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Abstract 

New indicators have been proposed in order to detect obesity and body fat distribution, 

such as conicity index (CI). The previous study found that CI has a significant correlation 

with high body fat in adolescents. This study aimed to assess the association of Conicity 

Index (CI) with Body Mass Index (BMI) and Body Fat Percentage (%BF) and evaluated 

the accuracy of CI based on %BF as gold standard for identification of obesity in 

adolescents. This cross-sectional study consisted of 620 adolescents (283 boys and 337 

girls) aged 14-18 years. The correlation was tested using Spearman analysis. Obesity was 

based on age-and-sex specific body fat percentage cut-off values of body fat reference 

curves for children from Growth Foundation. Receiver operating characteristic (ROC) 

curve analyses were used to assess the accuracy of CI as a diagnostic test of obesity in 

adolescents. This study showed that CI was significantly correlated with BMI (boys: r = 

0.485, p<0.0001; girls: r = 0.302, p<0.0001) and %BF (boys: r = 0.544, p<0.0001; girls: r 

= 0.347, p<0.0001). The area under curve (AUC) of CI for the diagnostic of obesity were 

over 0.9 for boys and over 0.7 for girls. The cut-off values for defining obesity were 1.13 

(Sensitivity (Se) and Specificity (Sp) > 0.8) for boys and 1.14 (Se and Sp > 0.6) for girls. 

In conclusion, CI positively associated with BMI and % BF. CI is more accurate in boys 

than girls for the screening of excess adiposity in adolescents. 

1. Introduction 

Obesity in adolescents is a new emerging nutrition 

problem in Indonesia. Its prevalence has escalated based 

on Basic Health Survey in Indonesia. Obesity in 

adolescents aged 13-15 years has increased from 2.5% in 

2013 to 6.7% in 2018. In adolescents aged 16-18, the 

trend has increased from 1.9% in 2013 to 4.0% in 2018 

(National Institute of Health Research and 

Development,2013; National Institute of Health 

Research and Development,2018). Thus, screening 

program is needed in adolescents’ group, since obesity in 

adolescents can trigger patterns obesity in adulthood and 

increase risk of non-communicable diseases (NCD) like 

diabetes mellitus and cardiovascular diseases at a 

younger age (World Health Organization, 2014). 

Several anthropometry methods have been tested to 

identify obesity in adolescents. Body mass index (BMI) 

is widely used as an obesity indicator. In adolescents, 

BMI is classified based on sex and age (World Health 

Organization, 2013). BMI indicates fat in general. This 

index cannot distinguish fat from muscle mass and 

cannot represent fat distribution. A study found that the 

correlation between BMI and fat content weaker than 

that (%BF) and fat content (Thu Trang et al., 2019). This 

general obesity index may not be appropriate in 

predicting NCD.  

In epidemiological studies, body fat percentage has 

been recommended as an obesity indicator and a better 

predictor for NCD. Higher body fat percentage has 

correlated with a higher risk of metabolic syndrome (Al-

Bachir and Bakir, 2017). The cardiovascular diseases 

risk factor also increases in adolescents with body fat 

percentage higher 20% in male and 30% in female 

(Going et al., 2011).  

New indicators have been proposed in order to detect 

obesity and body fat distribution, such as conicity index 

(CI). CI is determined based on the measurement of body 

mass, height, and waist circumference indicator of 

abdominal obesity. It evaluates waist circumference in 

relation to weight and height. It assumes that body shape 

changes with accumulation of fat in the abdomen 

(Valdez, 1991). The previous study found that CI has a 
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significant correlation with high body fat in adolescents 

(Pelegrini et al., 2015). Asian populations are 

predisposed to visceral or abdominal adiposity without 

developing generalized obesity (Steering Committee, 

2000). There was limited information about CI for Asian. 

As far as we know there was no information about CI for 

Indonesian. Hence, the aim of the study was to assess the 

association of Conicity Index (CI) with Body Mass Index 

(BMI) and Body fat percentage (%BF) and evaluate the 

accuracy of CI for identification of obesity in 

adolescents, especially for Indonesian. 

 

2. Materials and methods 

2.1 Design, location, and time 

This diagnostic study was conducted in SMAN 2 

Ungaran Central Java Indonesia in November 2017. The 

school is included in the criteria of the obesogenic 

environment. The location is in an area close to various 

fast food restaurants. The school canteen provides high 

energy snacks such as sweet cakes and various fried 

foods. While on the other hand, most students use 

motorbikes to go to school. The study tested CI as 

obesity indicator based on %BF parameter as a gold 

standard and assess its correlation to BMI and %BF.  

2.2 Sampling 

The sampling technique was total sampling 

technique. The total number of subjects in this study 

were 620 students (283 boys, 337 girls). The inclusion 

criteria were not suffering from fever and not in the 

period of menstruation at the time of the measurement. It 

will influence body fat percentage measurement result. 

The study was ethically approved by the Ethics 

Commission of Health Research, Public Health Faculty 

of Diponegoro University (No. 281/EC/FKM/2017). 

2.3 Data collection 

Each student was recorded their date of birth and sex 

data. Every subject was wearing a sports uniform and 

barefoot on anthropometry measurement. Height (Ht) 

was measured by microtoise (accuracy = 0.1 cm), Omron 

body composition model HBF-358-BW was used for 

measuring body weight (Wt) and %BF and measuring 

tape for measuring waist circumference (WC) to the 

nearest 0.1 cm. All anthropometry data was taken with 

anthropometry standard measurements (Gibson, 2005). 

For maintaining the privacy and comfort of the subject, 

the measurement of WC was performed in a closed room 

with the same sex enumerator. Measurements were done 

by nutrition lecturer and students. 

2.4 Data analysis 

Data were expressed in mean and standard deviation. 

Anthropometric parameters were taken as a continuous 

variable. Correlation between variables was tested using 

Spearman analysis. The significant level was set at 

p<0.05. The sensitivity (Se) and specificity (Sp) of CI as 

an indicator of obesity were determined with cut-off 

value based on %BF as the gold standard. %BF was 

classified using percentile scores for sex and age (≤2nd 

percentile = under fat, >2nd - <85th percentile = normal, 

≥85th - <95th percentile = overfat, ≥95th = obese) 

(McCarthy et al., 2006). CI was calculated from the 

formula (Pitanga and Lessa, 2005): 

Receiver operating characteristics (ROC) curves and 

area under the curve (AUC) for ROC’s were obtained by 

plotting sensitivity against the false-positive rate (1-

specificity). The Youden index (J) was used to determine 

the optimal cut-off value for CI for identification obesity 

(J=sensitivity+ specificity-1). 

 

3. Results 

The total number of the students met the inclusion 

criteria was 620 students from 732 students. 112 students 

from 732 students did not meet the inclusion criteria, 

data didn’t complete, and absent while data were taken. 

The distribution of subjects based on sex were 283 

(45.65%) boys and 337 (54.35%) girls. The mean of %

BF and CI were lower in boys than girls, while the mean 

of BMI was lower in girls. There was a difference of %

BF and CI between the sexes. CI positively associated 

with BMI and %BF for both sexes. Subject 

characteristics are shown in Table 1. Correlation between 

CI with BMI and %BF are shown in Table 2. 
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Variables Min-Max 
Boys 

(n=283) 
Girls 

(n=337) 
p 

Age (y) 14.1-18.4 16.16±0.7 16.01±0.6  

BMI (Kg/m2) 13.89-39.53 21.44±4.8 20.96±3.7 0.993 

%BF (%) 5.0-38.1 14.28±6.5 24.57±4.1 <0.0001 

CI 0.93-1.50 1.09±0.05 1.12±0.06 <0.0001 

Table 1. Subject characteristics 

 n=total subject, BMI = body mass index, %BF=body fat 

percentage, CI=conicity index 

 
BMI %BF 

r p r p 

CI Boys 0.485 <0.0001 0.544 <0.0001 

 Girls 0.302 <0.0001 0.347 <0.0001 

Table 2. Correlation between CI with BMI and %BF 

BMI = body mass index, %BF=body fat percentage, 

CI=conicity index 
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CI accuracy for evaluating obese was measured 

using AUC (Area Under Curve). The results are shown 

in Table 3 and Figure 1. CI has excellent accuracy 

(AUC>0.9) in boys and good accuracy in girls to 

determine obese. The optimal cut-off point for 

determining obese is higher in girls than boys 

(boys=1.13, girls=1.14). Sensitivity and specificity are 

better in boys than girls (boys: Se and Sp>0.8; girls: Se 

and Sp>0.6) (Table 4). 

 

4. Discussion 

Conicity index is a proposed index as a model to 

assess obesity and body fat distribution. It was proposed 

by Valdez in 1991 (Valdez, 1991). This study aimed to 

evaluate this index to assess obesity in Indonesian 

adolescents. This model evaluates abdomen adiposity 

determination by waist circumference with weight and 

height.  

Our study showed that the conicity index positively 

associated with BMI and body fat percentage. The 

correlation was stronger in boys than in girls. Hence, 

adolescents with higher conicity index indicate higher 

BMI and body fat percentage. Conicity index may be 

correlated with obesity both in general and in high body 

fat. Other study found that conicity index associated with 

trunk fat (Taylor et al., 2000). A similar result also found 

in male adults in West Bengal India. Conicity index had 

positive correlation with BMI (r = 0.32, p<0.001) and 

body fat percentage (r = 0.41, p<0.001) (Chakraborty 

and Bose, 2009). Study in female adolescents aged 10-19 

years in Brazil showed that subjects with excess weight 

had a higher value of conicity index. It also demonstrated 

that conicity index can predict high body fat (Pires et al., 

2017). 

Conicity index had a weak correlation with body fat 

percentage in both sexes. The previous study in children 

and adolescents aged 3-19 years found similar results 

(Taylor et al., 2000). In both sexes after adjusting age, 

conicity index had weak correlation with trunk fat (r =  

0.46 in boys; r = 0.31 in girls). The correlation was 

weaker than waist circumference with trunk fat (r = 0.84 

in boys; r = 0.83 in girls) (Taylor et al., 2000). Other 

study showed that conicity index in young female aged 

19-23.5 years had positive correlation with body fat both 

in kg and percent (r = 0.31-0.46) (Socha, 1999). 

The values of the area under the ROC curve of 

conicity index in the prediction of body fat in adolescent 

indicated that conicity index was able for identifying 

obesity from body fat percentage. The percentage under 

the curve was higher in boys than girls. The sensitivity 

and specificity are also better in boys than girls. This 

present study demonstrated the better ability of conicity 

index in identifying body fat percentage. In the previous 

study in Brazilian school children aged 15-17 years, 

conicity index had lower percentage under the curve 

when compared to this study (Pelegrini et al., 2015). 

Other report stated conicity index also able to identify 

trunk fat mass with a percentage more than 80% in both 

sexes (Taylor et al., 2000). 
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  AUC SE p Lower Upper 

CI 
Boys  0.93 0.019 <0.0001 0.896 0.972 

Girls  0.76 0.031 0.031 0.569 0.944 

Table 3. Area under curve (AUC) for CI to determine obese 

based on %BF 

%BF=body fat percentage, CI=conicity index 

Figure 1. Receiver-operating characteristic (ROC) curves for obese in boys (left) and girls (right) 

  Cut-off Se Sp 

CI 
Boys 1.13 0.857 0.851 

Girls 1.14 0.667 0.668 

Table 4. Optimal cut-off point for CI to determine obese  

CI=conicity index 
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There is no consensus of high body fat based on 

conicity index. Our study showed an optimal cut off 

point 1.13 for boys and 1.14 for girls. Other studies 

proposed 1.12-1.16 for boys and 1.06-1.12 for girls 

(Taylor et al., 2000; Pelegrini et al., 2015).  

The present study has some limitations. Conicity 

index is proposed anthropometry indicator to evaluate 

obesity. Only a few studies discussed conicity index and 

high body fat which made this study has limitations of 

comparing the results. This study did not consider body 

fat distribution and growth velocity differences in 

adolescent related to their growth period. Due to the 

differences, it might be biased in diagnosing obesity.  

 

5. Conclusion 

In conclusion, this study showed that the conicity 

index was able to identify obesity from body fat 

percentage in adolescents. Based on this study results, 

conicity index may become one of anthropometry 

indicators to identify obesity. The difficulty of conicity 

index is only due to the complexity of calculating using 

its formula. This study results can be used as preliminary 

information that conicity index has had good sensitivity 

for determining obesity, especially in Indonesian 

adolescents. Further research about conicity index as an 

indicator of obesity in adolescent is needed to include 

subject with a wider range of age and ethnic variations. 

The cut-off point for diagnosing obesity should be 

developed for each age and sex. 
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