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278 girls and 349 boys from 8 to 17 years old were investigated in 2004-2006 in different Moscow schools. 
The method of canonical correlations was used to determine interactions between indices of maturation, on 
the one hand, and two groups of characteristics, on the other: estimations of body mass components values 
leceived with the use of equations on the basis of skinfolds measurements and bioimpedance characteristics. 
To estimate the role of each body mass component the regression analysis was used. Age dynamics of body 
fat mass in boys and girls were studied. It has been shown that for calculations of body mass components in 
children and teenagers equations of Matiegka (FM-M, FFM-M) and Slaughter (FM-S, FFM-S) are equally 
applicable. The interrelation of the level of sexual maturation and fat-free mass both in boys, and in girls is 
levealed. Significant sexual dimorphism was detected at interrelation level. High level of inverse relation­
ship between the lates of sexual maturation and components of impedance analysis was found in boys.
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The interrelation of morphological characteristics and body mass components with pu­
berty level in children and teenagers is discussed in many works. Various conclusions 
have been made [6 ] on the role of body mass components in morphophysiologycal reor­
ganization of the organism during the pubertal period, and also about their direct influ­
ence on the starting rates of sexual maturation.

The purpose of the present paper is to study the relationship between body compo­
sition and sexual maturation level. The data were collected by the authors in 2004-2006 
in different Moscow schools. 278 girls and 349 boys from 8 to 17 years old were inves­
tigated cross-sectionally. All children were measured by a standard anthropometrical 
technique [4]. For bioelectric impedance analysis a single-frequency system "ABC-01 
Medass” [3] was used. It operates at a frequency of 50 kHz and a current strength of 800 
pA. The estimation of body mass components was also conducted with the equations of 
M a t i e g k  a [1] and S 1 a u g h  t e r  et al. [2].

Age dynamics of body mass components in boys and girls are presented in Fig.l.
Evaluation of sexual maturation indices was conducted according to S o l o v i e v a  

[7]. Principal component analysis was applied to an estimation of the degree of sexual 
maturation in children and adolescents, secondary sexual characteristics presented in 
the form of general integrative indicator [5]. As a result, the 1st principal component is 
interpreted as an integrative indicator of sexual maturity.
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. 1. Age changes of fat mass and fat-free mass in children of Moscow

Fig. 2. Age changes of regression equation’s b-coefficient: dependence of the sexual maturation level from the fat mass and fat-free massso
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To reveal the presence of interrelation between the degree of sexual maturity and 
body mass components, and also some indicators of bioelectric resistance of the body, 
the method of canonical correlations was used. To estimate the role of each body mass 
component in the course of puberty regression analysis was used. Statistical analysis 
was performed with STATISTICA 6.0 software.

One of the aims of the present work was to define the degree of interdependence 
between characteristics of sexual maturity with two sets of traits: values of body mass 
components, received by different methods, and the electric resistance (impedance) 
characteristics, including active resistance (Rz) and reactance (Zc). The values of ca­
nonical correlations in boys and girls are shown in table 1. It has been shown that be­
tween the above-mentioned groups of characteristics there is a significant connection.

T a b l e  1. Estimates of canonical correlations between factors of sexual maturation indices and the BIA 
characteristics, body composition

Age
F actors o f  sexual 

m aturation  ind ices  
(P C I, PC 2)

Rz, Zc, Phase angle <p FM-M, FM -S, FFM-M

R I p I Chi2 R 1 p I Chi-
Boys

12 PCI, PC2 0.93 0.024 14.538 0.72 0.164 9.1747

13 PC1.PC2 0.72 0.000 28.34 0.85 0.000 68.815

14 PCI, PC2 0.55 0.001 23.237 0.62 0.000 38.412

15 PCI, PC2 0.49 0.013 16.116 0.65 0.000 28.475

16 PCI. PC2 0.32 0.250 7.839 0.51 0.017 15.395

17 PC1.PC2 0.53 0.568 4.815 0.48 0.107 10.443

All ages PC 1, PC2 0.46 0.000 59.323 0.28 0.000 30.009
Girls

9 PCI, PC2 0.53 0.045 12.886

10 PCI, PC2 0.58 0.013 16.066

11 PCI, PC2 0.70 0.003 19.988

12 PCI, PC2 0.82 0.014 15.921 0.73 0.006 18.277

13 PCI, PC2 0.54 0.393 6.278 0.54 0.292 7.325

14 PCI, PC2 0.74 0.116 10.209 0.73 0.0001 29.602

15 PCI, PC2 0.41 0.798 3.084 0.65 0.002 20.505

16 PCI. PC2 0.49 0.087 11.047 0.36 0.524 5.153

17 PCI, PC2 0.53 0.434 5.901 0.63 0.049 12.643

All ages PCI, PC2 0.10 0.968 1.348 0.30 0.000 35.285
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To find out the character of existing connection between the level of sexual matu­
rity and body mass components, regression analysis was performed. The following re­
gression models were considered:

1. The 1st principal component was taken as a dependent variable (PC 1), the inde­
pendent variables being values of fat and fat-free mass (FM-M and FFM-M). Associa­
tion between the general level of sexual maturity and body mass components was 
checked.

2. The fat-free mass was taken as a dependent variable, the independent variable 
being the 1st principal component. Association between fat-free mass component and 
level of sexual maturity was checked.

3. The fat mass was taken as a dependent variable, the independent variable being 
the 1st principal component. Association between fat mass component and level of a 
sexual maturity was checked.

The results are as follows:
In boys the level o f  sexu al m atu rity  have a high degree of dependency on fat-free 

body mass from 12 to 17 years, and low -  on indicators of fat mass at all ages. Before 
the age of 12  years such a dependency is absent, which probably indicates that in the 
majority of boys at this age period secondary sexual characteristics only start to appear. 
The dependency of the level of sexual maturity on indicators of fat-free body mass in­
creases during the period from 12 to 14 years, and. further, gradually decreases (Fig. 2). 
This may be due to the fact that during the specified period of 12-14 years the peak of 
longitudinal growth and the increase in fat-free body mass are observed.

An increase in fat component in the course of puberty in boys, compared to fat-free 
body mass is not so evident at all ages. This can explain the absence of high connection 
between maturation and fat component in boys. F at-free  body m ass has high degree of 
dependency on the level of sexual maturity at the age from 12 to 17, which is possible to 
explain by greater accumulation of fat-free mass in boys during this age period. B ody  
fat m ass is significantly dependent on the level of sexual maturity at the age of 13 and 
16 years, but estimations of R2 in the regression equation are 18 and 11 % correspond­
ingly, which indicates that the degree of this dependency is rather low.

In girls the level o f  sexu al m atu rity  has high degree of dependency on fat-free 
body mass in 1 0 , 11 and 12  years, and low degree of dependency on indicators of fat 
mass at all ages (Fig. 2). In this case high correlation with fat-free body mass is caused 
by the factor that before 12 years intensive longitudinal growth and a gain of fat-free 
body mass is observed in girls. The values are high because in girls puberty characteris­
tics are already expressed starting from 10 years. F at-free  body m ass in girls has high 
degree of dependency on the level of sexual maturation from 10 to 12  years, and also at 
14 and 15 years. F at body m ass in girls has high degree of dependency on the level of 
sexual maturation at 12, 14 and 15 years because after the achievement of puberty (ap­
proximately 12 years) in girls’ organism active fat deposits start to occur.

On the basis of these results it is possible to conclude of the existence of sexual 
dimorphism in the level of relationships between indicators of sexual maturation and 
body mass composition in boys and girls. In boys no connections is revealed between 
sexual development and indicators of fat mass, whereas in girls the interrelation of in­
crease in fat component and sexual maturity is traced. Differences between sexes are 
revealed also with the regression models. They show the connection between values of 
bioelectric impedance and the level of sexual maturity. In boys Rz has high degree of 
negative relationship with the degree of sexual maturity at 13-15 years, in girls this de­
pendency is low at all ages.
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Conclusions

1. Age changes of the fat mass in boys and girls have different trends, which could
be explained in terms of different roles of fat mass in the origin of male and female body 
build. J

2 . Differences between Matiegka’s and Slaughter’s methods are not significant. 
Thus we can use both equations for the estimation of body composition.

3. Sexual maturation level is significantly correlated with body mass components 
in children of both sexes at all ages. The regression analysis shows correlations between 
sexual maturation level and fat-free mass in boys and girls.

4. Sexual dimorphism in the level of correlation between sexual maturity and body 
mass components can be seen. In boys there are no correlations between sexual matura­
tion level and fat mass. But in girls these correlations exist: fat component increases 
with sexual maturation.

5. The analysis of correlation between bioimpedance characteristics (Rz and Zc) 
with sexual maturation level shows high negative correlations in boys and smaller ones 
in girls.
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