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and development with the purpose of determining the 
regularity, or disclosure of disturbances or the risk of 
disorder, based on the degree of deviation from the 
recommended values for the given age. The standards 
of growth and development have been established by 
many years of research, which are amended or modi-
fi ed in relation to racial, ethnic and other character-
istics when needed. Among the most frequently used 
today are the international standards of the World 
Health Organization (WHO Multicentre Growth Ref-
erence Study Group, 2006), the national standards of 
the Center for Disease Control and Prevention of the 
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INTRODUCTION

Obesity in children and adolescents takes epi-
demic proportions in the world. It is considered the 
most widespread disease of children in most coun-
tries, especially in the developed countries (Reilly,  
2006). Overweight and obesity in children and par-
ticularly in adolescence, remain in adulthood as well. 
It is also considered as a risk factor for cardiovascular 
disease, diabetes, asthma, and for some socio psycho-
logical disorders in mature and old age (Freedman et 
al, 2007; Reilly et al, 2003).

Assessment of body composition in children 
and adolescents provides monitoring of their growth 
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United States (Ogden et al, 2002) and international 
standards of “The International Obesity Taskforce” 
(IOTF) - the professional body of the International 
Association for the Study of Obesity, recommended 
by Cole et al, (2000).

In the absence of conditions for accurate deter-
mination of body composition (magnetic resonance 
imaging, computer tomography, X-ray absorption), 
valuation methods based on relative body weight ac-
cording to body height and body mass index are used, 
as well as methods based on the skin fold measure-
ment.

Thanks primarily to the simplicity, body mass 
index (BMI), also known as Quetlet’s index, is a use-
ful detection method for obesity, which is widespread 
in the world and adopted by referent organizations 
such as World Health Organization (WHO) and Inter-
national Association for the Study of Obesity (IASO). 
The lack of body mass index lies in the fact that it is 
based on the whole body mass, so that in the category 
of people who are overweight even those with high 
percentage of muscle, but normal fat can be classi-
fi ed. Besides, the researches show the lack of sensi-
tivity of this method to detect the risk of obesity, and 
even already caused obesity (Malina & Katzmarzyk, 
1999).

The method by Mateika has a long tradition 
and enables to estimate the amount of bone, muscle 
and adipose tissue in body composition, so that obe-
sity is detected on the basis of the amount or percent-
age of body fat (Eremija, 1997).

Based on the results of the study, which in-
cluded a sample of 1116 Caucasian boys, ages 5 to 
18.5, McCarthy, et al (2006) have drawn up a refer-
ence table for determining the limits of normal and 
excessive amounts of fat, as well as the limits of 
obesity according to the age, on the basis of the esti-
mated amount of fat.

Using the IOTF standards proposed by Cole 
et al (2000) and reference tables by McCarthy et al 
(2006), the boys from senior grades of fi ve primary 
schools in Sombor were categorized on the basis of 

body mass index and the percentage of body fat, de-
termined by the method by Mateika, to determine 
how many of them are overweight, and how many 
are obese.

METHOD

Research procedure and processes 

The survey was conducted in May 2008 on the 
sample of 234 boys, 7th and 8th graders of fi ve ele-
mentary schools in Sombor, which represented more 
than two-thirds of the entire population of boys in 
this age group in the city. In addition to height and 
weight, the anthropometric dimensions of body com-
position for the assessment method by Mateika were 
measured:
• Wrist, elbow, knee and ankle diameters; 
• Upper arm, forearm, thigh and lower leg volumes;
• Upper arm, forearm, thigh, below knee, chest and 

abdomen skin folds.

Body height (BH), diameters of joints, vol-
umes and thickness of skin folds were measured at an 
accuracy of 0.1 cm. Body mass (BM) was measured 
by a precision of 0.1 kg.

Based on these variables, using calculation of 
the method by Mateika, the values of bone (O%), 
muscle (M%) and fat (D%) components of body com-
position were obtained and expressed in percentages. 
The subjects were categorized in relation to the age 
and the percentage of fat (Table 1), as recommended 
by McCarthy at al. (2006). Values below 85% for the 
given age, with a lower limit on the second percentile 
are considered normal. Values above 85%, including 
the 85%, to 95% are the limits of excessive percent-
age of body fat. Values at the level of 95% and more 
are identifi ed as the obesity (Table 1). 
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determined by the IOTF standards, which were es-
tablished by Cole at al (2000). According to these 
standards, body mass index values below 85% for a 
given age are considered to be normal. Values rang-
ing from 85%, including 85%, to 95% are the limits 
of overweight. Values at the level of 95% and above 
are identifi ed as obesity (Table 2).

Table 1   The number and percentage of students classifi ed into categories based on body fat percentile by 
McCarthy at al. (2006)

Grade Categories by percentile d%
Frequency 
(number of 

subjects)
percentage Cumulative 

percentage

7 (age 14) P<2         D% below normal <10.9 2 1.7 1.7

 P2-85     normal D% 10.9-21.3 61 51.7 53.4

 P85-95   Overweight D% 21.3-25.9 18 15.2 68.6

 P>95      Obesity >25.9 37 31.4 100

 Total 118 100  

8 (age 15 ) P<2         D% below normal <10.4

 P2-85     Normal D% 10.4-20.7 61 52.6 52.6

 P85-95   Overweight D% 20.7-25 18 15.5 68.1

 P>95       Obesity >25 37 31.9 100

 Total 116 100  

On the basis of body weight and height, body 
mass index (BMI) of each respondent was calculated 
using the formula: 

BMI = body weight (in kg) / body height (in m2). 

In relation to the age, the percentile value 
for each respondent based on body mass index was 

Table 2   The number and percentage of students classifi ed into categories based on BMI percentile values by  
the IOTF standard

Grade
IOTF standard

frequency percentage Cummulative 
percentageCategory percentiles

VII Normal BM P<85 94 79.7 79.7

 Overweight BM P85-95 15 12.7 92.4

 Obesity P>95 9 7.6 100.0

 Total 118 100.0  

VIII Normal BM P<85 93 80.2 80.2

 Overweight BM P85-95 20 17.2 97.4

 Obesity P>95 3 2.6 100.0

  Total 116 100.0  
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ease Control and Prevention of the United States for 
body weight. Students in both classes have higher 
values of height and weight at all levels in relation to 
those standards. The differences, normalized in rela-
tion to the specifi ed standards values are higher for 
body weight.

The results were analyzed by standard proce-
dures of descriptive statistics and represented by the 
arithmetic mean, standard deviation, coeffi cient of 
variation and confi dence interval of the estimation 
of population mean at the level of 95%. Normality 
of frequency distribution was tested by Kolmogorov-
Smirnov test. Given that the only body height and 
muscle component of body composition displayed a 
normal distribution of frequencies in both samples, 
the appropriate non-parametric statistical procedures 
were chosen for comparative statistics.

RESULTS

Table 3 contains the basic descriptive parame-
ters of the measured values of body height and weight 
and calculated body mass index value, as well as the 
percentage of fat, muscle and bone components of 
body composition of 7th and 8th graders. At the same 
time, the results of normal frequency distribution test 
are given, which  demonstrate that only body height 
and muscle component of body composition showed 
a normal distribution of frequencies found in both 
subsamples.

Table 3   Descriptive indicators of measured values of body height and weight and calculated body mass index 
value and percentage of fat, muscle and bone components of body composition of students of the 
seventh and eighth grade.

grade  min max mean Standard 
deviation CV IR (95%) Kolmogorov-

Smirnov

VII BH 143.0 186.8 167.9 9.1 0.05 166.3-169.6 0.07 0.200

BM 27.5 111.4 58.9 15.3 0.26 56.1-61.7 0.13 0.000***

BMI 13.4 37.1 20.7 4.5 0.22 19.9-21.5 0.16 0.000***

D% 10.3 58.9 24.2 11.1 0.46 22.2-26.3 0.15 0.000***

М% 23.0 58.1 40.6 6.9 0.17 39.4-41.9 0.06 0.200

О% 13.2 28.4 21.7 3.1 0.14 21.2-22.3 0.11 0.001***

VIII BH 154.6 193.0 174.9 7.8 0.04 173.5-176.3 0.05 0.200

BM 35.3 118.0 63.5 13.3 0.21 61.1-66.0 0.08 0.095

BMI 14.0 33.1 20.7 3.4 0.16 20.0-21.3 0.11 0.002**

D% 11.4 53.1 22.9 8.9 0.39 21.3-24.6 0.14 0.000***

М% 23.1 54.3 38.6 5.6 0.15 37.6-39.6 0.05 0.200

О% 14.1 28.0 21.4 2.8 0.13 20.8-21.9 0.07 0.200

CV-coeffi cient of variation. IR- interval of reliability of the mean population estimation
BMI (body mass index) - the body mass index

In Table 4 the values of height and weight of 
children on the level of the third, the fi ftieth (median) 
and the ninety-seventh percentile at the subsamples, 
are compared with values at the same levels of in-
ternational World Health Organization standards for 
height, or national standards of the Center for Dis-
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centile for boys aged from 13 to 16, measured by the 
method by Mateika mounted up from 35.9 to 42.7%. 
The values of muscle components percentile for boys 
aged 13.5 and 15, according to Malina et al (2004), 
mounted up to 50.2% and 50.3%. 

The average values for the percentage of bone 
components are 21.7% of the students of the seventh 
and 21.4% of the students of the eighth grade. Mlade-
nov and Nikolova (9) have established the value from 
21.7% to 22% of the boys of the same age. Riegerova 
& Pridalova (2002) determined the value of 20.2% 
for thirteen-year-old and 21.2% for twelve-year-old 
boys.

Students of the seventh and the eighth grade 
are signifi cantly different in height and weight, which 
are greater in older students. They differ signifi cantly 
in the percentile of muscle components, which are 
higher in the seventh grade students. The differ-
ence in body mass index and fat mass percentile was 
not signifi cant, and the fat mass percentile was also 
slightly higher in the seventh grade students. There is 
also no signifi cant difference in the bone components 
percentage, and in this case the values were also 
higher in the seventh grade students (Table 5).

Table 4   The values of body height and weight of children on the third, fi ftieth and ninety-seventh percentile, 
compared with the corresponding reference values.

Body height (cm)

percentiles VII g WHO14 Diff. (%) VIII g WHO15 Diff. (%)

3rd 150 148.7 0.9 159.3 154.3 3.2

50th 169 163.2 3.6 175.7 169 4.0

97th 183.9 177.6 3.5 188.8 183.6 2.8

Body mass (kg)

VII g CDC Diff. (%) VIII g CDC Diff. (%)

3rd 39.6 37.1 6.7 41.8 41.5 0.7

50th 56.4 51.2 10.2 61.9 56.5 9.6

97th 100.8 77 30.9 89.7 83.2 7.8

     WHO-World health organization 
     CDC-Center for disease controle 

According to the limits of normal values and 
excessive fat mass by age, recommended by McCar-
thy et al (2006), 18 7th graders  (15.3%) and 18 8th 
graders (15.5%) have excessive fat mass values de-
termined by Mateika method (Table 3). According to 
the same criteria, one of 37 students (31.4%) of the 
seventh grade and 37 students (31.9%) of the eighth 
grade were ranked in the obese category. 

According to international standards for body 
mass index value (IOTF standards) proposed by Cole 
et al (2000), 15 students of the seventh (12.7%) and 
20 students of the eight grade (17.2%) are overweight. 
According to the same standards, nine students of the 
seventh (7.6%) and 3 students (2.6%) of the eighth 
grade belong to the category of obese (Table 2). 

The mean value of muscle components percent 
of the seventh grade students was 40.6%, and of the 
eighth grade students 38.6% (Table 1). Mladenov and 
Nikolova (2005) using the method by Mateika deter-
mined the values from 44.7% to 45.2% of muscle 
components in the body composition of boys aged 
14 to 15 to be a normal body mass index according to 
the IOTF standard. According to Riegerova and Pri-
dalova (2002), the value of muscle components per-
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According to the IOTF standards for body 
mass index value in relation to age, the subsamples 
are signifi cantly different by the obese subjects’ per-
centile and the subjects with excessive body weight 
(Table 6). The difference between the subsamples in 
the number of subjects with body mass index values 
below limit of the excess is minimal (Table 2). 

Table 5   The results of Mann-Whitney test of a signifi cant difference in body height and weight, body mass 
index and fat percentage, muscle and bone tissue between 7th and 8th graders

BH BM BMI D% M% О%

m.rank VII g. 92.3 103.7 114.3 119.1 129.3 124.6

m.rank VIII g. 143.1 131.6 120.7 115.9 105.5 110.3

Mann-Whitney U 3870.0 5209.5 6468.0 6652.5 5449.5 6006.5

Wilcoxon W 10891.0 12230.5 13489.0 13438.5 12235.5 12792.5

Z -5.744 -3.157 -.726 -.370 -2.693 -1.618

p .000*** .002** .468 .711 .007** .106

By the obese subjects’ percentile and the sub-
jects with excessive body weight percentile, divid-
ed into categories recommended by McCarthy at al 
(2006) based on the fat mass percentile determined 
by the method by Mateika, the subsamples did not 
differ signifi cantly (Table 6), which is also displayed 
according to the values in Table 3. 

Table 6   The results of χ ² test of signifi cance of differences in the percentage of obese subjects and overweight 
body mass subjects among 7th and 8th graders

by McCarthy at al. by IOTF standards

ef-estVIIg ef-estVIIIg ef-estVIIg ef-estVIIIg

χ² 0.011 0.011 0.004 5.975

df 2 2 2 2

p 0.995 0.995 0.998 0.050*

Ef - expected frequency; estVIIg - established frequencies for the seventh grade;
estVIIIg - established frequencies for the eighth grade

Only two subjects from the seventh grade were 
classifi ed in a higher category by the IOTF standards 
than on the basis of the fat mass values as recom-
mended by McCarthy at al. (2006). Other subjects in 
both classes are either classifi ed in the same category 
or in a higher category according to fat mass values 

by McCarthy at al. (2006). This, according to the re-
search results, makes these methods signifi cantly dif-
ferent according to their sensitivity in the detection 
of overweight body mass, or fat components of body 
composition accordingly, regardless of the age of the 
subjects (Table 7).
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by genotype and that the changes in bone tissue as a 
result of adaptation to the possible increased burden 
are only partially refl ected in the increase of volume 
and density bone tissue. 

The percentage of muscle mass is in the range 
of average values for non-athlete boys at this age, 
while according to some data it is even lower. That 
excludes the possibility that higher values of body 
mass index resulted from higher muscle mass, re-
spectively indicating a higher percentage of fat as a 
cause of increased body mass index value of 20.1% 
of the subjects. 

The students of the seventh and the eighth 
grade are signifi cantly different in height and weight, 
as well as in percentage of muscle components of 
body composition, but the percentage of muscle, con-
trary to expectations, is higher in the seventh grade 
students. By the percentage of bone and fat tissue, 
the subsamples are not signifi cantly different. There 
were no signifi cant differences either in the number 
or in the percentage of students classifi ed into cat-
egories based on fat percentage, as recommended by 
McCarthy et al. (2006). The percent classifi ed into 
categories with normal and excessive fat and obese 
category was nearly identical by classes. Given that 
the subjects at the time of measurement were in the 
age which, according to Malina at al (2004) is fea-
tured by the fastest growth of body height, the identi-
cal percentage of body fat in grades indicates a high 
probability that the subjects retain the same percent-
age of body fat both in the mature and the old age.

The number and percentage of students clas-
sifi ed as overweight and obese category by the IOTF 
standards varies by grade, giving a slightly more fa-
vorable picture primarily because a smaller percent-
age is classifi ed as obese in the subsample of older 
boys. On this basis we could assume that during sub-
jects’ growth and development , the ratio of body mass 
in relation to height in the obese shall be changed for 
the better, towards lower values. However, the IOTF 
standards in our sample showed signifi cantly lower 
sensitivity in the detection of overweight body mass 
and obesity than the estimation of body composition 
by Mateika method.

Table 7   The results of the signifi cance test of 
differences of two methods applied in 
the number of subjects classifi ed into 
categories by body composition

Sign test (by McCarthy – by IOTF standards)

VII g VIII g

Negative results 2 0

Positive results 45 49

Equal 71 67

Total 118 116

Z -6.126 -6.857

p 0.000 0.000

DISCUSSION

Differences in height of our subjects in rela-
tion to World Health Organization standards cannot 
be explained according to our data. It can only be as-
sumed that the causes of these differences are hidden 
in the characteristics of the population of Sombor, 
in possible early maturation of the subjects or some 
other factors. This opinion is further argumented by 
fact that much of the population of Vojvodina and 
Sombor consists of immigrants from the local Dinar 
region, which are known to be the highest citizens 
of Europe (Pineau et al, 2005). On the other hand, 
earlier maturation as a cause of differences in height 
would be followed by a more favorable ratio of body 
mass to height, which is not the case in our sample. In 
fact, greater differences of body mass values of our 
subjects are normalized in relation to the standards of 
the Center for Disease Control and Prevention of the 
USA, and when compared with differences in height 
(Table 2), they determine less favorable values of 
body mass index as well.

The percentage of bone tissue is in the normal 
range for the age of subjects, as expected, given that 
the development of bone tissue is mostly infl uenced 
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CONCLUSION

One of more reliable methods of the estima-
tion of body composition would certainly provide 
more reliable data, but in this case, the choice of 
the method by which the subjects were categorized 
as obese, should be the method by Mateika. Obesity 
in adolescence is accompanied by increasing risk of 
cardio vascular diseases, diabetes and other diseases 
(Reilly et al, 2003), which is why these people are 
recommended regular medical controls (Himes & 

Dietz, 1994). Using less sensitive method of detec-
tion of obesity, a certain percentage of adolescents 
could be left out from the program control and pre-
vention of the above mentioned diseases. 

The method of detection of obesity according 
to body mass index, which has lately been increas-
ingly used, should become the subject of a serious 
analysis, since there is the possibility that, at least 
when it comes to the population of adolescents in our 
region, it does not provide the suffi cient sensitivity in 
obesity detection.
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