
 

 

 
Abstract— The number of indices developed for the evaluation of 

obesity and metabolic syndrome (MetS) both in adults and pediatric 
population is ever increasing. These indices can be weight-dependent 
or weight–independent. Some are extremely sophisticated equations 
and their clinical utility is questionable in routine clinical practice. The 
aim of this study was to compare presently available obesity indices 
and find the most practical one. Their associations with MetS 
components were also investigated to determine their capacities in 
differential diagnosis of morbid obesity with and without MetS. 
Children with normal body mass index (N-BMI) and morbid obesity 
were recruited for this study. Three groups were constituted. Age- and 
sex-dependent BMI percentiles for morbid obese (MO) children were 
above 99 according to World Health Organization tables. Of them, 
those with MetS findings were evaluated as MetS group. Children, 
whose values were between 85 and 15, were included in N-BMI group. 
The study protocol was approved by the Ethics Committee of Tekirdag 
Namik Kemal University, Faculty of Medicine. Parents filled out 
informed consent forms to participate in the study. Anthropometric 
measurements and blood pressure values were recorded. BMI, hip 
index (HI), conicity index (CI), triponderal mass index (TPMI), body 
adiposity index (BAI), body shape index (BSI), body roundness index 
(BRI), abdominal volume index (AVI), waist-to-hip ratio (WHR) and 
[waist circumference (WC) + hip circumference (HC)]/2 were the 
formulas examined in this study. Routine biochemical tests including 
fasting blood glucose (FBG), insulin (INS), blood lipids were 
performed. Statistical program SPSS was used for the evaluation of 
study data; p < 0.05 was accepted as the statistical significance degree. 
HI did not differ among the groups. A statistically significant 
difference was noted between N-BMI and MetS groups in terms of 
ABSI. All the other indices were capable of making discrimination 
between N-BMI-MO, N-BMI- MetS and MO-MetS groups. No 
correlation was found between FBG and any obesity indices in any 
groups. The same was true for INS in N-BMI group. Insulin was 
correlated with BAI, TPMI, CI, BRI, AVI and (WC+HC)/2 in MO 
group without MetS findings. In the MetS group, the only index, which 
was correlated with INS, was (WC+HC)/2. These findings have 
pointed out that complicated formulas may not be required for the 
evaluation of the alterations among N-BMI and various obesity groups 
including MetS. The simple easily computable weight-independent 
index, (WC+HC)/2, was unique, because it was the only index, which 
exhibits a valuable association with INS in MetS group. It did not 
exhibit any correlation with other obesity indices showing associations 
with INS in MO group. It was concluded that (WC+HC)/2 was pretty 
valuable practicable index for the discrimination of MO children with 
and without MetS findings. 
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obesity indices. 

I. INTRODUCTION 

ARIOUS stages of obesity require the detailed 
investigation of metabolic alterations including insulin 

resistance. The late stage of obesity is described as morbid 
obesity (MO) and it commonly leads to a health problem, 
metabolic syndrome (MetS), characterized by a spectrum of 
metabolic derangements. [1] For the careful examination of 
these health problems, anthropometric measurements such as 
waist circumference (WC) or hip circumference (HC) and the 
distribution of body’s fat compartments such as trunk fat, leg 
fat or arm fat are generally considered. In some cases, they may 
not be sufficient. For the purpose, researchers try to develop 
new obesity indices to make the discriminations between the 
different stages of obesity and/or obesity-related diseases. 
There are many weight-based measures and fat distribution-
based measures for the screening of adulthood and childhood 
adiposity [2]-[13]. These indices lie in the line extending from 
simple equations to sophisticated formulas. Obesity indices 
may be roughly classified into two categories: Anthropometry-
based and fat-based. They are compared in many studies 
performed on the matter [2]-[13]. 

Within the scope of anthropometry-based indices, there are 
formulas using weights of the individuals. However, in the 
other group of formulas, weight parameter is not used. 

BMI, CI, TPMI, BSI, HI are some examples to such indices 
using weight. On the other hand, BAI, BRI, AVI, WHR, 
(WC+HC)/2 are the indices, which do not include weight 
parameter. 

The most frequently used anthropometric measurements are 
WC and HC. Since both anthropometric measurements increase 
steadily as the severity of obesity increases, it was thought that 
(WC+HC)/2 may be introduced as a new obesity marker to be 
used in routine clinical practices. This was confirmed in a 
previous report [14]. 

This study was focused on anthropometry-based obesity 
indices. Weight-dependent and weight-independent 
anthropometry-based indices were considered. The profile of 
each index is examined in N-BMI, MO and MetS groups. 
Besides, their associations with FBG, triglycerides (TRG), high 
density lipoprotein cholesterol (HDL-C) and insulin (INS) were 
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checked. Finally, TRG/HDL-C was also examined.  

II. PATIENTS AND METHODS 

A. Patients 

167 children were included in this study. Three groups were 
constituted. The first group was composed of 35 children with 
N-BMI. Children in this group were between 15th and 85th age- 
and sex-dependent BMI percentiles according to the tables 
prepared by World Health Organization (WHO) [15]. Second 
group comprised 96 MO children. Their percentiles were above 
99. The same was true for the third group. However, in this 
group, the children, besides being MO, had at least two MetS 
components. The second and third groups were indicated as 
MO+MetS- and MO+MetS+, respectively. 

MetS criteria were listed in the study group [16]. In MetS 
group, children must exhibit blood pressure values, either 
systolic blood pressure (SBP) or diastolic blood pressure, above 
130 mm Hg or 85 mm Hg, respectively. The second criteria 
were the elevations well above 100 mg/dl in FBG values. Third 
criteria were related to lipid parameters TRG and HDL-C. 
Increased TRG (150 mg/dl) or decreased HDL-C (40 mg/dl) 
must be present as one of MetS components. 

Informed consent forms were taken from the parents of the 
children. Institutional Ethical Committee for Non-
Interventional Clinical Studies confirmed the study protocol. 

B. Anthropometric Measurements and Weight-Dependent as 
Well as Weight-Independent Ratios 

Weight, height, WC, HC, neck circumference and head 
circumference values were measured and recorded.  

Within the scope of ratios, BMI, CI, TPMI, ABSI, HI as 
weight-dependent, BAI, BRI, AVI, WHR, (WC + HC)/2 as 
weight-independent ratios were calculated.  

C.  Determination of MetS Components 

Blood pressure measurements were performed. Values 
obtained for SBP and diastolic blood pressure were recorded. 

FBG, INS, TRG, HDL-C concentrations were determined. 
TRG-to HDL-C ratio was calculated.  

D.  Statistical Evaluation of the Study Data 

Statistical evaluation of the obesity index formulas as well as 
biochemical parameters in groups was performed. The 
statistical software SPSS was used for the evaluation of the 
data. Mean and SD values were computed. Due to the 
availability of three groups, analysis of variance F-test was 
performed to determine possible statistically significant 
differences among the groups. Correlation analyses were 
performed and plots for linear regression were drawn. 

III. RESULTS 

Names, abbreviations and the equations of the formulas used 
within the scope of the study are listed in Table I. 

BMI, WC/HC, WHtR, (WC+HC)/2, TPMI were the easily 
calculable ratios/indices. All the others were of sophisticated 
formulas, which require complex mathematical procedures. 

 

TABLE I 
FORMULAS OF OBESITY INDICES 

Abbr. NAME Equation 

BMI body mass index weight/ (height)2 
 

WHR waist C-to-hip C ratio WC/HC  

WHtR waist C-to-height ratio WC/Ht 

(WC+HC)/2 (WC+HC)/2 (WC+HC)/2  
HI hip index HC*weight -0.482 * height 0.310 

 
CI conicity index WC/0.109 * √(weight/height)  

TPMI triponderal mass index weight/height 3  

BAI body adiposity index HC/height 0.8  

ABSI body shape index 1000 * WC*weight -2/3 *height 5/6  

BRI body roundness index 364.2 - 365.5 * (1-((0.5 * WC/ )2  

AVI 
abdominal volume 

index
(2 * (WC*100)2 + 0.7 * (WC*100-

HC*100) 2 )/1000

C = circumference. 
 

Mean value±SD and the p values as the statistical 
significance degrees calculated for determining the possible 
differences among obesity indices values calculated for the 
groups are shown in Table II. 

Hip index values were calculated for N-BMI, MO and MetS 
groups. No statistically significant difference was observed 
among the groups. Considering ABSI values, it was observed 
that the differences between N-BMI and MO groups as well as 
MO and MetS groups were statistically insignificant (p > 0.05). 
However, there was a statistically significant difference 
between N-BMI and MetS groups (p < 0.01). Statistically 
significant differences were detected among the groups in terms 
of all of the remaining formulas. The p values for N-BMI and 
MetS as well as N-BMI and MO comparisons were 0.001. The 
p values for the difference between MO and MetS groups are 
shown in Table II. 

 
TABLE II 

SIGNIFICANCE AMONG GROUPS FOR OBESITY INDICES (MEAN ± SD) 

Parameter 
N-BMI 
Group 1

MO 
Group 2 

MetS 
Group 3

BMI# 17.6 ± 2.8 27.4 ± 5.9 30.6 ± 8.1 

WHR# 0.82 ± 0.06 0.90 ± 0.05 0.95 ± 0.17 
WHtR# 

(WC+HC)/2 ϕ

HINS 

0.44 ± 0.04 
69.5 ± 10.5 

0.152 ± 0.007 

0.60 ± 0.06 
91.9 ± 15.5 

0.154 ± 0.005 

0.65 ± 0.12 
101.2 ± 17.8 

0.154 ± 0.006
CI ϕ 

TPMI# 
1.14 ± 0.06 
12.4 ± 1.5

1.27 ± 0.07 
18.7 ± 2.3 

1.34 ± 0.24 
20.2 ± 4.4

BAI# 
ABSI NS

57.1 ± 4.3 
77.5 ± 4.0

71.5 ± 6.4 
79.9 ± 4.4 

74.8 ± 7.5 
83.3 ± 15.4

BRI ϕ 2.28 ± 0.68 5.46 ± 1.27 7.02 ± 4.38 

AVI* 8.2 ± 2.4 15.7 ± 5.5 20.6 ± 11.5 

N = normal, Height = Ht, WHtR = waist-to-height ratio, BSI = body shape 
index, NS = not significant; [* 2-3 < 0.001, ϕ 2-3 < 0.01, # 2-3 < 0.05 ]. 

 

Table III shows the mean ± SD values for some physiological 
and biochemical parameters, which are important in both 
obesity and MetS. Figs. 1 and 2 show the linear regression plots 
for correlation analyses.  

Significant correlations between the anthropometric ratio; 
(WC+HC)/2 and INS in both MO+MetS- (r = 0.380; p < 0.001) 
and MO+MetS+ (r = 0.449; p < 0.01) groups were observed. 
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TABLE III 
SOME PHYSIOLOGICAL AND BIOCHEMICAL PARAMETERS (MEAN ± SD) 

Parameter  
N-BMI 
Group 1

MO 
Group 2 

MetS 
Group 3

SBP * mm.Hg 107 ± 11 116 ± 14 133 ± 15 

DBP * mm Hg 67 ± 12 74 ± 10 87 ± 14 
FBG NS 
TRG * 

HDL-C ϕ 

mg/dl 
mg/dl 
mg/dl 

90 ± 9 
74 ± 25 
66 ± 21

90 ± 7 
109 ± 56 
51 ± 12 

94 ± 7 
178 ± 119 

45 ± 13
TRG/HDL-C * 

INS # 
mIU/L 
mIU/L 

1.3 ± 0.7 
10.3 ± 8.4

2.5 ± 2.3 
20.4 ± 18.8 

4.6 ± 3.9 
24.3 ± 12.4

N = normal, DBP = diastolic blood pressure, HDL-C = high density 
lipoprotein-cholesterol, NS = not significant; [* 1-2, 1-3, 2-3 < 0.05, ϕ 1-2, 1-3 0.001, # 1-2, 1-3 

0.01]. 

 

 

Fig. 1 Correlation between (waist circumference + hip 
circumference)/2 and INS in MO group 

 

 

Fig. 2 Correlation between (waist circumference + hip 
circumference)/2 and INS in MetS group 

IV. DISCUSSION 

Obesity is associated with many chronic diseases. Metabolic 
alterations in obesity have the potential to develop 
hypertension, MetS, diabetes mellitus, cardiovascular diseases 
and malignancies [2]-[8], [13], [17]-[20]. Therefore, formulas 
created for the adequate interpretation of obesity, are not only 
available for the discrimination of various stages of this disease, 
but also give useful information during the courses of the 
above-mentioned diseases. Particularly, it has been shown that 
some of these formulas, which are collectively known as 
“obesity indices”, exhibit meaningful associations with 
cardiometabolic risk factors. Studies were performed to find the 
best anthropometric index, which is both simple and suitable 
for obesity studies [2]-[14], [21]-[24]. 

Of these indices, BRI was introduced as the indicator of 
cardiometabolic risk [25]. TPMI was included in discriminating 
central obesity and hypertension in overweight adolescents 
[26]. In a report, individuals with elevated ABSI consistently 
exhibited higher risk of death compared to those with low-ABSI 
[27]. 

As known, obesity is a risk factor for diabetes. Within this 
context, CI, AVI, BRI, CMI were reported as alternative 
indexes for diabetes prediction. BRI possesses higher 
discriminatory power for this purpose compared to the 
performance of WC [28]. 

A temporal association was noted between TPMI and blood 
pressure values in children. Higher TPMI predicted higher 
subsequent BP [29]. The prevalence of cardiometabolic risks 
increased with the severity of obesity. The risk of MetS also 
increased with the severity of obesity. Since TPMI reflected the 
severity of obesity and predicted the risk of MetS and its 
components, clinical applications of this index may help the 
identification of the childhood obesity and MetS [30]. In Iranian 
preschool children, TPMI was reported as a predictor for 
obesity [31]. Obesity, as classified by TPMI, was strongly 
associated with several cardiovascular risk factors in Brazilian 
adolescents [32]. CI had the best ability to identify diabetes 
[33]. 

In this respect, some biochemical parameters, such as FBG, 
INS, TRG, HDL-C as well as some ratios, gain importance in 
terms of associations between obesity indices and these 
biochemical parameters due to their links with glucose and lipid 
homeostasis. These parameters are both considered MetS 
components and also considered within the scope of 
cardiometabolic risk factors. 

In a previous study, INS was introduced as the only 
parameter, which showed statistically significant difference 
between MO-MS2, MO-MS3 and MS2-MS3. It was then 
concluded that FBG may be replaced by INS as one of the MetS 
components [1]. 

In our study, (WC+HC/2) was the simplest formula, which 
showed the most prominent behavior in term of the difference 
between MO and MetS groups. The correlation was not found 
between INS and (WC+HC)/2 in N-BMI group. Correlations 
were r = 0.380 and r = 0.449; p < 0.01 in MO and MetS groups, 
respectively. In MetS groups, higher correlation was present. 
The lack of correlations between FBG and (WC+HC)/2 in all 
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three groups emphasized the clinical utility of INS parameter in 
this discussion. 

Another important point in MetS group was the correlation 
observed between INS and diastolic blood pressure, which was 
absent in other groups.  

A third point was the correlation between INS and HDL-C. 
The only group, which exhibited significant correlation 
between these two parameters was MetS group. This finding 
along with the previous one emphasized the evaluation of INS 
parameter among children with MetS findings.  

In MetS group, INS was correlated with an anthropometric 
obesity index, a physiological finding and a biochemical 
parameter, which is commonly considered as cardiometabolic 
risk factor. 
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