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ABSTRACT 

BACKGROUND 

BMI is a surrogate marker for body fat, which does not directly estimate adiposity but affects ECG variables and can be used as 

a novel measure in clinical practice to predict and assess cardiovascular morbidities. 

 

AIMS AND OBJECTIVES 

The study was done to correlate ECG variables like P-R interval, QRS duration and R-R interval with various ranges of BMI. 

 

MATERIALS AND METHODS  

Hundred healthy adult volunteers participated in this study. Their anthropometric data were recorded and BMI was calculated 

manually. Subsequently, the subjects were categorized into two BMI categories, those having BMI<25 (Category A) and those 

having BMI≥25 (Category B). Blood pressure and Lead II ECG variables like P-R interval, R-R interval and QRS duration were 

recorded. 

 

RESULTS  

The results showed that BMI of category B demonstrated statistically significant longer PR intervals and wider QRS durations. 

R-R interval though decreased with an increase in BMI, but was not statistically significant. (p>0.05). 

 

CONCLUSION  

ECG variables like P-R interval and QRS duration were positively correlated with BMI. Longer P-R interval and wider QRS 

duration were observed with higher BMI category. 
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INTRODUCTION 

Obesity, a chronic non-communicable disease, as indicated by 

the World Health Organization (WHO), is one of the most 

rapidly growing public health problems worldwide. In 2010, 

overweight and obesity were estimated to cause 3.4 million 

deaths, 3.9% of years of life lost and 3.8% of Disability 

Adjusted Life-Years (DALY) worldwide.[1] India, a country 

where 270 million people live below the ‘poverty line,’ 

obesity seems to be a distant issue, but on the contrary India 

ranks as the third most obese country in the world lying just 

behind US and China in this global hazard list.[2] Worldwide 

obesity has doubled since 1980, as in 2014 more than 1.9 

billion adults were overweight, of which over 600 million 

were obese.[3]  
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In India, the prevalence of overweight and obesity was 

recorded as high as 37.5% for females and 30.3% for males in 

North Indian state like Punjab. Obesity has reached epidemic 

proportions with more than 5% (As many as 5.2 crore) obese 

population and what is worse is, that it is expected to double 

in the next 5 years.[4] BMI if used with anthropometric 

measures can be used to predict adverse cardiovascular 

outcomes.[5] 

According to WHO, “health is a state of complete 

physical, mental and social well-being and not merely the 

absence of disease or infirmity,” whereas obesity is defined 

by WHO as “abnormal or excessive fat accumulation that 

presents a risk to health”.[6] Obesity is associated with a wide 

variety of Electrocardiographic (ECG) abnormalities.  

Most of these abnormalities reflect alterations in 

cardiac morphology or conduction defects. Some of the ECG 

parameters act as ‘warning signals’ for impending ‘cardiac 

catastrophes’ and as markers of risk for sudden death. The 

ECG abnormalities seen in obesity as compared to non-obese 

individuals include shift of P-wave, lengthened wave 

durations, axis deviations and low voltage complexes.[7] 

Thus, obesity is associated with a wide variety of ECG 

abnormalities, many of which are corrected by weight loss. 

BMI is considered as a simple and novel measure to estimate 

body fat percentage. Very few studies have been done in 

South–Asian population to study the correlation between ECG 
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variables and BMI, hence this study was devised to find out 

the association between them. 

 

MATERIALS AND METHODS 

A cross-sectional study was performed at Post Graduate 

Research Laboratory, Department of Physiology, 

Adichunchanagiri Institute of Medical Sciences, B G Nagara, 

Mandya, Karnataka. Clearance was sought from Institutional 

Ethical Committee and all the volunteers were given a 

Performa before the start of the study. The volunteers were 

explained regarding the study and selected on the basis of the 

filled Performa.  

A brief history was elicited and physical examination 

was performed. Subjects suffering from known 

cardiovascular, musculo-skeletal or metabolic diseases were 

excluded from the study. Only the subjects who gave written 

consent belonged to the desired age group and were not on 

any drugs affecting cardiovascular system were selected for 

the study. A total of 100 volunteers (58 males and                            

42 females) in the age group of 18–45years were selected for 

the study. 

The subjects were advised about the risks and benefits 

of the procedure. During the study period, the subjects were 

instructed not to eat or drink caffeinated beverages 3 hours 

prior to testing. The following data of the subjects were 

recorded: Age, sex, height, weight and blood pressure. 

Height was recorded using stadiometer with an 

adjustable ruler and weight was recorded using digital 

weighing scale of Diamond make, 2003 with a calibration of 

0.1kg as the minimum reading. Systolic and diastolic blood 

pressures were recorded using mercury sphygmomanometer 

of Lifeline Inc, New Delhi, 2010. BMI was calculated manually 

using Quetelet’s index. The subjects were then categorized 

into two BMI categories – Category A - BMI<25.0 and 

Category B - BMI ≥ 25.0. 

 

PROCEDURE FOR ECG RECORDING 

The subject was asked to lie in supine position on a table 

comfortably in a quiet room. After 5-minutes of rest in supine 

position, ECG (Lead II with speed of 25mm/sec) was 

recorded for five minutes using a polygraph (RMS Polyrite 

version 1.0). ECG variables like P-R interval, R-R interval and 

QRS duration were recorded. 

 

STATISTICAL ANALYSIS 

The data were expressed as Mean ± Standard Deviation. A 

student’s paired ‘t-test’ was used for the dependent variables. 

An un-paired ‘t-test’ was done for normally distributed 

variables. P value <0.05 was considered statistically 

significant. 

 

RESULTS 

In this study a total of 100 subjects were evaluated. Out of 

that, 55 were males and 45 males. Further, out of the 45 

males, 23 belonged to category A (BMI < 25) and the rest had 

BMI≥25. Similarly, out of the 55 females, 26 had BMI <25 and 

the rest 29 females had BMI≥25. The anthropometric data 

and blood pressure for males of both categories are 

presented in Table 1 and that of females is presented in           

Table 2. Males had higher values of mean height and weight 

than the females. Category B had higher values of mean 

height, weight and systolic and diastolic blood pressure for 

both the sexes. 

 

MALES 
 

Parameters 
(n = 45) 

Category A 
(n = 34) 

Category B 
(n = 11) 

P-value 

BMI 20.51±3.85 28.11±1.58 0.0001** 
Height (in cm) 159.76±7.93 156.09±7.44 0.1831 
Weight (in kg) 53.68±6.49 68.64±6.93 0.0001** 

Systolic BP 
(in mm of Hg) 

122±7.03 122.91±7.12 0.7117 

Diastolic BP 
(in mm of Hg) 

79.06±7.99 80.73±7.76 0.5401 

Table1: BMI Based Grouping of Male Subjects 
 

** - significant. 
 

Category A – BMI < 25.0, Category B – BMI ≥25.0. 

 

FEMALES 
 

Parameters  
(n = 55) 

Category A 
 (n = 43) 

Category B  
(n = 12) 

p-value 

BMI 20.14±2.79 27.3±2.87 0.0001** 
Height (In cm) 155.67±5.48 155.25±3.89 0.8052 
Weight (In kg) 49.05±7.58 64.92±6.75 0.0001** 

Systolic BP  
(In mm of Hg) 

119.07±5.59 126.5±6.99 0.0003** 

Diastolic BP  
(In mm of Hg) 

76.33±7.77 83±6.69 0.0092** 

Table-2: BMI Based Grouping of Female Subjects 
 

** - significant. 
 

Category A – BMI < 25.0, Category B – BMI ≥25.0. 

 

Table 3 shows the ECG variables in both sexes with 

relation to both the categories. In the higher BMI category, 

there is a statistically significant increase in P-R interval as 

well as QRS duration in both the sexes. There was an increase 

in R-R interval as well but it was not statistically significant. 

Figure 1 is the graphical representation of variation in P-R 

interval with respect to BMI in both the sexes. Figure 2 is the 

graphical representation of variation in QRS duration with 

respect to BMI in both the sexes. 

 

Student’s unpaired ‘t-test’ was applied to get the p-value and p<0.05 was considered as significant. 

 

 Males (n = 45) Females (n = 55) 

 
Category 

 A (n = 34) 
Category  
B (n = 11) 

P – value 
Category  
A (n = 43) 

Category  
B (n = 12) 

P – value 

P-R interval 141.7±16.2 197.3±8.6 0.0001** 148.2±20.83 192± 14.87 0.0001** 
QRS Duration 77.6±13.2 106.2±8.1 0.0001** 76.7±12.3 116.5±7.68 0.0001** 
R-R interval 820.4±65.9 757.6±49.6 0.721 831.7± 73.6 728.6 ±64.5 0.4191 

Table 3: ECG Variables of Males and Females Varying BMI 
 

** - significant  
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Fig. 1: Variation of P-R Interval with BMI 

 

 
 

Fig. 2: Variation of QRS Duration with BMI 

 

Figure 3 and 4 are linear regression curves of BMI                 

(x-axis) with respect to P-R interval (y-axis) in males and 

females respectively. Figure 5 and 6 respectively are linear 

regression curves of BMI (x-axis) with respect to QRS 

Duration (y-axis) in males and females respectively. 

 

 
 

Fig. 3: Showing Correlation of BMI (X-axis) with that of P-R 

Interval in Milliseconds (Y-axis) in Males. (R =+0.7796) 

 

  
 

Fig. 4: Showing Correlation of BMI (X-axis) with that of P-R 

Interval in Milliseconds (Y-axis) in Females. (R =+0.7652) 

 

 
 

Fig. 5: Showing Correlation of BMI (X-axis) with that of 

QRS Interval in Milliseconds  (Y-axis) in Males.                                

(R =+0.7885) 

 

 
 

Fig. 6: Showing Correlation of BMI (X-axis) with that of 

QRS Duration in Milliseconds (Y-axis) in Females.                         

(R =+0.9157) 
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Parameters 
P-R 

Interval 
QRS 

Duration 
R-R 

Interval 
Males +0.7796** +0.7885** -0.3836* 

Females +0.7652** +0.9157*** -0.5632* 
Table 4: Depicting the Correlation Coefficients (R-values) 

of BMI and various ECG Parameters in Both the Sexes 
 

* - weak correlation, ** - strong correlation, *** - very strong 

correlation. 

 

DISCUSSION 

BMI, since decades, has been the most used parameter to 

study effect of obesity on various organ systems because of 

its feasibility and easy of interpretation. ECG is a simple and 

noninvasive procedure, in which the electrical activities of 

heart can be recorded by placing electrodes on the skin of the 

chest and connected them in a specific order to 

electrocardiograph that records the activities. But there have 

been paucity of researches correlating BMI with ECG 

parameters. 

BMI, although the most commonly used variable to 

classify individuals as overweight or obesity is just a proxy 

tool to estimate body fat. It does not take variables like lean 

body mass, ethnicity, sex and age into consideration. Further, 

it does not give an idea of the distribution of body fat. But 

BMI correlates reasonably well with body fat. An increase in 

body fat significantly alters the autonomic functioning of an 

individual, cardiovascular functions being one of them. An 

obese individual has altered cardiovascular parameters 

which get reflected in various ECG variables.[8] 

TW Shen and WJ Thompkin, in their study on ECG and 

BMI stated that ECG can be used as a potential biometric for 

human identity verification. Their results showed that ECG 

features of male better correlate with BMI model than that of 

females.[9] In our study, we found that ECG variables like P-R 

interval and QRS duration were linearly correlated with body 

mass index and it was statistically significant.  

However, no significant association was found between 

BMI and R-R interval (P>0.05). The results of the current 

study indicate that increase in BMI was associated with 

longer P-R interval and wider QRS duration. The reason for 

the same is obscure, but may be due to the fact that obesity 

causes an increase in blood volume.[10] leading to concentric 

hypertrophy of the cardiac musculature leading to 

conduction defects and thus increase in P-R interval. 

R S Vasan in his study on cardiac function and obesity 

(2003) stated that obesity is associated with haemodynamic 

overload and the increased metabolic demand imposed by 

the expanded adipose tissue in obesity results in a 

hyperdynamic circulation with increased blood volume.[11] 

 In addition to that, electrodermal activity has a 

negative association with obesity as seen in the study 

conducted Park AE et al.[12] Skin resistance delays the 

conductance of the impulses from the site of generation to the 

surface of the skin leading to increase in P-R interval and/or 

widening of the QRS complex. Further researches with 

purview to our study could enlighten us more about the 

association of BMI and ECG variables in near future. 

 

CONCLUSION 

Thus the present work concluded that ECG variables like P-R 

interval and QRS duration increase with an increase in BMI. 

The drawback of this study was that the age group selected 

for the study could have been wider. Also, we could not study 

the effects of increasing age on ECG variables. There is a 

scope for further studies to be done taking the parameters of 

age and sex on ECG variables. 
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