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Analysis of cardiovascular system of students in different periods of training

The study of individual characteristics of functional changes and adapt to stressful loads of students
is one of the important physiological problems. The aim of the study was to investigate the changes in
the parameters of the cardiovascular system of students with different levels of mental and emotional
stress under the influence of the exam. Analysis of the results demonstrated that most of the students
respond to the situation as an examination on stressor and experiencing significant psycho-emotional
stress, which are reflected in the functional state of the cardiovascular system. Can also be said about the
underdeveloped cardiovascular system and the students of psycho-physiological instability of the body.
Nature of the reaction of the cardiovascular system in the psycho-emotional stress among students varies
considerably depending on the subjective forecast of passing the examination.
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[. Mbip3anueBa, J1.K. baktabaesa
OpTypni pdyipnepiHae cTyAeHTTEpAIH XKypeK-KaH TaMbipaap
XyheciHiH KepceTKiwTepiH Tanaay

O3ekTi hu3monoruanbiK npobnemanapaaHx 6ipey cTyaeHTTepAiH hyHKUMOHAN e3repTynepaiH epeKLue-
NIKTEPAi aHe cTpecc XKyKTinepre GeiimMaeny npouecti 3epTrey. 3epTrey MakcaTbl — eMTUXaH biKnasbl-
HaH apTypAi AeHreniMeH AaMbITblIFaH NCUX03MOLMOHaNAbI CTPECTi CTYAEHTTEPAIH XKYpPeK-KaH TaMbipnap
KyMeciHiH KepceTKiluTepAiH e3repTynep apKbuUibl 3epTTey. HaTuKenepin Tanaaybl KBpHEKTI KOPCeTTi, CTy-
LeHTTep eMTUXaHAbIK XaFfalfa ce3iMTanibl XXaHe NCMX03IMOLMOHaNAbIK XKaFblHaH XKYKTinep *ypek-KaH
TaMblpnap XyneciHiH Kbi3mMeTiHe Tycegi. EMTUXaH Tancbipy cyobeKTMBTI 60/KaybIHbIH TabbICTbIbIFbI NCK-
X03MOLMOHANAbIK CTPECTiH OPbIHAA XKYPEK-KaH TaMblpiap XKyneciHiH xayabblHbIH peakuuanapbiHa acep
eTeji.

TyitiH ce3paep: ncuxo3MouMoHanabl CTpecc, abbIpXKyablH faMy IeHreli, )KypeK-KaHTaMbIp Xyleci.

[. Mupsanuesa, J1.K. bakTbi6aeBa
AHanus nokasareJieil cepfile4HO-COCYyAUCTON CUCTEMbI
y CTYZleHTOB B pa3/iMyHble Nepuoabl 0oyyeHua

MN3yyeHune nHanBuayanbHbix oco6eHHOCTel PYHKLMOHANbHbBIX U3MEHEeHWI 1 aAanTMPOBaHUSA CTyAeH-
TOB K CTPECCOreHHbIM HarpysKaM ABAAETCA OAHON U3 aKTyanbHbIX Gu3nonoruyeckmx npobnem. Llenbto
uccnefoBaHUA ABUIOCH U3yYeHWe N3MEHeHWI NoKasaTenei cepAeyHoCoCYAMCTON CUCTEMDbI Y CTYAEHTOB
C pa3HbIM YPOBHEM MCHXO3MOLMOHANBHOIO HANPSXeHWA NOA BAUAHMEM 3K3aMeHa. AHanu3 pesynbTaToB
HarnA4HO NoKasal, YTo OCHOBHAA Macca CTY[AEHTOB pearmpyeT Ha 9K3aMeHaLMOHHYI0 CUTYaLMIo, KaK Ha
CTPECCOPHY!I0, Y UCMbITbIBAET 3HAYUTENIbHbIE MCMXO3MOLMOHANbHbIE Harpy3KK, KOTOPbIe OTPaXaloTCA Ha
(YHKLMOHaNbHOM COCTOAHMMN CepPAEYHO-COCYAMCTON cucTeMbl. TaKkKe MOXHO CKa3aTb 0 cnabopasBuTom
CepAEeYHO-COCYANCTON CUCTEME Y CTYAEHTOB U 0 NCUXO(N3MONOTMYECKON HeYCTOMYMBOCTU OpraHn3Ma.
XapakTtep peaKuuu cepfie4HO-COCYANCTOM CUCTEMbl HA NMCUXO3IMOLMOHANbHbIN CTPecC y CTyeHTOB 3Ha-
YMTeNbHO BapbupyeT B 3aBUCHMOCTY OT CyObEKTVBHOIO NPOrHO3a YCMeLWHOCTH CAauM 3K3aMeHa.

KnioueBble cnoBa: NCMX03MOLMOHANbHbIV CTPECC, YPOBEHb Pa3BUTUA TPEBOXHOCTM, CEPAEYHO-CO-
cyaucTas cucTema.
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During study students can experience
considerable psychoemotional strain which can be
reflected in their physiological state, and in some
cases cause deterioration of a state of health and
lead to pathology [1,2]. One such situation is the
examination session, the results of which are for
the student great social importance. Examination
loadings are followed by emotional experiences, and
these experiences creating a prepotential condition
of psychoemotional tension, are individually
different [3]. Properties of the individual response,
usually formed as a result of unequal engagement
functional systems of adaptive changes in the
process of the organism. Therefore, the study of the
individual characteristics of functional changes and
adaptations students to stressful loads accompanying
the learning process, is one of actual physiological
problems.

The aim of the study was to investigate the
changes in indicators of the cardiovascular system
of students with different levels of mental and
emotional stress under the influence of the exam.

Material and methods

Researches were conducted in two stages: at the
first stage examined 38 students of faculty of biology
and biotechnology of Al-Farabi Kazakh National
University aged from 18 till 23 years during training
during a semester (“background researches”),
on the second — the same students in the period
of examinations. In the latter case, a survey was
carried out for 30-35 minutes before the exam, and
an hour after the exam. Used electrocardiograph
CardioVit 2.2.3, by which registered the 12-lead
ECG, hemodynamic studies were performed
using the apparatus of Riva Rochy. The resulting
unscrambled cardiogram, hemodynamic parameters
were calculated: percussion blood volume (PBV),
cardial index(CI), mean dynamic pressure (MDP),
total peripheral resistance (TPR), reographic index
(RI) and ejection time of blood from the left ventricle
(TE) with assessment of the type of hemodynamics.

Psychophysiological diagnostics of a level of
development of uneasiness was carried out by means
of psychophysiological tests: Taylor’s — Spielberg,
test “Man in the rain.” Mathematical analysis was
performed using the program “STADIA 4.5,
developed by A.P. Kulachev. It included: a statistical
description of the parameters, c calculating the
average, the average error, variance, standard
deviation, median, kvarteley, trust mean and
variance; determination of the normal distribution of
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the analyzed data and compare the absolute values
of the parameters of different classes of functional
states on the criterion of “X-square”.

The results of the study

According to the results of psycho-physiological
testing, students were divided into three troupes.
The first group consisted of 12 students with a
minimum level of anxiety in the second group were
19 students with an average degree of anxiety and
the third group consisted of 7 students with the
highest level of anxiety.

In the course of the experiment were
collected electrocardiographic and hemodynamic
performance of the cardiovascular system. The data
obtained showed strong psychophysiological stress
on students exam stress.

Hemodynamics of the cardiovascular system is
greatly changed in the three groups studied, but the
most significant changes were observed in the third
group with the high level of anxiety. Preliminary
examination cardiac index in the time interval
increased by 1.25 times, reaching a value of 3,25
+ 0,12 c.u. at 2,59 + 0,37 c.u. semester of study.
But after passing the exam cardiac index remained
very high, up to 3,45 + 0,11 c.u. (Table 1). Total
peripheral resistance (TPR) and mean dynamic
pressure (MDP) also decreased after passing the
exam. TPR before the exam was 1,878 + 8,25 c.u.
and after the exam was 1,777 = 7,25 c.u., and the
MDP before and after the exam was 87,2 + 2,5 mm
Hg. Very high value was of the specific volume of
blood. Figure to the exam 88,3 + 1,7 ml was higher
than during the semester learning 58,45 + 2,8 ml of
1.5 times (Table. 1). These values did not decrease
after the exam. These high values are not recorded
in the other groups, and indicators are not reduced
to figures semester and after the exam.

Hemodynamic values in the group with
low levels of anxiety were within the normal range
during the semester learning, increased slightly
before the exam and returned to normal after the
exam. Slightly higher hemodynamic parameters
were in the group with an average level of anxiety.
They were relatively high in the semester training
period and during the exam and returned to normal
after the exam (Table. 1).

The dynamics of growth of the level of anxiety in
the main number of students confirmed cardiographic
ECGinavariety ofcardiacarrhythmias. Theexpression
violations were observed in the examination period,
especially in the group with an average level of
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anxiety. But changes in the ECG during the exam
quickly returned to normal after the exam (Fig. 1).
Parameters such as nonspecific changes ST interval
and wave T, characteristised preheart attack state
began to appear in the Preliminary examination
period at 42.1%. However, pathological changes
in the ECG is not recorded in 20% of 42.1%, after
only an hour after the exam. Subepicardial ischemia
semester increased from a value of 5% to 12% during
the exam stress, but also indicators began to decline
after the removal of exam stress (Figure 1). In the
group with high levels of anxiety, changes in the

ECG did not reach high values, as in the group with
an average level of anxiety, but were more stable
and did not decrease even after the exam. In the
group with high levels of anxiety signs of ischemia
subepicardial muscle, blockade of the left branch
of Gisa, intraventricular block, nonspecific changes
ST interval and wave T, indicating pre-heart attack
state, which did not pass even after the exam. In this
group, the percentage of students with pathological
features in the ECG increased slightly, by 2-5%, but
the performance has not consistently decreased after
the exam.

Table 1 — Hemodynamic indices of cardiovascular system of students with different levels of anxiety in different periods

of study
Hemody- Groups of students with different levels of anxiety
namics with low level middle high
of the
cardio- during the before the during the before the during the before the
vascular semester after exam semester after exam semester after exam
. exam . exam . exam
system learning learning learning
1 2 3 4 5 6 7 8 9
SI, c.u. 2,25+0,12 | 2,63+0,37 | 2,49+0,37 2,46+0,11 2,73+0,16 2,34+0,11 2,59+0,37 3,25+0,12 3,45+0,11
P =05 P, ,<0.5
TPR, c.u. 1078+8,25 | 1597+180 | 1004+75,5 | 1721+82,45 1733+£168 151199 1704+75,5 1878+8,25 1777+7,25
P <05
MDP, mm
He 83,2425 84,0+3,4 85,7+0,99 87,7+0,96 89,8+1,31 86,4+1,6 87,7+0,99 87,2425 87,242,5
PBV, ml. 58,3+1,7 59,245,6 | 56,45+2,8 52,15+2,6 53,3+5,4 52,6+5,4 58,45+2.8 88,3+1,7 85,3+1,7
P =05 P, ,<0.5
TE, c. 0,23+0,023 | 0,2+0,014 | 0,240,013 | 0,18+0,013 | 0,18+0,017 | 0,170,012 | 0,2+0,013 0,43+0,023 | 0,42+0,033
P, =05 P, ,<0.5
RI, c.u. 0,61+£0,04 | 0,58+0,07 | 0,6+0,06 0,96+0,06 0,6+0,01 0,64+0,06 0,9+0,06 0,71+0,04 0,69+0,05

The x-axis — a group of students with different
levels of anxiety: 1,2,3 — ECG group of students
with low levels of anxiety, 4,5,6 — ECG students
with an average level of anxiety, 7,8,9 — ECG stu-
dents with high levels of anxiety (performance 1, 4,
7 — ECG during the semester learning; 2, 5, 8 — ECG
before the exam, 3, 6, 9 — ECG after passing the
exam); the y-axis — the percentage of students with
disabilities in the ECG

Range 1 — incomplete right bundle branch
block, range 2 — left bundle branch block, range
3 — ventricular hypertrophy, range 4 — nonspecific
changes ST interval and wave T, range 5 — subepi-
cardial ischemia, range 6 — intraventricular block,
range 7 — a suspected heart attack

Thus, many students with low and medium
level of anxiety in the first place there was a
decrease of vegetative imbalance in the direction of
the norm when you remove the stress factor, but the
balance of the autonomic regulation after removal
of exam stress was not observed in any case.
Quickly exposed to stress are most students with a
high level of anxiety in which hemodynamic and
ECG parameters rapidly change in the direction of
pathology and did not return to normal even after the
exam. In this group were observed uncertainty and
worries about getting a positive assessment of the
exam. It is in this group included students with high
GPA. Most minor changes in the cardiovascular
system were in the group with low levels of anxiety.
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They vary slightly during the exam and quickly
returned to normal after the exam. In this group, the
level of performance was below 3.0 GPA. Analysis
of the results demonstrated that most of the students
respond to the situation as an examination on stressor
and experiencing significant psycho-emotional
stress, which are reflected in the functional state of

the cardiovascular system. Can also be said about
the underdeveloped cardiovascular system and the
students of psycho-physiological instability of the
body. Nature of the reaction of the cardiovascular
system in the psycho-emotional stress among
students varies considerably depending on the
subjective forecast of passing the examination.
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The x-axis — a group of students with different levels of anxiety: 1,2,3 — ECG group of students with low levels of anxiety,
4,5,6 — ECG students with an average level of anxiety, 7,8,9 — ECG students with high levels of anxiety (performance
1,4, 7— ECG during the semester learning; 2, 5, 8 — ECG before the exam, 3, 6, 9 — ECG after passing the exam);
the y-axis — the percentage of students with disabilities in the ECG
Range 1 — incomplete right bundle branch block, range 2 — left bundle branch block, range 3 — ventricular hypertrophy, range 4 —
nonspecific changes ST interval and wave T, range 5 — subepicardial ischemia, range 6 — intraventricular block, range 7 — a
suspected heart attack

Figure 1 — Dynamics of ECG in groups with difterent levels of anxiety
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