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SUMMARY

The goal of this study was to define the population parameters of the body fat percentage of residents of the
Republic of Serbia. The sample was a total of 8145 respondents, of which 3051 (37.5%) were women with an
average age of 32.0 &+ 9.8 years, and the rest of 5094 (62.5%) were men with an average age of 32.9 & 11.3 years.
The average value of PBF for the women subsample was 28.46 +9.19% and 18.00 +.7.98% for the men
subsample. The results of factorial variance analysis have shown that there.is a statistically significant difference
(p<0.001) of PBF values regarding sex (F=1243.719) and respondent's age (F=508.469) as well as the interaction
of factors ,,age and ,,sex* (F=22.593). The regression analysis has shown that age explains 82.09% of variance
regarding the age function for women and 85.08% of variance regarding the age function for men, taking into
consideration that the function that best describes the variance PBF for women is linear and polynomial for men.
Both sex and age are determined as factors that influence over-increasing the values of PBF, while the most
critical groups where PBF crosses critical values are the groups of women over 50 years of age (the average
prevalence of overweight and obese is 37.81% and 23.89% respectively) and men over 60 years of age (the
average prevalence of overweight and obese is 25.48% and 38.36% respectively).
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INTRODUCTION

Radical social changes under the influence of accelerated development of digital technologies
have had an impact on basic life habits (Milosevi¢ et al., 2020), and a general trend of decrease in
physical activity and an increase of sedentary way of life (Harbin et al., 2006) can be seen. It is
estimated that 60% of the world population is not moving enough. (WHO. 2009). More and more
people are reliant on using automobiles and automatized production which reduces the need for
moving (Misigoj — Durakovi¢, 2000). By diminishing the energy consumption in activities in the
workplace, total energy consumption during the day is also diminished (Torres et al., 2007), while
having an increased intake of high — calories and easily available food (Popovi¢ et al., 2019) average
daily energy intake is increased as well. The result of this is an increase in obesity, a state of
overeating, or the state of the organism where the percent of body fat is increased to the point where
health is compromised (WHO, 2009). Nowadays, the trend of an increased number of obese and
people that overeat is more and more present (Gallagher et al., 2000; Harbin et al., 2006). It is
estimated that by the year 2030. nearly one-third of the world population will be overweight which
will impact people’s working ability (Kelly et al., 2008). When the effects of increased stress at the
workplace are added to obesity (Ili¢ et al., 2020) the results are the most common causes of metabolic
diseases to increased risk of diabetes, cardiovascular diseases as well as death (Deckelbaum &
Williams, 2001).

Overweight or obesity is diagnosed by calculating the body mass index (BMI) and/or by
measuring the percent of body fat (PBF). However, BMI doesn’t give enough sensitive information
about the body composition of the individual, for example, if increased BMI indicates the fact that the
person has surplus fat in its organism or if it has surplus muscle mass (Pribis et al., 2010). More and
more available precise measuring instruments for measuring PBF, which is calculated by dividing the
total body fat mass with total body mass, in percents, allows for this variable to be used as a more
precise indicator for determining obesity (Flegal et al., 2009; HoonLee et al., 2017; Rakic¢ et al., 2019).
The bioelectric impedance method is one of the most efficient methods that are used for these kinds of
assessments with more than satisfactory reliability (Karaba - Jakovljevi¢, 2016; Dopsaj &
Dimitrijevi¢, 2013; Kuki¢ et al., 2020). Border values of PBF for obesity are found in different ranges
regarding sex and age (Gallagher et al., 2000).

Studies conducted so far show that the level of physical activity is inversely related to BMI,
waist circumference, and PBF in both sexes (Choi et al., 2016; Kuki¢ et al., 2020). Also, it is
important to track PBF in different age categories because, it is different than other segments of body
composition and it shows the tendency for an increase during the lifespan of the person (Mott et al.,
1999; Milosevi¢, & Colovié¢, 2019; Rakié et al., 2019). The first significant increase of body fat
happens at the transition period from adolescence to adulthood (Irwin, 2004; Milogevi¢ & Colovig,
2019; Rakic¢ et al., 2019), after which PBF progressively increases with age (Knapik et al., 1983).

It was determined that the trend of increasing body fat happened in the period from 1996. until 2008.
Which shows a linear increase of 0.513% annually for men and 0.654% for women of age 19 to 24
(Pribis et al., 2010; NCD-RisC, 2016). As so, average values of body fat percentage of American
working population that were measured in the period from 1990 to 1992 have been 22.37% + 7.36%,
while in the period of 2000 to 2002 have been 38.63% + 4.90%, or said in another way, in the period
of 10 years they were statistically significantly higher (Harbin et al., 2006). This negative trend was
also found in European countries as well. The study that was conducted across Europe, encompassed
the working population of 5 cities from 3 different countries. In Maastricht, the average values were
30.00 + 8.40% body fat for women and 20.50 + 8.40% for men, while in Wageningen the values for
women were very similar (30.50 + 6.70%) but it was slightly lower for men (16.20 + 6.60%)
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(Deurenberg et al., 2001). It was determined that in Italy, the values of PBF were slightly higher,
which can be attributed to a different diet. For the women that live in Milano, the values are 31.70 +
7.20% while they are lower for men and are 19.60 = 7.10% (Deurenberg et al., 2001). Also, the
population of Rome was included in this study, and the values were significantly higher than the other
European cities that were included in the study and they were 39.70 + 8.90% for women and 23.20 +
8.80% for men population (Deurenberg et al., 2001). Nevertheless, it is important to mention that there
are differences between groups of different ethnic origins as well as an economic factor (Deurenberg
et al., 2001). The average values for PBF in Tampere for the working population were 29.10 + 5.30%
for women and 22.90 + 5.90% for men (Deurenberg et al., 2001). The finding that the women spend
more time sitting during their working hours (48.3%) than man (38.7%) (Raki¢ et al., 2019), which
additionally explains sex differences between different working populations (Dopsaj & Dimitrijevig,
2013; Choi et al., 2016; Kukic¢ et al., 2020), is very important for understanding this phenomenon.

In the study that was conducted across Serbia, where the sample was comprised of 1924 women aging
from 18 to 69 years, it was determined that the average values for PBF.of the whole sample were
28.51 + 9.26%, with the range of 23.81 - 39.94% (Raki¢ et al., 2019). An alarming fact is that every
tenth child from ages of 5 to 19, in the Republic of Serbia, has some form of obesity while 29.5% of
the population older than 18 years has increased blood pressure (WHO, 2020). In the light of these
findings, it is important to mention that in the Republic of Serbia it was only in 2017 when the World
Health Organisation defined several strategies and action plans for regulating cardiorespiratory
diseases, diabetes, alcohol overuse as well as reducing the number of physically inactive population.
Unfortunately, based on the reports of the World Health Organisation (WHO, 2020), there are still no
defined strategies for regulating the intake of saturated fats and trans — fats in the Republic of Serbia.

Based on the findings so far, organizing systemical controls of body composition with the goal
of following the state and determining the trends of change, represents one of the most important tools
for regulating public health (Dopsaj et al., 2018). Taking into consideration described negative trends
of increasing PBF for adults in the world as well as in Europe during the last decades, as well as the
need for regular tracking and defining the current state of the population regarding the given problem,
it is necessary to set precise research goals which have not been fulfilled so far regarding the
population of the Republic of Serbia.

The goal of this study is to define the values of population parameters for PBF for residents of
the Republic of Serbia, taking into consideration sex and age stratum. Result analysis will provide
official records of the current quantitative characteristics, in other words, of the level of body
composition regarding the definition of body fat percentage for the adult population of the Republic of
Serbia.

METHOD

This study had a non — experimental and transversal properties. In regards to the nature of
measurement, it is regarded as laboratory testing.

Sample

The sample was comprised of 8145 adult respondents with an average age of 31.4 + 9.9, of
which 5049 (62.5%) were men with an average age of 32.5 + 11.5 and 3051 (37.5%) of women with
the average age of 32.5 + 11.5 years. Respondents were divided into subsamples in regards to age and
sex, where there were five subsamples for men and women each. Basic descriptive measures for the
men subsample were BH = 182.10 £ 7.21cm and BW = 87.55 + 14.75kg, while they were BH =
168.55 + 7.26 cm and BW = TM = 67.97 + 13.78kg for women. All respondents were residents of the
Republic of Serbia and that of: from the area of Belgrade and its surroundings (27.575%)), from
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Vojvodina (26.57%), Central Serbia (19.53%), South and East Serbia (13.36%) as well as from West
Serbia (12.97%). Also, all respondents were properly informed of the goals of this study and gave
their voluntary consent to take part in it. The study approach was conducted following the postulates
of the Helsinki declaration and was approved by the Ethical Committee of Faculty of Sports and
Physical Education, University of Belgrade (ethical committee permit number 484 — 2).

Measurement methods

All measurements were conducted in the period of 2011 — 2020 in the premises of the
methodical — research laboratory (MIL) ,,Sloboda Jari¢*“ of the Faculty of Sports and Physical
Education, University of Belgrade. Measurements were conducted by standardized procedures, using
the electric multichannel (1, 5, 50, 250, 500, 1000 kHz) bioimpedance (MBI), with the help of body
structure analyzer — InBody 720 (Biospace Co., Ltd, Seoul, Korea). Body height measurement (BH)
was conducted with the anthropometer (GPM, Swiss-made) while body weight (BW) measurement
was conducted on the before mentioned apparatus InBody 720 in accordance with the standard
procedures (Gaba et al., 2015). Measurement of BH and body status was realized by experienced
personnel. In accordance with WHO recommendations, the subsample of age categories was defined
with corrections for the first age group as follows: 18 - 29.9; 30 - 39.9; 40 - 49.9; 50 - 59.9; 60 — 67.0
years (Dopsaj et al., 2018).

Variables

Body fat percentage (PBF) is the only indicator of health that is directly related to body
composition disregarding body height or weight. Classification of PBF values was taken from existing
standards of Sport Science and World Health Organization regarding both sexes (Gallagher et al.,
2000; WHO, 2009; WHO 2020). Referent values of body fat percentage are defined in 4 groups:
insufficient, normal, overweight, and obese where the referent value criteria are different regarding sex
and age (Gallagher et al., 2000).

Statistical analysis

Gathered data were analyzed by methods of analytical and descriptive statistics. All relevant
measures of central tendency and data dispersion MEAN, SD, MIN, MAX, KURT, SKEW, SEM,
SEM%, CV%.) were calculated regarding sex and age. Standardized non — parametric test
Kommoropos-Cmupros (K-S Z) was used for determining the normality of data distribution. Factorial
variance analysis (Factorial ANOVA) was used for testing the differences on a general level in regards
to sex and age as well as a combination of these two factors. Partial differences between the
subsamples were found by using posthoc tests with Bonferroni correction. The limit for statistical
significance was on the level of probability of p<0.05. Models of trend change of examined variable
(PBF) in the function of age were defined by using regression analysis. Also, prevalence categories of
nutrition were calculated with standard procedures and expressed in relative values or percentages
(Dopsaj et al., 2018). Statistical analysis of data was done by using the software packages Excel 2016
and IBM SPSS v.26.

RESULTS

Results of descriptive statistics are shown in tables 1 and 4 as well as in charts 1 and 2. Results
of difference analysis defined by Factorial analysis of variance are shown in tables 2 and 3 while the
results of models of linear and polynomial regression analysis are shown on charts 1 and 2.
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Table 1. Base descriptive results of the examined variable on total sample and subsample regarding sex.

Descriptive indicators for variable: PBF [%0]

Std Esrtrdo'r K-S K-S

Group N Mean E/Ir(::r: Mean SD ¢V% Min Max Skew Kurt 7 0

%

Total 8145 2192 0.11 050 9.00 41.06 300 56.00 059 010 0.048 0.000
Women 3051 2846 0.17 058 9.18 3224 582 5575 049 -0.29 0.060 0.000
Women, 18.0-29.9 age 1476 2520 0.20 081 7.86 3117 582 5528 085 083 0.076 0.000
Women, 30.0-39.9age 800 29.04 0.32 112 917 3158 7.04 5575 035 -0.36 0.056 0.000
Women, 40.0-49.9age 470 3194 0.38 120 832 2606 924 5518 0.20 -0.30 ~0.055 0.001
Women, 50.0-59.9age 215 36.36 0.54 149 797 2191 1358 5196 0.07 =-056 0.062 0.046
Women, 60.0-67.0 age 90 39.72 0.87 219 827 2081 1254 5515 -0.64 0.67 0.088 0.079
Men 5094 18.00 0.11 062 7.98 4433 292 5433 065 052 0.045 0.000
Men, 18.0-29.9 age 2517 1393 0.13 095 6.67 4789 292 5433 136 333 0.083 0.000
Men, 30.0-39.9 age 1575 2122 0.8 086 7.24 3411 413 50.70 066 095 0.060 0.000
Men, 40.0-49.9 age 734 2258 0.25 110 6.73..2982 446 5061 0.34 089 0.043 0.002
Men, 50.0-59.9 age 201 2426 0.42 171 588 2423 997 4534 0.66 127 0.104 0.000
Men, 60.0-67.0 age 67 2653 0091 341 7412792 1387 4893 068 039 0.073 0.200

Based on the shown results (Table 1), it can be determined that the data for variable do not
belong to the category of the homogeneous congregation because the variance coefficient for the total
sample is on the level 0f‘41.06%, that is, it is in the range of 21.81 for PBF values for the women
subsample of ages 60 — 67 up to 47.89 for men subsample of ages 18 — 30. Also, it should be
emphasized that the direction of the slope, for all groups, is asymmetrical, with mixed (SKEWNESS
in the range of -0.64 for women subsample of ages 60 — 67 up to 1.36 for men subsample of ages 18
— 30). Measures of flatness of distribution are found in the relative lower limits and move from -0.56
for women subsample of ages 50 — 60 up to 3.33 for men subsample of ages 18 — 30.

Table 2. Results of factorial analysis of variance for the examined variable PBF in regards to sex and age of

respondents

Results of factorial analysis of variance regarding sex and age of the respondents

Dependant variable: PBF

Source TZ?eSéUaf:sm df Mean Square F Sig. Partial Eta? OBZ?/;Zfd
Sex 6.858 1.000 6.858 1243.719 0.000 0.133 1.000
Age 11.215 4.000 2.804 508.469  0.000 0.200 1.000

Sex * Age 0.498 4.000 0.125 22.593 0.000 0.011 1.000

Results of factorial analysis of variance (Table 2) show that there is a statistically significant
difference of PBF regarding sex (F=1243.719, p<0.001), regarding age (F=508.469, p<0.001) and they
indicate that there is a significant interaction of factors ,,sex — age” (F=22.593, p<0.001). It can be
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concluded that the effect of age is very high (Partial Eta®= 0.200), the effect of sex is moderate (Partial
Eta’ = 0.133), while the effect of interaction is lower than the two former criteria (Partial Eta®= 0.011),
while all conducted comparisons have very high power statistical inference (Observed Power = 1.000).

Table 3. Partial statistical differences between the age groups in functions of sex.

Partial statistical differences between the age groups in functions of sex

Dependant variable: PBF

Age Group Mean Difference Std. Error Sig.
18.0-29.9 Women Men 11.3 0.243 0.000
30.0-39.9 Women Men 7.8 0.322 0.000
40.0-49.9 Women Men 9.4 0439 0.000
50.0-59.9 Women Men 12.1 0.729 0.000
60.0-67.0 Women Men 13.2 1.198 0.000

Results of posthoc test series — Bonferroni (Table 3) have shown that there are statistically
significant differences (p<0.001) with values for PBF by age for all age groups.

Regression model with annual trend of change for PBF for women subsample
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Graph 1. A regression model with the trend of change for PBF for women subsample.

Graphs 1 and 2 show the models of dependence change in body fat percentage (PBF) as a
function of the age of the respondents. Based on the graphical presentation of the given dependencies,
it can be argued that the change in the percentage of body fat as a function of age in women is linear
concerning men in whom the growth line has a nonlinear or slightly curved — polynomial shape. With
defined models, age in women explains 82.09 and in men 85.08 percent of the variance of the average
PBF.
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Regression model with annual trend of change for PBF for men subsample
40

3 y =-0,0061x? + 0,612x + 10,977
R?>=0,8508
30

T w7 | peeogerentt .

20

PBF (%)

5 ey
10
5
0
A NN NN NN N
- o R, N W o o ~N
© o
o
N
=

8¢
6¢
0¢
1€
43
€€
LE
8¢
6€
(014
114
a4
54
A4
8y
18
¢S
€9
T9
29
€9

ve
S€
9¢
44
14
97
(514
09
¥
feic]
95
PAs]
89
69
09
79
59

6
6
6
IS
6
6
6
6
6
6
&
6
IS
6
6
6
&
6
6
6
6
6
6
IS
6
6
&
&
6
6
6
6
6
IS

6¢
6
6
6
6
&
6
6
6
IS
6
6

0

Age (years)

Graph 2. A regression model with the trend of change for PBF values for a subsample of able working men.

Table 4 shows the prevalence concerning the values of PBF as a function of gender and age of
the examined subsamples.

Table 4. Prevalence concerning the values of PBF related to gender and age of examined subsamples

PBF — Prevalence [%]

Group insufficient normal overweight obese
Women, 18.0 - 29.9 17.44 67.02 9.69 5.84
Women 30.0 - 39.9 1.71 43.05 3041 24.83
Women 40.0 - 49.9 4.90 43.05 33.92 18.12
Women, 50.0 - 59.9 1.00 32.34 45.77 20.90
Women, 60.0 - 67.0 0.00 43.28 29.85 26.87

Men, 18.0 - 29.9 28.25 56.78 8.81 6.17
Men, 30.0 - 39.9 20.13 48.25 16.38 15.25
Men, 40.0 - 49.9 13.62 45.96 22.55 17.87
Men 50.0 - 59.9 4.19 38.14 26.51 31.16
Men, 60.0 - 67.0 3.33 26.67 24.44 45.56

* class criterium for PBF was taken in accordance with Gallagher et al., 2000.

The results are showing to have the highest prevalence of overweight and obese PBF
categories in both men and women of older age groups (50.0-59.9 and 60-67.0 years) (Table 4).

DISCUSSION

The goal of this study was to examine and description of body fat percentage (PBF) indicators
in the population of the Republic of Serbia, with respect to sex and age characteristics. Based on the
average results, in general, it can be concluded that the total average values (Table 1, Total =21.92 +
9.00%), average values for subsamples of men and women (Table 1, Women = 28.46 £+ 9.18%, Men =
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18.00 + 7.98%), as well as the majority of age categories of both sexes are in the limits of normal,
according to previously defined health recommendations (Gallagher et al., 2000).

However, in addition to the results of the average values, the results of the dispersion measure
values, that is, the general value of the variation coefficient which represents the measurement of the
variability of the entire sample of 41.06% points out the fact that this sample can be characterized as
heterogeneous, which speaks about the high degree of population diversity towards the research
occurrence, respectively PBF.

Current researches suggest that the limit values of body fat percentage for obesity differently
defined in relation to persons’ gender and age (Gallagher et al., 2000), and so, every age category was
individually observed. Acquired mean values of PBF’s entire sample (Table 1 — 21.92%) point out that
the residents of Serbia do not belong to the obese population. However, observing women separately
(Table 1 —28.46 = 9.18%) and men (Table 1 — 18.00 & 7.98%), a fact in relation to these values can be
noticed, which shows that women as a group are closer to the limit of obesity than men. The average
value of women within this sample is in accordance with the range characteristical for countries of the
European region (Branca et al., 2007), while this subsample has a lesser PBF than the population of
the USA and Germany (Kukic & Dopsaj, 2016). When the obtained results are compared with the
results of the research conducted in Europe (Deurenberg et al., 2001), it can be comprehended that the
average values of the women population in the Republic of Serbia fall among the lowest in the
beforementioned, but with the biggest variation, while the male population is on the second place in
relation to other European countries with slightly lower variation compared to that of women. This
type of finding can be primarily explained by the difference in the socio-economical population status
in different countries, as well as the fact that the nutrition of the population is different in relation to
the climate (Deurenberg et al., 2001).

Observing the age categories of both genders, it can be noticed that PBF increases with age
(Table 1, Chart 1 and 2), which is in the accordance with the findings of similar earlier studies (Knapik
et al., 1983; Mott et al., 1999: Irwin, 2004; Pribis et al., 2010; NCD-RisC, 2016; Milosevi¢ & Colovié,
2019; Raki¢ et al., 2019).1In males, a big difference in the average value and the value at the age from
18-20 years is expressed, as well as the sudden increase of this value in the period around 30 years of
age. In females, there is no sudden increase, but the biggest difference in comparison to the average
values can be noticed at age of around 50 years.

The results-of the applied factor analysis of variance indicate the existence of statistically
significant differences in PBF values at the general level, both between the sexes and in relation to the
age categories of respondents, and the interaction of given factors (Table 4), which is consistent with
previous research (Campisi et al., 2015; Bredella, 2017). The results showed that women have a
statistically significantly higher level of PBF than men, regardless of age group, and that this
difference is greatest in the age stratum of 60.0-67.0, 50.0-59.9, and 18.0-29.9 years (Table 3, p =
0.000, Mean Difference 13.2,12, and 11.3, respectively). Although obesity is more common in women
in most countries (Deurenberg et al., 2001), there are also countries where obesity is more common in
men. These countries include Croatia, Denmark, Estonia, Ireland, Italy, Spain, and Switzerland
(Mascie-Taylor & Rie, 2007). Regarding the population of the Republic of Serbia, the situation is
similar to that described in most countries where women are more prone to obesity (Deurenberg et al.,
2001). Observing men of the same age categories, one can notice differences in the values of
deviations from the average values. These differences are far greater in females (11.26%) than in
males (8.53%), which confirms the findings of previous research that women are more prone to
obesity, i.e. that they have a significantly higher percentage of body fat than men (Deurenberg et al.,
2001). In relation to the average values of PBF (Table 1) in the category of obese, most men enter
around the age of 50, while in women this period occurs earlier, around the age of 40, which is in line
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with the research from 2013 which states that most obese at the age of 45-84 (Institute of Public
Health of Serbia "Dr. Milan Jovanovic Batut", 2013). However, when interpreting gender differences,
one should take into account the morphological differences between the male and female organisms,
as well as that PBF, which represents obesity in men, is not considered obesity in women. This is
especially important when it comes to the results of gender analysis variance (Tables 3 and 4).
Monitoring changes in body composition that occur with age can be useful because such variations are
associated with physical abilities, health status, and eating habits (Boyko et al., 2000; Bastawrous et
al., 2019). The values obtained in this paper indicate that in both sexes there is a significant increase in
PBF with age (Chart 1 and 2). Such an increase can cause poorer physical performance in the elderly
(Shin et al., 2011). An increase in PBF was also observed in men and women (45-65 years) from the
United States who had an annual increase of 0.37 kg (0.34%) and 0.52 kg (0.47%, respectively),
respectively (Siervogel et al., 1998). These changes in body composition are- associated with an
increased risk of insulin resistance, type 2 diabetes, and coronary artery disease (Fujimoto et al., 1999;
Boyko et al., 2000; Kwon et al., 2017). As the mentioned diseases belong to the category of chronic,
i.e. the category of serious health diseases, in future research-of this type, in the territory of the
Republic of Serbia, attention should be paid to the relations between PBF and certain health problems.
The most common practice conducted by other countries of the world is to determine the cut-off points
of PBF (Cut off points) which identify persons at increased risk of a certain disease (Bastawrous et al.,
2019; Macek et al., 2020).

Although PBF increases with age in both sexes, significant differences have been observed
between them. Higher PBF values appeared in women of all ages compared to men. These results are
confirmed by some other studies (Campisi et al., 2015; Carvalho et al., 2019; Deurenberg et al., 2001).
Accordingly, more attention should be paid to females in order to prevent and actively correct
increased PBF in order to minimize the possible negative effects of a given health risk factor. On the
other hand, studies have shown that adipose tissue distribution has a greater impact on cardiometabolic
diseases compared to total PBF. Men are more likely to accumulate fat tissue around the torso and
abdomen, while women usually accumulate fat tissue around the hips and thighs, and it is precisely the
distribution of fat characteristic of men that is associated with an increased risk of cardiometabolic
diseases (Bredella, 2017).

In accordance with the results of the prevalence of obesity defined in relation to age and sex
(Table 4), the results showed that in women the lowest prevalence of obese and obese persons aged
18.0 - 29.9 years (15.53% in total, respectively 9.69 and 5.84%, respectively), and the highest in total
at the age of 50.0-59.9 (45.77% in total, i.e. 45.77 pre-obese and 20.90% obese). The highest
prevalence of obese women was found at the age of 60.0-67.0 years and was 26.87% (percentage of
body fat of over 42.0% - Gallagher et al., 2000).

The lowest prevalence of overweight and obese persons in men (Table 4) was found at the age
of 18.0 - 29.9 years (14.98% in total, respectively 8.81 and 6.17%, respectively), and the highest in the
age of 60.0-67.0 (70.00% in total, i.e. 24.44 and 45.56%, respectively).

According to the results of this study, both sex and age can be interpreted as risk factors that have an
impact on the excessive increase in PBF, while women older than 50 and men older than 60 are the
most common risk group in which excessive PBF values are most prevalent (Table 4).

These data should be kept in mind when planning preventive nutrition and physical activity programs
with the aim of reducing obesity in the population and preventing related diseases. Also, the next
longitudinal research of the examined variable, as the most sensitive information on the state of
obesity of a person, would be very important in the future and would be of great importance in terms
of continuous control of the given indicator for the needs of the system of continuous monitoring of
health status of the population of the Republic of Serbia.
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CONCLUSION

Based on the analyzed data, it can be concluded that the tested sample of the population of the
Republic of Serbia according to PBF in relation to the average values belongs to the category of
persons with normal body fat levels. However, this optimistic data should be taken with strings
attached because this study showed that there is a significant part of the population that according to
PBF belongs to the group of obese (29.93% in women and 19.74% in men, summarized for the
subsample in relation to gender) or the group of obese people. (19.31% in women.and 23.20% in men,
observed in total for the subsample in relation to gender). In other words, in relation to the tested
sample of respondents and the examined variable - PBF, as many as 49.24% of women and 42.94% of
men belong to obese and obese people. Negative trends in PBF increase with age were also found.

Acknowledgements

This study is part of the project "Effects of applied physical activity on the locomotor, metabolic, psycho-social
and educational status of the population of the Republic of Serbia”, number 11147015, funded by the Ministry of
Education, Science and Technological Development of the Republic of Serbia - research projects, cycle 2011 -
2020.

REFERENCES:

1. Bastawrous, M. C., Piernas, C., Bastawrous, A., Oke, J., Lasserson, D., Mathenge, W., Burton, M. J.,
Jebb, S. A., & Kuper, H. (2019). Reference values for body composition and associations with blood
pressure in Kenyan adults aged > 50 years old. European Journal of Clinical Nutrition, 73 (4), 558—
565.

2. Batut, I. Z. J. Z. S. (2013). International statistical classification of diseases and related health issues.
Tenth revision. Beograd: Public health institute ,,Dr Milan Jovanovi¢ Batut “.

3. Boyko, E. J.,, Fujimoto, W. Y., Leonetti, D. L., & Newell-Morris L. (2000). Visceral adiposity and risk
of type 2 diabetes: a prospective study among Japanese Americans. Diabetes Care, 23 (4), 465-471.

4. Branca, F., Nikogosian, H., & Lobstein, T. (Eds.). (2007). The challenge of obesity in the WHO
European Region and the strategies for response: summary. World Health Organization.

5. Bredella M.A. (2017) Sex Differences in Body Composition. In: Mauvais-Jarvis F. (eds) Sex and
Gender Factors Affecting Metabolic Homeostasis, Diabetes and Obesity. Advances in Experimental
Medicine and Biology, vol 1043. Springer, Cham.

6. Campisi J., Finn K. E., Bravo Y., Arnold J., Benjamin M., Sukiennik M., Shakya S., & Fontaine D.
(2015) Sex and age-related differences in perceived, desired and measured percentage body fat among
adults. Journal of Human Nutrition and Dietetics, 28, 486-492.

7. Choi, B., Steiss, D., Garcia-Rivas, J., Kojaku, S., Schnall, P., Dobson, M., & Baker, D. (2016).
Comparison of body mass index with waist circumference and skinfold - based percent body fat in
firefighters: adiposity classification and associations with cardiovascular disease risk factors.
International Archives of Occupational and Environmental Health, 89 (3), 435-448.

8. Deckelbaum, R. J. & Williams, C. L. (2001). Childhood obesity: the health issue. Obesity Research, 9
(S11), 239S-243S.

9. Carvalho, C. J., Longo, G. Z., Juvanhol, L. L., Kakehasi, A. M., Pereira, P. F., Segheto, K. J., de Freitas,
B. A. C,, & Ribeiro, A. Q. (2019). Body composition indices in brazilian adults: Age-specific and sex-
specific percentile curves. Archives of Endocrinology and Metabolism, 63 (4), 358-368.

10. Deurenberg, P., Andreoli, A., Borg, P., Kukkonen-Harjula, K., De Lorenzo, A., Van Marken
Lichtenbelt, W. D., ... & Vollaard, N. (2001). The validity of predicted body fat percentage from body
mass index and from impedance in samples of five European populations. European Journal of Clinical
Nutrition, 55 (11), 973-979.



Dopsaj, M. et al., Analysis of body fat percentage ... PHYSICAL CULTURE 2020; 74 (2): XXX-XXX

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

. Dopsaj, M., & Dimitrijevi¢, R.(2013). Models of the morphological status of female students of the
Criminal Police Academy defined by the method of multichannel bioelectric impedance. Journal of
Criminalistics and Law, 18 (1), 39-56.

Dopsaj, M., Markovi¢, S., Jovanovié, J., Vukovi¢, V., Maksimovi¢, M., Miljus, D., ... & Stankovi¢, A.
(2018). BMI: Analysis of the population indicators in the working population of the Republic of Serbia
in relation to gender and age. Fizicka Kultura, 72(2), 148-160.

Flegal, K., Shepherd, J., Looker, A., Graubard, B., Borrud, L., Ogden, C., Harris, T., Everhart, J.,
Schenker, N. (2009). Comparisons of percentage body fat, body mass index, waist circumference, and
waist stature ratio in adults. The American Journal of Clinical Nutrition, 89, 500-508.

Fujimoto, W. Y., Bergstrom, R. W., Boyko, E. J., Chen, K. W., Leonetti, D. L., Newell-Morris, L.,
Shofer, J. B., & Wahl, P. W. (1999). Visceral adiposity and incident coronary heart disease in Japanese-
American men. The 10-year follow-up results of the Seattle Japanese-American Community Diabetes
Study. Diabetes Care, 22 (11), 1808-12.

Gaba, A., Kapus, O., Cuberek, R., & Botek, M. (2015). Comparison of multi- and single- frequency
bioelectrical impedance analysis with dual- energy X- ray absorptiometry for assessment of body
composition in postmenopausal women: effects of body mass index and accelerometer- determined
physical activity. Journal of Human Nutrition and Dietetics, 28 (4), 390-400.

Gallagher, D., Heymsfield, S. B., Heo, M., Jebb, S. A., Murgatroyd, P. R., & Sakamoto, Y. (2000).
Healthy percentage body fat ranges: an approach for developing guidelines based on body mass index.
The American Journal of Clinical Nutrition, 72 (3), 694-701.

Harbin, G., Shenoy, C., & Olson, J. (2006). Ten- year comparison of BMI, body fat, and fitness in the
workplace. American Journal of Industrial Medicine, 49 (4), 223-230.

HoonLee, D., Keum, N., Hu, F., Orav, J., Rimm, E., Sun; Q., Willett, W., & Giovannucci, E. (2017).
Development and validation of anthropometric prediction equations for lean body mass, fat mass and
percent fat in adults using the National Health and Nutrition Examination Survey (NHANES) 1999-
2006. National Library of Medicine, 118 (10), 858-866.

Ili¢, R., Popovié, J., Markovi¢, V., Nemec, V., Milosevi¢, M. (2020). Work-related stress among
primary healthcare workers. VVojnosanitetski pregled, On Line - First 77 (11), 1184-1191.

Irwin, J.D. (2004). Prevalence of university -students’ sufficient physical activity: A systematic
review 1. Perceptual and Motor Skills, 98 (3), 927-943.

Karaba-Jakovljevi¢, D.(2016). Methods for body composition evaluation. Praxis Medica, 45 (3/4), 71-
77.

Kelly, T., Yang, W., Chen, C., Reynolds, K., He J. (2008). Global burden of obesity in 2005 and
projections to 2030: International Journal of Obesity, 32 (9), 1431-1437.

Knapik, J. J., Burse, L. R., Vogel, A. J. (1983). Height, weight, percent body fat, and indices of
adiposity for young men and women entering the U.S. Army. Aviation, Space, and Environmental
Medicine, 54 (3), 223-31.

Kuki¢, F., & Dopsaj, M. (2016). Structural analysis of body composition status in Abu Dhabi police
personnel. NBP. Nauka, Bezbednost, Policija, 21 (3), 19-38.

Kuki¢, F., Heinrich, K. M., Koropanovski, N., Poston, W. S. C., Cvorovié, A., Dawes, J. J., Orr, R. &
Dopsaj, M. (2020). Differences in body composition across police ocupations and moderation effects of
leisure time physical activity. International Journal of Environmental Research and Publish Health, 17
(18), 6825.

Kwon, H., Kim, D., & Kim, J.S. (2017). Body fat distribution and the risk of incident metabolic
syndrome: A longitudinal cohort study. Scientific Reports, 7 (1), 10955.

Macek, P.; Biskup, M., Terek-Derszniak, M., Stachura, M., Krol, H., Gozdz, S. & Zak, M. (2020).
Optimal body fat percentage cut-off values in predicting the obesity-related cardiovascular risk factors:
A cross-sectional cohort study. Diabetes Metabolic Syndrome and Obesity: Targets and Therapy, 13,
1587-1597.

Mascie-Taylor, N., Rie, G. (2007) Human variation and body mass index: a review of the universality
of BMI cut-offs, gender and urban-rural differences, and secular changes. Journal of Physiological
Anthropology, 26 (2), 109-12.

Milogevié, M. & Colovi¢, M. (2019). Developmental and pedagogical psychology, with application in
sports and physical education. Beograd: Univerzitet Singidunum.

Milosevi¢, M., Panteli¢, N., Ratkovi¢, T. (2020). The Psychological basis behind new media as an
impetus behind the reduction in physical activity. International Scientific Conference on Information
Technology and Data Related Research, SINTEZA 2020. (pp. 253 - 258.) Singidunum University.
Belgrade.



Dopsaj, M. et al., Analysis of body fat percentage ... PHYSICAL CULTURE 2020; 74 (2): XXX-XXX

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42,

43.

Misigoj-Durakovié, M. (2000). The role of exercise in the prevention of chronic non-communicable
diseases. Medicus, 9 (1), 99-104

Mott, J. W., Wang, J., Thornton, J. C., Allison, D. B., Heymsfield, S. B., Pierson, R. N. (1999).
Relation between body fat and age in 4 ethnic groups. The American Journal of Clinical Nutrition, 69
(5): 1007-1013.

NCD Risk Factor Collaboration, NCD-RisC. (2016). Trends in adult body-mass index in 200 countries
from 1975 to 2014: a pooled analysis of 1698 population-based measurement studies with 19.2 million
participants. National Library of Medicine, 387 (10026), 1377-1396.

Ng, M., Fleming, T., Robinson, M., Thomson, B., Graetz, N., Margono, C. (2014). Global, regional and
national prevalence of overweight and obesity in children and adults 1980-2013: A systematic analysis.
National Library of Medicine, 384, 766— 781.

Popovié, J., Grbi¢, S., Milosevi¢, M., 1li¢, R., Kilibarda, N. (2019). Food flavour as influence factor for
balanced diet for children. Quality of Life, 10 (1-2): 55-59.

Pribis, P., Burtnack, C. A., McKenzie, S. O., & Thayer, J. (2010). Trends in body fat, body mass index
and physical fitness among male and female college students. Nutrients, 2 (10), 1075-1085.

Raki¢, S., Dopsaj, M., Djordjevic-Nikic, M., Vasiljevic, N., Dopsaj, V., Maksimovic, M., Tomani¢, S.
M., & Miljus, D. (2019). Profile and reference values for body fat and skeletal muscle mass percent at
females, aged from 18.0 to 69.9, measured by multichannel segmental bioimpedance method: Serbian
population study. International Journal of Morphology, 37 (4), 1286-93.

Shin, H., Panton, L. B., Dutton, G. R., & llich, J. Z. (2011). Relationship of physical performance with
body composition and bone mineral density in individuals over 60 years of age: A systematic review.
Journal of Aging Research, 2011.

Siervogel, R. M., Wisemandle, W., Maynard, L. M., Guo, S. S., Roche, A. F., Chumlea, W. C., &
Towne, B. (1998). Serial changes in body composition throughout adulthood and their relationships to
changes in lipid and lipoprotein levels: The Fels longitudinal study. Arteriosclerosis, Thrombosis, and
Vascular Biology, 18 (11), 1759-1764.

Torres, S. J., Nowson, C. A. (2007). Relationship between stress, eating behavior and obesity. Nutrition,
23 (11), 887-894.

World Health Organization. (2009). Physical inactivity: a global public health problem.

World Health  Organization. (2020). World Health Statistics 2020. available at:
https://www.who.int/data/gho/whs-2020-visual-summary.



https://www.who.int/data/gho/whs-2020-visual-summary

