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ABSTRACT

We made a comparative analysis of the main indices of physical development
of children, teen-agers and youth at the age of 7-17 years from Belarus, Rus-
sia, Poland, Serbia, Bulgaria and Estonia, examined in the late 1990s - the
early 2000s. The closest tendencies in the growth of Belarusian children of
both sexes were noticed with Russians and Poles. Serbian and Estonian child-
ren are the tallest. Major variations appear between Belarusian and Estonian
schoolchildren. Belarusian young people at the age of 7-17 showed significant
similarities with almost all ethno-territorial groups regarding the pace and the
nature of growth processes.
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INTRODUCTION

Native and foreign scientists constantly emphasize the importance of studies
in the different branches of developmental anthropology. Through decades
and from one generation to another, changes in physical development of
children and youth, as well as in different territorial and ethnic groups, are
the questions of the day.

Studies of the physical development peculiarities of children and youth,
held by the team of the Department of Anthropology and Ecology, the Institute
of History, the NAS of Belarus from the beginning of 1980 until the beginning
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of the 21st century by monitoring growth and development in children,
showed the ongoing processes of growth and development acceleration in the
rising generations of towns and villages in the 1990s, and demonstrated that
urbanization is an important factor, influencing the age of puberty. They also
allowed viewing the local character of the growth pattern changes in extreme
environmental conditions and exposing different rates of growth processes
in the Belarusian school-children of 7-17 years (Salivon et al., 1989; Salivon,
2002; Tegako et al., 2008; Tegako, Marfina, 2008).

The works of Russian scholars allowed to produce a number of theoreti-
cal statements in developmental anthropology. They recorded the acceleration
beginning in the 1960s, its peak in the middle of the 1970s, the elements of
deceleration beginning since the 1980s, and its development in the 1990s. As
well, they allowed to estimate the level of somatic development in children
and showed the influence of environmental factors on the realization of an
individual development program. Russian scholars also pay special attention
to interpopulation studies. They give high priority to the comparative analysis
of physical development in different age groups of children and youth, exam-
ined at certain intervals in the same area, and especially in big urbanized cities
(Godina et al., 1999, 2006; Jampol’skaja, 1986, 2003).

Auxological research, held in Poland, is characterized by the comprehen-
sive integrated approach, which is very important for the comparative analysis
of morphological traits in children and youth in neighboring countries. Polish
scholars analyzed inter-generational variations of biological signs in the pro-
cess of ontogenesis. That allowed to distinguish more floating signs - the rates
of the organism development, the direction of developmental changes, the spe-
cific dimensions leading to changes in body proportions. They also showed
regularities in physical development of rural schoolchildren. They performed
the analysis of physical development indices and pace of sexual maturation
in boys and girls, considering the environmental influence (Wolanski, 1985;
Malinowski, 1987; Wilczewski, 1986, 2005; Wilczewski et al., 2003, Rozwoj
tizyczny i sprawno$¢ fizyczna, 2005).

Growth and development, as well as changes of total parameters of physical
development in schoolchildren, are continuously controlled in Serbia, Bulgaria
and Estonia, where auxological investigations are considered to be the prior-
ity anthropological areas, allowing to monitor some health indices (Bozi¢-
Krsti¢ et al., 2006; Tineshev, Nikolova, 2008; Lehto, 2004).
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MATERIAL AND METHODS

We analyzed the physical development of Belarusian, Russian, Polish, Serbian,
Bulgarian and Estonian children and youth at the age of 7-17 years, examined
at the beginning of the 2000s. We also analyzed the annual body length gain
(growth rate) in schoolchildren from different countries.

Studies in Belarus were held in different parts of the republic. Total number
of the examined was 5,744 persons (2,900 males, and 2,844 females). The total
body length and weight were measured according to the standard anthropo-
logical method. Mean values and standard deviations were calculated. Statisti-
cal significance of differences was defined using the Student t-test.

RESULTS AND DISCUSSION

Comparison of the mean values of height and weight in children and teen-
agers of Belarus, Poland, Serbia, Bulgaria and Estonia showed that the height
of Belarusian boys in all age groups is shorter than in the children from other
countries (Table 1). Variations in height are substantial and approach high
reliable values comparing to Polish at 7 — 15 years old (from 1.78 cm, p < 0.01
to 3.69 cm, p < 0.001), to Serbian and Estonian at 7-17 years old (from 1.84 cm,
p <0.01 to 5.89 cm, p < 0.001 and from 0.74 cm to 5.58 cm, p < 0.001 accord-
ingly), as well as comparing to Bulgarians at the age of 13 years (3.33 cm, p <
0.01). Although during the process of active growth Belarusian children are
behind Polish in longitudinal dimensions, these differences disappear after
the period of active growth. In most cases the difference was not significant
(except 14- and 16-year-old teen-agers, when the difference in height was 2.39
cm, p<0.05 and 1.66 cm, p<0.05, respectively).

Females are basically in the same situation. In most cases Belarusian girls
are shorter than their Polish mates at 9-11 years (from 2.21 cm to 4.31 cm, p
< 0.001), shorter than Serbian and Estonian girls at 7-17 years (from 3.12 cm,
p <0.05 to 4.23 cm, p < 0.001, and from 2.34 cm to 3.70 cm, p < 0.001, respec-
tively). Similar to boys, Belarusian girls in the period of the second childhood
are significantly shorter than Polish girls, but at the age of 17 those differ-
ences disappear. Comparing longitudinal dimensions, Bulgarian girls make
an exception. Their height is in most ages the same or less than in Belarusian
girls — 2.67 cm, p < 0.01 at the age of 12 years. The difference gradually in-
creased with aging to 3.2 cm, p < 0.001 in 17 years. Similar to boys, the mini-
mal difference in the total body length was found between Belarusian and
Russian schoolgirls.
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Table 1. Deviation of height absolute values in children and youth from Russia, Poland,
Serbia, Bulgaria and Estonia from those of Belarusian schoolchildren

Age, Russia Poland Serbia Bulgaria Estonia
years Males

7 +0.11 +2.64%%** +3.58%%** +1.25 +3.23%%**

8 +0.27 +0.63 +2.37%*¥** 0.18 +3.12%*¥x*

9 +0.22 3.7 7% +2.79%*** +1.30 +4.07%***
10 +1.24 +3.69%*** +4.77F*%* +0.65 +4.26%***
1 0.26 +0.72 +1.84%** 0.77 +3.15%*¥**
12 +0.47 +1.78%** +2.43%%** +0.11 +4.24%*%*
13 +0.26 +1.89%** +2.16%%** +3.33%** +4.38%***
14 +2.39% —+.18%** +3.29%*¥*x* +2.01* +5.58%*¥**
15 +1.35 +3.07%*** +3.89%*¥** +0.41 +5.16%***
16 1,66* +1,11 +5,89%*** +1,19 +4,22%%**
17 0,83 +0,09 +5,44%*** 1,74 +0,74%*¥**

Females

7 +1,02 +0,84 +2,36%*** +0,39 +3,10%***

8 +0,90 +0,06 +2,12%%%* +0,27 +3,07%***

9 +0,13 +3,45%%x* +4,20%*** +1,14 +3,70%***
10 0,34 +4,37%*** +4,23%*¥** +1,47 +3,65%*¥**
1 +0,24 +2,27%*** 43,97 %% 1,77 +3,10%***
12 +0,13 0,40 +1,46%** 2,67%** +2,64%***
13 +0,90 +0,12 +3,29%*** +0,26 +3,27%*¥*
14 +0,06 +0,46 +2,25%%** 0,32 +3,24%***
15 0,89 +0,17 +0,88%** 2,76%*** +2,77%%x*
16 +0,76 0,11 +3,12* 3,02%¥*¥ +3,08%*¥**
17 0,07 +0,10 +2,81%** 3,20%%** +2,34%***

Body weight interethnic differences are also significant. In Polish boys com-
paring to Belarusian ones they are seen at the age of 7-15 years (from 1.41 kg,
p <0.005 to 4.28 kg, p < 0.001), in Serbian boys - at the age of 7-17 years (from
1.79, p < 0.01 to 8.01 kg, p < 0.001). Estonian boys at 7-15 years also are heavier
(from 0.68 kg, p < 0.01 to 4.20 kg, p < 0.001) (Table 2).
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Table 2. The deviation of weight absolute numbers in Belarusian schoolchildren from

those of children from other countries

Age, Russia Poland Serbia Estonia
ik Males

7 0.02 +1.41* +2.38**** +0.68***

8 +0.11 0.29 +2.33%*** +0.56

9 0.47 +2.05%* +0.80 +0.76
10 +0.26 +0.56 +2.97%%* +1.00*
11 1.60 0.71 +1.79%** 0.13
12 +0.74 +1.43* +1.86* +2.08%***
13 +0.79 +2.77%%*¥ +3.93%** +3.04%***
14 +2.22 +2.99%*¥** +8.071%*¥** +3.58%*¥*x*
15 +2.29 +4.28%*** +6.47%*¥x* +4.20%***
16 +0.61 +1.24 +3.73%** +1.22
17 +0.24 +0.92 +3.89%** +1.64

Females

7 +0.38 -0.60 +1.96%*** +0.45

8 +1.05 -0.04 +2.10%*¥** +0.93%**x

9 0.06 —2.99%*** +2.82%%** +1.26%%**
10 0.79 —1.98%*x** +3.94%*¥x* +1.48%***
11 1.14 0.49 -1.73 -0.31
12 -0.79 0.28 —2.39%*¥*x* -1.66%***
13 0.74 —1.99%*x** —4.58%** —2.85%*¥**
14 -0.63 -0.64 —4.27%** —2.99%***
15 -0.78 -0.75 —4.73%*** —3.18%*x**
16 -0.31 0.13 —3.72%*¥ —-2.68%**
17 -0.21 -0.64 —2.94%** -1.56

Note: interethnic differences confidence level-* p < 0.005; ** p < 0.02; *** p < 0.01; **** p < 0.001
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Belarusian girls lag in the body mass behind the Polish ones in 9-13 years
(1.99-2.99 kg, p < 0.001), behind Serbian - in 7-17 yeas (from 2.94 kg, p < 0.01
to 4.73 kg, p < 0.001), and behind Estonian girls in 8-16 years (from 2.28 kg,
p <0.01 to 3.18 kg, p < 0.001). Belarusian and Russian children and the youth
of both sexes are practically equal in the body weight and the total body
length. Similar to the body length, Belarusian males and females lag in the
body weight behind other groups, but, when the process of active growth
stops, those differences between Polish and Estonian children disappear. This
peculiarity of aging, according to the experts’ opinion, may reside in the major
dependence of the child organism on socio-economic factors in the period of
active growth and development. This development period is the most sensible
to the unfavorable environmental conditions, which explains the weight deficit
in Belarusian children.

Thus, we can say about the growth velocity in children and youth from
different countries, that it has its specific nature. Children in Russia at the age
of 7 have a “half-growth” spurt, when girls overcome boys in the body height.
In the 9-year-old children in Serbia that spurt appears in both the body height
and the weight. Authors notice that in most cases that spurt is not seen, but if
it happens, it occurs in the minority of children.

The earliest time limits of the first and the second crossing were noticed in
the children of Belarus, Poland and Bulgaria (10 and 13 years, 10 and 12 years,
and 10 years, accordingly). In the children of Russia, Serbia, Estonia, those
time limits were shifted to approximately a year later.

Growth curves of the body weight exhibit that Russian and Polish girls are,
in fact, not ahead of boys. The children of Belarus, Serbia and Estonia are more
conservative, their body weight curves are characterized by two crossings — in
12 and 13 years.

In connection with a sharp increase of endocrine gland secretory activity,
in most countries (Russia, Poland, Serbia, and Estonia) growth acceleration
in the adolescent males of 13-15 years is definitely seen. In Belarus and Bul-
garia this process begins in the period of the second childhood (12 years). The
acceleration of growth is noticed in the period of the second childhood in the
girls from Poland and Serbia (at 8-9 years), in Russia (at 10-11 years), and in
the children of Belarus and Estonia at the age of 11-12 years. Only in the girls
from Bulgaria the acceleration of growth comes in adolescence (12-13 years).

There are some peculiarities in the body length and the weight spurts in
boys and girls. Only Belarusian boys had a maximum height gain at 12-13
years, and then, according to the typical biological mechanism of human
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ontogenesis, in the next age interval they had a weight spurt. In Russia, Serbia
and Estonia, children become taller and gain weight during a year - from
13 to 14 years (maximum in Russia — by 8.45 cm). In Polish boys this pro-
cess acquired another nature: they have the weight spurt at the age of 13-14
years, and then at the age of 14-15 years they have the maximum body length
increase. Similar tendency was noticed in Belarusian girls: at the age of 10-11
years they gained weight, and then at the age of 11-12 years they maximally
grew up. The traditional type of development (the body weight spurt follows
the height spurt) is seen in the other countries (in Russia and Estonia in a year,
in Poland and Serbia in 3 years).

The material analysis showed that the height growth rate in a number
of countries steadily decreases with age: in males, generally, at 16-17 years
(Belarus, Russia, Serbia, and Bulgaria) and at 15-16 years (Poland, Estonia),
in females, mostly, at 14-15 years (Russia, Bulgaria, and Estonia) and at 15-16
years (Belarus, Poland). Serbian girls have the latest terms of growth rate
decrease - at the age of 14-15 years.

CONCLUSIONS

On the whole, the variability analysis of the main physical development
parameters in children and youth showed similarities and differences in the
examined ethno-territorial groups. Belarusian children of both sexes showed
the closest tendencies in the growth dynamics with Russians and Poles, and
boys also with Bulgarians. The tallest children are Serbian and Estonian. As is
the case with height, Belarusian children of both sexes are similar in the body
weight to Russians and Poles as well as to Estonian children. Similar to the
body length, the biggest differences are seen between Belarusian and Estonian
children. According to the rates and the nature of growth processes, Belaru-
sians of 7-17 years showed considerable similarity to practically all ethno-
territorial groups, as maximal growth and weight gain is seen in similar age
periods.

It can be assumed that the found differences are caused by environmental
rather than genetic factors: by the different level of urbanization in the popula-
tion sites under study, as well as by social living conditions. Thus, for example,
lagging in height and weight of Belarusian schoolchildren from their mates
from other countries in the most sexually mature groups could be influenced
by more complex ecological and social living conditions, and, consequently,
poorer quality of nutrition, stress, etc.



Comparative analysis of physical development of children, teen-agers ... | 127

REFERENCES

1.

10.

Bozi¢-Krsti¢ V.S., Pavlica T.M., Raki¢ R.S. (2004). Body height and weight of
children in Novi Sad. Annals of Human Biology, 31, 3, 356-363.

Godina E.Z., Zadoroznaja L.V., Homjakova I.A., Purundzan A.L., Stepanova
AV. (2006). Osobennosti somati¢eskogo razvitija detej u podrostkov v
uslovijah jodnogo deficita (po materialam obsledovanija naselenija Saratovskoj
oblasti). Fiziologija rosta i razvitija detej u podrostkov. Moskva, GEOTAR-
Media, 1, 181-231 = Toguna E.3., 3agopoxxnas JI.B., Xomsaxosa V.A., ITypys-
mxan A.JL., CremanoBa A.B. (2006). Oco6eHHOCTI COMATUYECKOTO Pa3BUTHSI
IeTell U IO POCTKOB B YCIOBMSIX JofiHOTO fepuinTa (110 MaTepuanam obcre-
moBaHusA HaceneHus CapaToBckoii o6macTy). PUsnoorus pocra 1 pasBUTIUA
meteit ¥ mofpocTkoB. M., [OOTAP-Menna, 1, 181-231.

Godina E.Z., Homjakova I.A., Purundzan A.L., Zadoroznaja L.V., Giljarova
0.A. (1999). O sovremennoj napravlennosti épohal’nyh sdvigov. Zdorovy;j
rebenok. Moskva, 113-114 = Toguna E.3., Xomsaxkosa VA, Ilypynpxan A.JL.,
3agopoxHas JL.B., Tmnsaposa O.A. (1999). O coBpeMeHHOI HallpaB/IEHHOCTU
3IIOXa/IbHBIX CABUIOB. 300POBLIL pebeHok. M, 113-114.

Jampol’skaja Ju.A. (1986). Tendencii fizi¢eskogo razvitija devo¢ek Moskvy v
poslednie dva desjatiletija i ih prognoz na bliZajsie gody. Gigiena u sanitarija,
9, 25-29 = SImmonbckas I0.A. (1986). TenpeHunu GpusnIecKoro pa3BUTUI
meBodeK MOCKBBI B IIOCTIEHIIE [1BA JeCATUNIETUA M MX IIPOTHO3 Ha O/1Kaii-
e ropul. ['mruena n canutapus, 9, 25-29.

Jampol’skaja Ju.A. (2003). Fizic¢eskoe razvitie $kol'nikov Moskvy vo vtoroj
polovine XX veka: sostojanie, tendencii, prognoz. Antropologija na poroge II1
tysjaceletija. Moskva, 2, 567-592 = fImnonbckas 10.A. (2003). usnyeckoe pas-
BITYE IIKOTbHUKOB MOCKBBI BO BTopoii monoBrHe XX BeKa: COCTOAHNE, TeH-
IOeHLVY, TporHo3. AHTpomnonorus Ha nopore III Teicauenetus. M., 2, 567-592.
Lehto K. (2004). Growth curves of Estonian children based on retrospective
repeated measures. Papers on Anthropology, 13, 124-133.

Malinowski A. (1987). Norma biologiczna a rozwdj somatyczny czlowieka.
Warszawa, IWZZ.

Purundzan A.L., Homjakova I.A., Negaseva M.A., Zadoroznaja L.V. (2003).
Osobennosti processov rosta, kak faktor morfologiceskogo raznoobrazija.
Antropologija na poroge III tysjaceletija. Moskva, 2, 652-663 = Ilypyrmxan
A.JL, Xomskosa VI.A., Heramesa M.A., 3agopoxxHas JI.B. (2003). Ocoben-
HOCTHU IIPOLIECCOB POCTa, KaK paKTop MOPHOIOrNIecKOro pasHooOpasusl.
Antpononorus Ha nopore III Teicsyenetus. M, 2, 652-663.

Rozwdj fizyczny i sprawnos¢ fizyczna dzieci i mlodziezy z wojewodztwa
Lubelskiego (2005). Biata Podlaska, Zamiejscowy Wydziat Wychowania
Fizycznego w Bialej Podlaskiej, 162.

Salivon LI. (2002). Variabel'nost’ podkoznogo Zirootlozenija detej kak vaznyj
pokazatel” intensivnosti adaptacionnyh processov. Antropologija na rubeze



128 | O. Marfina

11

12.

13.

14.

15.

16.

17.

18.

vekov. Minsk, 94-99 = Canuon V.M. (2002). Baprabe1pHOCTD IIOKOXHOTO
XUPOOTIOXKEHNS JieTell KaK Ba>KHbIJ IOKa3aTe/lb MHTEHCBHOCTY aflalTa-
L[MOHHBIX IIPOLIeCCOB. AHTPOIOIOrN Ha pybeske BeKoB. MuHCK, 94-99.
Salivon LI., Marfina O.V. (1989). Detskij organizm i sreda: Formirovanie
fiziceskogo tipa v raznyh geohimiceskih regionah BSSR. Minsk: Nauka i
tehnika, 269 = Canuson V.J., ITonuna H.J., Mapduna O.B. (1989). Jerckmit
opranmsM u cpepa: Popmupopanue GpU3NIECKOTO TUIIA B Pa3HBIX TeOXMMMU-
yeckux pernonax bCCP. Munck: Hayka u texHuka, 269.

Tegako L., Marfina O. (2008). Dynamic observation of physical development
indices of schoolchildren in the Republic of Belarus. Papers on Anthropology,
17,272-281.

Tegako L.I,, Salivon LI, Marfina O.V., Gyrbo T.L. (2008). O nekotoryh itogah
raboty nad temoj «Razrabotat’ normativnye Skaly fiziceskogo razvitija detej i
podrostkov Respubliki Belarys’». Aktual’nye voprosy antropologii. Misnk, 3,
30-43 = Teraxo JL.U., Canusox V.J., Map¢una O.B., I'yp6o T.JI. (2008). O
HEKOTOPBIX UTOTaX paboThl HA/l TeMOIT «Pa3paboTaTh HOPMATUBHBIE HIKAJIBI
busndeckoro pasBuUTHA AeTelt 1 MOAPOCTKOB Pecrrybnuku Benapycb». AKTy-
a7IbHbBIE BOIIPOCHI aHTpoOIonornm. MmHck, 3, 30-43.

Tineshev S., Nikolova M. (2008). Age changes in limbs proportions of children
and adolescents at the age of 7-17. Journal of the Anthropologycal Society of
Serbia, 43, 466-477.

Wilczewski A. (1986). Rozwdj fizyczny dzieci i mlodziezy z wojewddztwa
bialskopodlaskiego. Warszawa, Akademia Wychowania Fizycznego, 205.
Wilczewski A. (2005). Srodowiskowe i spoteczne uwarunkowania zmian
w rozwoju biologicznym dzieci i mlodziezy wiejskiej w latach 1980-2000.
Warszawa, Akademia Wychowania Fizycznego.

Wilczewski A., Saczuk J., Wasiluk A. (2003). Ocena $rodowiskowych
uwarunkowan wieku menarche dziewczat z potudniowego Podlasia.
Biokulturowe uwarunkowania rozwoju, sprawnosci i zdrowia. Czgstochowie,
175-180.

Wolanski N. (1985). Rozwdj biologiczny cztowieka. Podstawy auksologii,
gerontologii i promocji zdrowia. Warszawa, Wydawnictwo Naukowe PWN, 574.

Address for correspondence:

Olga Marfina

Department of Anthropology and Ecology, Institute of History
National Academy of Sciences of Belarus (NAS)Minsk, Belarus
Akademicheskaya 1

Minsk, 220072, BELARUS

E-mail: belantrop@tut.by





