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Age peculiarities of the cardiovascular system and blood microcirculation
in students under the influence of dosed physical training

We investigated the adaptive capabilities of the cardiovascular system and blood microcirculation in
18-21-year-old students under the influence of dosed physical training. It was shown that there are significant
age-related differences in the indicators of the cardiovascular system function at rest. By the 21-th year the
majority of the studied parameters have reached the level characteristic of adult young men. After dosed phys-
ical training the indices of the cardiovascular system function increased to a greater or lesser-extent, and the
greatest increase was observed in 21-year-old students. In younger age groups the changes were less effective,
which characterizes the adaptive capabilities of the cardiovascular system depending on age. A marker indicator
of the blood microcirculation system functioning — a microcirculation parameter that determines the direction
of the microcirculation response to a dosed physical training — has been identified. It was found that among
students of the 1st subgroup (low level of the microcirculation parameter) after physical activity it increased,
and among students of the 2nd subgroup (high level of the microcirculation parameter) it mainly decreased,
which characterizes the inclusion of various regulatory mechanisms in the blood microcirculation system. A
decrease in the index of microcirculation efficiency under the influence of physical training was shown (the
most significant in younger students). Such features can be explained by the lack of development of compen-
satory reactions in the microcirculation system.

Keywords: dosed physical training, microcirculation, blood pressure, Kerdo index, adaptive potential, heart
rate, systolic volume, minute blood volume.

Introduction

At present more and more attention is paid to the issues of the influence of physical and psycho-emotional
stress on the human organism. A special roleis.given to the period of study at the university, which is difficult
and lengthy, requires emotional stability, increased energy consumption, and usually affects the age period,
which coincides with the completion of puberty and the formation of homeostatic constants in the organism
[1, 2]. Adaptation to learning conditions:is carried out by mobilizing of functional reserves and turning on
most of the organism'’s regulatory systems. Dosed physical training (DPT) is capable of exerting a certain,
usually adaptive, effect on the body, causing changes in the activity of a number of functional systems: respi-
ration, blood and blood circulation. The most significant changes are observed in the cardiovascular system
(CVS) [3], in particular, in.such important component of its function as blood microcirculation in blood vessels
[4, 5]. In literatureithe problem of adaptation of the cardiovascular system, and especially blood microcircula-
tion to DPT in students has not been sufficiently illuminated to date. The age aspect of this process is presented
in an extremely fragmentary manner.

The aim-of the study was to investigate the adaptive capabilities of the cardiovascular system and blood
microcirculation in 18-21-year-old students under the dosed physical training.

Materials and methods

The investigations were carried out on 130 students of 18-21 years of natural-geographical faculty of the
Bohdan Khmelnitsky Melitopol State Pedagogical University at rest and after DPT. Students were divided into
4 age groups: 18 years old — 35 students, 19 years old — 30 students, 20 years old — 30 students, 21 years
old — 35 students. Investigations with student’s participation were carried out in accordance with the Council
of Europe Convention “On protection of human rights and human dignity”, considering the use in biology and
medicine the Convention “On human rights and biomedicine” (Ne 164 of 04.04.1997) and the Helsinki Decla-
ration of the World Medical Association (2008).

The students' heart rate (HR) and blood pressure (BP) were determined using the KDTx-4 complex (Hun-
gary); pulse pressure (PP), mean dynamic pressure (MDP), systolic volume (CV), minute blood volume
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(MBV) were calculated. Also, the Kerdo index (KI) and adaptive potential (AP) were determined. The last
was calculated by the formula:

AIT=0.011*4YCC +0.014*CA/ +0.008* A/ +0.009* MT —0.009* P+ 0.014* B—-0.27 .

DPT was modeled using a Biorhythm-4 bicycle ergometer and was selected in such a way that the work
power provided the rate of O, consumption at the level of 70-75 % of VOmax. For this the cadence for 2 minutes
was 50-80 revs/min [5].

The study of blood microcirculation (MCC) was carried out by the method of laser Doppler flowmetry
(LDF) using the LAKK-01 apparatus (Russia) [6, 7]. The principle of the method is based on the reflection of
a laser beam from moving blood particles (erythrocytes). The displayed signal encodes information about
fluctuations in the flow of erythrocytes, both in terms of volumetric content and their speed [8].

The microcirculation parameter (PM), standard deviation (SD), coefficient of variation (Kv) were rec-
orded, and the active and passive mechanisms of blood flow modulation were assessed. The LDF signal was
measured on the ventral surface of the 4th finger of the left hand. The duration of the LDF-gram recording was
2 minutes [7].

Statistics

The results were statistically processed with help of the STATISTICA 6 software using the Student's
t-test. The results are presented as the mean value + error of the mean (M £ m), since, due to a significant array
of digital material, as well as in accordance with the Shapiro—Wilk criterion, the obtained data fit into the
normal distribution law [9]. Differences between the mean values were considered statistically significant at
P < 0.05.

Results and discussion

The conducted research showed that HR among students of different ages at rest was significantly differ-
ent; the highest value was observed in 18-year-old subjects. After performing DPT, this parameter increased
in all age groups, most significantly in 19-year-olds —its value increased 1.8 times, which characterizes an
adequate, but ineffective CVS response to DPT of a.given intensity (Table 1).

Table 1

Changes in some parameters of the cardiovascular system function in 18-21-year-old students
before and after dosed physical training

Characteristics Survey. period 18 years 19 years 20 years 21 years

Heart rate (beats/minute) Before 70.8+1.12 58.0+1.12* 63.7+0.99* 65.2+1.51
After 123.8+2.24** 106.0+2.61** 107.9+4.2** 103.6+1.58**

Systolic pressure Before 128.3+1.24 121.7+0.31 115.743.42 138.94+2.15*
(mm Hg) After 181.7+2.49** 166.7+1.24** 157.1+4.22** 183.842.31**
Diastolic pressure Before 86.7+1.24 81.7+0.31* 79.3+£2.49 93.6+2.10*
(mm Hg) After 84.24+0.62 81.6+0.32 80.1+2.31 83.24+1.84**
Pulse pressure Before 41.7+1.24 40.0+£0.15 36.4+0.93 44.2+0.98
(mm Hg) After 97.5+2.80** 85.0+1.55** 77.1+4.35** 100.6+0.95**
Mean-dynamic pressure Before 100.6+1.26 95.0+0.31* 91.4+2.59 108.3+1.98*
(mm Hg) After 116.7+1.04** 110.0+0.41** 105.7+2.28** 116.74+2.30**
Systolic volume Before 63.8+0.96 65.0+0.15 63.0=1.02 60.4+1.68
(milliliters) After 95.1+1.63** 89.0+0.99** 85.0+£2.73** 95.2+1.12**
Minute blood volume Before 4.8340.61 3.76+0.08* 4.02+0.09 3.9440.08
(liters) After 11.8+0.041** 9.52+0.33** 9.17+0.63** 9.86+0.09**
Notes. * — differences are significant between age groups (relative to the younger age group, P < 0.05); ** — the differences are
significant between the values of indicators before and after physical training (P < 0.05).

In students the adaptation of HR to DPT depended on age and manifested itself as a stress reaction. As a
rule, the release of stress hormones and the activation of the autonomic nervous system, aimed at the stabilizing
of internal environment in the absence of adaptation of the organism to the physical activity were observed [1].
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Indicators of systolic pressure (SP) underwent age-related fluctuations at rest: they decreased with age
and, apparently, stabilized by the age of 21 at the level typical for healthy young men. Similar changes were
observed in relation to diastolic pressure (DP) (Table 1).

After performing DPT an increase in SP was noted in all age groups. The greatest increase of this indicator
was observed in 19-year-old students (1.4 times) and its value reached 166.7+1.24 mm Hg.

When analyzing changes in cardiac activity under the influence of DPT, we noted that in 18-year-old
students it is due to an increase in HR by 75.2 %. It is usually considered as insufficient efficiency of cardiac
activity regulation [10]. In 19-year-old students after DPT the observed changes in cardiac activity were to an
even greater extent due to the predominance of chronotropic effects: the HR increased by 82.7 %. In 20-year-
old students the influence of chronotropic effects on cardiac activity after DPT slightly decreased: the HR
increased only by 69.3 %, and in 21-year-old students the HR increased by 58 % (while the SP increased by
slightly more than 40 %). Thus, it can be assumed that the efficiency of regulation of cardiac activity increases
in students of older age groups. It can be concluded that the least efficiency of regulation in response to DPT
occurs in the 19-year-old surveyed students.

The response of DP to DPT was manifested by a significant (by 11.1 %; P <0.05) decrease in 21-year-
old students with unchanged indicators in other age groups. It is precisely this reactionfrom the side of blood
pressure observed in older students that at present is considered adequate during physical activity [11]. In all
age groups the increase in PP and MDP were noted, and significantly more pronounced. relative to PP in per-
sons aged 21 (Table 1).

An informative indicator of the hemodynamic function is the value of the systolic volume. Among the
examined students its value differed depending on age, the highest value of SV was observed in 21-year-olds
(95.2+1.12 ml). After DPT the SV characteristics increased, but the rate of growth was different. The smallest
shift was observed in 19-20-year-olds (by 36.9 and 34.9 %, respectively), the largest in 21-year-old students
by 57.6 % (Table 1). Hemodynamic changes of those in older age group followed a more effective path, mainly
due to the volumetric rather than frequency component.

The value of the minute blood volume is determined by the need of organs and systems for oxygen.
Comparing the values of MBYV in the age aspect, it should be noted that at rest the differences had spasmodic
character, however, only in 19-year-old students the value of MBV was significantly reduced, in the other
groups the differences were in the form of a tendency (Fig.'1).
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Figure 1. Age-related changes in minute volume of blood circulation (MBV) of the surveyed students

The MBYV value after DPT increased in all age groups approximately equally from 2.3 to 2.5 times, de-
pending on the age of the examined. It should be noted that the increase in this parameter after DPT, as indi-
cated, was mainly due to the increase in HR, which points to a low efficiency of the heart, with its increase by
the age of 21, i.e., towards the end of puberty.
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Analyzing the changes in KI, we can judge the mechanisms of cardiac activity regulation. Thus, all stu-
dents after performing DPT had sympathicotonia. The sympathetic nervous system plays a central role in the
regulation of the CVS, therefore the predominance of the processes of activation and stimulation of physio-
logical functions in the examined subjects can be stated, which is especially important under DPT [12]. The
most pronounced sympathicotonia was observed in 18-year-old students.

The analysis of the adaptive potential (AP) among students showed that in the overwhelming majority of
cases the AP level testified the unsatisfactory adaptation of the organism, which characterizes insufficient
adaptability to physical activity. This is especially true for 18-year-old students, whose adaptive potential was
3.65. In older subjects (for example, a group of 20-year-olds) AP decreased to 3.15, which indicates the tran-
sition of the organism from the level of unsatisfactory adaptation to the level of functional tension of its mech-
anisms [13].

When analyzing the MCC in students on the basis of the conducted research, it was shown that, depending
on the value of the main parameter of microcirculation (PM), it is necessary to divide each age.group of the
examined into 2 subgroups. Subgroup | consisted of students whose PM values ranged from.0.5 to 10 pf. units,
in the subgroup Il the PM ranged from 12 to 25 pf. units.

Comparing the value of PM in students of both subgroups in the age aspect, it can'be noted that among
students of subgroup | the highest value of PM was observed in 21-year-olds, and in subgroup Il in 19-year-
olds, which indicates a greater perfusion in this tissue area. After DPT students of subgroup | showed an
increase in PM: the greatest increase was in 21-year-olds — 1.8 times, while in students of subgroup Il this
indicator decreased in 19-21-year-olds, with the exception of 18-year-old students. An increase in PM char-
acterizes an improvement in perfusion in the probed area, and a decrease inPM indicates the relative impair-
ment of perfusion (Fig. 2). Apparently, at high PM values the reserve capacity of tissue blood supply is re-
duced.
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Figure 2. Age-related changes in the microcirculation parameter (PM)
in students at rest and after physical dosed load

The indicator of the standard deviation (SD), which characterizes the temporal variability of microcircu-
lation, changed in the age aspect in students of both subgroups, smoothly increasing with age in students of
the subgroup | and changing abruptly in the direction of increase in the students of the subgroup Il (Fig. 3).
After DPT in students of subgroup I it increased in 18-20-year-olds, which indicates an increasing of the MCC
lability, while in the older age group its relative stabilization was observed. Students of subgroup 11 showed a
decrease in SD, i.e., a decrease in the temporal variability of MCC in response to DPT (Fig. 3).
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Figure 3. Age-related changes in the indicator of the standard deviation (SD)
of microcirculation in students at rest and after physical dosed training

There were also marked age-dependent changes in Kv among students-of the subgroup I; the highest
value was found in 18-year-olds (Fig. 4). In the second subgroup of students the differences in this indicator
at rest were insignificant. After DPT the most pronounced deviations were observed in 18-year-olds of sub-
group | — this indicator decreased. Since Kv characterizes the relationship between the variability of perfusion
and the mean perfusion in the probed tissue site, thereby indicating the percentage contribution of active com-
ponents to the total modulation of tissue blood flow, we can speak of an increase in the load on the vasomotor
component of tissue blood flow modulation at a young age to.ensure stable perfusion of the microvasculature.
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Figure 4. Age-related changes in the indicator of the coefficient of variation (Kv)
among students at rest and after physical dosed training

The most important parameter characterizing the process of microcirculation is the index of the efficiency
of microcirculation (IEM), since it characterizes the relationship between active and passive mechanisms of
blood flow modulation in the MCC system.

When analyzing this parameter among students in the age aspect, both in subgroup I and in subgroup II,
IEM increases with age (with a maximum in 19-year-olds from subgroup I). Influence of DPT has a lowering
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effect on this index in all age groups of both subgroups. The greatest decrease in IEM was observed in 19-year-
old students of the subgroup I (Fig. 5).

The decrease of IEM in students of both subgroups in response to physical activity can be explained by
the lack of compensatory mechanisms development, especially in younger age groups.
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Figure 5. Age-related changes in the index of the efficiency of microcirculation (IEM)
among students at rest and after physical dosed training

Conclusion

Despite the insignificant age differences between the groups of students, the indices of the cardiovascular
system function (HR, SP, DP, SV, MBV) at rest significantly differed depending on age. By the age of 21 most
of the studied parameters (either decreasing.or increasing in waves) reached the level typical for young adult
men.

After physical training these indicators increased to a greater or lesser extent, and the most pronounced
increase was observed in 21-year-old students. In younger age groups the changes were less effective, which
additionally indicates an insufficient level of the adaptive potential of their organism.

Such features must be taken into account when planning the training process of students in physical train-
ing classes. Moreover, in.parallel, a decrease in the index of microcirculation efficiency under the influence of
physical training (also the mostssignificant in younger students) was shown. The degree of this decrease de-
pended on the initial level of the microcirculation parameter, i.e., on the intensity of tissue blood supply. Such
features can be explained by the lack of development of compensatory mechanisms in the blood microcircu-
lation system.
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H.T". Cunopsxk, E.B. Po3oBa

Jo3aanrad pu3HKAIBIK 0eJICEHAVIIKTIHACEPIHEH CTyIeHTTepaeri
AKYPeK-KaHTaMBbIP Kyleci peakusicbl MeH KaH MUKPOLUHMPKYJIALUACHIHBIH
’Kac epekmesikTepi

Jozananran Qu3nKanblK OeNCeHADTIKTIH acepineH 18—21 jKacTarbl CTyIEHTTEpAEri XKYpPeK-KaH TaMbIpJiaphl
JKYHECIHIH »KoHEe KaHHBIH MUKPOLUPKYJILHMACHIHBIH alalTUBTI MYMKIHAIKTEpl 3epTTeNreH. TBIHBIITHIK
JKaFalbIHIa JKYPEK-KaHTaMBIp JKYHECIHIH KbI3MeTi KOPCETKIIITepiHIe jKacka OaiIaHBICTBI aWTapibIKTail
afbIpMaIIbUIBIKTap Oap eKeHIiri kepceTiireH. 21 jkacka Kapai 3epTTeNreH MHAMKAaTOPJIapIblH KOIIIiIiri
epecek epiepre ToH JeHreire xerti. JlosanaHFaH (QU3MKAIBIK XKYKTEMEIEH KeHiH KypeK-KaH TaMbIpiaapbl
JKYHecCiHiH KepCeTKilTepi a3bl-KONTi-0cTi, al eH yikeH ociM 21 jkacrarsl crymentrepae Oaiikammsl. JKac
TomTapaa e3repicTep a3 OoJIbL /Oy Kacka OalIaHBICTBI KXYPEK-KaH TaMbIpJaphl KYHeciHiH OeiMaeny
MYMKIiHIIKTepiH KepceTeni.. KaHHBIH MUKPOUMPKYISALIUS KYHECIHIH KYMBICHIHBIH MapKep HHIUKATOPBI —
Jo3aJaHFaH (QU3HKAIBIK JKYKTEMere MUKPOLUPKYIISAINS PEaKIUACHIHBIH OaFbITHIH aHBIKTAHTHIH MHKPOLP-
KyJISIUst mapaMeTpi 6esingi. [-mii mmaFbsiH TONTHIH CTYAEHTTEp] apackiHia (IapaMeTp/iH TOMEH JeHTeili) 1eHe
KATTBIFyJIapblHaH KEWIH OHBIH JKOFapbUIaFaHbl AHBIKTAJIbl, aj 2-IIi IIAFbIH TONTHIH CTYASHTTEpiH/e
(mapameTpaiH *KoFapbl AHTell) Heri3iHeH TOMeH e, OYJI SpTYpIl peTTey MeXaHU3MiH €HTi3yl CHIaTTaiThIH
KaHHBIH MHKPOUUPKYJIAM JKyiieci. DU3MKaNbIK OCICEHIUTIKTIH 9CEpPiHEH MHUKPOUUPKYJIAIUS THIMILTITI
WHIEKCIHIH TOMEHIeyi OaWkamael (eH MaHBIBIBICHI Kac OKyIIbUlapaa). MyHmall —epeKmemikTepai
MHKPOLHPKY SIS JKYHECiH/Ie KOMIIEHCATOPIIBIK PeaKLUsIIap/IbIH JaMbIMaybIMEH TYCIHAIpyTre Oonapl.

Kinm ce30ep: mo3ananra aeHe OeJICEHALTIr1, MUKPOUMPKYISLUS, KaH KbICBIMBI, Kepno mHaekci, oerimaerny
MOTCHIMAIIBI, XXYPEK COFBICHI, CHCTOJIANBIK KOJIEM, KAHHBIH MUHYTTHIK KOJIEM.

H.I'. Cunopsik, E.B. Po3oBa

Bo3pacTHble 0CO0CHHOCTH peaKIMHU CePAEYHO-COCYAMCTON CHCTEMBI
U MUKPOUUPKYJISLUMU KPOBH Y CTYJAEHTOB 10/ BJAUSTHHEM
AO03MPOBAHHON (pU3UYECKON HATPY3IKH

HccnenoBanu afantanoHHEIE BO3MOXXHOCTH CEPAETIHO-COCYJUCTOH CHCTEMBI I MUKPOIMPKYJISIIUKA KPOBH Y
18-21-neTHHUX CTYAEHTOB IOJ BIMSHHEM JO3MPOBAHHOW (H3WdecKkoil Harpysku. [lokazaHo Hammume cymie-
CTBEHHBIX BO3PACTHBIX Pa3IN4Mil TOKa3aTesneil pyHKIMH CepeUHO-COCY JUCTON CUCTEMBI B COCTOSTHUM MTOKOSI.
K 21-my rogy GONBIIMHCTBO M3y4aeMBbIX MOKa3aTENeH JOCTHIAIN YPOBHS, CBONCTBEHHOI'O B3POCIHBIM MOJIO-
IbIM My)XuuHaM. [Tocne 103upoBaHHON (HU3NUECKOI HArpy3KH MOKa3aTean QYHKIUH CepleYHO-COCYANUCTOM
CHCTEMBI B OOJIbLICH WK MEHbIIEH CTENeHH BO3PACTAIN, IPHYeM HAanOOIBbIIHI IPUPOCT OT™MEedacs y 21-net-
HHUX CTYAEHTOB. B Maqmmx BO3pacTHBIX TpyNIax W3MEHEHUs HOCHIN MeHee 3((eKTHBHBIA XapakTep, UTO
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CBUJICTENILCTBYET 00 a/aNTAllMOHHBIX BO3MOJKHOCTAX CEPIEYHO-COCYAUCTOH CHCTEMBbI, 3aBUCAIIMX OT BO3-
pacra. Beizenen MapkepHblid okasareinb QYHKIMOHUPOBAHUS CHCTEMbl MUKPOLMPKYJISALME KPOBH — Iapa-
MEeTp MHUKPOLMPKYJISILHHU, ONPEACISIOINK HaPaBJIeHHOCTh PEaKIMH MUKPOLUPKYJISILUK Ha JO3UPOBAHHYIO
(u3HYecKyI0 Harpy3Ky. Y CTaHOBJIEHO, YTO y CTyAEHTOB | moarpynmsl (HU3KHH ypoBEHb IapaMeTpa) mocie
(u3mIecKoi HAarpy3KH OH yBENMYUBAICSH, a Y CTyIeHTOB Il moarpymms! (BEICOKHH ypOBEHb Iapamerpa) —
MNPEUMYIIECTBCHHO YMEHBIIANICS, YTO XapaKTepU3yeT BKIIOUCHUE Pa3IMYHBIX MEXaHH3MOB PETYJIAINU B CH-
CTeMe MUKPOLMPKYJHIIUU KpoBH. [Toka3aHo cHIkKeHHe HHAEKca () (HEeKTUBHOCTH MUKPOLMPKYIISIIHN O/ BIH-
stHUeM (pU3HUYeCKOl Harpy3ku (Hanbosee CyneCTBEHHOE Y MIIA/IIINX CTYACHTOB). Takne 0COOEHHOCTH MOKHO
OOBSICHUTD HEIOCTATOYHOCTBIO Pa3BUTHS KOMIICHCATOPHBIX PEAKIUH B CUCTEME MUKPOLIMPKYJISLIIH.

Kniouesvie cnosa: no3uposaHHas pH3UUecKas Harpy3Ka, MUKPOLMPKYJIILUS, apTepHanbHOE JaBIeHUE, HHIEKC
Kepno, agantannoHHBII MOTEHIMAN, YaCTOTa CEPACYHBIX COKPAIICHHH, CUCTOIMYECKUNA 00BbeM, MUHYTHBIN
00BEM KpOBH.
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