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ABSTRACT 

Background: Obesity must be determined precisely and accurately in order for intervention efforts to be more effective. 

Anthropometric measurement is accurate, simple, inexpensive, and non-invasive to perform, making it useful as a 

screening tool for body fat.  

Objective: The purpose of this study is to assess the performance of anthropometric indicators in assessing fat obesity in 

Indonesian children aged 7 to 12 years in Yogyakarta Province. 

Materials and Methods: Participants included 514 Javanese children (260 boys, 254 girls) aged 7-12 years who lived in 

Bantul and Kulon Progo Regencies and were healthy and willing to participate. Disabled children were excluded. Data 

were taken in 1998 including body weight, height, wrists, abdomen, waist and hip circumference, and skinfold thickness 

at biceps, triceps, subscapular, and suprailiac. Body mass index (BMI), body frame, waist-hip ratio (WHR), and waist-

to-height ratio (WHtR) were further calculated. Body fat was estimated from skinfold thickness. Statistical analysis using 

ANOVA and Receiver Operating Characteristics (ROC) tests were performed. 

Results: The ANOVA test results showed that age was the main factor of significant variation (p<0.001) for all variables, 

while gender was significant for wrist circumference (p<0.05), body frame (p<0.05), and WHR (p<0.001). Gender and 

age are simultaneously significant only for height (p<0.001). ROC analysis showed that abdominal circumference in boys 

and waist circumference in girls had the widest area under the curve (AUC), while height had the smallest AUC in both 

genders. BMI had the highest AUC in boys (AUC= 0.984; p<0.001) and girls (AUC= 0.972; p<0.001).  

Conclusion: Abdominal circumference in boys and waist circumference in girls performed better than other 

anthropometric indicators for assessing body fat obesity. While, BMI outperforms all other anthropometric indices in 

both genders. 
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BACKGROUND  

Overweight and obesity are becoming increasingly serious public health issues in children around the 

world. It was estimated that 20% (over 390 million) of children and adolescents aged 5-19 years in worldwide 

were overweight (including obese).1 Therefore, childhood obesity is a serious health issue.2 Children who are 

overweight are more likely to develop diabetes, obesity, chronic noncommunicable diseases, and certain types 

of cancer, in addition to cognitive, behavioral, and emotional issues.3 As a result of the increasing prevalence 

of overweight and obesity in children, screening tools are required to determine obesity and identify the 

associated risk factors and diseases. 

Body mass index (BMI) is a tool commonly used in epidemiological research to determine childhood 

obesity. However, since BMI cannot distinguish between the components of body fat, muscle, and skeletal 

mass, it can lead to errors in the identification of obesity.4 Furthermore, obesity, as defined by the World Health 

Organization, is a condition characterized by excessive body fat that can lead to health problems.5 Therefore, 

assessing body fat is critical in both the diagnosis and treatment of childhood obesity.6 Standard body fat 

measurement methods such as DEXA7, however, are typically difficult to implement in clinical and field study. 

When standard tools are unavailable, simple body measurements such as height and weight6, sitting height, 

arm and waist circumference, and skin fold thickness7 can be used to estimate body fat in children. Data meta-

analysis studies in multi-ethnic children aged 4-15 years revealed that models developed using simple 

anthropometric measures to predict body fat levels were used in many studies with high predictive ability and 

low individual error, indicating that models can be applied across ages, genders, and ethnicities.8 This study 

shows that anthropometric prediction models can improve the accuracy of body fat measurements in children 

when compared to BMI, allowing for more effective clinical obesity surveillance, prevention, and 

management, as well as public health monitoring.8 
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Some anthropometric parameters can also be used to predict health risk factors. In estimating cardio-

metabolic risk factors in school-age children in Mexico, waist-to-height ratio (WHtR) performed just as well 

as waist circumference and z-BMI.9 WHtR can be used to detect cardiometabolic risk in Chinese children as 

young as 3-6 years, as well as aged 7-17 years in both boys and girls.10 In the big data of Pakistani children 

and adolescents aged 2-19 years, Asif and his colleagues.11 discovered that anthropometric measures (height; 

weight; upper middle arms, neck, wrists, waist, and hip circumference) and their derived indices (BMI, waist-

hip ratio/WHR, WHtR) were valid proxies for predicting body fat, general or central obesity, and cardio-

vascular risk in boys and girls. A special cut-off point for the parameter has also been developed, which can 

be used to diagnose overweight and obesity in Pakistani children for both genders. 

Anthropometric measurements, which are significant predictors of body fat mass, can be useful in 

identifying the effects of body fat on health risks in children's epidemiological research. Childhood obesity is 

very important to determine because it has a tendency to cause health problems, an increasing prevalence of 

obesity, and the health risk factors that accompany obese children into adulthood. Therefore, tools for 

identifying obesity that can accurately diagnose a child who is truly obese are required, so that such children 

can be treated further with appropriate interventions to prevent risk factors. This study looked at several 

anthropometric measures and indices as predictors of body obesity in children aged 7 to 12 years old in 

Yogyakarta Province. 

 

MATERIALS AND METHODS 

Subjects  

This is an observational, descriptive, and analytical study with a cross-sectional design. Data was 

collected between August and November of 2018. Children in grades 1-6 from SDN Giriwungu, Bantul 

Regency, SDN 1 Sentolo, and SDN 2 Sentolo, Kulonprogo Regency, Yogyakarta Province participated. 

Inclusion criteria include Yogyakarta Province elementary school students in grades 1-6, boys and girls, aged 

7-12 years, ethnic Javanese, healthy, and willing to participate in research as evidenced by informed consent 

signed by the student's parent or guardian. Meanwhile, children with disabilities are among the exclusion 

criteria. There were 514 children who took part (260 boys, 254 girls). The Medical and Health Research Ethics 

Commission, Faculty of Medicine, Public Health, and Nursing, Gadjah Mada University, provided research 

ethics No. KE/FK/0803EC/2018. 

Measurements 

Height, weight, wrist, waist, abdomen, and hip circumferences, as well as skinfold thickness on the 

triceps, biceps, subscapula, and suprailiaca, were all measured. An anthropometer measuring set is used to 

measure height to the nearest 0.1 cm (GPM, Switzerland, Ltd). The Harpenden tape meter is used to measure 

the circumference to the nearest 0.1 cm. Harpenden skinfold calipers were used to measure skinfold thickness 

to the nearest 0.2 mm. All anthropometric measurements were taken in accordance with the International 

Society for the Advancement of Kinanthropometry's guidelines.12 Body mass index (BMI), waist-to-hip ratio 

(WHR), waist-to-height ratio (WHtR), and body frame were calculated. BMI was defined from weight (kg) 

divided by square of height (m), WHR from waist circumference (cm) divided by hip circumference (cm), 

WHtR from waist circumference (cm) divided by height (cm), and body frame from height (cm) divided by 

wrist circumference (cm). 

Percent of body fat (%BF) was assessed using the Durnin and Rahaman equations (13): 

BD = 1.1690 – 0.0788 log sum 4 skinfolds (boy) 

BD = 1.2063 – 0.0999 log sum 4 skinfolds (girl) 

%BF = ([4.95/BD] – 4.5) x 100 

where BD is the body density. 

Statistical Analyses 

A two-way ANOVA test was used in this study to determine the differences in anthropometric 

measures in participants based on age and gender. The best anthropometric predictor was determined using 

Receiver Operating Characteristic (ROC) analysis based on area under curve (AUC) analysis using %BF 

obesity as a reference. 
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RESULTS 

This study included 514 children aged 7 to 12 years old (260 boys and 254 girls) from Bantul and 

Kulonprogo Regencies in Yogyakarta. There was no statistically significant difference in the number of study 

subjects between boys and girls in each age group from 7 to 12 years (p= 0.800). The ANOVA test results 

show that age is the primary source of significant variation (p<0.001) for all parameters (Table 1). Gender was 

significant for neck circumference, LPT, and body frame (p<0.05), triceps skinfold, and WHR (p<0.001); 

however, gender and age combined are only significant for height (p<0.001). 

 
Table 1. The ANOVA Results for Anthropometric Measurements and Indices of Yogyakarta Province Children 

Aged 7 to 12 Years. 

 p 

Gender Age Gender & 

Age 

Age (years) 0.926 <0.001** 0.229 

Weight (kg) 0.301 <0.001** 0.702 

Height (cm) 0.948 <0.001** 0.017* 

Wrist circumference (cm) 0.025* <0.001** 0.062 

Waist circumference (cm) 0.094 <0.001** 0.668 

Abdominal circumference (cm) 0.129 <0.001** 0.764 

Hip circumference (cm) 0.105 <0.001** 0.097 

BMI 0.153 <0.001** 0.886 

Body frame 0.046* <0.001** 0.489 

WHR <0.001** <0.001** 0.552 

WHtR 0.055 <0.001** 0.854 

%BF 0.614 <0.001** 0.790 

*p<0.05; **p<0.01; p: significance; BMI: Body mass index; WHR: Waist-to-hip ratio;  

WHtR: Waist-to-height ratio; BF: Body fat 

The results of a Receiver Operating Characteristic (ROC) analysis of anthropometric measures for % 

BF obesity in boys and girls are shown in Figures 1 and 2. Abdominal circumference in boys (Figure 1) and 

waist circumference in girls (Figure 2) have the largest area under the curve (AUC) among the anthropometric 

measures, while height has the smallest curve area in both genders. Among anthropometric indices, BMI has 

the largest area under the AUC curve in both boys and girls, while body frame has the smallest (Figure 1). 
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Figure 1. Receiver Operating Characteristics (ROC) of Anthropometric Measures for %BF Obesity in 

Boys Aged 7 to 12 Years 

 

Figure 2. Receiver Operating Characteristics (ROC) of Anthropometric Measures for %BF Obesity in 

Girls Aged 7 to 12 Years 

 

The curve area in Table 2 shows that BMI (AUC= 0.984) have the highest AUC in boys and girls 

(AUC= 0.972). Other anthropometric indicators, such as wrist, waist, abdominal and hip circumferences, and 

WHtR in boys (AUC= 0.892 - 0.980) and wrist, waist, abdominal, and hip circumferences, and WHtR in girls 

(AUC= 0.885 - 0.956), also perform well, with AUCs of 90% or higher (Table 2). 

 
Table 2. The Area Under the Curve (AUC) Anthropometric Measurements and Indices of Yogyakarta Province 

Children Aged 7 to 12 Years. 

 
Boys (N= 260) Girls (N= 254) 

AUC SE AUC SE 

Weight (kg) 0.932 0.017** 0.915 0.028** 

Height (cm) 0.744 0.034** 0.710 0.048** 

Wrist circumference (cm) 0.892 0.023** 0.885 0.027** 

Waist circumference (cm) 0.959 0.018** 0.956 0.023** 

Abdominal circumference (cm) 0.980 0.008** 0.946 0.028** 

Hip circumference (cm) 0.942 0.018** 0.914 0.026** 

BMI 0.984 0.006** 0.972 0.016** 

Body frame 0.177 0.031** 0.186 0.020** 

WHR 0.637 0.040** 0.654 0.024** 

WHtR 0.921 0.024** 0.946 0.026** 

  *p<0.05; **p<0.001; N: number of subjects; SE: Standard error; BMI: Body mass index; WHR:  

Waist-to-hip ratio; WHtR: Waist-to-height ratio 

 

DISCUSSION 

This study looked at several anthropometric measures and indices as predictors of fat obesity in 

children aged 7 to 12 years in Yogyakarta Province. The findings revealed that abdominal circumference in 

boys and waist circumference in girls performed best as anthropometric indicators for assessing fat obesity. 

While, among anthropometric indices, BMI performs best in boys and girls. 

ROC analysis of anthropometric measures of boys and girls against fat obesity revealed that abdominal 

circumference in boys and waist circumference in girls are the anthropometric measures with the largest area 

of the curve that perform the best. Although BMI has the highest performance in both boys and girls among 

the anthropometric indices, another index, WHtR, also has a high performance with AUC = 0.921 in boys and 

0.946 in girls (see Table 2). According to the findings of several other studies, WHtR has high performance in 
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both genders, such as Asif and colleagues11 reported AUCs = 0.855 and 0.844 for obesity in boys and girls, 

respectively. A study of 7-year-olds from ten European countries participating in the WHO Europe Childhood 

Obesity Surveillance Initiative (COSI) discovered that waist circumference and WHtR could provide 

additional information about the prevalence of central obesity in children.2 There are differences between the 

countries observed - Bulgaria, Czechia, Greece, Ireland, Latvia, Lithuania, North Macedonia, Norway, Spain, 

and Sweden. Waist circumference in the 50th and 90th percentiles (according to COSI and 'Identification and 

prevention of Diet- and Lifestyle-induced health effects in Children and Infants' [IDEFICS] cut-off values) 

and WHtR above 0.5 are useful as indicators of abdominal obesity in children aged 7-7.9 years, according to 

the study. Bacopoulou et al.14 agree that the WHtR 0.5 cut-off should be used as a threshold for obesity in 

Greek adolescents. Furthermore, Fujita et al.15 reported that WHtR, waist circumference, and BMI can identify 

children with excess abdominal fat as measured by DEXA, making it useful for school-age health checks.  

In our study, waist circumference in girls and abdominal circumference in boys performed well in 

assessing fat obesity, which is consistent with previous research, such as that of Pelegrini et al.16 in Brazilian 

adolescents, who found that waist circumference, along with WHtR and BMI, had the largest AUC in relation 

to relatively high body fat. Waist circumference can also help predict some of the health problems associated 

with obesity. Tong and colleagues17 discovered in Chinese children that waist circumference, as an indicator 

of abdominal obesity, was positively associated with residual cholesterol as a risk factor for cardiovascular 

disease. According to Seidell, waist circumference is more closely related to cardiovascular disease risk factors 

than other anthropometric measures.18 However, Aguilar-Morales et al.9 discovered that waist circumference, 

along with WHtR and BMI, predicted cardio-metabolic lipidic risk factors in the same way. Aristizabal et al.19 

discovered that BMI, rather than waist circumference and WHtR, provided comparable information on 

cardiometabolic risk factors. A WHtR 0.5 was superior in detecting an increased risk of LDL-c increase in 

Mexican schoolchildren.9 WHtR may also be recommended in Chinese children and adolescents for 

identifying hypertension, dyslipidemia, and cardiometabolic risk factors in boys and girls [10]. As a result, it 

is suggested that WHtR be used as a screening tool to accurately identify children affected by cardiometabolic 

risk factors.20 A meta-analysis study found that WHtR performed well in identifying clustered CMRs across 

racial populations.21 

However, the dispute's findings persist. Using a multivariate regression model, Lee and colleagues22 

discovered that waist circumference was significantly more efficient than BMI in predicting insulin resistance, 

blood pressure, cholesterol levels, and serum triglycerides. This makes waist circumference a unique source 

of information about health risk factors, particularly in children.23 Furthermore, Darsini et al.24 found that 

having a large waist circumference increases the risk of developing hypertension, type 2 diabetes, 

hypercholesterolemia, joint pain, lower back pain, and hyperuricemia in a systematic review. As a result, it 

may be a more significant and accurate predictor of general health than BMI. 

This study supports the use of BMI other than waist and WHtR in the evaluation of obesity. The 

advantage of BMI over other anthropometric measures is that it only uses weight and height measurements, 

which are simpler than waist circumference and WHtR. Furthermore, BMI has been used globally, allowing 

comparisons between regions and populations over time.19 Even so, additional anthropometric indicators such 

as waist circumference and WHtR are also useful and can be used in screening for fat obesity in children.16 In 

recent studies, we discovered that abdominal circumference has a high performance for detecting obesity, 

comparable to, if not better than, waist circumference, gaining important knowledge and value from this 

measure. Because abdominal circumference can represent central obesity as well as waist circumference, it 

may be useful in identifying fat obesity. 

This study adds to our understanding of obesity in Indonesian children aged 7 to 12 years old by 

including body fat analysis in the evaluation of obesity, as well as the utility of several anthropometric 

indicators in determining obesity. Because of the small number of samples used in this study, the cut-off points 

for obesity based on such anthropometric measures cannot be determined. The restricted sampling area also 

limits the generalizability of our findings to all Indonesian children. Furthermore, the cross-sectional method 

is incapable of analyzing causal relationships. More research is needed to develop a national cut-off point for 

obesity based on anthropometric indicators in a longitudinal study design and large national representative 

samples in order to define cut-offs fat obesity in children aged 7-12 years old. 
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CONCLUSIONS 

In our study, abdominal circumference in boys and waist circumference in girls performed the best of 

anthropometric measures for assessing fat obesity in children aged 7 to 12 years in Yogyakarta Province. 

Meanwhile, among the anthropometric indices, BMI performed the best in identifying fat obesity in both 

genders, followed by WHtR. This study supports the use of BMI by adding other indicators such as waist 

circumference, abdominal circumference, and WHtR in determining childhood obesity. 
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