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Abstract: This study assessed the body composition indices associated with overweight/obesity 

among students at Medical College of University “Prof. Dr. Asen Zlatarov” in Burgas and also to 

verify the test assessment methods using the application of InterCriteria Analysis (ICA) to the data 

obtained from the tests. The data was analyzed in search of correlations between the results from the 

method of testing for some anthropometric measurements and certain findings are outlined and 

commented. 
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1 Introduction 

Obesity is defined as excess or abnormal fat mass [5]. It is estimated worldwide that there are 

1.2 billion overweight people with obesity affecting 300 million of them [9]. Anthropometric 

indices are widely used for evaluation of health, nutrition risks and in people of all ages. The 

most common measure of overweight and obesity is the Body Mass Index (BMI), which is 

determined by the individual's weight and height. Individuals with a BMI of 30 or higher are 
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considered to be obese, while individuals with a BMI between 25 and 29.9 are considered to be 

overweight [10]. Visceral fat is a type of body fat that's stored within the abdominal cavity. It's located 

near several vital organs, including the liver, stomach, and intestines. Belly fat can also be 

subcutaneous fat, stored just under the skin. Body fat includes essential body fat and storage body fat. 

Essential body fat is a base level of fat that is found in most parts of the body. It is necessary fat that 

maintains life and reproductive functions. The amount of essential fat differs between men and 

women, and is typically around 2-5% in men, and 10-13% in women. The healthy range of body fat 

for men is typically defined as 8-19%, while the healthy range for women is 21-33%. According to 

[7], 30 to 40 percent of a healthy person's body mass is made up of skeletal muscle.  

In this paper we propose the application of the approach of InterCriteria Analysis (ICA) to 

anthropometric data, obtained from college students. The data was analyzed in search of 

correlations between the indices in order to predict the reliability of the proposed method of 

evaluation of the overweight/obesity among the participants.  

2 Presentation of the input data 

The investigation and the data collection process, has been carried out in the educational year 2019/20. 

Contingent of the investigation are 30 students (10 males and 20 females), aged 18-51 years in 

Medical College of University “Prof. Dr. Asen Zlatarov” in Burgas. All subjects agreed to provide 

their personal information regarding the purpose and the procedures of our study, and written 

informed consent.  Height was measured to the nearest 0.1 cm with a standard stadiometer following 

study protocols, and weight in kilograms was measured in light clothing to the nearest 0.1 kg on an 

electronic scale. All anthropometric data were collected by trained staff with the “OMRON BF511” 

body composition monitor. This device provides extensive insight in body and visceral fat, skeletal 

muscle level, BMI and resting metabolism. It is clinically validated and classified as a medical device 

[8]. The results from the anthropometric measurements, as an input data with a given weight are 

represented by seven criteria: C1 (age), C2 (high), C3 (weight), C4 (BMI), C5 (Body fat), C6 (Skeletal 

muscle), C7 (Visceral fat).  

3 Application of the InterCriteria Analysis 

The method of InterCriteria Analysis (ICA) is based on intuitionistic fuzzy sets, thus rendering 

account of the effects of uncertainty. Originally, ICA was being proposed in [2], and various 

aspects of its theoretical investigation are given in papers [1, 3, 4]. 

For this aim, we use the developed software for InterCriteria Analysis [6] (freely available 

online at: http://intercriteria.net/software) and feed it with the data from the two control groups 

of students. The complete resultant tables with InterCriteria intuitionistic fuzzy membership 

pairs are given on Table 1 and Table 2. 
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 C1 C2 C3 C4 C5 C6 C7 

C1 1.000 0.4945 0.4725 0.4396 0.3297 0.5604 0.5385 

C2 0.4945 1.000 0.6044 0.5055 0.4396 0.6044 0.5165 

C3 0.4725 0.6044 1.000 0.9011 0.7692 0.3516 0.8022 

C4 0.4396 0.5055 0.9011 1.000 0.8242 0.2857 0.7692 

C5 0.3297 0.4396 0.7692 0.8242 1.000 0.1209 0.6484 

C6 0.5604 0.6044 0.3516 0.2857 0.1209 1.000 0.3297 

C7 0.5385 0.5165 0.8022 0.7692 0.6484 0.3297 1.000 

Table 1. Results of the application of the InterCriteria Analysis on the aggregated data of the 

female participants, IF membership parts 

 
C1 C2 C3 C4 C5 C6 C7 

C1 1.000 0.5333 0.2222 0.1778 0.2444 0.4444 0.1556 

C2 0.5333 1.000 0.3556 0.2222 0.3111 0.5333 0.2000 

C3 0.2222 0.3556 1.000 0.8667 0.8222 0.2222 0.8444 

C4 0.1778 0.2222 0.8667 1.000 0.8222 0.2444 0.9778 

C5 0.2444 0.3111 0.8222 0.8222 1.000 0.1111 0.8000 

C6 0.4444 0.5333 0.2222 0.2444 0.1111 1.0000 0.2444 

C7 0.1556 0.2000 0.8444 0.9778 0.8000 0.2444 1.0000 

Table 2. Results of the application of the InterCriteria Analysis on the aggregated data of the 

male participants, IF membership parts 

From the results of the female control group, we see that the pairs with the strongest 

positive consonance, i.e. those with smallest distance from the intuitionistic fuzzy truth 1, 0, 

are those detected between the C4 (BMI) – C7 (Visceral fat), C4 (BMI) – C3 (Weight) and C5 

(Body fat %) – C4 (BMI). These pairs are formed between logically related indicators, but there 

is a significant difference in males and females particularly in relation between BMI and 

visceral fat. The graphical representation of the results is presented on Figure 1 and Figure 2. 
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Figure 1. InterCriteria pairs between the 7 

criterions (Table 2) from the results of the 

female participants, as plotted as points 

(black) on the intuitionistic fuzzy 

interpretational triangle. 

 

Figure 2. InterCriteria pairs between the 7 

criterions (Table 2) from the results of the 

male participants, as plotted as points 

(black) on the intuitionistic fuzzy 

interpretational triangle. 

4 Conclusions  

This study describes a new method of processing anthropometric data obtained from college 

students and after the application of ICrA several conclusions can be made: 

 BMI strongly correlates with visceral fat, only in male participants,  

 BMI strongly correlates with body fat %, only in female participants. 

Our findings support the importance of taking gender in to consideration when using BMI to 

predict body fat percentage/obesity. Body Mass Index uses weight in the formula but 

unfortunately it does not take into account if that weight comes from fat rather than lean muscle 

tissue. Naturally, given the relatively small size of the considered data it is not possible to claim 

with absolute certainty that our interpretations are doubtlessly valid but they provide a starting 

point for further investigations.  
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