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The aim of the present work is to characterize the age and sexual differences of Body Fat and Fat Free Mass
during the growing up period from 3 till 17 years, anthropological features which are basic for the body com-
position assessment. The study was made after the classical methods of Martin-Sailer and 1464 boys and
1468 girls were investigated. The data about stature, body weight, BMI, %BF, BF(kg), %FFM, FFM(kg) are
analyzed. The results show that between 3 and 17 years girls accumulate and have constantly more quantity
of Body Fats, while boys accumulate and have constantly more quantity of Fat Free Mass. The body nutri-
tional status in boys changes considerably between 9 and 10, and 12 and 13 years of age, while in girls these
changes happen one year earlier - between 8and 9, and 11 and 12 years of age, occurring again between 13
and 15 years.
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Introduction

The anthropologica] assessment of body composition is an easily applied approach for
the body nutritional status’s evaluation and along with it about the obesity on individual
and population level. Like basic patterns concerning this valuation are used mainly the
following features: Body Mass Index (BMI); Body Fat (BF) and Fat Free Mass (FFM)
as a relative share and absolute quantity; interrelation between waist and hip circumfe-
rences; waist circumference; interrelation between Subcutaneous Fat Tissue (SFT)
quantity on body and extremities and so on. In the Bulgarian and foreign scientific lit-
erature, however, the reports concerning methodic approaches and norm’s data are
mainly for adults. Rarely could be found papers that assessed the body composition
during growth ages, i.e. concerning the children and adolescents. The basic contempo-
rary indicator according whose data the body nutritional status is discussed in these re-
ports is the BMI, and only for the differentiation of overweight and obesity in children
and adolescents [3]. The cut off points, recommended by the WHO, concerning the un-
dernourishment and emaciation diagnosis were published first at 2007 [2], and we still
have not come in the literature to any national or regional data about the frequency of
those two types body nutritional status during the growing up period. Scantier is also the
information concerning the assessment of body composition type throughout this period
by means of the other indicators mentioned above, since it is missing in Bulgaria.
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The aim of the present work is to characterize the age and sexual differences of
Body Fat and Fat Free Mass during the growing up period from 3 till 17 years, anthro-
pological features which are basic for the body composition assessment.

Material and Methods

Two transversal investigations of children and adolescents at the age between 3 and 6
years, as well as between 7 and 14 years respectively were carried out during 1993-2001
and 2004-2007 in Sofia city covering 5 schools and 7 kindergartens. The study was
made by a qualified stuff of anthropologists after the classical methods of Martin-
Sailer [4]. Object of the investigations were 1464 boys and 1468 girls at the age from
3to 17 years, uniformly distributed into 15 age groups for both genders separately. From
the detailed data collected according to the complex anthropological program, in the
present work were analyzed the sexual and age differences for the following features:
stature, body weight, BMI, %BF, BF(kg), %FFM, FFM(kg). The assessment of body
composition was made by the two-component model of Behnke [1] that separates 2 ba-
sic components of the body weight - BF and FFM, the last one representing all fat free
tissues. The relative share of BF (%BF), on which base was computed as the relative
share of FFM (%FFM), so the absolute quantity of BF(kg) and FFM(kg), was deter-
mined by the regression equations of Slaughter et al. [5]. The equations are made
out using the sum - subscapular skinfold plus triceps skinfold.

According to the application of these equations the investigated boys are divided
into two age groups: pre puberty up to 9 years inclusive, and puberty from 10 to 17 years
inclusive. The differentiation of pre puberty and puberty developmental stages in boys
are made according to the studies about Bulgarian children elaborated by Stanchev
etal. [7] and To movaetal [8]

For every age group are computed the variation-statistical parameters of the fea-
tures, as well as the sexual differences like absolute differences and relative units by the
Index of Sexual Differences (ISD). The differences throughout ages are made also by
the Absolute Year Alteration (AYA) and Relative Year Alteration (RYA). The statistical
significance was calculated by the t-test of Student at P = 0.05.

The ISD and RYA are computed as Index Units (IU) by the submitted formula of
Wo lanski [6] concerning the objectivity of different inter-group comparisons:

2x(x, - x,)x100
(x2+x1)

Concerning the age differences Y, is mean value of a given feature for some age and Y,
- mean value of the same feature for next coming age. Concerning the sexual differ-
ences Yj is mean value of respective feature in girls and J., - mean value of the same
feature in boys.

Results

For the objective assessment of the anthropological indicators about body composition,
in the present paper we are giving also data about stature and body weight being basic
parameters that characterize the human physical development.

The stature and body weight in boys increase significantly during every one year
period between 3 and 17 years. In girls the stature increases significantly till 14 years
and the body weight till 13 years of age. After those years the growth in girls calms
down and at 17 years the growth of stature and body weight practically stops.
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Even from 3 years of age on, the sexual differences are available concerning sta-
ture and body weight. Regardless of the fact that during growing up period up to 8 years
these differences didn’t reach statistical significance, boys are constantly higher than
girls. Concerning stature between g and 12 years and body weight between 9 and 13
years, girls already outstrip boys, reflecting the earlier maturation in girls. After those
ages the boys again are reliably higher and heavier than girls.

The data about BMI analyzed in this work are presented as general basic charac-
terization for body nutritional status during the growing up period.

Boys and girls have relatively equal values for BMI almost through the whole pe-
riod 3-17 years of age. Only at 3 years the BMI is considerably higher in boys and at 12
years - it is considerably higher in girls. In boys the BMI increases reliable from 9 till
10 years, as well as from 12 till 13 years. In girls the authentic change of body nutri-
tional status occurred one year earlier, i.e. from g till 9 years and from 11 till 12 years,
the change lasting from 13 till 15 years, as well.

More detailed information of body nutrition status during growth could be gotten
assessing the two body weight components - Body Fat (BF) and Fat Free Mass (FFM).
The relative share of BF is constantly higher in girls between 3 and 17 years, the sexual
differences are statistically significant at 4 years and from 7 years of age till the end of
the studied period. Reciprocally to the result above, the relative share of FFM is higher
in boys during the entire period under investigation and the sexual differences are also
statistically significant during the same years. The girls gain more intensively BF after
9 years, while the boys gain considerably more FFM after 13 years, which is connected
with their later period of active sexual maturation. An age determined stage is estab-
lished concerning the type of proportion between both basic body weight components.
Periods of an intensive rise for BF and such of a FFM reduction respectively, succeeded
each other. Most frequently the intervals are one year ones and rarely the change comes
every second year, as for instance is the considerable % BF increment and the relative
reduction of % FFM between 7 and 9 years. Except few cases the intensity of increment
and reduction for both body components are similar concerning both sexes, the changes
being more slightly expressed at the beginning and the end of the studied growth period.
The extent of BF changes throughout ages is better underlined in girls and those of FFM
- in boys.

Conclusions

1. For the first time in Bulgaria is made anthropological characterization of body com-
position during the growing up period between 3 and 17 years of age on the ground of
contemporary, recommended by the WHO criteria.

2. Specific sexual and age differences are established showing that:

- between 3 and 17 years girls accumulate and have constantly more quantity of
Body Fats, while boys accumulate and have constantly more quantity of Fat Free Mass;

- the body nutritional status in boys changes considerably between 9 and 10, and
12 and 13 years of age, while in girls these changes happen one year earlier - between 8
and 9, and 11 and 12 years of age, occurring again between 13 and 15 years.

3. It is established that on the ground of regular, continuous increment in stature
and body weight between 3 and 17 years the age changes, concerning proportion be-
tween Body Fat and Fat Free Mass, reflect the specificity in body maturation during
growing up period. The intensive increment or reduction of BF goes along with recipro-
cally changes in FFM.
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Table 1 Biostatistical data of investigated features

El

Age
6

3 80

4 80

5 80

6 80

7 110

8 100

9 100

10 100
1 100
12 97
13 101
14 99
15 100
16 119
17 118

mean
101.20
107.70
114.66
121.28
125.79
131.01
136.49
142.05
147.89
152.49
160.48
167.43
172.64
175.49
177.70

Table 1 Continuation

Age

Essss8

100
100
100
100
97

101
99

100
119
118

NEREBREBexNonsw

8888

[N
=
o

101
101
98

100
100
99

101

100
120
118

mean
15.60
14.80
14.84
15.64
14.58
15.01
16.56
15.90
17.14
16.75
18.95
16.58
16.42
16.14
16.66

sSD

319
3.56
4.37
5.53
512
6.05
6.44
8.96
825
8.40
9.82
8.06
8.04
7.88
713

Inter-sexual

differences

Stature
9
SD mean SD AD
4.30 98.99 3.89 2.20*
4.13 106.52 5.39 1.18
4.97 113.91 4.97 0.75
4.93 120.40 5.16 0.88
5.83 125.85 5.23 -0.07
5.93 130.52 5.13 0.48
5.94 137.56 6.48 -1.07
7.14 142.30 6.45 -0.25
6.04 149.20 6.83 -1.31
7.97 155.54 7.22 -3.05*
8.13 160.11 5.54 0.37
7.84 162.11 5.53 5.32*
6.92 162.77 6.01 9.87*
6.19 163.52 5.29 11.97*
5.98 163.84 5.83 13.87*
%Bodyv fat
$ Inter-sexual
differences
mean  SD AD ISD mean
1601 295 -0.42 -2.64 2.58
1628 355 -1.48* -950  2.80
1585 346 -101 -6.56 326
1682 540 -1.17 -724 390
1598 481 -1.41* -9.20 3.95
17.08 535 -2.07* -1290 447
1846 6.38 -1.90* -10.86 5.69
1985 749 -396* -22.14 6.40
1972 6.66 -2.58* -14.00 7.40
2137 699 -4.62* 2424 781
2257 747 -362* -1744 1032
23.08 572 -650* -3278 9.70
2406 6.09 -7.64* -37.73 10.60
2456 595 -842* -41.35 1097
2468 587 -8.02* -3880 1174

p<0.05 (statistical significance of inter-sexual differences)

1SD
2.20
1.10
0.66
0.73
-0.05
0.37
-0.78
-0.17
-0.88
-1.98
0.23
3.23
5.89
7.06
8.12

sD
0.81
125
2.00
229
2.32
2.86
351
571
4.86
5.73
7.25
6.62
8.58
8.03
7.38

mean

16

.33

18.35

21
23

25.

28

32.
36.
40.

43

50.

59

63.

66

.06
.86
84
.22
39
28
16
.30
67

.81

64
05
49

SD
2.11
3.09
3.97
4.26
4.53
5.01
6.50
8.68
7.24
9.12
10.64
11.02
12.26
11.99
12.14

Body fat (kg)

mean
251
2.98
3.22
4.02
425
4.83
6.46
7.55
8.61
10.73
12.20
1i .95
13.14
1371
13.86

9

sD
0.69
101
m
207
212
223
3.86
4.43
497
6.01
6.74
4.72
593
5.59
5.64

me

Body weight

9

an

15.48

17.96

20

22.

25
27
32
35

41.

a7
51
50
52
54
54

.01
88
55
37
.88
.81
15
.42

08
.37

99

28
.49

Inter-sexual
differences

AD
0.08
-0.18
0.04
-0.12
-0.31
-0.36
-0.77
-1.15
-121
-2.92*
-1.88
-2.25*
-2.55*
-2.74*
-2.13*

ISD
297
-6.24
137
-2.97
-7.49
-1.74
-12.60
-16.47
-15.09
-31.49
-16.71
-20.81
-21.44
-22.20
-16.60

SD
1.80
2.68
2.72

48
51
48
44

© N ~ & »

55
0.95
1.06
13
78
47

© © ®» o = B

29

mean
84.40
85.20
85.16
84.36
85.42
84.99
83.44
84.10
82.86
83.25
81.05
83.42
83.58
83.86
83.34

Inter-sex

ual

differences

AD

0.85*
0.40
1.04
0.99

0.29

0.86

-0.50

0.47

-0.99

-4.12%

-0.41

4.44%

6.65*

8.78*

12.00*

sD

3.19
3.56
437
5.53
512
6.05
6.44
8.96
8.25
8.40
9.82
8.06
8.04
7.88
713

%Fat Free Mass

mean
83.99
83.72
84.15
83.18
84.02
82.92
81.54
80.15
80.28
78.63
77.43
76.92
75.94
75.44
75.32

I1SD
5.37
2.20
5.07
4.23
1.13
3.08
-1.52
1.31
-2.44
-9.07
-0.81
8.44
11.81
14.96
19.84

9

sD

295
3.55
3.46
5.40
481
5.35
6.38
7.49
6.66
6.99
747
572
6.09
5.95
5.87

mean SD
15.91 1.43
15.75 1.83
15.92 1.87
16.14 2.04
16.24 1.95
16.35 1.97
17.27 2.54
17.79 2.92
18.28 2.77
18.47 2.65
19.57 3.33
19.45 3.14
19.92 3.33
20.40 3.23
20.99 3.21
Inter-sexual
differences
AD I1ISD
0.42 0.50
1.48* 175
101 119
117 140
1.41* 166
207% 246
190 231
3.96% 4.82
2.58* 316
4.62* 571
3.62* 4.57
6.50* 811
7.64* 958
8.42* 10.57
8.02* 1011

mean
15.76
15.76
15.38
15.72
16.06
15.99
17.23
17.57
18.32
19.44
19.87
19.13
19.98
20.26
20.25

mean
13.75
15.55
17.719
19.96
21.89
23.75
26.69
29.88
32.76
35.50
40.35
4511
49.04
52.08
54.75

BMI
9 Inter-sexual
differences

SD AD 1SD

1.26 0.15 0.94

1.48 -0.01 -0.07

1.42 0.53* 3.41

2.04 0.42 2.64

2.04 0.19 1.16

1.96 0.36 2.22

2.84 0.04 0.21

2.86 0.22 1.26

3.19 -0.04 -0.20

3.44 -0.97* -5.11

4.01 -0.30 -1.54

2.72 0.32 1.66

3.03 -0.06 -0.30

3.13 0.15 0.72

2.97 0.73 3.56

Fat Free Mass (ka)
9 Inter-sexual
differences

SD  mean SD AD ISD
153 1297 129 078* 58
201 14.98 190 0.58 3.79
2.27 16.79 197 1.00*% 5.76
2.55 1886 220 (NN 5.69
279 2130 268 0.60 2.76
287 2253 289 12* 52
372 2642 410 0.27 1.02
447 2826 396 162 558
371 3254 542 021 0.66
531 3669 59 -120 -3.32
6.36 3888 535 147 371
6.77 3842 455 6.69*% 16.02
597 3985 432 920 20.69
574 4056 521 1152 24.86
659 4072 485 14.03* 29.39
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Tab 1le 2. Growth velocity

Age period

3-4
4.5
5-6
6-7
7-8
8-9
9-10
10-11
11-12
12-13
13-14
14-15
15-16
16-17

AYA
6.50*
6.96*
6.62*
4.51*
5.22*
5.48*
5.57*
5.84*
4.60*
7.99*
6.95*
5.21*
2.85*
2.21*

Stature
RYA AYA
6.22 7.5%
6.26 7.4*
5.61 6.5*
3.65 5.5%
4.07 4.7*
4.09 7.0¢
4.00 4.7
4.02 6.9
3.06 6.3*
511 4.6*
4.24 2.0*
3.06 0.7

164 0.7
125 0.3

RYA
73
6.7
55
4.4
36
52
34
4.7
42
29
12
04
05
0.2

AYA
2.02*
2.70*
2.81*
1.98*
2.38*
4.16*
3.90*
3.88*
3.15*
7.36*
4.14*
4.83*
341*
3.44*

Body weight

RYA AYA
11.65 2.5*
1371 2.1*
12.50 2.9*
7.96 2.7*
881 18
1374 5.5*
11.34 2.9%
10.14 5.3*
7.54 6.3*
15.67 3.7*
7.85 -0.7
8.44 2.6
5.56 13

531 0.2

RYA
148
108
133
11.0
6.9
183
85
139
142
74
-1.4
51

24
04

AYA
-0.17
0.17
0.22
0.11
0.11
0.92
0.53*
0.49
0.19
1.09*
-0.12
0.47
0.48
0.58

RYA
-1.05
107
138
0.65
0.64
5.46
3.00
2.70
105
5.75
-0.61
2.39
240
2.82

BMI

AYA
0.0
-04
0.3
0.3
-0.1
12*
0.3
0.7
11*
04
-0.7*
0.9*
0.3
0.0

* P< 0.05 (statistical significance of inter-age differences); AYA - Absolute Year Alteration; RYA - Relative Year Alteration

RYA
0.0
24
22
21
-0.4
75
20
4.2
6.0
22
-38
44
14
0.0



Table 2. Continuation

%Boiy Fat Body Fat (kg) % Fat Free M ass Fat Free Mass (kpO
Age period 3 r 3 5 3 9 3 9
AYA RYA AYA RYA AYA RYA AYA RYA AYA RYA AYA RYA AYA RYA AYA RYA
3-4 -0.80 -5.25 0.26 162 0.22 7.99 047* 17.16 0.80 094 -0.26 031 180* 1232 2.00* 1434
4-5 004 0.30 -043 -2.65 0.46 1532 0.24 1.73 -0.04 -0.05 043 051 2.24* 1342 182 1145
5-6 0.80 523 097 591 0.64 17.719 0.80* 22.09 -0.80 094 -0.97 -1.15 217+ 1150 YO6* 1157
6-7 -1.06 -1.05 -0.83 -5.08 004 113 023 5.66 106 125 0.83 100 193 9.23 2.44* 12.16
7-8 043 292 110 6.62 0.53 1257 0.58 1282 -043 051 -110 -131 185* 812 123~ 5.63
8-9 15 9.82 138 7.78 122* 24,00 163~ 28.79 -155 -1.84 -138 -1.68 2.94* 1167 3.89* 15.89
9-10 -0.66 -4.07 139 127 071 1168 109 1555 0.66 0.79 -1.39 -1.72 3.19* 127 184* 6.72
10-11 124 749 014 -0.70 100 1450 106 131 -124 -1.48 0.14 0.17 2.88* 9.18 4.28* 14.09
11-12 038 -2.26 i.66 8.07 041 5.36 2.12* 2191 0.38 0.46 -1.66 -2.09 2.74* 8.03 4.15* 119
12-13 220 1231 120 545 251* 21.72 148 1287 220 -2.67 -1.20 154 4.85* 1279 2.18* 5.78
13-14 -2.37 -13.32 051 225 -0.62 621 -0.25 -207 237 288 051 -0.67 4.76* 1114 -0.46 -1.19
14-15 -0.16 -0.97 0.98 414 0.90 883 119 947 0.16 0.19 -0.98 -1.28 3.U* 8.36 143 365
15-16 -0.28 171 0.50 205 0.38 351 0.57 427 0.28 0.33 -050 -0.66 3.03* 6.00 071 177
16-17 0.52 316 0.13 051 0.76 6.73 0.15 108 -052 -0.62 013 -0.17 267* 5.00 0.16 0.39

*P< 0.05 (statistical significance of inter-age differences); AYA - Absolute Year Alteration; RYA - Relative Year Alteration
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