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INTRODUCTION
Childhood obesity has increased in recent years. The most important 
factors underlying the obesity epidemic are unhealthy eating patterns 
coupled with lack of physical activity. It is undeniable fact that 
childhood obesity is on the rise also in India. A recent paper estimates 
that about 5.74 %- 8.82 % of school children in India are obese. In 
urban areas of south India, 21.4 % boys and 18.5 % girls aged 13-18 are 
in overweight or obese category.(Jothi Rajan, 2018)

Physical tness, including cardiorespiratory tness, is a parameter of 
one's health. Physical tness can be characterized by the post-exercise 
heart rate (HR), considered as an indicator of cardiorespiratory 
tness.(Cole et al., 1999; Golding et al., 1989) The value of post-
exercise HR obtained with the step test is suggestive of 
cardiorespiratory tness; it gives idea of habitual physical activity and 
can be useful diagnostic and prognostic health indicator.(Fitchett, 
1985)

2Body mass index (BMI, kg/m ) is used as a screening tool for 
overweight and obesity in various settings, and a high BMI among 
children is associated with adverse levels of various cardiovascular 
risk factors, the initial stages of atherosclerosis, and obesity as 
adult.(Berenson et al., 1998; Reilly et al., 2003) However, a high BMI 
can be due to either fat mass or fat-free mass(Freedman et al., 2005). A 
child with a high BMI is likely to have elevated body fatness,(Krebs et 
al., 2007) but lower levels of BMI are a poor indicator of body fatness 
among children.(Bray et al., 2002)

The thickness of various skinfolds seems a more direct indication of 
body fatness than does BMI.(Addo & Himes, 2010; Laurson et al., 
2011) Most studies have found that skinfold thicknesses are more 
strongly associated with the body fatness of children than is 
BMI.(Sardinha et al., 1999; Sarría et al., 1998; Steinberger et al., 2005)

As physical inactivity and obesity are growing health problems in 
children, it is necessary to evaluate the temporal trends in obesity and 
exercise capacity among children. Impaired post-exercise HR in 
children can be signal of a need for preventing negative behaviours or 
lifestyle. This study was taken up to evaluate correlation of BMI and 
TSFM with post-exercise HR. This can give an idea about which of 
these two parameters can be better indicator of physical tness of 
children.

MATERIALS AND METHODOLOGY
This study was cross-sectional study conducted at different schools 
and societies of of Ahmedabad, Gujarat, India. Children of 6-12 years 
age group were included in the study. Children with cardiovascular or 
respiratory co-morbidities or absolute contraindications to physical 
exercise were excluded from the study. These exclusions were decided 
based on a parent or caregiver interview, physical examination, and 
data from medical records. For each participant, due consent was taken 
from the parents or legal guardian and assent was taken from child after 
due explanation about procedure. This study was approved by 
Institutional Ethics committee.

Schools and societies from west zone and new west zone of 
Ahmedabad, were selected based on lottery method. Children (6–12 
years) were selected based on the criteria of age, sex and socio-
economic status. Based on lists of students in each of the schools and 
societies, a proportional sample of children by age and sex was 
designed and then students from each school or society were then 
chosen by simple random sampling.

Anthropometric measurements; Height, weight and triceps skin fold 
were measured. Height was measured by stadiometer in centimeter to 
nearest 0.1 cm. Weight was measured by digital weighing scale with 
0.1 kg sensitivity. Body mass index of child was calculated with help of 
“BMI Percentile Calculator for Child and Teen” by centre for disease 
control and prevention (CDC).(CDC, 2019) The participants were 
subjected to a 3-min Kasch Pulse Recovery Test (KPR Test).(Kasch, 
1961; Jankowski et al., 2015) The KPR Test consisted of climbing a 
0.305-meter (12 inch) step at a rate of 24 steps up and down per minute. 
The rate of climbing was dened by a metronome set at 96 beats 
(signals) per minute. The heart rate (HR) was recorded with IBP 
electronic pulse analyser. Throughout the test, HR was monitored 
continuously (i.e., during 3 min of exercise [step test] and during 1 min 
and 5 sec of recovery [seated position]). Only the values of post-
exercise HR (i.e., the values recorded 1 min after completion of the test 
[no later than 5 sec]) was included in the further analysis. HR during 
restitution were recorded with the participant in the seated position; 
participants were instructed to sit still, breath normally, and not engage 
in conversation. The test was considered incomplete whenever 
instructions are not properly followed (e.g., due to an improper 
climbing rate, conversation, or refusal to exercise). The test was 
discontinued if the exercise HR exceeded 180 beats per minute for 
more than 15s and participants were excluded from the study. 

Triceps skinfold thickness was measured following recommended 
protocols. (Addo & Himes, 2010; Ramírez-Vélez et al., 2016) 
Skinfold thickness was measured using a BASELINE skinfold 
calliper, at triceps; halfway between the acromion process and the 
olecranon process of both sides. Every child was evaluated for three 
times and average value was calculated for left and right side each. To 
further reduce bias, average value of right and left was considered as 
nal value.(Moreno et al., 2002)

This study was conducted with objective to assess correlation of both 
BMI and triceps skinfold measurement (TSFM) with post-exercise 
heart rate after 3-minute step-test in children of age group of 6-12 
years.

RESULTS
Data was collected from different schools and societies of Ahmedabad, 
Gujarat, India. Data of total 103 children (61 boys, 42 girls) of 6-12-years 
age group was included in Analysis. Four children were excluded from 
study due to excess heart rate. Following table (Table-1) describes weight 
category (%), mean BMI, mean TSFM, and mean post-exercise HR. 
About 20% children were either obese or overweight.

Increased post-exercise heart rate (HR) in children can be signal to detect negative behaviours or lifestyle. This cross-
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Table: 1 Demographic Data, BMI, TSMF and post-exercise HR of 
study population

Using Spearman's correlation test, correlation coefcient was 
calculated of BMI with TSMF and post exercise HR and of TSFM with 
post exercise HR. (Figures 1-3)

Figure 1: Correlation between BMI & TSFM Correlation coefficient 
r = +0.646 p<0.001

Figure 2: Correlation between BMI &post-exercise HR. Correlation 
coefficient r = +0.067, p=0.50

Figure 3: Correlation between TSMF &post-exercise HR. 
Correlation coefficient r = +0.259, p=0.008

Correlation between BMI and TSMF was found to be strong, positive 
and signicant (r = +0.646 p<0.001) (Figure-1). TSMF was showing 
weak positive but signicant correlation with post exercise HR (r = 
+0.259, p=0.008) while BMI was showing very weak positive 
correlation with post exercise HR (r = +0.067, p=0.50). (Figures-2 & 3).

DISCUSSION
It is well reported in literature that skinfold testing provides a more 
accurate assessment of  body composition i.e. percentage of body fat 
than BMI.(Etchison et al., 2011; Trang et al., 2019)

Etchison et al, conducted study to evaluate BMI and skinfold 

measurements as indicators for obesity in which anthropometric data 
(height, weight, percentage body fat, age, and sex) were recorded from 
33,896 student athletes. According to BMI percentile, 13.31% of 
student athletes were obese, while using the skinfold method, only 
5.95% were obese. Out of those classied as obese by the BMI, 62% 
were considered false positives by the skinfold method. Authors 
concluded that, skinfold testing provided a more accurate body 
assessment of fat than BMI in study population. (Etchison et al., 2011)

Study by Mondal and Mishra,(Mondal & Mishra, 2017) analysed 
effect of BMI and body fat percentage on maximal oxygen 
consumption in healthy young adults. This study was conducted on 54 
(male=30, female=24) healthy young adults of age group18-25 years 
BMI showed weak negative correlation (r= -0.3232, p=0.0171) with 
VO2  while Body Fat% showed strong negative correlation (r= -max

0.7505, p<0.001) with VO2 . Authors concluded that, increase in max

body fat was associated with decreased level of VO2  and body fat max

percentage was better parameter than BMI for prediction of low Vo2 .max

Zanovac et al,(Zanovec et al., 2009) conducted a study to examine the 
association of self-reported physical activity with body composition in 
290 college students (49% male, 60% White) 18–25 years of age. 
Authors found that, in this population of young adults, participants in 
the highest activity group had a more t body composition prole 
characterized by lower percentage of body fat, lower fat mass, and a 
higher lean-tissue mass, while same was not reected in BMI.
 
The use of skinfold testing as a simple and reliable test to determine 
body fat. As BMI utilizes only body weight and height and does not 
consider overall body composition, muscular individuals may be 
classied as obese. Even though BMI is widely used, it seems to be a 
poor indicator for obesity and physical tness in children and young 
adults. Health professionals and coaches should be aware of the 
limitations of using BMI while using it to determine health status of 
children or young adults. (Etchison et al., 2011; Mondal & Mishra, 
2017; Trang et al., 2019; Zanovec et al., 2009)

Similarly, in this study, very weak correlation was observed between 
BMI and post exercise HR, while correlation of with post exercise HR 
with TSFM (measure of body composition) was weak positive and 
signicant. Present study showed that; rather than BMI, skinfold 
measurement should be used by parents, teachers and healthcare 
providers to identify unt children and offer timely intervention. These 
ndings need to be conrmed in larger population of children.

CONCLUSION
There was very weak positive correlation found between BMI and post 
exercise HR, while there was weak positive and signicant correlation 
between TSFM and post exercise HR. Thus, TSMF was found to be 
better correlated with physical tness (as measured by post exercise 
HR) than BMI.
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Parameter Value (N=103)
Gender (n)
-Boys
-Girls

61
42

Weight category (%)
-Underweight
-Healthy weight
-Overweight
-Obese

20.39%
59.22%
13.59%
6.78%

BMI (mean ± SD) 16.47 ± 3.17
TSFM (mean ± SD) 9.86 ± 3.87
Post-Exercise HR (mean ± SD) 99.22 ± 11.97
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