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Comparative characteristics of the
cardiovascular parameters in 7-11-year-old boys
residing in northern and southern Kazakhstan

G. S.Tasbulatova’, A. U. Umbetov?, B. S. Sadykova?, B. Z. Uzakova?, M.T. Abdrakhmanova?

Kurzfassung: Vergleichendes Charakteristi-
kum der Indikatoren des kardiovaskuldren
Systems von Jungen im Alter von 7-11 Jahren
aus Nord- und Siidkasachstan. Ein Indikator
der menschlichen Gesundheit ist der Zustand
des Herz-Kreislauf-Systems in Ruhe und nach
Belastung. Zu diesem Zweck wurden Indi-
katoren fiir Herzfrequenz (HR), systolischen
arteriellen Blutdruck (SAB) und diastolischen
arteriellen Blutdruck (DAB) bei Jungen im Alter
von 7-11 Jahren in den nérdlichen (Pavlodar)
und siidlichen (Kyzylorda) Regionen Kasach-
stans untersucht. Basierend auf diesen Daten
wurden die Berechnungen des Pulsdrucks (PP),
des Doppelprodukts (DP), das die Effizienz des
Herz-Kreislauf-Systems widerspiegelt, des Blut-
schlagvolumens (BSV) und des Blutminuten-
volumens (BMV), des Indikators fiir die Durch-
blutungseffizienz (DBE) sowie des vegetativen
Kérdg-Indexes (VKI), der das vegetative Gleich-
gewicht widerspiegelt, durchgefiihrt.

Die gemessenen Daten zeigen, dass die Funk-
tionsfahigkeit des Herz-Kreislauf-Systems von
Jungen im Alter von 7-11 Jahren, die in Kyzylorda
leben, sowohlin Ruhe als auch nachnormaler kor-
perlicher Aktivitathoher ist als die von Schiilernin
Pavlodar. Die festgestellten Unterschiede konnen
in Bildungseinrichtungen und Genesungseinrich-
tungen genutzt werden, um als wissenschaftliche
Grundlage fiir die Entwicklung medizinischer und
padagogischer Programme zur Starkung der Ge-
sundheit der Kinder zu dienen.

Schliisselwarter: Kérperbelastung, Funktions-
zustand des Korpers, Reserven.

Abstract. The state of the cardiovascular
system at rest and after exercise is one of
the health parameters. Heart rate (HR), sys-
tolic blood pressure (SBP) and diastolic blood
pressure (DBP) were studied in 7-11-year-old
boys in the northern (Pavlodar) and southern

(Kyzylorda) regions of Kazakhstan. Based on
these data the following parameters were cal-
culated: pulse pressure (PP), double product
(DP), which reflects the cardiovascular system
efficiency, systolic blood volume (SBV) and
minute blood volume (MBV), blood circulation
efficiency indicator (BCEl), Kerdo vegetative
index (KVI), which reflects the autonomic bal-
ance. Obtained data indicate that the functional
capabilities of the cardiovascular system of
7-11-year-old boys residing in Kyzylorda are
higher, both at rest and after standard physical
activity, than those of schoolchildren in Pav-
lodar. The revealed differences can be used
in educational and recreational institutions, to
serve as a scientific basis in the development of
medical and educational programs to improve
children’s health. Z GefaBmed 2020; 17 (2): 13-5.

Key words: physical activity, functional state of
the body, reserves.

Introduction

Age-related features of the functional state of the cardiovascu-
lar system of pupils in the learning process are reliable indica-
tors of the body adaptation capacity [1-8].

Heart rate (HR) is one of the informative and accessible indica-
tors of the cardiac function. HR is the result of all regulatory
impacts on the circulatory system [9-14]. HR at rest depends
on the state of health, age, gender, body weight, physical activ-
ity, fitness, the state of the central nervous system, metabolic
processes, day time and many other factors [15].

The purpose of this study is to evaluate the cardiovascular
parameters in 7-11-year-old schoolchildren residing in Pav-
lodar and Kyzylorda, the northern and southern regions of the
country.

Study objectives

1.) To investigate the functional features of the ontogenetic de-
velopment of children in the ontogenesis residing in northern
and southern Kazakhstan.

2.) To conduct a comparative analysis of the functional capa-
bilities of children based on gender, age and place of residence
(north, south).
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This is the first study of the functional capabilities in 7-11-year-
old schoolchildren residing in industrial cities.

The results of the study improve the understanding of the im-
pact of environmental factors on the growing and developing
body in large industrial cities. Based on the obtained data, the
functional capabilities in junior schoolchildren in relation to
environmental living conditions were determined.

Materials and Methods

The schoolchildren were examined in February 2018. The study
involved 100 boys from secondary school No. 22 of Pavlodar
and 100 boys from secondary school No. 7 of Kyzylorda aged
7-11 years, 20 boys in each age group, which made it possible
to compare the obtained data in age and regional terms. All
examinations were carried out in the morning.

The cardiovascular system parameters were measured accord-
ing to the method of stepergometry as the 2-stage Harvard step
test. The step height was 20 cm [16].

Heart rate (HR, bpm) was assessed using a tonometer when
measuring blood pressure.

Systolic (SBP mmHg) and diastolic (DBP mmHg) pressure
was determined by the Korotkov method on the right shoulder
using a CITIZEN cuff tonometer.

The pulse pressure (PP mmHg) was calculated according to
the formula PP = SBP-DBP. The double product (DP, unit),
evaluating the functional heart reserves was calculated by the
formula: DP = (HR x SBP): 100.

Z GEFASSMED 2020; 17 (2) 13
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Table 1. Cardiovascular system parameters in 7-11-year-old boys residing in Pavlodar (P) and Kyzylorda (K) at rest

Parameters Residence Age, years
7 8

HR P 95.8 + 1.0 93.4 + 0.5"
(bpm) K 948 +0.4 92.8+ 04"
SBP P 93.0 = 1.1 96.0 = 1.1
(mmHg) K 90.5 + 0.5* 92.5 + 1.0*
DBP P 58.0 £ 0.9 58.5+0.8
(mmHg) K 52.5 + 1.0* B85 == 1L1%
PP P 35.0 £ 1.1 375+ 10
(mmHg) K 38.5 + 0.9* 39.0+0.7
DP P 89.0 = 1.0 89.7 £ 1.1
(cond.units) K 85.8 + 0.6* 85.8 + 1.0*
SBV P 451+ 1.0 49.3 + 0.8
(mL) K 49.9 + 1.0* 53.5 + 0.9
MBV P 4.3 +0.1 46 +0.1
(mL) K 47 £0.1*% 49 +0.1%
KVI P 0.39 + 0.01 0.37 + 0.01
(cond.units) K 0.45 + 0.01*% 0.42 + 0.01*
BCEI P 97119 102.8 + 1.4

K 95.5 + 0.6 99.7 + 1.2

9 10 1

915 +0.3" 871 0.4 85.6 + 0.4
90.6 £ 0.2 86.7 £ 0.6 84.4 +0.3*
98.1 £ 0.9 103.5 + 1.1 106.0 = 1.1
955+ 1.1 101.5 £ 1.3 104.5 = 1.1
59.5 + 0.8 60.5+05 62.5+ 1.0
56.0 + 1.1* 58.0 £ 1.2 59.0 + 1.2%
38.6+0.8 43.0 + 1.1 435 + 1.1
395+05 43.5 = 1.1 455 + 1.1
89.7 £ 0.8 103.5 + 1.1" 106.0 = 1.1
86.5 + 1.0* 1015 + 1.3" 104.5 + 1.1
52.4 +0.8 60.5+05 62.5+ 1.0
55.0 = 0.8* 58.0 + 1.2 59.0 + 1.2%
48 +0.1 5.0 £0.1 5.1+0.1
5.0 £0.1 5.1+0.1 53+0.1
0.35 + 0.01 0.3+0.01" 0.27 +0.01"
0.4 +0.01% 0.4 +0.01% 0.30 £ 0.01™*
1072 + 1.1 118.8 £ 1.6 123.8 £ 1.2
105.4 + 1.3 171+ 18 1238+ 15

‘compared to the previous age group (p < 0.05); *compared to schoolchildren residing in the northern and southern regions (p < 0.05).

Systolic blood volume (SBV) was calculated according to the
Starr formula: SBP = 40 + 0.5 PP — 0.6 DBP + 3.2 B, where B
is age (years).

For an integral assessment of the state of the circulation, the
minute blood volume (MBV) was calculated by the formula:
MBV =SBV x HR.

Kerdo Vegetative Index, which reflects the balance of auto-
nomic adaptation processes, was calculated by the formula:
KVI = (1-DBP/HR) x 100.

Blood circulation efficiency index (BCEI) was calculated by the
formula: BCEI = (SBP/HR) x 100 [16]. This indicator judges the
quality of the response of the cardio-respiratory system to load.

The results were assessed using methods of mathematical sta-
tistics based on arithmetic means (M) and their errors (+ m).
The significance of differences in average values between age
groups and cities was considered by the Independent Samples
t-Test at a level of p < 0.05 [17].

Results and Discussion

A comparative analysis of the studied cardiovascular parameters
of schoolchildren (Table 1) showed that the studied parameters
(HR, SBP, DBP, DP) of 7-11-year-old boys residing in Pav-
lodar at rest are higher than those in schoolchildren residing in
Kyzylorda, while PP values in schoolchildren from Pavlodar at
this age are lower compared with peers in another studied area.

SBV and MBV among 7-9-year-old schoolchildren in Pav-
lodar are also lower, and they are rising compared to the level
of schoolchildren in Kyzylorda by the age of 10-11 years. Based
on the described regional differences we can suggest higher
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functional reserves of the cardiovascular system in boys of the
southern region of the republic.

This is also evidenced by the cardiovascular system reserve
(“double product”) which characterizes the systolic heart work.
The lower DP at rest, the higher the maximum aerobic capacity
and, consequently, the level of the individual somatic health [18].

In general, HR decreases, and SBP, DBP, DP, PP, SBV and MBV
increase with age in both groups of schoolchildren. The state of
autonomic regulatory mechanisms is a key factor in the organ-
ism adaptation to environmental conditions [19].

Based on the analysis of Table 1, it can be concluded that the
Kerdo Vegetative Index (KVI) is higher in Kyzylorda school-
children compared with Pavlodar peers, which means their
predominant sympathetic nervous system tones. This para-
meter decreases as a result of decreased tone of the sympathetic
nervous system with age.

In general, BCEI increases in both groups of schoolchildren
with age.

No differences between schoolchildren in both areas were
found.

The similar CVS studies of schoolchildren under standard
physical activity (Table 2) showed that the studied parameters
(HR, SBP, DBP, DP) of 7-11-year-old boys residing in Pav-
lodar, are higher than those parameters in schoolchildren from
Kyzylorda, while schoolchildren from Kyzylorda at this age
have higher PP values compared to peers in the northern area.

PP values in 7-11-year-old schoolchildren in both regions in-
crease with age.
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Table 2. Cardiovascular system parameters in 7-11-year-old boys residing in Pavlodar and Kyzylorda under standard

step-ergometric physical activity.

Parameters Residence  Age, years
7 8

HR P 166.0 + 1.3 165.3 + 0.4
(bpm) K 1562.6 + 0.9* 152.0 + 1.0*
SBP P 120.5 + 0.5 1225+ 19
(mmHg) K 118.5 + 0.8* 119.5 £ 0.5
DBP P 58.5 + 1.1 59.5+ 0.9
(mmHg) K 53.6 + 1.1* 54.0 + 1.1*
RE B 62.0 £ 1.2 63.0 + 1.8
(mmHg) K 65.0 + 1.4 65.5 + 1.1
DP P 200.0 + 1.8 202.4 + 3.2
(cond.units) K 180.8 = 1.7# 181.7 £ 1.5%
SBV P 58.3 £ 1.2 614 + 1.1
(mL) K 62.8 + 1.3% 66.0 + 1.2
MBV P 9.7+0.2 10.1 £ 0.2
(mL) K 9.6+0.2 10.0 £ 0.2
KVI P 0.65 = 0.01 0.64 = 0.01
(cond.units) K 0.65 + 0.01# 0.65 + 0.01#
BCEI P 72.7 + 0.6 741 £12

K 777 £ 0.7* 78.7 £ 0.6*

9 10 1"

163.1 £ 0.9 161.1 + 0.9 169.0 £ 0.9
150.0 + 0.8* 149.1 + 0.6* 148.4 + 0.6*
124.8 + 1.1 126.5 + 1.3 135.0 £ 1.5
1225 £ 1.4 125.0 + 1.1 131.0 + 1.27*
60.0 = 1.0 60.5+0.5 64.0 + 1.1°
56.5 + 1.5 55.5 + 1.1 59.6 + 1.4*
64.8 = 1.1 66.0 = 1.3 71.0 = 1.6°
66.0 = 1.7 66.5 = 1.1 715+ 1.3"
2035+ 19 203.8 £+ 2.6" 2147 £2.9
184.0 + 2.5* 186.3 + 2.0* 194.4 + 1.9%
65.2 + 1.0 68.7 + 0.8 723+ 12"
679 + 1.6 70.2 £ 1.0 75.3 £ 1.3
10.6 £ 0.2 11.1+0.2 11.5+0.2
10.2+0.2 10.4 £ 0.1% 1.2+ 0.2
0.63 + 0.01 0.62 + 0.01" 0.60 = 0.01"
0.62 + 0.01* 0.61 +0.01* 0.60 + 0.01"*
76.5 + 0.7 78.6 +0.8 84.9 + 1.0
81.6 + 1.0 839+ 0.8 88.3+ 0.9

‘compared to the previous age group (p < 0.05); *compared to schoolchildren residing in the northern and southern regions (p < 0.05).

SBV in 7-11-year-old schoolchildren in Pavlodar is lower com-
pared with schoolchildren in Kyzylorda. MBV in 7-11-year-
old schoolchildren in Pavlodar is higher compared with
schoolchildren in Kyzylorda.

Based on the values of the Kerdo Vegetative Index (KVI) we
can conclude that this parameter decreases with age in both
groups of schoolchildren.

In general, BCEI increases in both groups of schoolchildren
with age. The studied BCEI values in Kyzylorda are higher than
in schoolchildren from Pavlodar. Kyzylorda schoolchildren
had higher BCEI after exercises than Pavlodar peers.

Conclusion

1.) The study of the cardiovascular system of 7-11-year-old
boys in Kyzylorda and Pavlodar showed differences in the
functional state of the cardiovascular system between peers
in the northern and southern climatic zones. Children of the
southern region of Kazakhstan (Kyzylorda) are characterized
by higher functional capabilities of the cardiovascular system
compared to peers living in the northern region of Kazakhstan
(Pavlodar).

2.) Schoolchildren in Pavlodar had higher cardiovascular
stresses (HR, SBP, DBP, DP) and fewer reserves compared to
peers residing in Kyzylorda, which means the strenuous heart
work.

Conflict of Interest

The authors declare that there is no conflict of interest.

References:

1. Drattsev EYu, Vikulov AD, Melnikov AA,
Alekhin VV. Autonomic heart rate manage-
ment and regional vascular reactions.
Hum Physiol 2008; 34: 44-50.

2. Burkitbaev ZhK, Raisov SD, Turgan-
bekova AA, et al. HLA Alleles in Kazakh-
stan and in the global genofund. Gemato-
logiya i Transfusiologiya 2015; 60: 52-6.

3. Koryahin Va, Blavt 0, Bakhmat N, et al.
Differentiated correction of attention abili-
ties of students with chronic diseases dur-
ing physical education. J Physical Edu
Sport 2019; 19: 293-8.

4. Baimbetov AK, Kuzhukeyev M, Bizhanov
K, et al. Atrial fibrillation ablation using
second-generation cryoballoon. Cryo-
balloon ablation. New Armenian Med J
2018; 12: 64-71.

5. Baimbetov AK, Bizhanov KA, Yergeshov
KA, et al. Inmediate results of pulmonary
veins entries cryoablation of patients with
atrial fibrillation. Z GefaBmed 2018; 15:
11-6.

6. Baimbetov AK, Rzaev FG, Nardaya ShG,
et al. New trends in interventional ar-
rhythmology: experience of two centers in
cryoablation of atrial fibrillation. J Arrhyth-
mology 2018; 92: 5-10.

7. Talismanov VS, Popkov SV, Zykova SS,
et al. Synthesis and study of the fungicidal
activity of substituted 1-[(2-benzyl-1,3-di-
oxolan-4-yl)methyl]-1H-imidazoles,
1-[(2-benzyl-1,3-dioxolan-4-yl)methyl]-1H-
1,2,4-triazoles and 4-[(2-benzyl-1,3-
dioxolan-4-yl)methyl]-4H-1,2,4-triazoles.

J Pharmaceut Sciences Res 2018; 10:
1780-3.

8. Burkitbaiev JK, Abdrakhmanova SA,
Savchuk TN, et al. The implementation of
nat-screening of infections in blood do-
nors of the republic of Kazakhstan.
Klinichescheskaya Laboratornaya Dia-
gnostika 2017; 3: 154-6.

9. Nozdrachev AD, Shcherbatykh YuV.
Modern methods for assessing the func-
tional state of the autonomous (autonomic
nervous system). Hum Physiol 2001; 6: 95.
10. Talismanov VS, Popkov SV, Zykova SS,
et al. Design, synthesis and antibacterial
activity of substituted 1-[(2-aryl-1,3-diox-

olan-4-yl)methyl]-1H-azoles. J Pharmaceut
Sciences Res 2017; 10: 328-32.

11. Talismanov VS, Popkov SV, Zykova SS,
et al. Synthesis and cytotoxic activities of
substituted N-{4-[4-(1,2,4-triazol-1-
ylmethyl)-1,3-dioxolan-2-yllphenyl}-N'-ary-
lureas. J Pharmaceut Sciences Res 2018;
10: 152-5.

12. Yasnitsky LN, Dumler AA, Poleshuk AN,
et al. Artificial neural networks for obtain-
ing new medical knowledge: Diagnostics
and prediction of cardiovascular disease
progression. Biol Med 2015; 7: BM-095-15.
13. Dinesh KG, Arumugaraj K, Santhosh
KD, et al. Prediction of cardiovascular dis-
ease using machine learning algorithms.
Proceedings of the 2018 International
Conference on Current Trends towards
Converging Technologies, ICCTCT 2018,
Article number: 8550857. 27. November
2018, Coimbatore, India.

14. Ferreira De Moraes AC, Cassenote
AJF, Leclercq C, et al. Resting heart rate is
not a good predictor of a clustered cardio-
vascular risk score in adolescents: The
HELENA study. PLoS ONE 2015; 10:
€0127530.

15. Amnuel LYu, Orel VR, Travinskaya AG.
The effect of vascular load and contractili-
ty of the heart on the formation of heart
rate in athletes. Sports medicine and stud-
ies of adaptation to physical activity.
Scientific readings dedicated to the 80™
birthday of prof. V.L. Karpman. RSUFK,
Moscow 2005; 21-5.

16. Aizman RI, Aizman NI, Lebedev AV,
Rubanovich VB. Methodology for the com-
prehensive assessment of the health of
students in secondary schools. LLC
Advertising and Publishing Company
Novosibirsk, Novosibirsk, 2008.

17. Nasledov AD. Mathematical methods
of psychological research. Analysis and
interpretation of data. Rech Publishing
House, St. Petershurg, 2004.

18. Apanasenko GL, Popova LA. Medical
Valeology. Feniks, Rostov-on-Don, 2000.
19. Baevsky RM, Kirillov Ol, Kletskin SZ.
Mathematical analysis of changes in heart
rate during stress. Nauka, Moscow, 1984.

Z GEFASSMED 2020; 17 (2) 15



Mitteilungen aus der Redaktion

Besuchen Sie unsere Rubrik
I Medizintechnik-Produkte

|

—u

f = .n#* i
1 [ / ;
| & N P S o
N ) &

ol ;.;_;‘/ Artis pheno

Siemens Healthcare Diagnostics GmbH

Neues CRT-D Implantat Philips Azurion:
Intica 7 HET QP von Biotronik Innovative Bildgebungslésung

Aspirator 3
Labotect GmbH  f

InControl 1050
Labotect GmbH

e-Journal-Abo
Beziehen Sie die elektronischen Ausgaben dieser Zeitschrift hier.
Die Lieferung umfasst 4-5 Ausgaben pro Jahr zzgl. allfalliger Sonderhefte.
Unsere e-Journale stehen als PDF-Datei zur Verfigung und sind auf den meisten der markt-
ublichen e-Book-Readern, Tablets sowie auf iPad funktionsfahig.

] Bestellung e-Journal-Abo

Haftungsausschluss

Die in unseren Webseiten publizierten Informationen richten sich ausschlieBlich an gepriifte
und autorisierte medizinische Berufsgruppen und entbinden nicht von der arztlichen Sorg-
faltspflicht sowie von einer ausflhrlichen Patientenaufklarung Uber therapeutische Optionen
und deren Wirkungen bzw. Nebenwirkungen. Die entsprechenden Angaben werden von den
Autoren mit der grofdten Sorgfalt recherchiert und zusammengestellt. Die angegebenen Do-
sierungen sind im Einzelfall anhand der Fachinformationen zu Uberprifen. Weder die Autoren,
noch die tragenden Gesellschaften noch der Verlag Ubernehmen irgendwelche Haftungs-
anspruche.

Bitte beachten Sie auch diese Seiten:
Impressum Disclaimers & Copyright Datenschutzerklarung



https://www.kup.at/impressum/index.html
https://www.kup.at/impressum/disclaimer.html
https://www.kup.at/impressum/datenschutz.html
https://www.kup.at/cgi-bin/gratis-abo.pl
https://www.kup.at/perl/abbildungen.pl?q=Medizinprodukte+Labortechnik&ct=1&b=a

