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Indicators of the cardiovascular system of 7-11 years old girls
residing in Northern and Southern Kazakhstan

Functional characteristics are the leading criterion for assessing the health status of school students’. The
body of a schoolchild in its aforementioned signs differs from the body of an adult. Schoolchildren are more
sensitive to environmental factors. Physical condition may depend on age, gender, and location. The indica-
tors of the cardiovascular system (CVS) of girls in the ontogenesis of 7-11 years in the city of Pavlodar and
Kyzylorda were studied. In the article the results of a study of such indicators as heart rate (HR), systolic and
diastolic blood pressure (SBP, DBP) are presented. Based on these data, pulse pressure (PP), double product
(DP), reflecting the cost-effectiveness of the cardiovascular system, systolic blood volume (SBV) and minute
blood volume (MBV), an indicator of blood circulation efficiency (BCE); Kerdo's vegetative index (KVI), re-
flecting the vegetative balance are calculated. The adaptation mechanisms and features of the reaction of the
cardiovascular system to physical activity are revealed. Under the conditions of performing standard
steregometric physical activity, heart rate (HR), double product (DP) of girls have significantly increased
compared with the state of rest.

Keywords: cardiovascular system, physical activity, circulatory efficiency, functional indicators of the body,
reserves.

Introduction

The functional features of primary school children, depending on the climatic and geographical condi-
tions of the Kyzylorda city of the southern region of the Republic of Kazakhstan, have been studied little. A
functional features of younger schoolchildren in the northern and southern region in a comparative aspect
was not carried out.

In connection with the foregoing, the study of functional features of the organism of schoolchildren in
Northern and Southern Kazakhstan seems relevant.

The cardiovascular system is a sensitive indicator of all processes occurring in the body, as it is respon-
sible for the integration of all components of the body into a single integral system. It participates in almost
any adaptation process of the body as an integral part of a holistic physiological reaction [1].

The purpose of the study is to study the indicators of the cardiovascular system of 7—11 years old girls
living in the city of Pavlodar and Kyzylorda.

As a result of the studies, functional features were first revealed with schoolchildren of 7-11 years old,
living in Kyzylorda.

Materials and research methods

To achieve this goal, 100 girls of the Pavlodar comprehensive school Ne 22 and Kyzylorda comprehen-
sive school Ne 7 aged 7-11 years old were examined, 20 girls in each age group. All examined children for
health status reasons belonged to the main medical group. Surveys were carried out in the morning,.

Measurements of the indicators of the cardiovascular system were carried out according to the method
of step ergometry in the form of a 2-step Harvard test with a step height of 20 cm.

Heart rate was determined by using an electrocardiograph. Blood pressure was measured by the
Korotkov auscultation method, followed by a pulse pressure calculation.

Calculation of systolic blood volume was carried out according to the Starr formula SBV = 40 +
+0,5 PD - 0,6 DBP + 3,2 A,: where A is age in years.

For an integral assessment of the state of the circulatory apparatus, the minute volume of blood (MVB)
was calculated with following the formula: MVB = SBV x HR.

The Kerdo Vegetative Index, which reflects the balance of vegetative processes under adaptation, was
calculated with the formula: KVI = (1 — DBP / HR)x100.
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Blood circulation efficiency (BCE) index was calculated with the formula: BCE = (SBP / HR)x100 [2].
This indicator judges the quality of the response of the cardio-respiratory system to stress.

The cost-effectiveness of the cardiovascular system when performing standard stepergometric load was
estimated by the double product (DP), equal to the product of the heart rate and systolic blood pressure [3].

The results were calculated using methods of mathematical statistics based on arithmetic (M) means
and their errors (+m).

The results of the study and discussion

In the study of the cardiovascular system in schoolgirls Pavlodar compared with schoolgirls Kyzylorda
found high values of heart rate (Tables 1, 2).

Significant differences between peers of different regions were found in the study of SBP and DBP. As
follows from the data presented in table 1 and 2, the girls of Pavlodar had high values of SBP and DBP both
at rest and in load. Indicators of DP at girls of Pavlodar in the conditions of rest and loading are significantly
higher than in comparison with pupils of Kyzylorda at the age of 7-11 years. This indicated an increase in
the physiological cost of physical activity in these girls. Indicators of SBV, MBYV are higher in schoolgirls of
Kyzylorda compared to peers of Pavlodar, both at rest and load.

Table 1
Indicators of the cardiovascular system at the state of rest of 7-11 years old girls
living the city of Pavlodar (P) and Kyzylorda (K)
Parameters Residence Age, years
7 8 9 10 11
Number P n=20 n=20 n=20 n=21 n=20
of examined K n=20 n=20 n=20 n=20 n=20
HR. beats/ min P 95.740.3 95.1+0.6 94.0+0.5 92.0+1.0%* 90.1+1.0
’ K 93.8+0.4# 93.2+0.3 # 90.9+0.5*# 89.1+0.9# 88.8+1.0
SBP, mmHg P 94.5+1.1 95.5+1.1 97.0£1.3 99.0+1.4 102.0£1.7
’ K 90.0+1.0# 92.0+0.9# 95.0+1.1* 97.0%1.1 97.5+1.0#
DBP, mmHg P 60.5£1.5 61.0+1.4 61.0£1.0 61.4£1.0 62.5£1.6
’ K 52.5+1.0# 53.0+1.1# 55.5¢1.1# 56.5+1.1# 56.5+1.1#
PP, mmHg P 34.0+1.1 35.5¢1.4 36.0+1.1 37.6+1.2 39.5+0.5
’ K 37.5+1.0# 39.0+0.7# 39.5+0.9# 40.5+0.5# 41.0+0.7
DP, ye. P 90.4+1.0 90.8+1.1 91.2+41.5 91.2+41.5 91.8+1.4
’ K 84.4+0.9# 85.8+1.0# 86.3+1.1# 86.4+1.4 # 86.6£1.2#
SBV. ml P 43.1+£1.4 47.4+1.3% 50.2+0.9 54.0£1.0* 57.5+1.0%
’ K 49.7+0.9# 53.3+0.9*# 55.3+0.9# 58.4+0.8*# 61.8+0.9%#
MBV. ml P 4.12+0.1 4.50+0.1* 4.7240.1 4.97+0.1 5.18+0.1
’ K 4.66+0.1# 4.97+£0.1%# 5.09+0.1# 5.19+0.1 5.49+0.1*#
KVI. cond. units P 0.374+0.02 0.37+0.01 0.35+0.01 0.3340.02 0.30+0.02
’ ) K 0.44+0.01# 0.43+0.01# 0.3940.01*# 0.36+0.01 0.36+0.01#
BCE P 98.9+1.4 100.5+1.5 103.2+1.2 108.2+2.0* 113.6+2.7
K 96.0+1.3 98.7+0.9 104.6+1.4* 109.1+1.6* 110.1+1.7

Notes. Reliability of the difference in mean values for nonparametric independent samples: * — relative to the previous age
group (P < 0.05); # — when comparing schoolgirls living in the Northern and Southern regions (P < 0.05).

In a state of relative rest during individual development, a decrease in heart rate from 93.8 + 0.4 for
7 years old girls of Kyzylorda to 88.8 + 1.0 beats/min for 11 years old girls was observed (Table 1).

The values of SBP, DBP, PD from 7 to 11 years old girls of Kyzylorda have steadily increased.

An indicator of the state of the reserves of the cardiovascular system is the «double producty», which
characterizes the systolic function of the heart. The lower the DP at the state of rest, the higher the maximum
aerobic capacity and, consequently, the level of somatic health of the individual [5].

Vegetative Index Kerdo (VIK) in conditions of relative rest girls of Kyzylorda tends to decrease from
0.44 + 0.01 for 7 years old girls to 0.36 + 0.01 for 11 years old girls, as a result of a decrease in the tone of

the sympathetic nervous system. Indicators BCE tended to increase with ageing.
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Table 2 shows indicators of the response of the cardiovascular system to physical activity at different

age periods.

Table 2

Indicators of the cardiovascular system of 7-11 years old girls living in the city of Pavlodar (P)
and Kyzylorda (K) under standard steregometric physical activity

. Age, years
Parameters Residence 7 3 5 10 1
Number P n=20 n=20 n=20 n=21 n=20
of examined K n=20 n=20 n=20 n=20 n=20
HR. beats/min P 170.1+0.5 169.2+0.5 168.0+0.5 166.6+£0.5 166.2+0.6
’ K 154.8+0.5# 154.2+0.5# 153.1+£0.44# 152.7+£0.5# 152.3+£0.6#
SBP, mmHg P 128.0+1.2 129.5+1.4 132.0+1.4 135.7£1.6 138.0£1.6
’ K 124.0£1.3 # 125.5£1.1# 129.5+1.1* 131.0£1.6# 136.5+£1.3* #
DBP, mmHg P 62.5+1.6 62.5£1.0 63.0+1.1 63.3+1.3 63.5+1.3
’ K 54.0£1.1# 54.5+1.1# 55.5+1.1# 56.5+1.1# 57.0+1.1#
PP, mmHg P 65.8+1.8 67.0£1.5 69.0+1.6 72.4+1.7 74.5+1.1
’ K 70.0£1.5 71.0+1.6 74.0+£1.3# 74.5+1.4 79.5+1.5%#
DP, y.e P 217.4£2.0 219.1£2.4 221.7+£2.6 226.1£2.9 229.3+2.5
s K 191.9+£2.24# 193.5+£2.0# 198.2+1.8# 200.1+£2.6# 207.9£2.1*#
SBV. ml P 57.7+1.8 61.6+1.1 65.5+1.3* 70.2+1.3* 74.4+1.1*
’ K 65.0£1.2# 68.4+1.4# 72.5+1.2%# 75.4+1.2# 80.8+1.2%#
MBV. ml P 9.8+£0.3 10.4+0.2 11.0+£0.2* 11.7£0.2* 12.4+£0.2*
’ K 10.1£0.2 10.6+0.2 11.1£0.2 11.5+0.2 12.3+0.2*
KVI. cond. units P 0.63+0.01 0.63+0.01 0.62+0.01%* 0.62+0.01 0.62+0.01
’ ) K 0.65+0.01# 0.65+0.01# 0.64+0.01*# 0.63+0.01*# 0.63+0.01#
BCE P 75.3£0.7 76.6+0.8 78.6+0.8 81.5+1.0* 83.1£1.0
K 80.1+0.9# 81.4+0.7# 84.6+0.8*# 85.8+1.0# 89.7+0.9%#

Notes. Reliability of the difference in mean values for nonparametric independent samples: * — relative to the previous age
group (P < 0.05); # — when comparing schoolgirls living in the Northern and Southern regions (P < 0.05).

As you can see, the implementation of standard stepergometric physical activity of girls of Kyzylorda
was accompanied by a significant increase in heart rate (HR) and double product (DP) when compared with
the state of rest. The values of systolic (SBP), diastolic(DBP), and pulse pressure (PD) tended to increase
with ageing. Systolic blood volume and minute blood volume of girls under studies have increased during
ontogenesis. The increase in MVB from 7 to 11 years old period is caused by an increase in stroke volume of
blood, since heart rate decreases in this age period. Indicators of the Kerdo Vegetative Index allows us to
conclude that, in schoolgirls it decreases with aging. In general, for girls BCE increases with age. Also, for
the studied period indicators of BCE increased by 9.6 c.u.

Conclusions

In terms of compliance steregometric physical activity have significantly increased the indicators HR,
CBP, DBP, PP, DP, SBV, MBV, KVI compared to the rest. BCE decreased significantly compared to rest.
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I'.C. TacbynatoBa, A.Y. YM6etoB, b.C. CanpikoBa

Kbi3buiopaa KajgacbiHaarbl 7—11 skacTarbl Kbi3 0aJ1a1apAbIH
JKYpeK KAaHTaAMBbIP KyleCiHiH KopceTKimTepi

OyHKIMOHANABIK CUTIATTaMajIap OKYIIBUIAPABIH AEHCAYJIbIK >KaFAaifblH OaramayablH 0AacThl elmeMi GOJIbIT
tabputazpl. OKyLIBI aF3achl JKOFapblga arajaraH Oeniriiep OoibIHIIA epecek aJaMHBIH aF3achlHaH
epekiieneHeni. OKywWwbUIap CHIPTKBI OpTa (akTopyapra aca cesiMTan. DU3MKANBIK JKaFiad >KacblHa,
JKBIHBICBIHA JKOHE TYPAThIH JkepiHe OailiaHbicThl 001ybl MyMKiH. [TaBnonap xoHe KpI3buiopnia KaaachHbIH 7—
11 »xac apanbIFbIHAAFbl OHTOTEHE3/eri KbI3JapAblH JKypek-kanTamblp skyiecinin (KKXK) xepcerkirurepi
3eprrenreH. Makanana xypek cory xuiniri (JKCX), cucronaiblk skoHE AMACTONANBIK apTePHAIABI KHICEIM
(CAK, JAK) cuskThl KepceTKimTepai 3epTTey HoTiKenepi kenripinreH. OCbl MomiMeTTep HeTi3iHze
IyJNBCTHIK KBICBIMHBIH, XYpeK-KaH Tamblp xkyieciniy (OKKT) KbI3MeTiHIH THIMIIUITIH, CHCTONANBIK KaH
keneminiH (CKK) men munyTTHIK KaH keneminiH (MKK), kan aiinaneivel TriMaitirinig kepcerkinnia (KTK),
BETCTAaTHBTI TeIe-TEeHJIKTI aHBIKTaHTHIH Kepno Bererarmsti mupekcin (KBI) kepcereTiH Kocapibsl HIM
ecenrenred. beitimaeny MexaHM3Mepi MEH JKYpPEK-KaHTaMbIp JKYHECiHIH (GH3MKAIBIK OelIceHIiTiKKe
PEaKIMICHIHBIH epeKiIenikTepi aHbiKTanFaH. CTemproMeTpusUIbIK KyKTeMeHi opeinpay kesinme JKAOK,
CAK, JAK, IIK, KO, CKK, IKK, KBU ThIHBIUTHIK KYiHIeri KepceTKilTepiMeH cajbICThIpFaHia eadyip
aprtel. KTK kepcerkili aiiTapibiKTai TOMEHIe .

Kinm ces30ep: >Xypek-KaHTaMbIp XKyHeci, (U3HKaNBIK XXYKTeMe, KaH aiHaIbIMHBIH THIMALTIr, ar3aHbIH
(YHKIMOHAJB KOPCETKIIITEP1, KOPBL.

I'.C. TacbymnaroBa, A.Y. YmberoB, b.C. CagpikoBa

Iloka3aTenu cepaedHO-COCYAUCTOI cucTeMbl AeBodek 7—11 Jer r. Kni3pLiopabl

OyHKIMOHANBHBIE XapaKTEPUCTHUKH SBJIAIOTCS BELYIINM KPUTEPHEM OILCHKH COCTOSHHUS 3M0POBBsSI IIKOJIBHHU-
KOB. OpraHu3M LIKOJbHHKA 110 CBOUM YHOMSHYTBIM BBIIIC IPU3HAKAM OTIMYAETCS OT OpPraHU3Ma B3POCIIOro
yenoseka. [IIkonpHuKK Goiee 4yBCTBUTEIBHBI K (pakTOpam BHeLIHeH cpezbl. PU3NUECKOe COCTOSHUE MOXKET
3aBHMCETh OT BO3pAacTa, MOJIa ¥ MECTa NPOXKMBaHUsA. M3ydeHbl IOKa3zaTenH CepaeyHO-COCYIUCTOH CHCTEMBI
(CCC) nmeBouek B ontorenese 7—11 ner rr. IlaBnogapa u Ke3sutopasl. B craThe npuBeneHs! pe3ysnbTaThbl HC-
CJIeIOBaHUS TaKMX ITOKa3aTeNel, Kak gactoTa cepaednsix cokpamenuii (UCC), cucrommyeckoe U AUACTONH-
yeckoe aprepuanbHoe pasinenue (CAJl, JJA/). Ha ocHoBaHMM 3THX JaHHBIX IPOBOJMIICS pacdeT ITyJIbCOBOTO
nasienus (ILJT), neoitroro mpomssenenus ([II1), oTpakaromiero SKOHOMHYHOCTD JESITEILHOCTH CEpICIHO-
COCYAUCTOH cHuCTeMBl, cuctoiandeckuit 00beM kpoBu (COK) u munyTHBIH 006eM kpoBu (MOK), noka3sarens
a¢pdexruBHocTH KpoBoobpaienust (II9K), Bererarusubiii unaexc Kepno (BUK), ompepensiommii Berera-
THBHbIH OanaHC. BbIABICHBI MEXaHU3MbI aJJaNTallUM U OCOOCHHOCTH PEAaKLHH CepIEeYHO-COCYJUCTON CHCTe-
MbI Ha ()M3UYECKYIO HArpy3Ky. B yclOBHSAX BBIIOIHEHUS CTENIPrOMETPHYECKONH HArpy3KH 3HAUMTEIBHO BO3-
pocimu mokazarenu YCC, CAJ, AAL, 11, AII, COK, MOK, BUK. II9K 3HaunTenpHO yMEHBIIWINCH 110
CPaBHEHHIO C IIOKOEM.

Knioueswvie cnosa: cepiedHo-cocytucTas CHCTeMa, (pU3ndeckast Harpyska, 3 heKTHBHOCTS KpOBOOOpAIEHNS,
(yHKIMOHATBHBIC TOKA3aTENIN OPTaHN3Ma, PE3EPBEL.
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