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Abstract

Obesity is increasing in Saudi Arabia at an alarming rate being ranked 29th on a 2007 list of the fattest countries. Childhood/
adolescent obesity is a risk factor for cardiovascular disease and metabolic syndrome (MS) in adulthood and thus affects morbidity 
and mortality. Obesity also affects the cardiorespiratory and overall physical condition. Therefore, this study was aimed to evaluate 
if early obesity in life has a prediction of worse cardiac function and their association with cardiorespiratory physical fitness. This 
cross-sectional study included 90 adolescents with matched sex and age 14(2) years were divided into three groups- 1) Normal 
weight (NW), 2) Overweight (OW) and 3) Obese (OB) based on the BMI (body mass index) percentile for age and sex. Their waist 
circumference, waist-height ratio (WHtR), resting pulse rate and blood pressure were measured by standardized laboratory tech-
niques. The modified Harvard step test was used to assess the physical fitness index (PFI %) rated as excellent, good, fair and poor 
based on score. The obesity, cardiovascular and physical fitness parameters were compared between groups using Mann Whitney U 
test and the association between obesity and physical fitness parameters were evaluated by Spearman correlation test using SPSS 
V.20. The cardiovascular parameters-the pulse rate (NW Vs OW: 80(9)-89.5(13)/min, p < 0.001; and NW Vs OB: 80(9) - 94(12)/min, 
p < 0.001), SBP (NW Vs OW:117(5) -120(9) mmHg, p=0.003; and NW Vs OB:117(5) -121(9) mmHg, p < 0.001) and DBP (NW Vs OW: 
74.33 ± 3.64 - 79.43 ± 5.54 mmHg, p < 0.001; and NW Vs OB:74.33 ± 3.64 - 81.20 ± 3.91 mmHg, p < 0.001) were statistically significant 
between NW Vs OW and NW Vs OB groups. The physical fitness index level is statistically significant among NW Vs OW [1(1)-2.5(1), p 
< 0.001], NW Vs OB [1(1)-4(0), P < 0.001]. The obesity measures-BMI/BMI percentiles were inversely related to the physical fitness 
score (rho=-0.589, p < 0.001), WC (rho=-0.565, p < 0.001) and WHtR ((rho=-0.565, p < 0.001). This study revealed poor cardiovas-
cular measures with increased resting heart rate and blood pressure and the inverse association between cardiovascular physical 
fitness and obesity measures in the adolescent. 
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Introduction
Obesity has grown worldwide to the level of epidemic propor-

tions in both children and adults [1]. Obesity in Saudi Arabia is a 

growing health concern, with health officials stating that it is one of 
the leading causes of preventable deaths in Saudi Arabia. According 
to Forbes, Saudi Arabia ranks 29th on a 2007 list of the fattest coun-
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tries with a percentage of 68.3% of its citizens being overweight 
(BMI>25) [2]. According to CDC, WHO and National Institutes of 
Health, the criteria for obesity in childhood and adolescents has 
been made as classifying the BMI at the 85th to 95th percentiles for 
age and sex to identify children or teens (adolescents) who are 
overweight, and a BMI greater than or equal to the 95th percentile 
to identify children or teens who are obese [3].

Childhood obesity is increasing in Saudi Arabia at an alarming 
rate. Relevant studies reported the highest prevalence of over-
weight and obesity with increased risk factors among higher pa-
rental education, and lifestyle factors, which included increased 
consumption of calorie-dense food and a sedentary lifestyle [4]. It 
was formerly seen as a problem of the middle-aged and elderly, but 
in recent times, childhood obesity has reached epidemic propor-
tions [5,6]. Childhood obesity is a risk factor for cardiovascular dis-
ease and metabolic syndrome (MS) in adulthood and thus affects 
morbidity and mortality in later life. Up to 80% of obese children 
continued to become obese and thus affect morbidity and mortality 
in adult life [7].

Obesity is strongly correlated with the development of risk 
factors for non-communicable disorders, including hypertension, 
insulin resistance, type 2 diabetes mellitus, hypercholesterolemia, 
coronary heart disease, strokes and certain cancers and metabolic 
syndrome. Childhood and adolescent obesity are not just a current 
problem, but a potential cause of future health-related problems, 
including metabolic diseases [8]. Therefore, the cardiovascular risk 
factors are elevated in overweight with further abnormalities in 
those with obesity suggesting that even modest degrees of excess 
adiposity contribute to cardiovascular risk [9].

Recently, reduced physical activities were considered as one of 
the primary causes of childhood obesity [10]. Physical fitness is de-
fined as “the ability to carry out daily tasks without fatigue”. Health-
related components include cardiorespiratory fitness (CRF), mus-
cular endurance, muscular strength, and flexibility. Several studies 
have reported the negative association of physical fitness with 
childhood obesity [11,12]. Also, evidence from previous studies 
suggests that low CRF is a major risk factor of metabolic abnor-
malities, and is also known as an independent and strong predictor 
of metabolic syndrome [12].

The obesity and “super obesity” in adults could affect cardiac 
metabolic risk factors and performance [13]. However, the real 
impact of obesity especially at an early age on cardiac function is 

still largely unknown. Moreover, such changes in cardiac function, 
if any, in adolescent obesity and their association with cardiorespi-
ratory physical fitness has remained to be observed in this region. 
Therefore, the aim of this study was to evaluate if early obesity in 
life has a worse cardiac function and their association with cardio-
respiratory physical fitness.

Materials and Methods
Subjects 

This cross-sectional study was conducted on adolescents aged 
between 11 and 15 years of both sexes recruited from elementary 
and middle schools. The study was conducted according to the 
guidelines of the Declaration of Helsinki and approval was taken 
by the institutional ethics review committee.

The inclusion criteria

•	 Both the parent or guardian and children give their written 
informed consent. 

•	 The participant had to participate in physical activity test.

•	 Having≥5th percentile of body mass index (BMI), according 
to the age- and gender-specific reference values of the 2007 
CDC, WHO. 

Exclusion criteria

•	 The subjects having below 5th percentile of BMI according to 
age and sex.

•	 The subjects having any diagnosed systemic disease and un-
der medication.

Variables studied
Obesity and metabolic parameters

The subjects were classified into 3 groups: (1) normal weight 
(NW, 5th–85th percentile); (2) overweight (OW, 85th–94th per-
centile) and (3) obesity (OB, ≥95th percentile) according to the 
age- and gender-specific reference values of 2007 WHO, CDC Na-
tional Growth charts [3,14]. According to International Diabetes 
Federation criteria, adolescents with abdominal obesity (WC≥90th 
percentile for age and sex), Waist-height ratio >0.4 and 2 or more 
of the following criteria: TG≥150 mg/dL; HDL≤40 mg/dL; fast-
ing glucose≥100 mg/dL; and systolic BP≥130 mmHg or diastolic 
BP≥85 mmHg were diagnosed as Metabolic Syndrome related to 
obesity [15]. 

BP was measured twice using Dynosure Doctor Dt ® mercury 
sphygmomanometers with an appropriate-sized cuff, and the av-
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erage of the two readings was taken as the final reading [16]. The 
waist circumference (WC) was measured midway between the 
tenth rib and the top of the iliac crest to the nearest 0.1 cm, using 
a non-stretchable tape measure [17]. Weight was measured to the 
nearest 0.1 kg with a METTLER TOLEDO weighing machine, and 
height was measured to the nearest 0.1 cm using a wooden stadi-
ometer. Weight and height were measured with the respondents 
wearing light school uniforms, without head or footwear, and with-
out accessories such as purses, keys and mobile phones, to avoid 
overestimation [17]. BMI was calculated using the formula: weight 
(kg)/height squared (m2). The calculated BMI was used to clas-
sify respondents as normal weight, overweight or obese, using the 
IOTF age- and sex-specific cut-off points [3,14]. 

Physical fitness measurement and parameters

Physical fitness was assessed using the physical activity fitness 
test- The modified Harvard step test [18]. Each participant was 
asked to place one foot on a 10-inch-high stool, step up, place both 
feet on the platform, straighten the legs and back, and immediately 
step down again, bringing down the same foot he/she first raised. 
This stepping up and down was continued at the rate of 20 steps 
per minute, following the rhythm of a metronome, for 3 minutes. 
Immediately after exercise, the participants were allowed to sit 
quietly on a chair and the heart rate (pulse rate) was measured 
for 30 seconds after exactly one minute and at the following time 
points: 1 to 1.5 minutes, 2 to 2.5 minutes and 3 to 3.5 minutes after 
the end of the exercise. Then physical fitness index (PFI) was calcu-
lated using the following equation.

Calculation of Physical fitness Index (%) (PFI %)

PFI = Duration of exercise in seconds x 100/2(pulse 1+2+3)

The cardiorespiratory physical fitness interpreted based on 
comparing the obtained score with the reference value given in the 
table below.

Statistical analysis

The data obtained were analyzed with SPSS (version 20; IBM 
Corporation, Armonk, NY, USA). The Shapiro-Wilk normality test 

PFI Rating
Physical Fitness Index (PFI)

Male Female
Excellent >115 >91
Good 103-115 84-91
Fair 91-102 77-83
Poor <91 <77

was applied for all the descriptive parameters (Table 1). The com-
parison of the anthropometric, obesity and physical parameters 
between the groups were done by Mann Whitney U test for the 
non-parametric data and student t-test for the parametric data. 
Most of the data were non-parametric hence the Spearman’s cor-
relation test was applied to see the relation between obesity and 
physical fitness parameters. Statistical significance was considered 
to be p ≤ 0.05.

Results
The total 90 participants with median age -14(2) years, height 

- 158(8) cm and weight-60.44 ± 7.71 kg were divided into three 
groups namely; Normal weight (NW), Overweight (OW) and Obese 
(OB) based on the BMI percentile for age and sex. The participant’s 
overall descriptive parameters with Shapiro-Wilk normality test 
were presented in Table 1. The age and sex of the participants were 
matched between the groups having 15 male and 15 female par-
ticipants in each group. The age (Normal weight Vs Overweight: 
13.5(3)- 14(4) years, p = 0.45; Normal weight Vs Obese: 13.5(3) 
- 13.5(2) years, p=0.85; and overweight Vs obese: 14(4) - 13.5(2) 
years, p = 0.46) was comparable between the groups (Table 2, 3 
and 4).

Parameters

Mean ± SD/
Median  

(Interquartile 
Range)

Confidence 
interval CI 

(95%)

Shapiro-Wilk 
test 

P-value

Age (yrs.) 14(2) 13.13-13.67 <0.001*

Ht. (cm) 158(8) 157.73-
159.74 <0.001

Wt. (kg) 60.44 ± 7.71 58.83-62.06 0.07
BMI (kg/m2) 24.1(5.1) 23.4-24.55 0.002
BMI  
percentile 91(15) 84.71-89.11 <0.001

WC (cm) 78(21) 75.02-80.11 <0.001
WHtR 0.49(0.13) 0.47-0.5 0.002
PR (per min) 87.63 ± 9.66 85.61-89.66 0.06

SBP (mmHg) 120(8) 118.20-
120.49

0.01

DBP 78.32 ± 5.28 77.22-79.43 0.07
PFI 3(2) 2.37-2.83 <0.001

Table 1: Participants (N = 90) overall descriptive parameters with 
Shapiro-Wilk normality test. 

*p ≤ 0.05 considered as statistically significant.
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The anthropometric obesity measures- weight, BMI, BMI per-
centile for age and sex, waist circumference and waist-height ratio 
were statistically significant between the groups (Table 2, 3 and 
4). The cardiovascular parameters including the pulse rate (NW 
Vs OW: 80(9)-89.5(13)/min, p < 0.001; and NW Vs OB: 80(9) - 
94(12)/min, p < 0.001), SBP (NW Vs OW:117(5) -120(9) mmHg, 
p=0.003; and NW Vs OB:117(5) -121(9) mmHg, p < 0.001) and DBP 
(NW Vs OW: 74.33 ± 3.64 - 79.43 ± 5.54 mmHg, p < 0.001; and NW 
Vs OB:74.33 ± 3.64 - 81.20 ± 3.91 mmHg, p < 0.001) were statis-
tically significant between NW Vs OW and NW Vs OB groups but 
these parameters were not comparable between OW and OB group 
(Table 2, 3 and 4).

The Physical fitness index level is statistically significant among 
NW Vs OW [1(1)-2.5(1), p < 0.001], NW Vs OB [1(1)-4(0), P < 0.001] 
and OW Vs OB [2.5(1)-4(0), p < 0.001] groups. All the obesity pa-
rameters are positively correlated with cardiorespiratory variables 
and their correlation were statistically significant (Table 5). Like-
wise, the obesity parameters revealed a strong negative correlation 
with the physical fitness score and a positive correlation with the 
PFI grade from excellent to poor (Table 5). Therefore, this finding 
revealed that the physical fitness deteriorates and shifts from ex-
cellence to poor category on increasing obesity measures.

Parameters

Normal weight 
Median  

(Interquartile 
Range)/Mean 

± SD

Overweight 
Median  

(Interquartile 
Range)/Mean 

± SD

Mann- 
Whitney U 

test/student 
t test 

P-value
-Age (yrs.) 13.5(3) 14(4) 0.45
Ht. (cm) 158(8) 157(7) 0.69
Wt. (Kg) 52.67 ± 4.27 61 ± 4.29 <0.001
BMI 20.8(1.45) 24.2(2.15) <0.001
BMI  
percentile 77.5(14) 91(5) <0.001

WC 64(4) 78(6) <0.001
WHtR 0.4(0.03) 0.49(0.04) <0.001
PR 80(9) 89.5(13) <0.001
SBP 117(5) 120(9) 0.003
DBP 74.33 ± 3.64 79.43 ± 5.54 <0.001
PFI 1(1) 2.5(1) <0.001

Table 2: Comparison of anthropometric parameters between 
normal weight (n = 30) and overweight (n = 30) adolescents.

Parameters

Normal 
weight 
Median 

(Interquartile 
Range)/Mean 

± SD

Obese 
Median  

(Interquartile 
Range)/Mean 

± SD

Mann-Whitney 
U test/ Student 

t-test 
P-value

Age (yrs.) 13.5(3) 13.5(2) 0.85

Ht. (cm) 158(8) 157.5(10) 0.98

Wt. (Kg) 52.67 ± 4.27 67.67 ± 5.4 <0.001

BMI 20.8(1.45) 26.8(2.05) <0.001

BMI percentile 77.5(14) 96(2) <0.001

WC 64(4) 90(12) <0.001

WHtR 0.4(0.03) 0.57(0.05) <0.001

PR 80(9) 94(12) <0.001

SBP 117(5) 121(9) <0.001

DBP 74.33 ± 3.64 81.20 ± 3.91 <0.001

PFI 1(1) 4(0) <0.001

Table 3: Comparison of anthropometric parameters between 
normal weight (n = 30) and obese (n = 30) adolescents.

Parameters

Overweight 
Median  

(Interquartile 
Range)/Mean 

± SD

Obese 
Median  

(Interquartile 
Range)/Mean 

± SD

Mann-Whitney 
U test/student 

t-test 
P-value

Age (yrs.) 14(4) 13.5(2) 0.46

Ht. (cm) 157(7) 157.5(10) 0.78

Wt. (Kg) 61 ± 4.29 67.67 ± 5.4 <0.001

BMI 24.2(2.15) 26.8(2.05) <0.001

BMI percentile 91(5) 96(2) <0.001

WC 78(6) 90(12) <0.001

WHtR 0.49(0.04) 0.57(0.05) <0.001

PR 89.5(13) 94(12) 0.05

SBP 120(9) 121(9) 0.39

DBP 79.43 ± 5.54 81.20 ± 3.91 0.15

PFI 2.5(1) 4(0) <0.001

Table 4: Comparison of anthropometric parameters between 
overweight (n = 30) and obese (n = 30) adolescents.



39

Association of Anthropometric Obesity Measures with Physical Fitness in Adolescents: A Cross-sectional Comparative Study

Citation: Mohammed Nazrul Islam., et al. “Association of Anthropometric Obesity Measures with Physical Fitness in Adolescents: A Cross-sectional 
Comparative Study". Acta Scientific Medical Sciences 5.4 (2021): 35-41.

Variables PR SBP DBP PFI PFI-G
Wt. rho

P value

0.477

<0.001

0.308

0.003

0.520

<0.001

-0.537

<0.001

0.670

<0.001
BMI rho

P value

0.495

<0.001

0.281

0.003

0.551

<0.001

-0.624

<0.001

0.732

<0.001
BMI  
percentile

rho

P value

0.568

<0.001

0.370

<0.001

0.593

<0.001

-0.589

<0.001

0.827

<0.001
WC rho

P value

0.599

<0.001

0.383

<0.001

0.541

<0.001

-0.565

<0.001

0.769

<0.001
WHtR rho

P value

0.599

<0.001

0.355

0.001

0.519

<0.001

-0.565

<0.001

0.779

<0.001

Table 5: Spearman’s correlation of obesity parameters with  
cardiorespiratory and physical fitness variables (N = 90).

Discussion
We explored the difference and association between anthropo-

metric obesity measures with cardiorespiratory physical fitness 
index determined by modified Harvard step stool test among nor-
mal weight (NW), overweight (OW) and obese (OB) adolescents. 
This cross-sectional comparative study revealed that the anthropo-
metric obesity measures- weight, BMI, BMI percentile for age and 
sex, waist circumference and waist-height ratio were statistically 
significant among three groups. The cardiovascular parameters in-
cluding pulse rate, SBP and DBP were also significantly elevated in 
OW and OB groups than the NW adolescents (Table 2, 3 and 4). This 
could be due to altered cardiovascular autonomic activity in over-
weight and obese adolescents thereby increasing the resting heart 
rate and arterial blood pressure. These findings are in line with the 
study by Baba R., et al. reporting such hemodynamic abnormalities 
with adolescent obesity explained by impaired autonomic nerve 
function [19]. Similar to our findings, other studies reported the 
relationship between elevated resting heart rate and increased sys-
tolic and diastolic blood pressure in both sexes and pulse pressure 
even after controlling for potential confounders, such as general 
and abdominal obesity [20,21].

In our study, waist circumference (WC) and waist-height ratio 
(WHtR) were significantly higher in overweight and obese adoles-
cents than the normal weight adolescents. This study also high-
lighted the significance of WC and WHtR in defining the obesity 
which could have altered the resting heart rate (RHR) and blood 

pressure among them irrespective of BMI percentile and amount 
of distribution of fat. Similar findings were reported in previous 
studies mentioning that BP was positively associated with RHR 
with high WCs, highlighting the positive association between sym-
pathetic activity and BP in children regardless of the distribution 
and the amount of central fat [22,23]. 

After analyzing correlation, this study revealed a significant 
positive association of individual anthropometric obesity measures 
with the cardiovascular physical parameters. As the BMI/BMI per-
centile for age and sex of adolescent’s progress across the NW, OW 
and OB groups, the resting heart rate or pulse rate (rho=+0.495, 
p < 0.001), SBP (rho=+0.281, p=0.003) and DBP (rho=+0.551, p < 
0.001) significantly elevated. Such positive correlations were also 
true for the other obesity markers including WC and WHtR (Table 
5). Our findings are incoherence with the previous reports stating 
the adolescents classified with high body mass index, waist circum-
ference, and waist to height ratio demonstrated a high association 
of presenting high blood pressure [24]. Our study also highlighted 
the importance of WC and WHtR including BMI percentile for age 
and sex. The anthropometric variables studied showed a moder-
ate predictive capacity for HBP, highlighting WC, which showed the 
strongest association with high blood pressure in the infant and 
child population [25]. 

Expectedly, our study revealed that the physical fitness score 
significantly decreased on moving across NW to OW and OW to OB 
group adolescents. There are five components in physical fitness 
including muscular strength, cardiovascular endurance, muscular 
endurance, flexibility and body fat composition [26]. All these com-
ponents are relative to each other. In the above discussion, we have 
pointed that OW and OB group adolescents had poorer cardiovas-
cular parameters compared to normal or healthy weight group. 
These poor cardiovascular parameters along with reduced physi-
cal activity could be the reason for reduced physical fitness scores 
among the OW and OB adolescents. These findings are supported 
by previous reports [27,28]. 

The physical fitness of thin and normal youth was, with few 
exceptions, significantly better than the physical fitness of over-
weight and obese youth in each age group. In contrast to our study, 
physical fitness performances did not consistently differ, on aver-
age, between thin and normal weight and between overweight and 
obese youths [29]. However, in our study, there was a significantly 
low physical fitness score in obese than both the OW and NW ado-
lescents. 
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Moreover, the individual obesity measures were inversely relat-
ed to the physical fitness score and PFI grading proceeded from ex-
cellence fitness to poor fitness on increasing BMI/BMI percentiles 
for age and sex (rho=-0.589, p < 0.001), WC (rho=-0.565, p < 0.001) 
and WHtR ((rho=-0.565, p < 0.001). This shows the physiological 
importance of establishing the relationship between the body fat 
or obesity measures to physical activity or fitness. By combining 
these findings with the poorer cardiovascular measures in OW 
and OB adolescents, we can conclude the poor cardiovascular and 
physical fitness among OW/OB adolescents. These findings with an 
inverse relationship of obesity measures and physical fitness are 
consistent with the previous report [30].

Conclusion
The findings of the present study support previous findings 

showing poor cardiovascular measures with increased resting 
heart rate and arterial blood pressure and the inverse association 
between cardiovascular-physical fitness and obesity measures in 
the adolescent. Further studies are needed to establish the rela-
tionship between cardiorespiratory physical fitness and obesity 
across different ages, genders and regions. 
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