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FUNCTIONAL STATE OF THE CARDIOVASCULAR SYSTEM
OF STUDENTS IN A MODERN SCHOOL

Abstract

Our research was aimed at studying and identifying the features of changes in the health status
of senior students in the transition to the updated content of education. The peculiarities of changes
in the functional state of the cardiovascular system, adaptive capabilities of the body are revealed.

The state of hemodynamics of 10th grade students during the period of adaptation to the
updated training format revealed signs of tension in the work of the cardiovascular system of
adolescents. During the academic year, the detrained cardiovascular system of adolescents was
revealed due to the tension of hypodynamic processes, fatigue of the central nervous system,
violations of the regulatory mechanisms of the circulatory system.
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KA3IPT'T MEKTEII )I{JAF)IAI‘/JIBIHI[AFLI OKYWBUIAPIABIH
KYPEK-KAHTAMBIP )KYUECIHIH @ YHKIINOHAJIJIBIK KAT'JIAUBI

Anoamna
bi3 xyprisreH 3eprrey, KaHApThUIFaH OuTiM Oepy Ma3MyHBIHA KOIly OapbIChIHIA, >KOFAPHI
CBIHBIN OKYIIBUIAPBIHBIH JICHCAYIIBIK JKaFIalbIHIaFel ©3TePICTepAiH EpPeKIISIIKTepiH 3epTTeyre
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JKOHE aHbIKTayFa OarbITTanFaH. JKypek-KaHTaMbIp >KyHecCiHIH (YHKIMOHAIABIK KYHIHIH e3Trepy
epeKIIeTIKTEP1, aF3aHbIH OCHIMIEeTy MYMKIHIIKTEP1 aHBIKTAJIJIBI.

JKanaptburran OKbITY popMaThiHa Ociimaeny ke3eHiHaeri 10-ChIHBIT OKYIIbUIAPBIHBIH TeMO-
JUHAMUKACBIHBIH JKaFdaiibl, KacecHipiMICPAiH JKYPEK-KaHTaMbIp JKYHCECIHIH KYMBICHIH/IAFbI
mmenenHic OenruiepiH aHbIKTaAbl. OKY JKbUIbI OapbICBIHIA >KAaceCHipiMIepae THUIOIUMHAMHKAIBIK
MIPOLICCTEP/IIH IIUEIICHICYIHE, OPTAJIBIK KYHUKE JKYHECIHIH IIapliayblHa, KaH aiHaJIBIMbI KYHECIHIH
peTTey MeXaHW3MIEpiHiH Oy3bUTybIHA OalJIaHBICTBI JKYPEK-TaMbIp JKYHECIHIH (U3HOIOTHSIBIK
e3repicTepl aHbIKTaJIbL.

Tyiin ce3mep: xacecmipiMjep, reMOJIMHAMUKA, KYPEK-KaH TaMbIpjiap Kykeci, )KaHapThUIFaH
Oiim Oepy Ma3MyHBI

Tawenosa I'K.
Kaszaxckuit nayuonanvhwiti nedazocuueckuti yHusepcumem umeru A6as6
Anmamul, Kazaxcman

OYHKIIMOHAJBHOE COCTOSTHHUE CEPI[E‘IHO-COCXI[HCTOIX CUCTEMbI
YYAIIIUXCA B YCIIOBUAX COBPEMEHHOMU HIKOJIBI

Annomayus

[TpoBeneHHOE HAMH HCCIIEIOBaHKE OBUIO HAMPABJICHO HA W3YYEHUE M BBIBICHHE OCOOCHHOCTH
M3MEHEHMH B CTaTyce 3/0pOBbsl YYEHMKOB CTaplIero Kjacca B Iepexone Ha OOHOBIIEHHOE
cozepkanue oOpazoBaHMs. BBISIBIEHB OCOOCHHOCTH W3MEHEHHH ()YHKIIMOHAIBHOTO COCTOSIHHUS
CEepAECYHO-COCYTUCTOM CUCTEMBI, aAaNTAlIMOHHBIX BO3MOKHOCTEH OpraHn3Ma.

CocrosiHEEe TeMOJIMHAMUKN y4eHHKOB 10-ro Kiiacca B MEpHOJ aJanTalud K OOHOBJICHHOMY
¢dopmary oOyuyeHMs BBIABUJIO NPHU3HAKU HANpsDKEHUS B paboTe cepliedHO-COCYIMCTOM CHCTEMBI
nozapoctkoB. Ha mporskeHun yueOHOro roaa BbIABIEHBI JeTpeHupoBaHHOCTE CCC moapocTKoB
BCJIE/ICTBUE HAIPSDKEHUs TUIOJMHAMUYECKHX mpoueccos, yromnenus [IHC, nHapymenus pery-
JSTOPHBIX MEXAHU3MOB CUCTEMBI KPOBOOOpAILIEHUS.

KiroueBble cjI0Ba: MOJIPOCTKH, TEMOUHAMUKA, CEPAECYHO-COCYIUCTAs CUCTEMa, OOHOBIIEHHOE
coJiep;kaHue 00pa30BaHUs

Introduction. School education in Kazakhstan is undergoing significant transformations due to
the intensive growth of digitalization, the information space that invades the daily lives of children.
Against this background, we see a serious reduced general condition in the health of schoolchildren,
which requires special attention to this problem. The negative dynamics in the state of health of
students, especially of high school age, causes serious concern. The impact of innovative
educational loads with a high level of psycho-emotional and intellectual stress in the conditions of
the updated content of education negatively affects the functional capabilities of the body of
schoolchildren, causing a decrease in adaptive reserves, the emergence of a situation of
misalignment of the mechanisms of regulation of autonomic functions, which declare itself in the
form of deterioration of working capacity, increased fatigue and, as a consequence, to a sharp
deterioration in well-being. In addition, during puberty, problems appear in the work of the heart,
lungs, and circulatory system, leading to a decrease or increase in vascular tone.

In adolescence, there is a forced growth of the heart, its mass, the heart rate (HR) decreases, and
systolic blood pressure (SAD) increases. From the age of fourteen, a gender difference in the work
of the cardiovascular system is revealed [1].

Materials and methods. The work was performed at the Department of Biology of the Institute of
Natural Sciences and Geography on the basis of SMI "Gymnasium 35" Medeu district of Almaty.
As the object of this study, volunteers were involved on a voluntary basis — students of the 10th "B"
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class of both sexes. A total of 22 people took part (girls — 14, boys — 8). The work was carried out on the
basis of ethical principles of conducting research on humans, as well as taking into account the age of
students (16-17 years). The volunteers and their parents were provided with full information about the
planned studies and requested written permission from parents to participate in the experiment, as well as the
consent of the participants themselves.

Simple, accessible, valid methods of studying the functional state of the cardiovascular system
(hereinafter referred to as CVS) of schoolchildren were used, which do not require special stationary
equipment.

To assess the functional state of the CVS, measurements of primary indicators were carried out — height,
weight, heart rate (HR), blood pressure (BP), allowing further calculation of system characteristics-pulse
(PD) and average dynamic pressure (ADP), minute blood volume (MBV) and peripheral resistance (PR).

The measurement of the parameters of the physical development of students was carried out in
the medical office of the school using a standard height meter and electronic scales on an empty
stomach, without shoes, in light clothes, in the presence of a school medical staff.

The pulse was calculated by counting the heart rate on the wrist joint on the radial artery in a
sitting position for 10 seconds.

Arterial pressure (BP) was measured by Korotkov's auscultative method [2], using a manual
tonometer AND (manufactured by A&D Company, Limited (Tokyo, Japan)).

The functional state of the subjects was assessed according to several system characteristics as a
result of the following tests. The minute volume of blood circulation (MVC) was determined [3],
which allows us to judge the mechanical activity of the heart muscle. The consistency of regulation
of cardiac output and peripheral resistance was judged by the data of average dynamic pressure
(ADP) [3]. The coefficient of efficiency of blood circulation, CEC, was also determined [3]. This
coefficient helps to evaluate one of the main functional characteristics-physical performance, which
directly depends on the state of the CVS. The Martinet test was carried out according to the
standard scheme [3]. The study of the tolerance of dynamic strain, which makes it possible to assess
the optimality of vegetative maintenance of the CVS, was carried out using the Rufier test [3].

Results and their discussion. The study of the indicators of the state of the CVS of adolescents
studying in the 10th grade was carried out throughout almost the entire school year, starting from
the second quarter (period 1), then at the end of the second quarter immediately after the week of
summative assessment for the section (SASs) and summative assessment for the quarter (SAQS)
(period 2), then during the vacation period (period 3) and at the end of the third quarter (period 4).

Prior to the functional tests, anthropometric measurements of the height and weight data
necessary for further calculations according to the methods described above were made. The study
of the dynamics of the cardiac system by indicators such as blood pressure, heart rate and average
dynamic blood pressure was carried out during the above periods.

As can be seen from Figure 1, the level of SAP (systolic blood pressure) by the time of the end
of the second quarter during the period of intense load in the form of SASs in all disciplines and the
final week of the SAQ, revealed a slight increase in SAP compared to the level of the beginning of
the quarter.

So, in the group of girls, this indicator increased by 3.03 mmHg, in the group of boys — by 4
mmHg. The indicators of diastolic blood pressure (DAP) revealed a slight decrease in the level of
DAP in girls by 2.65 mmHg, while in boys an increase of 5 mmHg was recorded. Dynamics
average dynamic pressure (ADP), which can be used to judge the consistency of regulation of
cardiac output and peripheral resistance, practically did not change in the group of girls, whereas in
the group of boys its increase by 4.6 mmHg was observed.

As for changes in heart rate readings, its increase was 2.74 and 6.08 beats/min in girls and boys,
respectively.

During the winter holidays, the performance indicators of the CVS were reduced: SAP — by 8.3
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mmHg and 7.04 mmHg, DAP — by 2.2 mmHg and 3.8 mmHg, respectively, in the groups of girls
and boys, and the heart rate decreased by 8 beats/min in girls and 4 beats/min for young men. The
results of the ADP changes were also reduced by 4.2 mmHg and 4.9 mmHg in the respective
groups. Thus, we can talk about a decrease in all indicators of the functional state of the CVS
almost to the control values identified at the beginning of the study.

The next period of research was conducted closer to the end of the third quarter, in March. SAP
in girls increased by 8.06 mmHg and in boys by 5.11 mmHg, DAP — respectively by 5.3 mmHg and
7 mmHg, heart rate — by 6.6 beats/min and 9.07 beats/min, and ADP indicators — by 6.2 mmHg and
7.01 mmHg.

During the educational year, there is a slight increase in tension from the CVS indicators,
namely the level of blood pressure, heart rate and ADP. It is quite logical to assume that this
condition is caused by a significant mental load associated with a reduced degree of motor activity,
as well as an increased level of emotional component accompanying the adaptation period to the
new learning system. In addition, the transition to an updated teaching system with its specific
structure, involving SASs and SAQ, occurred at the end of puberty.

In order to better understand the changes in the functional state of the CVS in dynamics, the
following indicators were calculated: systolic volume (SV), minute circulation volume (MCV),
circulatory efficiency coefficient (CEC).
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Figure 1. Dynamics of indicators of blood pressure,
heart rate and average dynamic pressure during the 2019-2020 academic year

On the abscissa axis — the value of blood pressure, in mmHg (SAP — systolic blood pressure,
DAP — diastolic blood pressure, ADP — average dynamic pressure), heart rate, in beats /min (HR);
on the ordinate axis — study periods: sample 1 — the beginning of the 2nd quarter, sample 2 — the
end of the second quarter, sample 3 — holidays, sample 4 — the end of the 3rd quarter. *~ p> 0,05

Systolic volume (Figure 2), as it turned out during the experiment, undergoes the following
fluctuations in the volume of circulation. So, by the end of the second quarter, girls had an increase
in SV by 7.6% relative to the control values (at the beginning of the quarter), while boys showed a
decrease in this indicator by 5.2%.
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Figure 2. Dynamics of systolic volume (SV) indicators during the educational year

On the abscissa axis — the value of systolic volume (SV), in ml.; on the ordinate axis — study periods:
sample 1 — the beginning of the 2nd quarter, sample 2 — the end of the second quarter, sample 3 — holidays,
sample 4 — the end of the 3rd quarter. *— p> 0,05

Further dynamics of SV in the group of girls during the holidays did not show significant shifts in the
number, remaining slightly higher than the primary indicators, then decreased up to control values by the end
of the study period (end of the third quarter).

In youth, the picture of the dynamics of SV is somewhat different: during the holidays, the changes in
the indicator did not change relative to the level recorded at the end of the second quarter, but by the
end of the third quarter, SV decreased by 10.03% relative to the vacation period and by 14%
relative to the level of SV at the beginning of the second quarter, which is slightly lower than the
standard values of SV in adolescents aged 16-17 years (the norm is 60-65 ml).

Figure 3 shows what changes the minute volume of blood circulation (MVC) underwent during
the study period. In the group of girls, the value of the MVC during the end of the second quarter
increased by 12% relative to the initial indicators, then during the holidays it returned almost to the
background values. And then by the time of the end of the third quarter, it again increased by 6%
relative to the data from the beginning of the research. If we compare the indicators of the MVC of
girls with the data of similar studies, the trend of lower MVC indicators in Almaty schoolgirls
compared to their peers living in flat areas is revealed [4].

Whereas in the group of youth, the indicators of the dynamics of the MVC were stable
throughout the entire period of the experiment, only by the end of the second quarter exceeding the
background indicators by only 3%, which is a slight increase.

It should be noted that the average background indicators of the MVC in both boys and girls in
this age group are almost identical, which does not contradict the literature data [5]. The rise in the
level of MV C registered in our results in girls can be explained by a more labile psych emotional
component than in boys. Although there are several contradictions with the literature data [5],
which show a more stable state of the cardiovascular system in girls by the age of 17.

It is likely that in our research we touched upon the moment of the final completion of the
functional development of the CVS, which could affect the results.

The circulatory efficiency coefficient (CEC), as an indicator of the cost of CVS for the
movement of blood through the bloodstream, is also effective for assessing the adaptive capabilities
of the adolescent body in the presented study.

An increased value of CEC was revealed in both girls and boys, and throughout the school year.
So, by the end of the second quarter, when students were in the mode of intellectual and emotional
loads associated
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Figure 3. Dynamics of indicators of minute volume of blood circulation (MVC)
during the educational year

On the abscissa axis — the value of the minute volume of blood circulation (MVC), in ml.; on
the ordinate axis — study periods: sample 1 — the beginning of the 2nd quarter, sample 2 — the end of
the second quarter, sample 3 — holidays, sample 4 — the end of the 3rd quarter. *— p> 0,05

with passing in all subjects of the SAS and then the SAQ, the value of the CEC increased
relative to background values by 18.23% in the group of girls, but at the same time there was some
slight decrease in the CEC in boys.

During the winter holidays, the CEC indicators decreased in both groups — by 20% and 6.6%,
respectively, in girls and boys, but at the same time they did not reach the indicators of the accepted
norm (2600 standard unit) (Figure 4).
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Figure 4. Dynamics of indicators of the circulatory efficiency coefficient (CEC)
during the educational year

On the abscissa axis — the value of the circulatory efficiency coefficient (CEC), in units; on the
ordinate axis — study periods: sample 1 — the beginning of the 2nd quarter, sample 2 — the end of the
second quarter, sample 3 — holidays, sample 4 — the end of the 3rd quarter. 1 —a group of girls, 2 —a
group of boys. *— p> 0,05

Then, with further tracking of the dynamics of CEC, at the end of the third quarter, the
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indicators again increased by 16.7% and 4.8% in the groups of girls and boys compared with the
data observed during the vacation.

As can be seen, the indicators of the dynamics of the CEC during the school year revealed clear
signs of tension in the work of the cardiovascular system of adolescents and ambiguous with respect
to gender. The girls had more pronounced differences in the CEC curve, which is especially evident
in the decrease in indicators during the vacation and sharp rises during periods of intensive
educational activity. In youth, the maximum value of the CEC is shown at the beginning of the
study with further smoother changes in the curve.

A more complete picture of the state of hemodynamic parameters was studied using such a
widely used method for mass screening as the Martinet test. In Figure 5 the results of these studies
are presented.

The changes were judged by the difference in hemodynamic parameters at rest and after
physical exertion in the form of squats. Martinet's test revealed significant changes in
hemodynamics during the educational year. So, in girls, compared with the beginning of the second
quarter, when the result on the difference between the indicators (heart rate, SAP and DAP) at rest
and after exercise was good (less than 5), then at the end of the quarter this difference showed a
spread from 6.04 to 9.02, which indicates a satisfactory state of the circulatory system, although the
data on SAP was approaching a critical level. During the vacation, the difference between the
indicators decreased, but not to optimal values (from 5.07 to 5.53). And by the end of the third
quarter, in March, an increase in the difference was recorded, especially in terms of heart rate — the
state of the system almost approached an unsatisfactory level — 9.6.

In the group of boys, the dynamics of heart rate, SAP and DAP indicators before and after
exercise at the beginning of the second quarter was also good, but slightly higher than in girls. By
the end of the quarter, these indicators had almost doubled, except for DAP, which even slightly
decreased.

In general, the state of hemodynamics can be described as satisfactory. The test results at the
time of the holidays showed the same trends towards a decrease in the difference in indicators at rest
and after dynamic loading towards a state that is good. But at the end of the third quarter, an unfavorable
picture was revealed in the boys, namely, the level of difference in heart rate and SAP reached critical
values — more than 10, which indicates an unsatisfactory degree of the state of the CVS.
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Figure 5. Dynamics of the Martinet sample indicators during the educational year

On the abscissa axis — the value of blood pressure, in mmHg (SAP — systolic blood pressure,
DAP — diastolic blood pressure, heart rate, in beats /min (HR); on the ordinate axis — study periods:

128




Abau amvinoazvr Ka3¥I1V-niy Xabapwwicel, « Kapamwviivicmany-eeocpapus vlavimoapsly cepusicol, Ned(74), 2022 suc.

sample 1 — the beginning of the 2nd quarter, sample 2 — the end of the second quarter, sample 3 —
holidays, sample 4 — the end of the 3rd quarter. *— p> 0,05

This gives grounds to assert that adaptation to the new format of training takes place with
tension from the circulatory system, negatively affecting the overall functional state of young
people, especially teenage boys.

Another, no less interesting method of assessing the vegetative state of the body is the
determination of the Roufier index (Figure 6).

The tolerance of dynamic load, which made it possible to assess how optimally vegetative
maintenance of the functions of the cardiovascular system occurs, underwent significant
fluctuations during the experiment.

In the group of girls at the end of the second quarter, the Rufier index (IR) increased by 70.6%
compared to the initial level, which indicates that the test was performed on the Rufier scale at
"weak". During the holidays, the IR returned to the indicator "good", even slightly less than the first
sample. And at the end of the third quarter, the test also showed a "weak" level, an increase of
which amounted to 144.4% relative to the vacation level.

The changes in the parameters of the Rufier test in the teenage boys were even more serious.
Thus, the second sample revealed an increase in the index by 86.2% compared to the first sample at
the beginning of the second quarter, which characterizes the state of the CVS as close to
unsatisfactory. During the vocation period, the vegetative status of the teenagers returned to a
satisfactory level, without reaching the primary indicators. The Rufier test at the end of the third
quarter showed an increase in IR by 114.8%, thereby revealing a rather serious unsatisfactory
vegetative support of the circulatory system.

Both girls and boys during the entire study period were not shown to perform the Rufier test
"perfectly”, which indicates a fairly low level of physical fitness of adolescents, detrained CVS,
whose condition worsened during the educational year, revealing as possible causes increased
hypodynamic processes, tension and fatigue of the central nervous system, violation of regulatory
mechanisms of circulation.
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Figure 6. Dynamics of the Rufier Index (IR) during the educational year

On the abscissa — IR axis, standard units; on the ordinate axis — study periods: sample 1 — the
beginning of the 2nd quarter, sample 2 — the end of the second quarter, sample 3 — holidays, sample
4 — the end of the 3rd quarter. *— p> 0,05

Thus, it can be stated that the state of hemodynamics of 10th grade students during the period of
adaptation to the updated training format revealed clear signs of tension in the work of the
cardiovascular system of adolescents. There were some differences in the reactions of the CVS of a
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gender nature, which is probably due to the age-related features of the formation of the cardiac
system in girls and boys, as well as the psycho-emotional component. In general, the experiment
revealed a fairly low level of physical fitness of adolescents, deconditioning CVS, whose condition
worsened during the school year. Possible causes were stress of hypodynamic processes, fatigue of
the central nervous system, violation of the regulatory mechanisms of the circulatory system.
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