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Increase in morphofunctional indicators for girls aged 7-17
living in the northern and southern regions of Kazakhstan

The article is devoted to the study of growth of morphofunctional indices of modern schoolgirls of 7—17 years
old in Pavlodar and Kyzylorda. The results of the study of such anthropometric parameters as body length,
body weight (BL, BW) and chest circumference (CC), wrist strength (WS), amount of reserve fat and active
body weight of schoolgirls and their increase in the age range from 7 to 17 years are presented. In the article
the growth of blood circulation system indicators such as heart rate (HR), systolic blood volume (SBV), minute
blood volume (MBV) in girls of 7-17 years old in Pavlodar and Kyzylorda after a standard load of 12 kg/min
relative to the resting state (in %). It was found out that in ontogenesis from 7 to 17 years of age anthropometric
and functional indicators of physical development of all examined schoolgirls significantly increased. It was
noted that there are significant differences in many ages between peers living in Pavlodar and Kyzylorda. Thus,
the values of BW, CC, wrist strength, active body weight are lower in schoolgirls from Kyzylorda than from
Pavlodar, while BL is higher in girls from Kyzylorda aged 1417 years. The data obtained testify to the regional
peculiarities of schoolgirls' development and determine the need to continue monitoring studies and observa-
tions of changes in the condition of schoolgirls in these regions.

Keywords: morphofunctional indicators, modern schoolchildren, absolute indicators, relative indicators, phys-
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Introduction

Clarification of child development regularities, specificity of physiological systems functioning at differ-
ent stages of ontogenesis and mechanisms, which determine this specificity, is a necessary condition for en-
suring normal physical development of the younger generation [1].

Systematic observations of growth and development are an important link in the system of control over
the state of health of the younger generation. One of the most relevant directions for the study is the establish-
ment of shifts in the indicators of physical development of children and adolescents over time, characterizing
morphological changes in the development of the population from generation to generation [2, 3]. Thus,
knowledge of the individual capabilities of a child and prediction of his or her ontogenesis is a prerequisite for
the successful education and upbringing of children without compromising health [4, 5].

The aim of the following research is to study the growth of morphofunctional indices of modern school-
girls of 7—17 years old in Pavlodar and Kyzylorda.

Materials and research techniques

In order to achieve this goal, 441 female schoolgirls aged 7—17 studying at general education school
No. 22 in Pavlodar (n = 221) and at lyceum No. 7 in Kyzylorda (n = 220) were examined.

Generally accepted methods were used to determine the main anthropometric parameters of physical de-
velopment: body length (BL), body weight (BW), chest circumference (CC) [6], arm flexor muscle strength
using a hand dynamometer «DH-50». Based on the data of body length, body weight, and chest circumference,
Ketle (KI) indices (KI=BW, kg/BL, m?) and stenium (S) S=BL, cm/(2xBW, kg + CC, cm) were calculated [7].

The reserve fat content was determined by indirect method of caliperometry [8]. Then, the developed
tables were used to determine the percentage of reserve fat in the organism of the subjects for different age
groups [9]. This, in turn, made it possible to calculate the body fat and active weight (FBW and ABW) [10].

The state of the cardiovascular system was evaluated by heart rate (HR) under relative rest and standard
exercise. Heart rate was determined with the help of electrocardiograph «Aksion EC 1T-07». Blood pres-
sure (BP) was measured using Korotkov's auscultative method, taking into account the width of the cuff for
children. Blood volume systolic (Blood volume) was determined by the formula «Stagg Y» [11] in the modi-
fication of N.S. Pugina and Ya.F. Bomash (1963) [12], the Minute volume of blood circulation was determined
by the formula (MVB = SBVxCC).
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All obtained material was processed using statistical analysis methods. Reliability of the differences was
estimated by the Student's t-criterion, the differences were considered reliable at p < 0.05 [13].

Research results and their discussion

The analysis of morphological data of girls of 7-17 years old in Pavlodar and Kyzylorda (Tables 1 and 2)
has allowed to establish that in ontogenesis all studied indicators of physical development of children and
teenagers — length and weight of a body, a circle of a chest, active weight of a body naturally increased. In
some cases, the differences between age groups are reliable (p < 0.05). The increase in body length in school-
girls of Pavlodar for the period from 7 to 17 years was 33.9 % (from 122.4+0.8 to 164.0+0.7), body weight —
162.6 % (25.5£0.6 to 59.1+£1.1), chest circumference — 44.5 % (from 58.2+0.7 to 84.1+1.2). Increase in body
length in schoolchildren of the town of Grozny of Kyzylorda for this period is 33.4 % (from 127.4 £0.6 to
169.9+0.5), body weight —184.1 % (20.7+0.5 to 58.8+0.6), chest circumference — 43.6 % (from 55.7+0.7 to
80.0£0.5). The highest increase in body length in girls was observed in Pavlodar at the age of 11 years, and in
girls from Kyzylorda at the age of 10 years, the average body length increased by 6.8 % and 7.5 %, respec-
tively. The largest increase in body weight was observed in all surveyed schoolgirls at 8 and 13 years of age.
Thus, the weight increased by 19.5 and 17.9 % for Pavlodar girls, and by 18.4 and 18.1 % for girls in Ky-
zylorda, and there are significant differences between the surveyed schoolgirls living in the northern and south-
ern regions of Kazakhstan (p < 0.05).

Table 1
Indicators of physical development of schoolgirls aged 7-12 living in Pavlodar and Kyzylorda

. Age, years
Indexes City 7 3 9 10 1 B
N (quantity) P n=20 n=20 n=20 n=21 n=20 n=20
K n=20 n=20 n=20 n=20 n=20 n=20
BL. sm P 122.4+0.8 128.5+1.1° 132.9+1.1° 139.0+1.3" 148.5+1.2" 150.8+1.1
’ K 127.4+0.6* 131.2+1.0° 134.1£1.2 144.2+0.8" | 150.3£0.9" 151.0+0.9
BW. ke P 22.5+0.6 26.9+0.7" 29.2+0.5" 34.2+0.9" 39.3+0.7" 43.3+0.8"
’ K 20.7+0.5% 24.5+0.9™ 26.5+0.7* 33.4+0.6" 37.0+£0.6™ 40.4+0.8™
CC. sm P 58.2+0.7 59.0+0.5 60.2+0.9 64.8+1.0" 69.2+1.2" 70.3£0.8
’ K 55.7+0.9% 57.4+0.5" 59.2+0.8 63.2+0.6" 63.4+0.6" 67.0+0.8™
Ketle index. s.uu. P 15.0+0.4 16.3£0.4" 16.6+0.3 17.7£0.3" 17.8+0.3 19.0+£0.3"
’ K 12.8+0.3% 14.2+0.4" 14.7+0.3% 16.1£0.3" 16.4+0.3% 17.7+£0.4"
Sthenie index. s.u P 1.19+0.02 1.14+0.01 1.12+0.01 1.05+0.01" 1.01£0.01" 0.96+0.01"
> K 1.32+0.02% | 1.24+0.02" | 1.20+0.01* | 1.11+0.02"* | 1.10+0.01* | 1.03+0.02™
Reserve fat. % P 22.3+0.6 21.8+0.5 22.6+0.7 24.7+0.6" 23.6+0.6 23.7+0.6
’ K 21.4+0.9 22.8+0.8 20.3+0.8" 22.8+0.6™ 23.0+0.5 24.340.5
Reserve fat, kg p 5.0+0.2 5.9+0.2" 6.7+0.3" 8.5+0.4" 9.3+0.4 10.3+0.4
’ K 4.5+0.3 5.7+£0.4" 5.4+0.3* 7.6£0.3" 8.5+0.2" 9.9+0.4"
ABW, kg P 17.5+0.5 21.0+0.6" 22.5+0.3" 25.7+0.6" 30.0+0.5" 33.0+0.6"
’ K 16.2+0.3% 18.8+0.6™ 21.1£0.6™ 25.8+0.6" 28.5+0.5" 30.5+0.5™
Wrist strength, ke P 12.5+0.8 17.4£0.7" 19.7+0.7" 24.0+£0.8" 28.6+0.6" 32.0+0.5"
’ K 10.5+0.4% 14.9+0.5™ 16.2+0.4% 22.9+0.5" 25.3£0.5" 28.7+0.7"*
KI, ke/kg P 0.55+0.03 0.65+0.03" 0.68+0.02 0.71+0.03 0.70+0.02 0.7440.02
’ K 0.51+0.02 0.61+0.02" 0.62+0.02* 0.67+0.02 0.66:0.02 0.7140.01

Note. Reliability of differences in mean values for non-parametric independent samples: * — in relation to the previous age
group (p < 0.05); #— when comparing schoolgirls living in the northern and southern regions of Kazakhstan (p < 0.05); P— Pavlodar,
K — Kyzylorda.

The increase in CC was observed at 10 and 14 years for schoolgirls of Pavlodar city (by 7.6 and 7.4 %
respectively) and 10 and 13 years for Kyzylorda city (6.7 and 8.2 % respectively compared to the previous
age), this indicator is significantly lower for women of Kyzylorda city.

Children living in Pavlodar have a significantly higher Ketle index, while the structure index is much
lower in comparison with schoolgirls living in Kyzylorda. At the same time, (Tables 1 and 2), the value of the
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Ketle index in ontogenesis increased, and the values of the stennsion index decreased, which indicates an
increase in the density of the body and a decrease in the severity of dolichomorphism in all children surveyed.

There was no particular pattern of fat percentage in girls in both cities. At the same time, the absolute
content of reserve fat in the age period from 7 to 17 years for schoolgirls living in Pavlodar and Kyzylorda
increased by 9.4 and 7.4 kg, respectively, compared to the original data.

According to the data obtained (Tables 1 and 2), the values of absolute and relative values of the wrist
dynamometer significantly increased with age in all surveyed schoolgirls in both cities. Thus, the absolute
values of wrist strength for the period from 7 to 17 years increased by 38.3 and 37.4 kg, respectively, with
significant differences between schoolgirls of Pavlodar and Kyzyorda (p < 0.05).

Table 2

Indicators of physical development of schoolgirls aged 13—17 living in Pavlodar and Kyzylorda

. Age, years
Indexes City 13 14 15 16 17
N (quantity) P n=20 n=20 n=20 n=20 n=20
K n=20 n=20 n=20 n=20 n=20
BL. sm P 157.7+41.1° 161.0+1.0" 162.1+1.2 163.2+0.8 164.0+0.7
’ K 160.5+1.1° 164.0+0.8" 166.7+0.8™ 169.6+0.6™ 169.9+0.5%
BW, kg P 50.7+0.8" 54.1+0.9" 56.4+0.7" 57.7£1.0 59.1+1.1
’ K 47.7+0.8"# 51.7+0.6™* 54.5+0.4™* 57.5+0.6" 58.8+0.6
CC. sm P 74.5+0.7" 80.0+0.8" 81.1+£0.9 82.7+1.1 84.1+1.2
’ K 72.54+0.7"* 76.94+0.6™* 78.0+0.8" 78.3+0.7% 80.0+0.5™
Ketle index. s.u P 20.44+0.2" 20.9+0.3 21.5+0.2 21.7+0.4 22.0+£0.3
’ P 18.5+0.3% 19.2+0.3% 19.6+0.2" 20.0+0.3% 20.4+0.2%
Sthenia index. s.u K 0.90+0.01" 0.86+0.01" 0.8440.01 0.83+0.01 0.81+0.01
> P 0.96+0.01" 0.91+0.01" 0.89+0.017 0.88+0.01% 0.86+0.01%
Reserve fat. % K 21'7i1'9 24.1£1.0 22.9+0.9 24.7+0.8 24.2+0.8
’ P 19.1+£0.7** 20.6+0.8" 18.4+1.0" 19.3+0.8" 20.1+0.8"
Reserve fat, kg K 11.1£0.6 13.110.7: 13.0+£0.6 14.3+0.7 14.4+0.7
’ P 9.2+0.4* 10.7+£0.5™ 10.1+0.6" 11.2+0.5% 11.9+0.5%
ABW, kg P 39.6+0.5" 40.9+0.5 43.4+0.5" 43.4+0.5 44.7+0.6
’ K 38.5+0.6" 41.0+0.5" 44.4+0.5" 46.3+0.4™ 46.9+0.5"
Wrist strength, kg P 39.3+0.78" 43.7+1.4" 45.240.7 49.0+1.2" 50.8+0.8
’ K 34.1+0.4™ 37.5+0.8"* 40.9+0.8™" 46.4+1.2" 47.9+0.5%
KI, kg/kg P 0.78+0.02 0.81+0.02 0.824+0.03 0.85+0.02 0.86+0.02
’ K 0.72+0.02% 0.73+0.027% 0.75+0.01% 0.81+0.02" 0.82+0.01

Note. Reliability of differences in mean values for non-parametric independent samples: * — in relation to the previous age
group (p < 0.05); #— when comparing schoolgirls living in the northern and southern regions of Kazakhstan (p < 0.05); P— Pavlodar,
K — Kyzylorda.

The degree of cardiovascular system response to physical activity in different age periods is of great
importance in the assessment of functional reserves and adaptability of the body to adequate blood supply to
the body [14].

The values of SBV and MBYV are integral indicators characterizing the adaptive reaction of blood circu-
lation to physical activity [15]. Compared to rest after physical activity, Pavlodar girls aged 7-17 years in-
creased by an average of 33.8 to 25.4 %, MBV by 135.9 to 150.0 %, and heart rate by 77.7 to 100.7 % (Fig. 1).

SBV for girls aged 7-17 from Kyzylorda grew by an average of 30.8 to 25.6 %, MBV by 116.7 to
144.4 %, and HR by 65 to 97.7 % (Fig. 2).

At the same time, a significant increase in heart rate and MVB indicators reached the maximum values
in the puberty period for schoolgirls of both cities compared to younger age. All female schoolgirls surveyed
had a slight decline in SBV with age.
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Figure 1. Changes in the blood circulation system of girls aged 7-17 in Pavlodar after a standard strain of 12 kg/min
(increase in relation to the resting state, in %)
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Figure 2: Changes in the blood circulation system in girls aged 7-17 in Kyzylorda after a standard load of 12 kg/min
(increase in relation to the resting state, in %)

Thus, the increase in heart rate and MBV growth in the surveyed schoolgirls of both cities during puberty
indicates a decrease in the economic activity of the circulatory system during this period of ontogenesis.

Conclusion

Thus, in ontogenesis from 7 to 17 years of age, anthropometric and functional indicators of physical
development of all examined schoolgirls significantly increased. It has been established that morphofunctional
development of the examined girls is subject to general biological laws and is characterized by heterochronicity
and discontinuity. There are significant differences between peers living in Pavlodar and Kyzylorda in many
ages in terms of physical development (length, body weight, chest circumference, hand strength), especially
in terms of relative indicators (Ketle index, stenin index). The data obtained testify to the regional peculiarities

of schoolgirls' development and determine the need to continue monitoring studies and observations of changes
in the condition of schoolgirls in these regions.
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Ka3zakcTaHHBIH COJITYCTIK K9HE OHTYCTIK 00JIbICTAPBIHAA TYPATHIH
7-17 xacTarbl KbI3AapAbIH MOP(POPYHKIHOHAIABI KOPCETKIIUITEPiHiH ocyi

Makaia ITaBionap sxone Kpi3putopaa KananapsiHbiH 7—17 jkac apajibiFbIHIAFbI Ka3ipri 3aMaHFbl OKYLIBLIAPIbIH
MophodyHKIIMOHAIABI KOPCETKIIITEPiHIH OCyiH 3epTTeyre apHanraH. JleHe y3blHIbIFbL, qeHe caaMarsl (Y,
JC) xone keyne KybicbiablH meHbepi (KKII), konxeiy kymi (KK), KbI3 OKyIIbLIapabH Pe3epBTiK Mail MoJI-
1Iepi skoHe OeNICeH I IeHe CalIMarbl XKaHe onapAblH 7-1eH 17 xacka AeiiHri jkac apasbIFbIHIAFbI ©CIMi CHAKTHI
AQHTPOMIOMETPHUSUIBIK KOPCETKIIITEPI 3epTTey HOTIKeNepinae Kentipinren. Makanaza KaH ailHaIbIMBbI xyiteci
KOPCETKIIMTEPIHIH ocyi: xypek *kublpbuty xuimiri (QKXOK), xkanus cuctonansik xenemi (KCK), ke3mapna
KaJIBIIITHI )KaF/laiibIHa KaThICThI KyaThl 12 KI'M/MHH CTaHIapTThl )KYKTEMEHI OpbIH/IaFaHHAH KeiliH KAHHBIH MHU-
HyTTHIK KeneMi (KMK) (%-6en) xepcerinren. OnTorenese 7 skacta 17 jkacka JeiiH GapibIK TEKCEpiareH
OKyLIBUIAP/IbIH (PU3HUKAJIBIK JaMYbIHBIH aHTPOIOMETPHUSIIBIK KOHE (YHKIMOHAIBIK KOPCETKIIITEPi allTapIIbIK-
Tail yraiiran. [TaBinonap sxone Kpi3putop/ia KananapblHia TYpaThIH KYP/JaCTapbIHBIH apachIH/a KOIITereH jkac-
Tapja aiftapiblkTail aifblpMarblIbIKTap 6ap exeHi atan ertinai. MacesneH, Kpi3putopia Kanackl OKyIIbLIaphl-
ubig JIC, KK, kon Ky, Oesceni 1eHe caaMarbl KepceTKiluTepiniy MoHi, [TaBnonap K. KypaacrapbiHa Ka-
paranna, TemeH, an J¥ KpI3puiopaa K. TypaTelH Kei3gapaa 14—17 xac apanbIFblHAA alTapibIKTai sKOFaphl.
AJIBIHFaH MOJIIMETTEP MEKTEIl OKYIIbUIAPBIHBIH JIaMybIHbIH aHMaKTbIK €PEKIICIIKTep] Typalbl KyoJIaH bIpaibl
JKOHE MOHUTOPHUHITIK 3epTTeyJIep MEH OCHI OHIpJIep/IiH MEKTEN OKYIIbUIaphI aF3aChIHBIH XKail-KyHiHiH e3repic-
TepiHe OaKplIay JKacay/bl )KaJFaCTHIPy KaXKETTUIITH aHBIKTaIbI.

Kinm ce30ep: MmophodyHKINOHATIB! KOPCETKIMTEp, Ka3ipri MEKTEN OKYIIbUIApHI, A0COMIOTTIK KOPCETKIIITED,
CaJIBICTHIPMAJIBl KOPCETKIITep, (GU3NKAIBIK JaMy, 3epTTey MOHHTOPHHTI, JICHE Y3bIHABIFHI, JICHE CalMarhl,
KY€ KYBICBIHBIH HICHOEPi, dKYPEK KUBIPBLTY HKHIIITi.

C.K. Kabuena, )K.M. MykaraeBa, A.A. AxMeToBa

IIpupoct mopdodyHKIIMOHAIBHBIX MMOKAa3aTe el 1eBouek 7—17 JieT,
NMPOKUBAIOIINX B CEBEPHBIX M I0KHBIX 00J1acTax Ka3zaxcrana

Craths OCBSIIEHA H3YYESHHUIO IPHPOCTa MOP(HODYHKINOHATIBHBIX TI0Ka3aTeIell COBPEMEHHBIX MIKOJIBHUL 7—
17 ner roponos IlaBnomapa u Kesuiopast. [IpuBeneHs! pe3ysibTaTsl HCCIEIOBAHUS TAKUX aHTPOIIOMETpHIe-
CKHX IOKa3aTelnei, kak JiuHa, Macca tena (AT, MT), okpyxuocts rpyauoit kinerku (OI'K), cuist kuctu (KC),
KOJIMYECTBO PE3EPBHOTO JKHPa U aKTHUBHAsI Macca TeJia IIKONBHUI] M UX IPHPOCT B BO3PACTHOM JIHANa30HE OT
7 no 17 net. B cTarhe moka3aH NpUPOCT MOKA3aTENeH CHCTEMbI KpPOBOOOpAILIEH!sI, TAKUX KaK 4acToTa cepled-
HbIX cokpamenuit (UCC), cucromuueckuii 06beM kpoBu (COK), munyTHbI 006beM kpoBu (MOK) y neBouex
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MOCJIe BBIMIOJIHEHHUS CTAHAAPTHOM Harpy3KH MOIIHOCTBIO 12 KITM/MHUH KI' I10 OTHOIIEHHUIO K COCTOSIHUIO TTOKOSI
(B %). YcTaHOBIIEHO, UTO B OHTOTEHE3€e OT 7 710 17 JIeT CyIeCTBEHHO YBEMYUBAINCh AHTPOIIOMETPHUYECKHUE H
(GyHKIMOHANBHBIE TOKa3aTean (U3UYECKOro Pa3BUTHSI BCEX OOCIENOBAaHHBIX LIKONBHML. OTMEYeHO, YTO
MEXy CBEepCTHHLIaMU, IpokuBatouuMH B IT. [TaBnonape u Kei3buiopae, IMEIOTCS CyIIeCTBEHHbIE pa3Inyusl.
Tax, 3nauenust nokazateneit MT, OI'K, kucteBoii cuibl, aKTUBHOIM Macchl Teia y MKOJIbHUIL T. KbI3bu10p/ib1
HWKE, YeM y UX cBepcTHHUII U3 T. [1aBnoapa, Toraa kak I T Beilie, 4eM y IeBOYEK, TPOKUBAIOIINX B T'. KbI3bUI-
opae. IlomydeHHbIE TaHHBIC CBHICTEIBCTBYIOT O PETHOHAIBHBIX 0COOCHHOCTSIX Pa3BUTHUS IIKOJIBHHUIL U OIIpe-
JIENSI0T HE0OX0MMOCTh MPOIOJDKEHNUS MOHUTOPHHTOBBIX MCCIIEIOBAaHUN U HAOIIOIeHUH 32 U3MEHEHUSMU CO-
CTOSIHHSL OPTaHU3Ma IIKOJIBHUILL IAHHBIX PETUOHOB.

Kniouesvie crnosa: MophodyHKIMOHAIBHBIC MOKA3aTEeNIH, COBPEMEHHbIE LIKOJIBHHUKH, a0COJIIOTHBIE MOKa3a-
TEJH, OTHOCUTEIbHbIE MOKa3aTeNny, Gpu3nyeckoe pa3BUTHE, MOHUTOPUHI HCCIEA0BAHUS, JUIMHA Tela, Macca
TeJla, OKPY>KHOCTb IPYJHOH KIIETKHU, YaCTOTa CEPJICUHBIX COKpALCHUI.
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