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Summary 
Body composition, especially the mass of adipose tissue, affects the risk of developing the 
metabolic and cardiovascular diseases as well as some cancers. The aim of this study was to 
determine the relationship between the body composition of adults and their Body Mass Index.

The study involved 120 subjects (69 women and 51 men) aged 19 – 66 (30.55 ± 10.41). The recruited 
subjects were assigned to three subgroups: with normal body weight, overweight and obesity, 
depending on the BMI value. There were 40 subjects in each subgroup, including 23 women and 
17 men. Besides the measurements of height and body mass, the SECA mBCA515 analyser was 
applied for the body composition analysis using the bioelectric impedance method.

A significant association was found between the BMI index and fat mass, lean mass and muscle 
mass, both in the whole group and after taking into account the sex. The correlation coeffi-
cient R range was from –0.88 to 0.97. The incidence of obesity in the studied group according 
to body fat content criteria (>25% for men and >30% for women) was 57%, while according 
to BMI criteria –33%. BMI cut-off points for obesity were 27.8, 26.4 and 26.4 kg/m2 for men, 
women and for all, respectively.

In epidemiological studies, to identify obese people, body fat should also be taken into account 
in addition to BMI. If obesity is understood as excess fat, and not excess weight, the cut-off 
points for BMI-based obesity should be lowered.
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INTRODUCTION

Nutritional status is defined as the state of an organism 
resulting from the balance between usual food intake, 
the course of digestion processes, absorption and use 
of nutrients, and pathological factors influencing these 
processes  [39]. Body composition analysis can be an 
important part of assessing the nutritional status of  
a patient. Analysis of the body composition is also useful 
to better understand the effects of many diseases, physi-
ological conditions, results of introducing a specific diet, 
physical effort or the consequences of other environ-
mental factors affecting the body [17]. Body composition 
analysis, depending on the needs, can be made by vari-
ous techniques, e.g. using skinfold thickness measure-
ments, X-ray absorptiometry (DEXA – dual-energy X-ray 
absorptiometry), bioelectric impedance analysis (BIA), 
computed tomography, ultrasonography, magnetic res-
onance imaging (MRI) or isotopic methods [1]. In clinical 
practice, most of these methods are rarely used, mainly 
due to the high costs of testing, lengthy and complicated 
measurement methods or due to negative consequences, 
such as irradiation of the body [22].

Bioelectrical impedance analysis is a fast, simple and 
non-invasive method of assessing body composition 
that uses various electrical properties of different body 
tissues. It is based on the difference in electric current 
impedance of fat and fat-free body mass. Both adipose 
tissue and extracellular water do not show capacitive 
resistance (reactance, Xc), but they have an active elec-
trical resistance (resistance, R). Reactance is formed on 
the cell membrane of tissue with high water content 
and influences primarily the phase shift of the applied 
alternating current, while the resistance causes a volt-
age drop [21, 37]. Bioelectrical impedance is the total 
resistance of the body to the alternating current. Resist-
ance is possible through the conductivity of electric cur-
rent through body water and the electrolytes dissolved 
in it. In turn, reactance is formed by tissues, which act 
like capacitors. The third component of the impedance 
is phase angle (φ): phase shift between the maximum 
current value and the maximum voltage value due to the 
action of body tissues as a capacitor [24, 25].

Based on the measured values   and in combination with 
body weight, height, age as well as sex of patients, when 
applying appropriate algorithms, it is possible to deter-
mine the values of fat mass (FM), fat-free mass (FFM), 
phase angle, total body water, the content of intracellu-
lar and extracellular water or the hydration level of the 
body. The combination of the above parameters shows  
a full body composition analysis and provides the ability 

to monitor the structural changes of the body over time. 
The BIA test can be used both in healthy people and those 
suffering from chronic diseases. However, there are some 
exclusion criteria, like diagnosed epilepsy, pregnancy, 
implanted cardiac pacemaker or cardioverter, and the 
presence of metal implants with the exception of dental 
implants. This technique is widely used in clinical practice 
to assess body composition in diseases such as cancer, sar-
copenia, eating disorders or obesity [4, 26, 32].

Obesity is a disease syndrome characterized by an 
increase in body weight above the accepted norm, most 
often resulting from a long-lasting, positive energy bal-
ance. The development of obesity may also be influenced 
by hormone secretion, regulation of fat metabolism and 
many other factors determining the intake and expend-
iture of energy from food [35]. Currently, this disease 
affects more than 650 million people in the world, which 
is 13% (11% of men and 15% of women) of the popula-
tion. In 2014, the WHO stated that the worldwide preva-
lence of overweight and obesity affects approximately 
1.9 billion people aged 18 or over. This problem is grow-
ing in many regions of the world, especially in devel-
oping and highly developed countries [40]. Increased 
income and increasing urbanization combined with 
the interference of today’s technologies in food pro-
cessing facilitated the manufacturing of products con-
taining significant amounts of fat and sugar at very low 
prices [9]. All these caused an increase in the ability of 
“fast food” producers to supply larger servings at lower 
prices [36]. Nowadays, the total energy supply from food 
increased by 40% when compared to 1970 [11].

BMI (Body Mass Index) is commonly used to classify 
overweight and obesity, expressing body weight in kilo-
grams, divided by the height (in meters) raised to the 
square (kg/m2). The WHO defines overweight as a condi-
tion characterized by the BMI index range between 25.00 
and 29.99 kg/m2, while the obesity index is character-
ized by BMI value higher or equal to 30 kg/m2 [38, 42, 
43]. This index is easy to estimate, because it does not 
require the use of specialized equipment, but only basic 
anthropometric data. However, the limitation of this 
method is that it does not differentiate between adipose 
tissue and lean body mass. Often, it is also ineffective in 
assessing the weight of dialysed people due to the high 
water content in their bodies. For the above reasons, 
there is the need for a simple method like BIA that can 
effectively monitor the level of overweight and obesity 
in a population. Although the BMI value is correlated 
with many anthropometric indicators, the percentage 
of fat in the body is more likely to indicate obesity com-
pared to WHO standards based on BMI values [43].

DEXA – dual-energy x-ray absorptiometry, BIA – bioelectric impedance analysis, MRI – magnetic 
resonance imaging, Xc – reactance, R – resistance, FM – fat mass, FFM – free fat mass, VAT - Visceral 
Adipose Tissue, WHO – World Health Organization, BMI – Body Mass Index, %BF – % body fat, 
NWO – Normal Weight Obesity.

Abbreviations: 
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Body composition analysis

SECA mBCA515 analyser was applied for the body 
composition analysis, using the bioelectric imped-
ance method. The measurement was carried out using 
the eight-point method. Low-voltage alternating cur-
rent and impedance measurement were carried out by 
means of two tactile electrode pairs placed under the 
feet and two electrode pairs located under the hands 
of the examined person. The electrodes of the upper 
limbs were at different heights, so that patients with 
a height of 1.6 m to 2.0 m could take the optimal posi-
tion on the device for measurement. This arrangement 
eliminates variations in electrode placement, which is 
commonly associated with conventional method of BIA 
measurement. The SECA mBCA515 analyser compared 
the obtained data to the results of validation stud-
ies related to the so-called Golden Standard, such as 
DEXA [13] and to own standards developed by the man-
ufacturer. In order to control these variables, the study 
subjects were informed about the test protocol and 
were instructed to come with their bladder empty and 
that they should avoid fluid, food and vigorous phys-
ical activity prior to recording. Subjects with symp-
toms of dehydration, menstruating women, subjects 
with metal implants inside the body, as well as subjects 
using diuretics were excluded from the study. 

STATISTICAL ANALYSIS

Values of the measurable parameters were presented 
as the mean value, median and standard deviation, and 
with the number and percentage for non-measurable 
ones. For measurable features, the distribution normal-
ity of the analysed parameters was evaluated using the 
Shapiro-Wilk test. The Mann-Whitney U test was used 
to compare two independent groups. Spearman R corre-
lations were used to evaluate the relationship between 
variables. In order to quantify the relationship between 
selected features, linear regression equations were used. 
A significance level of p < 0.05 was assumed, indicating 

The aim of this study was to analyse the body composi-
tion of adults and to determine the relationship between 
the obtained results and the BMI value. In addition, this 
study was an attempt to assess the prevalence of obesity 
among adults, according to international BMI classifica-
tion and percentage of body fat. 

MATERIAL AND METHODS

The test group

A cross-sectional observational study was carried out 
from April 2017 to May 2018 involving 120 patients of 
the Dietitian Service, a unit of the University of Life Sci-
ences in Lublin. Informed consent was obtained from 
all of the subjects. The mean age of subjects was 30.55 
± 10.41 (Me = 26, range 19–66) years. Among the studied 
group, 42.5% (n = 51) were men, and 57.5% (n = 69) were 
women. The subjects were assigned to three subgroups: 
normal weight, overweight and obesity depending on 
the BMI value. There were 40 subjects in each subgroup, 
including 23 women and 17 men. The study protocol 
assumed the inclusion of subjects with a similar height 
and age   in each subgroup (obesity, overweight, normal 
body mass) to analyse the significance of the studied 
characteristics. Statistical analysis confirmed the lack of 
significant differences in the assessment of the height 
and age of subjects in particular subgroups. 

Anthropometric measurements

Body height in a standing position was measured by means 
of the SECA 216 wall mounted stadiometer with an accu-
racy of 0.1 cm. The waist circumference was determined 
halfway between the lower edge of the rib arch and the 
upper iliac crest according to the guidelines of the Polish 
Forum for Prevention of Cardiovascular Diseases [44], using 
SECA 201 metric tape. Body mass was recorded in light-
weight clothing on a digital scale with 0.1 kg accuracy. In 
order to assess the relative body weight, the adult BMI clas-
sification recommended by the WHO was used [43].

Table 1. Characteristics of the studied group

Variables
Women (n = 69) Men (n = 51)

Mean ±SD Range Mean ±SD Range

BMI [kg/m2] 27.91±5.88 18.60–41.60 28.32±6.02 18.63–48.19

Age [years] 30.30±9.70 19.00–57.00 30.88±11.40 18.00–66.00

Weight [kg]* 76.85±17.35 47.65–120.9 91.47±20.84 58.45–152.70

Height [m]* 1.66±0.06 1.51–1.78 1.80±0.07 1.64–1.91

FM [kg] 28.83±12.41 9.31–60.01 25.66±13.07 6.46–68.46

FM [%]* 35.93±8.34 19.50–51.20 26.58±8.02 9.55–44.83

FFM [kg]* 48.02±5.97 35.53–63.87 65.80±9.26 43.32–96.46

FFM [%]* 63.20±10.01 16.30–80.50 73.42±8.02 55.17–90.45

VAT [L]* 1.18±1.06 0.00–5.8 2.94±2.35 0.00–10.9

* statistically significant difference between groups of women and men at p <0.0001
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The obtained results showed a significant relationship 
between the BMI value and fat and non-fat mass expressed 
in units of mass and percent, FM (kg), FM (%), FFM (kg) 
and FFM (%), respectively in the group of women and 
men (Table 1). Correlations (R) for these groups took val-
ues from –0.88 to 0.97 (Table 2). The increase in the BMI 
index affected the increase in FM in kg and % and FFM in 
kg, while the FFM percentage decreased (%) (Fig. 1). As a 
result of the correlation analysis, a significant relationship 
was found between the BMI value and the assessment of  
muscle content in kilograms and percentage both in a 
group of women and men separately. Correlations took 
values from R = –0.81 to R = 0.83. The increase in BMI value 
affected the increase in muscle mass (kg), while the per-
centage content of muscle decreased (Table 2, Fig. 1).

statistically significant differences or dependencies, 
while between p <0.01 and p <0.0001 as strongly sig-
nificant. All data were analysed by the STATISTICA 13.0 
computer software (StatSoft, Poland).

RESULTS

The descriptive characteristics and comparison 
between the sex of subjects included in the study are 
presented in Table 1. Men were significantly taller 
and heavier than women. The statistical analysis did 
not show any significant differences in the age rat-
ing (p = 0.85), the BMI index (p = 0.80) and fat mass 
(p = 0.11) between the sexes (Table 1).

Table 2. Evaluation of the relationship between BMI and selected components of the body

Variables
Women Men  

R p R p

Fat mass (kg) 0.97 <0.000001* 0.90 <0.000001*

Fat mass (%) 0.94 <0.000001* 0.82 <0.000001*

Fat-free mass (kg) 0.70 <0.000001* 0.81 <0.000001*

Fat-free mass (%) –0.88 <0.000001* –0.82 <0.000001*

Muscle mass (kg) 0.77 <0.000001* 0.83 <0.000001*

Muscle mass (%) –0.81 <0.000001* –0.70 <0.000001*

R – Spearman correlation coefficient, * statistically significant relationship between BMI and selected components of the body

Men

15 20 25 30 35 40 45 50

BMI

0

20

40

60

80

100

120
Women

16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

BMI

0

10

20

30

40

50

60

70

80

90

 Fat mass  (kg)
 Fat mass  (%)
 Free-fat mass (kg)
 Free-fat mass (%)

Fig. 1. Correlation between BMI and fat mass in the group of women and men
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Figure 3 presents the classification of patients according 
to BMI criteria and lists the percentage of subjects with 
the level of fat mass (%) indicating obesity in each group. 
It was observed that in the group of subjects with a BMI 
≤25 kg/m2, four men and one woman had an excessive 
level of body fat. In the overweight group, nearly half 
of the men (n = 8) and 65% of the women (n = 15) were 
characterized by fat mass indicating obesity. These are 
significant numbers, indicating the need for additional 
descriptors of obesity or modification of existing ones. 

Excessive accumulation of visceral adipose tissue (VAT) 
leads to visceral obesity. According to Peine et al., the cor-
rect VAT values are up to 1.2 and 2.1 L for women and men, 
respectively. Values in the range of 1.3–1.9 and 2.2–3.8 L, 
for women and men, respectively, indicate an increased 
VAT content, while higher volumes are tantamount to 
excessively high level [31]. VAT levels in the studied group 
are presented in Table 3. In general, the results obtained 

The relationship between BF percentage and BMI 
value can be described by the regression equations: 
y=1.292*BMI—0.146 ± 3.446 for a group of women and 
y=1.094*BMI—4.404 ± 4.623 for a group of men. This 
means that an increase in the BMI value by 1 kg/m2 causes 
an increase in the percentage of adipose tissue by 1.292% 
or 1.094% depending on the sex.

According to the BMI criterion (≥30 kg/m2), the inci-
dence of obesity among subjects was lower than in 
the case of obesity based on body fat content (% BF). 
According to WHO guidelines  [43], obesity occurs 
when the body fat content is above 25% in men and 
35% in women. In the group of 69 women, 39 were 
characterized by a body fat percentage above 35% 
and in the group of 51 men, body fat percentage was 
recorded above 25% in 29 individuals (Fig. 2). How-
ever, BMI value ≥30 kg/m2 was calculated only for 23 
women and 17 men.

Fig. 2. Prevalence of obesity in the studied group of men and women in accordance with the BMI or fat content (%) classification

Fig. 3. Prevalence of obesity based on adipose tissue content (%) in normal, overweight and obesity groups divided according to BMI value
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the test result (possibly high sensitivity of the test at high  
specificity) represents the cut-off point. A common prac-
tice is to calculate the area under the ROC curve, described 
as AUC (area under curve), and consider it a measure of the 
correctness and validity of the model. The value of the AUC 
index is within the range 0–1; the higher value the better 
the model [5]. Analysing BF percentage as a standard crite-
rion, the area under the ROC curves was 0.880 for men and 
0.963 for women, indicating that the BMI accuracy in the 
obesity diagnosis is high. However, it is worth noting that 
the sensitivity and specificity of BMI at the usual cut-off 
point ≥ 30 kg/m2 was 60.7 and 100%, respectively, in men 
and 57.5 and 100%, respectively in women. In the present 
study, the sensitivity and specificity of BMI were 75.0 and 
91.3%, respectively in men and 92.5 and 89.7%, respectively 
in women, when the cut-off point of BMI for men was 27.80 
kg/m2, and for women, 26.40 kg/m2 (Figure 4).

DISCUSSION

Because there are only a few scientific reports from Central 
and Eastern Europe raising similar issues, this study fills an 
important gap in the research on this subject. This topic is 
well described by researchers from the Asia region, especially 
the Persian Gulf, where obesity affects an extremely high 
percentage (36.7%) of the inhabitants [2, 8, 18, 40]. For this 
reason, the WHO recommended a reduction in BMI values 
that indicate obesity to 27.5 kg/m2 for that population [38].

are consistent with the state of fatness of the subjects. 
However, in some subjects, there is a contradiction in how 
they are classified to the selected BMI groups and the cor-
responding VAT levels can be seen. More significant dif-
ferences in this aspect were noted in the group of men. 
The relationship between the BMI value and the amount 
of VAT was examined. The calculated correlation coeffi-
cient was 0.74 for the whole group and 0.83 and 0.89 for 
women and men, respectively.

The relationship between VAT and BMI value can be 
described by the regression equations: y=0.149*BMI—2.991 
± 0.590 for a group of women and y=0.344*BMI—6.810±1.093 
for a group of men. This means that an increase in the 
BMI value by 1 kg/m2 causes an increase in the percent-
age of adipose tissue by 0.149 L or 0.344 L depending on 
the sex. Model verification showed that they meet all the 
necessary assumptions.

Fig. 4 presents ROC (Receiver Operating Characteristic) 
charts, showing the proposed cut-off point of the BMI value 
for the prediction of obesity in the studied group. The ROC 
curve is a tool for assessing the threshold value of the clas-
sifier; it provides a combined description of its sensitivity 
and specificity. The ROC chart is a graphical representation 
of the relationship between the percentage of true posi-
tive test results (sensitivity) and the percentage of false 
positives (1-specificity). The optimal threshold value of 

Table 3. Levels of visceral adipose tissue depending on the BMI value

Variables

BMI women BMI men

Normal (n = 23)
Overweight (n 

= 23)
Obesity (n = 23) Normal (n = 17)

Overweight  (n 
= 17)

Obesity  (n = 17)

VAT normal 100% 57% 9% 82% 29% 0%

VAT increased 0% 30% 39% 18% 29% 18%

VAT high 0% 13% 52% 0% 41% 82%

Fig. 4. ROC charts showing the proposed BMI cut-off point for predicting obesity in the study group
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comparison to people with a normal body fat percentage  
[6, 16]. The BMI value within generally accepted norms 
can reduce the awareness of people to health-related 
aspects and delay the diagnosis of a potential disease, 
which will lead to many negative consequences. Similar 
results to those presented above were published by De 
Lorenzo et al., who additionally pointed out that abnor-
malities associated with BMI are more frequent in older 
patients [7]. Hung showed the occurrence of NWO phe-
nomenon significantly more frequently in the group of 
women than in men [19]. The current BMI classification 
is often incorrect and undesirable in dietitian practice; 
therefore it enforces the use of additional diagnostic cri-
teria for the diagnosis of obesity.

Our results, which show a strong, positive correlation 
between the BMI value and adipose tissue content, con-
firm previous reports [10, 18, 20]. This relationship was 
noticed in adipose tissue expressed both in percent and 
kilograms, with a stronger correlation calculated for 
female subjects. Normal range of body fat in women is 
within 20–30%, while in men it is 10–20% [14]. The differ-
ences result from different effects of hormones, differ-
ences in the type and number of hormone receptors or 
enzyme concentrations in both sexes. For example, oes-
trogen in women reduces postprandial oxidation of fatty 
acids, increases insulin resistance and concentration of 
leptin, which turns directly into higher levels of adipose 
tissue [15, 23]. Blaak argues that higher concentration 
of lipoprotein lipase in women and differences in the 
number of receptors for epinephrine in both sexes may 
further explain different contents of adipose tissue in 
women and men [3]. Considering the body fat content, 
the visceral adipose tissue deserves special attention. 
Although the exact mechanisms initiating VAT accumu-
lation have not been fully explained, its surplus is gener-
ally believed to be closely related to the development of 
a group of metabolic disorders, hypertension, cardiovas-
cular diseases and malignancies [28]. It has been noted 
that more significant irregularities within VAT concern 
a group of men, which confirms the assumption that 
android obesity more often affects this sex [30].

Obesity in the studied group was assessed using the body 
mass index and body fat percentage, indicating that the 
specificity is high and sensitivity is low at the level of 
usual cut-off point for obesity (≥ 30 kg/m2). When the 
cut-off point of the BMI was reduced to 27.8 kg/m2 in 
men and 26.4 kg/m2 in women, the sensitivity and spec-
ificity reached their maximum values reaching 83.81 
and 86.27%, respectively in men and 83.33 and 83.05%, 
respectively in women. The obtained results coincide 
with the WHO guidelines for the diagnosis of obesity in 
the Asian population, where the cut-off point has been 
reduced from 30 to 27.5 kg/m2 [38]. Subsequent reports 
confirm the correctness of this decision. Habib showed 
that the BMI value of 26.6 kg/m2 shows the highest sen-
sitivity and specificity in diagnosing the obesity in the 
Saudi population [18]. Similar results were also obtained 
by Babi et al. for the Iranian population [2].

An important element of body composition, besides fat tis-
sue, is lean body mass, including muscle mass. In this work, 
the listed components are presented as a percentage of 
body weight (%) and quantity in kilograms, which is rare 
in the literature. There was a negative correlation between 
the increase in BMI, and fat-free mass and muscle mass 
expressed as a percentage of body composition, while the 
amount of FFM presented in kilograms was positively cor-
related with the increase in BMI, both in the whole group 
and considering sex. Such dependence may result from 
the fact that excess fat tissue may be a natural ballast for 
the muscles, causing their growth. It should be mentioned 
that in the studied group, there were no subjects with 
high degree of physical activity, who would have extensive  
muscle tissue. A positive correlation between BMI and mus-
cle mass (kg) is a beneficial phenomenon, as low muscle 
mass has been shown to be associated with an increased 
risk of type 2 diabetes in adults, regardless of obesity [34].

According to the BF percentage classification, a higher 
percentage of subjects, both men and women, was obese 
when compared to the BMI classification. Similar results 
were obtained by De Lorenzo et al. and Habib, noting the 
higher percentage of obesity estimated using BF per-
centage instead of BMI [7, 18]. In both cited reports, the 
number of obese women was higher compared to men, 
irrespective of the criteria. This study shows that obesity 
affects men and women almost equally. In recent years, 
many behavioural and lifestyle factors have been shown 
to have an impact on the increase in BMI among men 
compared to women. Moradi-Lakeh et al. reported that 
obesity is more common in males than in females, who 
are former smokers (2.7 vs 0.8%, p <0.001) or daily shisha 
users (5 vs 1%, p <0.001) [29]. It has been proven that the 
consumption of red meat and poultry is higher in men 
than in women (>3 servings daily, 23.1 vs 15.5%, p <0.001), 
which may contribute to an increase in overweight and 
obesity due to high fat content in these products [27].

Body fat content can be measured using a variety of 
methods that, due to the high cost, require specialized 
equipment or the involvement of qualified personnel, 
which is rarely used in clinical practice [1]. Therefore, 
in population studies, the body mass index is usually 
used to estimate the incidence of overweight or obesity. 
Limit points for BMI determining the overweight and  
obesity are based on observational studies of the rela-
tion between BMI value and mortality as well as inci-
dence of chronic diseases  [41]. However, this index 
does not take into account the fat content in the body. 
Subjects with normal BMI, but high BF percentage are 
defined as normal weight obesity (NWO) [12]. The use 
of BMI may lower the incidence of obesity defined as 
excess fat, especially in overweight patients [33]. The 
analysis carried out in this work shows that even in the 
group of people with correct BMI value, there are sub-
jects with a body fat percentage. These observations are 
worth noting, because for people with a high percentage 
of fat in the body, there is a higher probability of cardio-
metabolic risk or the development of type 2 diabetes, in 
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CONCLUSION

This study sheds some light on a significant inconsistency 
between BMI and body fat percentage in classifying the 
obesity among adults. Based on the obtained results, it was 
shown that nearly 25% of men can be included in the NWO 
group. A large part of them, due to the correct BMI values, 
may not be aware of the increased cardiometabolic risk 
caused by high body fat percentage in their bodies. Being 
aware of the problem is the first and often the most impor-
tant step towards making changes. Therefore, the inclu-
sion of % BF measurements using simple methods for basic 
anthropometric studies seems to be important in general 
clinical practice. Furthermore, screening tests for obesity 
in people with normal BMI may better identify people with 
increased risk of metabolic disorders and mortality due to 
cardiometabolic dysregulation.

This study showed that the value of BMI is correlated 
with many components of the body, including fat,  
muscle and non-fat body mass. Further research is nec-
essary to be carried out on a larger group of subjects to 
correct specific BMI cut-off points when diagnosing obe-
sity for the European population.

LIMITATIONS OF THE STUDY

There are some limitations of this study that should be 
emphasized. The main one is the small research sample, 
which included 120 subjects, with the group of males 
being especially small. This was due to the fact that the 
study protocol assumed the inclusion of subjects with 
similar height, age and BMI values   for each subgroup 
(obesity, overweight, normal body mass) to show small 
but potentially significant differences between them. 
Further research in this area should be carried out on 
a larger group of subjects. The present study was based 
on the analysis of the body composition by the BIA 
method, which is not as precise as, for example, MRI 
or DEXA, which can provide more detailed informa-
tion on the body composition (e.g., the amount of liver 
and/or intercellular adipose tissue). The main reason 
for choosing the method of measuring body composi-
tion was its easy availability and low BIA costs. Further 
research using more advanced methods is justified, as 
they may show additional connections between the 
body composition and the occurrence of some chronic 
diseases, and may be helpful in determining the poten-
tial diet and exercise objectives.
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