
Graph 1: Correlation between Total power (frequency domain in ms2) and BMI 

 

There was no significant difference in mean and 

standard deviation of age between the two groups 

(53.7±11.5 vs. 55.2±9.2 years).The baseline total 

power of the heart (2178±762ms2 vs 2991±771ms2 

with a ‘p’ value 0.001) was a significantly less in the 

obese group, when compared to non-obese group as 

shown in table 3. There was a negative correlation (-

0.16) between BMI and Total power of HRV as 

shown in the above graph 1.On DBT there was a 

significant decrease in heart rate (from 81bpm to 

65bpm) in non-obese group. However, in obese 

group there was no significant decrease in heart rate 

(from 79bpm to 70bpm) on DBT. E/I ratio was 1.41 

in non-obese group and 1.23 in obese group as 

shown in table 4. 
  

DISCUSSION 
 

The main findings of our study are the total power of 

heart rate variability (HRV) is reduced in obese 

group of patients recovering from myocardial 

infarction when compared to non-obese group of 

patients. Here, both the group of patients are 

matched for age, sex and number of smokers as 

shown in table 2. In both the groups of patients type 

2 diabetes mellitus, dyslipidemia and hypertension 

were under control. Previous studies have shown 

that in patients with myocardial infarction there is 

decrease in HRV (8, 14-16). 
 

Abnormality of HRV reflects independent 

prognostic information in patients with post-

myocardial infarction. Depressed HRV after an MI 

may reflect a decrease in vagal activity (HF 

component) directed to the heart, which leads to 

prevalence of increase in sympathetic activity (LF 

component of HRV as shown in table 1) and to 

cardiac electrical instability (6). Extremely low 

values are associated with a lack of autonomic 

modulation of heartrate (8). In our study, we 

examined the respiratory sinus arrhythmia (RSA) 

mechanisms by comparing the effect of DBT on 

HRV in obese and non-obese patients with MI. The 

heart rate increases during inspiration due to 

decrease vagal activity and decreases during 

expiration due to increased vagal activity i.e., HRV 

changes with respiration. During deep breathing, 

there is more expansion of lungs and thoracic cage, 

causing increased nerve traffic from the 

proprioceptive receptors of thoracic cage. This 

causes activation of hypothalamic and medullary 

cardio vagal centre (1, 11, 17). This increased 

cardiac vagal activity (HF component of HRV as 

shown in table 1) causes decrease in heart rate and 

restores autonomic balance. The results of our study 

show that on DBT there was a significant decrease in 

heart rate in non-obese group. However, in obese 

group there was no significant decrease in heart rate 

on DBT. E/I ratio was 1.41 in non-obese group and 

1.23 in obese group as shown in table 4. All these 

clinical studies together, explain that there are 

reductions in cardiac parasympathetic regulation in 

the obese patients with MI. 
 

The alterations in the morphology of the heart due to 

obesity could be the precursor to the decreased HRV 

(1, 2). A recent study done in 2019 by Ilan 

Goldenberg et.al. The HRV-DETECT (Heart Rate 

Variability for the Detection of Myocardial 

Ischemia) is the first study done to evaluate HRV 

testing for the detection of myocardial ischemia. It 

showed that short-term HRV analysis using  digital 

technology can be used for improved risk assessment 

for myocardial ischemia in individuals without 

known CAD (18).The modifiable risk factors for 

ischaemic heart disease are hypertension, type 2 

diabetes mellitus, smoking and obesity. Several 

previous studies have found that obesity causes 

development of hypertension and type 2 diabetes 

mellitus (1-5).  A comparative study done in 2017 by 

Jayesh DS.et.al in Indian patients, found that type 2 

diabetics with or without hypertension had in general 

reduced total power, reduced time domain and 

frequency domain parameters of HRV (19). They 

found that there was no difference in overall cardiac 

autonomic status in hypertensive diabetics as 

compared to normotensive diabetics. In their study, 

they did not take body mass index into the 

comparison. Therefore, in our study we focused on 

the obesity. This is because excess weight induces 

ANS dysfunction, which may be involved in the 

haemodynamic and metabolic alterations such as 

hypertension, insulin resistance and dyslipidaemia 

96



Srinath et al: The effect of deep breathing test on ………. with myocardial infarction 

DOI: https://doi.org/10.51248/.v41i1.541                                                                                  Biomedicine- Vol. 41 No. 1: 2021 

that increase the cardiovascular risk of obese 

individuals (20, 21). 
 

In obesity, the excess adipose tissue secretes 

adipokines (leptin and adiponectin) hormone like 

peptides, which have an impact on glucose and lipid 

metabolism, inflammatory process and other 

bioactivities. The relation between blood adipokines 

concentration to the HRV parameters may indicate a 

possible link between adipokines and disturbances of 

the autonomic nervous system (21).  Further, the 

studies have shown that weight loss is able reverse 

the metabolic and autonomic alterations associated 

with obesity (20). 
 

The macrophages are present in a large proportion as 

the immune cells in perivascular adipose tissue 

(PVAT). In lean person’s adipose tissue, the 

macrophage phenotype is predominantly M2 

macrophages (alternatively activated macrophages) 

which release anti-inflammatory cytokines such as 

interleukin-10.However, in obese person’s adipose 

tissue there is a phenotypic switch from M2 

macrophages to M1 macrophages (classically 

activated macrophages).M1 macrophages are the 

main source of TNF-α and IL-6. It is worth noting 

that in obesity adipocyte-derived M1 macrophages 

may contribute directly to vascular dysfunction by 

reducing bioavailability of the vasodilators in the 

endothelium (22). 
 

The adverse impact of obesity on heart rate 

variability is modified by a NFE2L2 (nuclear factor 

erythroid 2-like 2; also known as NRF2) gene variant 

(23). This study showed that there is inverse 

relationship between BMI and HRV.  There is 

increasing evidence that Nrf2 is a key regulator of 

cardiovascular homeostasis by suppressing oxidative 

stress such as reactive oxygen species (ROS). Nrf2 is 

important to preserve a healthy endothelial phenotype 

and to maintain the functional integrity of 

vasculature. 
 

Limitations of the study 
 

There were few limitations in our study. First, it is a 

cross-sectional study. A longitudinal study with a 

larger sample can be done. Second, we used 5-

minute HRV analysis that reveals only short-term 

changes in cardiac autonomic status. The other tests 

for autonomic function such as tilt-table test, 

valsalva manoeuvre test and 24-hour HRV test were 

not done.  
                                                                                                                                           

CONCLUSION 
 

This study shows that obesity with myocardial 

infarction, results in a reduction heart rate 

variability. The results of our study support that 

there is dysfunction in parasympathetic (HF) 

component of autonomic nervous system in obese 

group, as there is decreased respiratory vagal 

modulation of heart rate during deep breathing test 

when compared to non-obese group. Thus, HRV test 

analysis may be useful in diagnosing the cardiac 

autonomic dysfunction in obese patients with 

myocardial infarction. 
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