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The aim of this study was to determine the relationship
between body mass index (BMI) and body fat percentage
(% BF) among 1000 healthy adolescents (ages, 15-19 y)
from different areas in Serbian Republic (Federation of
Bosnia and Herzegovina), during 2014. In this study
examined adolescents were divided into four groups after
calculating BMI, and after the correlation between BMI
and %BF. The obtained results show that there are
significantly more (p < 0.01; p < 0.05) boys (ages, 15-18)
with a healthy weight than girls. The correlation between
BMI) and %BF was very strong, positive, among examined
girls (r = 0.975) and boys (r = 0.752). In a group with
normal % BF and increased BMI there were significantly
more (p < 0.01) boys than girls, and the opposite situation
were in a group with increased BMI and % BF, where it
was significantly more (p < 0.05) girls than boys. Obtained
results show that the majority of adolescents in the
Serbian Republic have normal body weight, with a
tendency of increase, especially among girls who are more
prone to unbalanced nutrition.
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Introduction

Adolescence is an important stage of life when lifestyle
behaviours including dietary habits are formed and become

established. The lifestyle behaviour patterns that are
established during early years can have important implications
on health and well-being [1]. Calculating Body Mass Index
(BMI) it can be determined which person is overweight or
obese. BMI range varies with the age and sex of the
adolescents (Table 1). Center for disease control and
prevention [2,3] defined overweight adolescents as a BMI at or
above the 85t percentile and below the 95 percentile and
obesity adolescents as a BMI greater than the 95t percentile.
The reference data that these percentiles are based on is from
1963 to 1994 and thus has not been affected by the recent
increases in rates of obesity [4]. The frequency of obesity
among adolescents is higher than it used to be, all over the
world. In the United States after 1960s, 15% of school children
were classified as overweight [5].

The only body measurement that directly calculates the
relative composition of the body and present a measure of
fitness level, regardless of height and weight, is body fat
percentage (% BF). Widespread application of Body Mass Index
(BMI) affords a measure which enables comparison with the
overweight of individuals of different heights and weights.

While BMI greatly increases with obesity, due to differences
in body composition, other indicators of body fat provides
more precise results; for example, individuals with more
muscle mass or with larger bones will have higher BMI. BMI
presents a useful indicator of the overall fitness for large
groups of people, but a bad tool to determine the health of an
individual.

Table 1: Reference values of BMI (kg/m?) according to recommendations of NHANES (CDC, 2011).

Age BMI Percentile Range
Under Weight < 5% Healthy Weight 5%-8% Over Weight 85%-95% Obese >95%
Girls/Boys
15 <16.21/16.57 17.23-24.28/17.79-23.82 24.28-27.89/23.82-27. 86 > 27.89/27.86
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16 < 16.55/17.00 17.59-24.68/18.35-24.63 24.68-28.45/24.63-28.69 > 28.45/28.69

17 <16.76/17.29 17.84-25.07/18.72-25.44 25.07-28.95/25.44-29.50 > 28.95/29.50

18 <16.87/17.50 18.01-25.34/18.95-26.08 25.34-29.23/26.08-29.89 >29.23/29.89

19 <17.00/17.77 18.20-25.58/19.25-26.53 25.58-29.37/26.53-29.98 >29.37/29.98
Source: National Health and Nutrition Examination Survey 2011 - 2012 Data Documentation, Codebook, and Frequencies

Important indicator of health of adolescents is nutritional
status. The protein and salt content play a great role in the
nutrition of adolescents. However, many studies examinated
the influence of fast food consumption to obesity of
adolescent [6]. Childhood obesity has epidemic proportions in
the 21%t century, especially in developed countries. USA
population had the highest prevalence of obesity while
Italians, French and Serbian population. For example, obesity
in Canadian boys have increased from 11% in the 1980s to
over 30% in the 1990s. During this same time period, obesity
in Brazilian children increased from 4 to 14% [7]. On the basis
of 1996 and 2000 studies the prevalence of underweight and
obesity in Serbia do not change significantly, and for ten years
now there is a trend of increasing prevalence of stunting [8].
According to the 2006 health survey of the Serbian population,
two thirds of children and adolescents were in the normal
nutritional status (67.7%). Almost one fifth of the young (18%)
were overweight or obese, which is an increase in comparison
with 2000. Also, fall of the number of underweight children
(6.2%) in comparison with 2000 (8.4%) was noted. The
increase in the number of overweight and obese children
resulted from poor dietary habits and insufficient exercise,
presenting an important public health problem [9]. For
explanation for very low prevalence of obesity which found
among Serbs may be the fact that Serbian population has
suffered enormously during last decade due to war. In the
Europe, Greeks are the most obese and overweight while
Serbs the leanest. It can be explain with nutrigenomics and
epigenetics factors.

Many factors contribute to the increased of childhood
obesity. The diet (e.g. fast food) and decreasing physical
activity are believed to be the two most important causes for
increase in the incidence of childhood obesity [10]. Because
childhood obesity often persists into adulthood and is
associated with numerous chronic diseases (hypertension,
diabetes, hyperlipidemia, and fatty liver), [11]. Treatments
used in children are primarily lifestyle interventions and
behavioral techniques have a little success [12]. The most
common consequences of obesity are metabolic syndrome,
cardiovascular diseases, etc. which can cause death in many
countries (adult and children) [13,14]. World Health
Organization [14] presented that, in 2014, 600 million adults
and 42 million children under the age of five were overweight.

Population of different localities has different habits.
Serbian Republic is a poor country. Years of life (during 1990s)
under severe stress have brought depression and
hopelessness, followed by general negligence towards health
and increased risk behavior [15]. After that period, the health
status of the population of Serbia was harmfully influenced by
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numerous factors (the long-lasting economic crisis, the
consequences of war in the surrounding countries and in
Serbia as well, economic and diplomatic sanctions) [16,17,18].
In addition to body weight, the amount of body fat and muscle
mass is significantly increased during adolescence. In
adolescence eating disorders are common or at least improper
relationship with food.

This article discusses adolescents aged 15 to 19 years who
were classified as overweight or obese according to their Body
Mass Index (BMI), based on measured body height and body
weight and it was determined the relationship between BMI
and % BF among adolescents of Serbian Republic.

Methods

During 2014, 1000 healthy adolescents (ages, 15-19 years)
were examined partly from different areas in Serbian Republic
(Banja Luka city and municipalities Gradiska, Srbac, Teslic,
Celinac). The Ministry of Education and Ministry of Health of
the Republic of Serbian approved the study protocol (from
each volunteer’s parent or guardian, or participants over 18
years sign consent by themselves). A questionnaire was used
to determine demographic data (gender, age, number of
people in household).

Measurement of the body mass was performed using a
decimal scale in kilograms, after the removal of shoes and
excess clothing. The measurement of weight was to the
nearest 100 g. Height was measured to the nearest 0.1 cm,
without shoes, using a mounted metal centimeter ruler. The
body mass index (BMI) was calculated as ratio between weight
in kilograms and height in meters squared (weight in kg/height
m2). BMI percentiles were calculated, and the Centers for
Disease Control and Prevention (CDC) standards were used to
classify children and adolescents as underweight (BMI < 5t
percentile), healthy weight (< 85t percentile), at risk of
overweight (2 85t and < 95" percentile), or overweight (2 95t
percentile) (Table 1).

Deurenberg et al. [19] derived formulae for estimate the
body fat (% BF) from the BMI. For these calculations, age and
sex must be included for determination the relationship
between densitometrically determined body fat percentage (%
BF) and BMI. Internal and external cross-validation of the
prediction formulas showed that they gave valid estimates of
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body fat, between sex at all ages. However, the prediction
formulas slightly overestimated the BF %. The prediction error
is comparable to the prediction error obtained with other
methods of estimating BF %, such as skinfold thickness
measurements and bioelectrical impedance. The most
commonly used formula for relationship between BMI and BF
% in children is present by Deurenberg et al. [19].

Child body fat % = (1.51 x BMI) — (0.70 x Age) - (3.6 x sex) +
1.4

Adult body fat % = (1.20 x BMI) + (0.23 x Age) — (10.8 x sex)
-54

where sex is 1 for males, and 0 for females.

Statistical analysis of the results was conducted using
software GrapfPad Prism 5.00 (Version 5.00 for Windows,
Graph Pad Software, San Diego California USA,
www.graphpad.com). All parameters were represented by
descriptive statistical parameters (mean, standard deviation).
One-factor analysis of variance-ANOVA and post Tukey test
were used for testing differences among BMI of examined girls
and boys of the same age with healthy weight. For
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examination the ratio of BMI to BF we used Pearson
correlation coefficients and Chi-square test was used to
compare frequencies among girls and boys in different
categories of adolescent, divided into four groups (normal BMI
and BF, increased BMI and normal BF, normal BMI and
increased BF, and increased BMI and BF).

Results and Discussion

Nutrition has exerted a role in human evolution [20,21].
Tables 2 and 3 showed characteristics of the adolescents, by
sex and age. Laurson et al. [22] claimed that the BMI
thresholds were more strongly associated with metabolic
syndrome in boys than in girls. In our results girls become
obese earlier than boys with 15 years (2.04%), while boys get
fat with 16 years (3.08%). Girls are quick to develop, complete
with the growth and metabolism of them is different from
boys. At the age of 19 all the boys have normal weight, while
in girls has above and below healthy weight. Girls in the late
adolescent years, in addition to obesity, have a problem with
underweight [23]. Pokrajac-Bulian and Ambrosi-Randic¢ in their
study concluded that the girls in Croatia with high scores on
the internalization and awareness scales were the most
dissatisfied with their bodies [24].

Table 2: Body Mass Index classification according to age among girls (n = 530).

Age BMI Percentile Range
Under Weight < 5% Healthy Weight 5%-8% Over Weight 85%-95% Obese > 95%
n % n % n % n %
15 (n = 49) 3 6.12 44 89.8 1 2.04 1 2.04
16 (n =129) 2 1.55 115 89.15 9 6.98 3 2.32
17 (n = 106) 3 2.83 95 89.62 8 7.55 0 0
18 (n = 180) 3 1.67 165 91.67 12 6.67 0 0
19 (n = 66) 1 1.51 60 90.9 5 7.57 0 0

Poor nutrition and lack of appropriate physical activity are
major cause of obesity. Serbian Republic and neighbouring
countries are areas in which people always used to have a

habit to eat a lot of food because they were dealing with
agricultural and hard physical works [23].

Table 3: Body Mass Index classification according to age among boys (n = 470).

Age BMI Percentile Range
Under Weight < 5% Healthy Weight 5%-8% Over Weight 85%-95% Obese >95%

n % n % n % n %
15 (n=37) 1 2.7 32 86.49 4 10.81 0 0
16 (n = 130) 3 2.31 104 80 19 14.61 4 3.08
17 (n = 154) 1 0.65 130 84.42 22 14.29 1 0.65
18 (n = 109) 0 0 101 92.66 8 7.34 0 0
19 (n = 40) 0 0 40 100 0 0 0 0

© Copyright iMedPub 3



The obtained results showed that the majority of examined
adolescents are in the group of healthy weight. But, also we
can concluded that there is significantly more (p < 0.01; p <
0.05) boys (ages, 15-18) with a healthy weight than girls
(Figure 1). These results are in accordance with Freedman et
al. [5]. In the Republic of Serbian children are genetically
higher and have a balanced body composition. Serbs make up
three-quarters of a dinar type of man, which is characterized
by tall and slender physique, strong bones and developed
muscles [25].
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Figure 1: The BMI of examined girls and boys with healthy
weight. Legend: Same letters a — p < 0.05; A—p < 0.01.

Figures 2 and 3 show that correlation BMI and % BF was
very strong, positive, among examined girls (r = 0.975) and
boys (r = 0.752). Data in the upper left and lower right
quadrants present limitations of BMI. In the upper left
quadrant % BF indicates excess adiposity, while BMI does not,
and BMI indicates excess adiposity in lower right quadrant
while % BF does not.
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Figure 2: Correlation between body mass index (BMI) and
percent body fat (% BF) for 530 girls 15 to 19 years old.

Other studies have reported that the accuracy of BMI as an
indicator of obesity among children increases with the level of
BMI (relative to sex and age) or % BF [5,26]. The distribution
between muscle mass and fat mass are inexact for BMI or %
BF. BMI generally overestimates adiposity on those with more
lean body mass (e.g., athletes) and underestimates excess
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adiposity on those with less lean body mass. BMl is particularly
inaccurate for people who are very fit, even though their body
fat percentages frequently fall in the 10-15% category, which
is below that of a more physical inactivity person of average
build who has a normal BMI number. Body composition for fit
person is better calculated using measures of body fat [27].
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Figure 3: Correlation between body mass index (BMI) and
percent body fat (% BF) for 470 boys 15 to 19 years old.

More than a half of respondents had a normal BMI and % BF
(Figure 4). In a group with normal % BF and increased BMI
there were significantly more (p < 0.01) boys than girls, and
the opposite situation were in a group with increased BMI and
%BF, where it was significantly more (p < 0.05) girls than boys.
Obtained results emphasize the limitations of BMI as a marker
of adiposity among non-overweight adolescents. Because of
the variability in the levels of fat mass, weight—height index
needs to be carefully discussed. The high levels of BMI-for-age
are associated with substantial increases in fat mass, so the
index is most useful as a measure of obesity.
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Figure 4: Participation of adolescents in different
investigated groups (normal BMI and BF, increased BMI and
normal BF, normal BMI and increased BF, and increased BMI
and BF). Legend: Same letter a— p < 0.05; A—p < 0.01.

Conclusions

Based on obtained data, in this study, it can be concluded
that the majority of adolescents in the Serbian Republic have
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normal body weight, with a tendency of increase, especially
among girls. There is strong relationship between BMI and %
BF among examined girls and boys, and because of the
variability in percentile of body fat, BMI needs to be carefully
discussed. Prevention programs might attempt to improve the
situation of Serbian adolescents by promoting more regular
physical activities with a reduction in sedentary activities and
improving healthy dietary behaviours.
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