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Abstract 

 
In the medical practice, the assessment of deep (visceral) adipose tissue is made mainly by MRI, computed tomography, 
densitometry and other methods, which are impossible to use in population studies. The aim of this investigation is to make a 
comparative anthropometric assessment of the quantity and specific age features in the development of the sub-cutaneous 
and visceral fat tissue during the time of growth in 9-16-year-old children and adolescents from the capital of the country and 
Smolyan town (Bulgaria). Analyzed data are part from two complex cross-sectional studies of 9-16-year-old students from 
Sofia and Smolyan, carried out respectively in the period 2001/2002 and 1998/2001. With a standard anthropometric 
methodology with each student were measured: height (m) body weight (kg) and waist circumference (cm). The quantities of 
subcutaneous (SAT) and visceral (VAT) adipose tissue are defined by the regression equations of Brambilla et al. Results 
showed that between the boys from the two cities, there are no reliable differences in the quantity both of SAT and VAT in all 
age groups. During puberty growth spurt and after it, the girls from Smolyan have deposited VAT with greater intensity as 
compared with their Sofia peers. As a result, in the post-puberty age groups, the differences in this index with the girls were 
statistically reliable, to the benefit of the girls from Smolyan.The comparison of our results with analogous in foreign studies 
(obtained using the unique for Bulgaria equipment) shows that the referred anthropometric data can be used as a reliable 
indicator for the ratio between the two components of body fat in the scientific and clinical practice as well. 
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1. Introduction 
 
One of the most debated issues in scientific literature is the search for an adequate solution to the problems associated 
with the precise assessment of the quantity of body fat (BF) in population cohorts studies. The basis for this is the 
evidence that the amount of BF has a direct link with the predisposition to a number of socially significant diseases 
whose prevention must begin from the earliest childhood and during adolescence (Borkan et al., 1983; De Lorenzo et al., 
1998; Koester et al., 1992; Van Loan, 1996; Fox et al., 2000) In such screening (mass) studies, the evaluation of 
subcutaneous adipose tissue (SAT) is made relatively easy through the measurement of standard skin fold thickness in 
certain parts of the body (Bogin and Mac Vean, 1981; Mueller, 1986; Van Loan, 1996; Malina, 1996). Visceral adipose 
tissue (VAT) is with greater genetic determination, with increased metabolic activity and is directly related to the 
development of cardiovascular, metabolic and endocrine diseases. With population cohorts research, the measurement 
of VAT, however, is practically impossible. Such an assessment may be appropriate only in a clinical setting by computer 
tomography, nuclear magnetic resonance imaging and other costly and not so harmless methods. For these reasons, in 
a number of scientific studies the strength of the relationships between the individual components of BF with other 
anthropometric indic s for body nutritional status is examined (Goran, 1999; Janssen, 2002; Gordon-Larsen et al., 2003; 
Brambilla et al., 1994, 2006; Carmienke et al., 2013). Their purpose is to obtain the indirect quantitative assessment and 
establishment of normal age changes in SAT and VAT which are to serve as the basis for the evaluation and comparison 
of deviations from the physiological norms. In the scientific literature, there is a range of data about the correlation links of 
high and very high level, both of the total amount of BF and of SAT and VAT separately with body weight, body mass 
index (BMI), the amount of skin folds, waist and hip circumference, the waist-hip ratio, the sagital diameter in the 
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abdominal area etc. (Slaughter et al., 1988; Malina and Bouchard, 1988; Després et al., 1991; Koester et al., 1992; 
Bedogni et al., 2003; Carmienke et al., 2013). In foreign literature over the recent years, there have been publications 
which present the regression equations for anthropometric evaluation not only of BF and SAT, but also of VAT in children 
and adolescents. The authors prove the presence of racial, ethnic, gender, territorial and health status differences in the 
deposition and distribution of the two components of body fat (Yanovski et al., 1996; Crespo et al., 2000; Gordon-Larsen 
et al., 2003; Brambilla et al., 1994, 2006; Carmienke et al., 2013).  

In the specialized literature available to us, we did not find anthropometric data about both the development and 
quantity of the two types of fat tissue (VAT and SAT) during the intensive morphological growth in childhood and 
adolescent period. This has determined the purpose of this study, namely: to make a comparative anthropometric 
assessment of the quantity and specific age features in the development of the sub-cutaneous and visceral fat tissue 
during the time of growth in 9-16-year-old children and adolescents from the capital of the country and Smolyan town 
(Bulgaria).  
 
2. Matherial and Methods 
 
The data analysed are part of two transversal studies of 9-16- year- old students from the cities of Sofia and Smolyan. 
The study in Smolyan was conducted during the period 1998-2001 (Mladenova, 2003), and in Sofia in 2001-2002 
(Mitova, 2009). The first study included 542, and the second - 802 boys and girls with normal body nutritional status 
defined by Cole et al., 2000 and 2007. The distribution of pupils in age groups was carried out under the following pattern 
– from age N-1 years and 6 months to over N years, 5 months and 29 days, with the average age of the pupils examined 
was in full year age periods, e.g.10 years. With a standard anthropometric methodology (Martin-Saller, 1957) with each 
student were measured: height (m) body weight (kg) and waist circumference (cm). By the formula Weight (kg)/Height2 
(m) the body mass index (BMI) was calculated. The quantities of subcutaneous (SAT) and visceral (VAT) fat tissue are 
defined by the regression equations of Brambilla et al., 2006: 

SAT (cm 2) = 14.4 x BMI (kg/m2) – 329.9;  
VAT (cm 2 ) = 1.1 x Waist circumference (cm) - 52.9. 
The objective comparative assessment of age differences is based on the statistical reliability of the quantitative 

differences of SAT and VAT between adolescents from successive age groups. It is determined by the One-way Analysis 
of Variance (ANOVA) and Post hoc procedure for multiple comparisons - Scheffe test, whose use is recommended in 
pair comparisons of samples with different size (Kalinov, 2001). Since the method of Scheffe is conservative, the 
verification of the test and the analysis of results are carried out at the significance level p=0.10.  

The reliability of gender differences and the differences between the samples from the two settlements, as of age 
groups, have been established through Student's test (p=0.05).  

The abbreviation “y/a” is used in the text and tabs, it stands for “years of age”. 
 
3. Results  
 
Fig. 1 and 2 show box plot diagrams with distribution of schoolchildren under the SAT and VAT; fig. 3-6 respectively the 
age growth curves for boys and girls from both places - in a comparative gender and territorial aspect. Of the fig. 7-14 is 
represented Scheffe test distribution of the students from Sofia and Smolyan by age and gender samples into 
homogeneous subsets in accordance with their actual average values of SAT and VAT. 
 
3.1 SAT- age comparisons (Fig. 3). 
 
During the research of the respective age period more intensive accumulation of SAT in girls from both cities was 
registered at the beginning (between 10 and 11 y/a) and during the spurt in their teenage development, with a peak 
between 12 and 13 y/a with the girls from Sofia, and between 12 and 14 y/a with the Smolyan girls. As can be seen from 
Fig. 1 these are the age stages, during which the variations of SAT are the greatest. Though without much reliability in 
the age differences in girls (from adjacent age groups) as related to this index, Scheffe test unites the samples in 
homogeneous subsets with overlapping of the girl samples at the age of 9 and 10; 11, 12 and 13; and 14, 15 and 16 (Fig. 
7 and 8). Age distribution in homogenous groups of girls from Sofia and from Smolyan correspond to those described in 
the specialized literature – pre-adolescent, active puberty, including puberty growth spurt (11-13 y/a) and the beginning 
of post-puberty (14-16 y/a).  
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With boys from both cities, the deposition of SAT has a relatively large intensity almost throughout the entire 
reference period. The age between the 13th and the 14th year, when there is a peak of the puberty growth spurt in their 
morphological growth, and at the beginning of post-puberty (between 15th and 16th y/a) are an exception. In gender 
comparisons, Scheffe test registers the differences between the samples of boys in a series of uniform size groups with 
overlap between them (Fig. 9 and 10). The way in which they overlap illustrates the reliable differences in the quantity of 
SAT in the samples of very other age group, i.e. between 9-11-13-15 y/a – in Sofia and in 9-11-13-16 y/a – with the 
boys from Smolyan. Reliable differences between the samples from adjacent age groups concerning SAT were 
established only in the 14 and 15-year-old boys from Sofia, since their homogeneous groups do not overlap.  

In the gender comparisons it has been established that the girls from both places deposit more SAT in 
comparison with boys. According to the t-Student's test, however, the differences between the sexes as of this index are 
reliable only for the 11th y/a in Sofia (p=0.026), and for the 14th and 16th y/a in Smolyan. (p=0.001 and p=0.022). 
 
3.2 SAT-territorial comparisons (Fig. 5). 
 
From the 9th to the 16th y/a, the SAT growth curves in boys and girls from both cities cross several times, but almost in 
all age groups the differences between adolescents from Sofia and Smolyan are unreliable (in both sexes). The only 
exception is with the 14-year-old Smolyan girls who have a significantly greater amount of SAT compared with their Sofia 
peers (p=0.023). In this particular case, it is probably a specific feature of the sample of the 14-year old girls from 
Smolyan, as this trend is not observed in Smolyan girls from the post-puberty age groups. 
 
3.3 VAT- age comparisons (Fig. 4). 
 
Like with the SAT, more intensive deposition of VAT in girls from both settlements has been registered at the beginning 
of the survey period (between the 9th and the 11th y/a), and during the peak in their growth spurt during puberty between 
the 12th-13th y/a. In this case, Scheffe test shows reliable age differences in Sofia girls from adjacent age groups 9, 10 
and 11 y/a (Fig. 11-12).. This is why the girls from these samples have been distributed in three separate homogeneous 
groups without overlapping between them. In Smolyan 9-11-year-old girls, the intensity of deposition of VAT is relatively 
small, and the homogenous size groups in which they are distributed by the test overlap. Despite this, with VAT the age 
distribution in homogeneous groups of girls from both localities, generally corresponds to the distribution obtained by 
SAT (pre-adolescence, active puberty and post-puberty).  

In boys from Sofia and from Smolyan the deposition of VAT is with a relatively constant intensity over the period 
examined. Related to this index, Scheffe test differentiates among most of the samples between years 9 and 14, in a 
series of uniform groups with overlapping illustrating reliable differences between the boys in every other year (Fig. 13 
and 14). The only reliable differences between the samples from adjacent VAT age groups have been registered at the 
beginning (between 10 and 11 y/a) - with Smolyan boys, and at the end of the puberty growth spurt (between 14 and 15 
y/a) with the boys from Sofia.  

Unlike SAT, the gender comparisons of VAT showed that during the entire period the boys from both places have 
deposited substantially more VAT in comparison with that of girls, and this trend increases with age. According to 
Student's t-test the differences between the sexes are reliable throughout most of the age period, with the exception of 
the 10th and 11th y/a in Sofia (from p=0.039 to p=0.000), and the 14th, 15th and 16th y/a in the Smolyan adolescents 
(p=0.000).  
 
3.4 VAT- territorial comparisons (Fig. 6). 
 
Statistically reliable differences in the quantity of VAT in the surveyed adolescents from Sofia and Smolyan have been 
observed only in girls. After the 11th y/a the Smolyan girls outpace their Sofia peers in the intensity of deposition of VAT. 
Unlike SAT, this trend remains stable with age and the girls from Smolyan at post-puberty age (15 and 16 y/a) have a 
reliable greater quantity VAT, in comparison with their peers from the capital. 
 
4. Discussion 
 
The comparison of our results with similar data and established age tendencies in foreign literature (obtained using the 
unique for Bulgaria equipment) showed that the data about the quantity of subcutaneous and visceral adipose tissue 
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obtained indirectly, through anthropometric methods are reliable indices that can be used in research and in clinical 
practice. 

Overall, the boys from both studies deposit proportionally greater amounts of VAT, while the girls have a larger 
quantity of SAT. The age changes and variations of SAT and VAT in the students surveyed by us match the literary data 
on «physiological» changes in fat tissue as one of the main components of body composition related to age and sex 
during puberty development (Grundy, 1989; Brook, 1995; Petrova, 2000). 

The results obtained confirm the fact that the second maximum in BF deposition coincides with the beginning of 
the intensive morphological growth (between 10 and 11 y/a), which according to a number of authors is a reserve of 
energy for the upcoming puberty growth spurt (Hassink, 1996; Kratzsch, 1997; Stanimirova, 2007; Petrova, 2000). 

The relative decrease of the intensity of deposition of SAT and VAT between the 11th and 12th y/a for girls and 
between the 13th and the 14th y/a for boys corresponds to the literary data for decrease of % BF/ percent body fat/ 
during the peak in the morphological growth spurt during puberty (Paige, 1986; Amador et al., 1992; Petrova, 2000). 
 
5. Conclusion 
 
The comparative anthropometric evaluation of the amount of subcutaneous and visceral fat tissue in 9-16 year- old 
students from Sofia and Smolyan showed that with the boys from the two cities, there are no reliable differences in the 
quantity both of SAT and VAT in all age groups. 

During puberty growth spurt and after it, the girls from Smolyan have deposited VAT with greater intensity as 
compared with their Sofia peers. As a result, in the post-puberty age groups, the differences in this index with the girls 
were statistically reliable, to the benefit of the girls from Smolyan. 

Overall, the boys from both studies deposit proportionally greater amounts of VAT, while the girls have a larger 
quantity of SAT. The age changes and variations of SAT and VAT in the students surveyed by us match the literary data 
on «physiological» changes in fat tissue as one of the main components of body composition related to age and sex 
during puberty development. 

The results obtained confirm the fact that the second maximum in fat tissue deposition coincides with the 
beginning of the intensive morphological growth (between 10 and 11 y/a ), which represent a energy reserve for the 
upcoming puberty growth spurt. 

The relative decrease of the intensity of deposition of SAT and VAT between the 11th and 12th y/a for girls and 
between the 13th and the 14th y/a for boys corresponds to the literary data for decrease of % BF during the peak in the 
morphological growth spurt during puberty. 

For further clarification of the age-sex regularities in the development of the SAT and VAT during growth it is 
necessary to process the data of socio-demographic factors as well as to collect additional information concerning 
nutrition, dietary habits and physical activity of children and adolescents from both localities. 
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Apendix  
 
Fig. 1 and 2: Box plot diagrams of the distribution under the SAT and VAT in schoolchildren by age, sex and territorial 
groups 

 
 
Fig. 3 and 4: Age growth curves of SAT and VAT for boys and girls from both places – in a comparative gender 

 
 
Fig. 5 and 6. Age growth curves of SAT and VAT for boys and girls from both places – in a territorial groups 
 

 
 
Fig. 7. Means of SAT in Sofia GIRLS (cm2) 

Age N Homogeneous subsets
(y/a) 1 2 3 4 5 6
9 37 42.5
10 56 59.1 59.1
11 56 83.4 83.4
12 59 88.5 88.5
13 62 110.6 110.6
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14 60 119.3
15 53 134.7 134.7
16 26 147.5
Scheffe test at =0.10

 
Fig. 8. Means of SAT in Smolyan GIRLS (cm2) 

Age N Homogeneous subsets
(y/a) 1 2 3 4 5
9 19 42.8
10 36 53.2 53.2
11 24 79.2 79.2
12 36 85.2 85.2
13 30 106.3 106.3
15 37 133.1 133.1
14 37 136.5 136.5
16 44 154.8
Scheffe test at =0.10

 
Fig. 9. Means of SAT in Sofia BOYS (cm2) 

Age N Homogeneous subsets
(y/a) 1 2 3 4 5
9 37 43.2
10 56 59.0 59.0
11 56 69.4 69.4
12 55 86.1 86.1
13 58 101.3
14 53 109.2
15 58 135.9
16 20 149.5
Scheffe test at =0.10

 
Fig. 10. Means of SAT in Smolyan BOYS (cm2) 

Age N Homogeneous subsets
(y/a) 1 2 3 4 5 6
9 38 36.2
10 26 48.1 48.1
11 27 70.4 70.4
12 36 85.0 85.0
13 41 103.6 103.6
14 37 107.0 107.0 107.0
15 38 126.9 126.9
16 37 135.2
Scheffe test at =0.10

 
Fig. 11. Means of VAT in Sofia GIRLS (cm2) 

Age N Homogeneous subsets
(y/a) 1 2 3 4 5
9 37 8.4
10 56 11.4
11 56 14.6
12 59 15.5 15.5
13 62 17.4 17.4
14 60 17.7 17.7
15 53 18.6
16 26 20.0
Scheffe test at =0.10
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Fig. 12. Means of VAT in Smolyan GIRLS (cm2) 
Age N Homogeneous subsets
(y/a) 1 2 3 4
9 19 9.0
10 36 10.7 10.7
11 24 14.3 14.3
12 36 16.6
13 30 19.3 19.3
14 37 19.4 19.4
15 37 22.1
16 44 22.8
Scheffe test at =0.10

 
Fig. 13. Means of VAT in Sofia BOYS (cm2) 
 

 
Fig. 14. Means of VAT in Smolyan BOYS (cm2) 

Age N Homogeneous subsets
(y/a) 1 2 3 4 5
9 38 9.6
10 26 11.2
11 27 15.4
12 36 16.8 16.8
13 41 19.9 19.9
14 37 22.2 22.2
15 38 24.8
16 37 25.2
Scheffe test at =0.10

 
 

Age N Homogeneous subsets
(y/a) 1 2 3 4 5 6
9 37 10.5
10 56 12.4 12.4
11 56 15.3 15.3
12 55 17.7 17.7
13 58 19.8 19.8
14 53 21.6
15 58 25.3
16 20 27.5
Scheffe test at =0.10


