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Adaptive changes of the cardiovascular system to physical exercise
in the young males of the mountainous districts of Zakarpattia:
the role of somatotype and component body composition

Introduction. The cardiovascular system performs a particularly important role in the adaptation of children, adolescents, and young
adults to various environmental factors. During periods of rapid growth in children, adolescents, and young adults, significant variability in
morphophysiological parameters and physical development is observed, largely influenced by somatotype. Changes in hormonal levels at
different stages of ontogenesis result in significant morphofunctional differences, particularly in the cardiovascular system. Zakarpattia is a
region with ecological and geographical features that determine the endocrine and morphofunctional status of people living in these territories.

The purpose of the study is to determine the peculiarities of the recovery of the cardiovascular function according to the indicators of
the recovery of the heart rate and blood pressure after dosed physical exercise in young males of the mountainous districts of Zakarpattia,
depending on the somatotype and the component composition of body mass.

Materials and methods. 124 young males aged 17-21, residents of the mountainous regions of Transcarpathia, participated in the study.
The assessment of the dynamics of cardiovascular system indicators depending on the constitutional characteristics of body composition
was carried out by methods of heart rate monitoring, sphygmomanometry, bicycle ergometry, determination of somatotype using caliper and
bioimpedancemetry, as well as statistical processing of research materials using Microsoft Excel 2010 spreadsheets.

Results and discussions. The number of young males with increased diastolic pressure, which is regarded as a negative vascular reaction,
after performing work with a power of 1 W per 1 kg of body mass was 7.26%, and after performing work with a power of 2 W per 1 kg of
body mass, it was 2.42%. The "phenomenon of infinite tone", which disappeared within 1 minute after stopping work, was observed only
after performing work with a power of 2 W per 1 kg of body weight in 41.13% of young males. The dynamics of changes in diastolic pressure
during dosed exercise in the examined young males depended on the somatotype: the highest percentage of individuals with an increase in
diastolic pressure appeared in endomesomorphs and in young males with a balanced somatotype, namely in 9.52% and 7.14%, respectively;
depended on the component composition of body mass: in 5.26% of young males with a relatively normal content of skeletal muscles and in
6.2% of young males with a high relative fat content, we observed an increase in the level of diastolic pressure above the baseline, while in
young males with high and very with a high relative content of the muscle component and in persons with a normal and low relative content
of fat, no such changes were registered. The «phenomenon of infinite tone» was observed only in 50.0% of young males with a high relative
fat content, who performed work under a cycle ergometric load with an intensity of 2 W per 1 kg of body mass.

Conclusions. The prevalence of the fat component and the relative decrease of the muscle component in the somatotype and component
composition of the body of young males from mountainous districts causes a negative reaction of blood vessels, namely an increase in diastolic
pressure above the initial level.

Key words: diastolic pressure, somatotype, young males.
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ApanrtaniiiHi 3MiHH cepUeBO-CYIMHHOI cCUCTeMH /10 Pi3MYHUX HABAHTAKEHb MOJIOAI
ripcbKux paioHiB 3akapnarTsa: poJjib COMATOTUILY TA KOMIIOHEHTHOT0 CKJIAJy MACH Tijia

Beryn. CepueBo-cyniHHA cucTeMa Bilirpae 0cOOIMBO BaKIIMBY PO B aaNTawii JiTei, MiATiTKIB Ta MOJIOAI 10 Pi3HOMaHITHHX (hakTopiB
30BHIIIHBOTO CEpPElOBHINA. Y Mepioay IMIBHAKOIO POCTY Y iTeH, MiMTITKIB i MOJOAMX JIFOZEH CIOCTEpIracThesl 3Ha4YHa BapiaOeNbHICTh
Mop}OoQi3i0NOoriYHIX MOKA3HUKIB i ()i3HYHOTO PO3BHUTKY, IO 3HAYHOIO MIPOIO 3aJIXKHUTH BiJl COMATOTHITY. 3MiHH TOPMOHAJIBHOTO (OHY
Ha PI3HMX eTamax OHTOTeHE3y MPH3BOIATH N0 3HAYHUX MOP(OQYHKIIOHATHHUX BiIMIHHOCTEH, 30KpeMa B CEpLEBO-CYAMHHIH CHCTEMi.
3aKapnarTs € PerioHOM 3 €KOJIOTTYHUMH Ta reorpadiyHIMH 0COOIMBOCTSAMHY, [0 OOYMOBIIOIOTh SHIOKPUHHUH Ta MOp(OQYyHKI[IOHATBHHUI
craryc oci, sKi MPOXKUBAIOTH HA X TCPUTOPISX.

Merta. BetaHoBUTH 0cOONMMBOCTI BiTHOBIEHHS (yHKIIT CEpLIEBO-CYTMHHOI CUCTEMHU 32 TMOKa3HMKAMH BiTHOBICHHS YacTOTH CEpPLEBHX
CKOPOYEHb 1 apTepialbHOrO TUCKY IiCHs 1030BaHOi (i3MYHOT poOOTH y IOHAKIB TiPCHKUX PaifoHIB 3aKaprarTs 3aJIeXHO BiJl COMAaTOTHITY Ta
KOMITOHEHTHOTO CKJIAJ[y MacH Tija.

Marepiaan Ta Mmetoau. B nocnimkenni Opanu ydacts 124 ronakiB Big 17-21 poky, MemIKaHI TipcbKUX paiioHiB 3akapmarts. OUiHKy
JIMHAMIKN MOKa3HUKIB CEpIEBO-CYIMHHOI CUCTEMH 3aJ€KHO BiJl KOHCTUTYLIHHHX XapakTepHUCTHK CKIaAy Tia 3IIHCHIOBANM METOIaMU
MOHITOPHHTY CEpIEBOrO PUTMY, c(hirMOMAaHOMETpii, BeIOeproMeTpii, BH3HAYEHHS COMATOTHILy i3 3aCTOCYBaHHSAM KalilepoMeTpii Ta
OioimMImeTaHCOMETPii, @ TAKOXK CTaTHCTHYHOI 0OpOOKH MaTepiaiB AOCHI/UKEHHS 13 3aCTOCYBaHHAM eJIeKTpoHHUX Tabmuip Microsoft Excel
2010.

Pesynbratu Ta 00roBopenns. KinbKicTh IOHAKIiB i3 IMiJBHUIICHNM [iaCTONIYHAM THCKOM, IO PO3IIHIOEThCS SK HETATHBHA PEAKI[is
CyZHH, HiCJIsi BUKOHAHHS poOoTH HoTyxHicTio 1 BT Ha 1 kr Macu Tina cranoBuna 7,26%, a micis BUKOHAHHSA POOOTH MOTyskHicTio 2 BT Ha
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1 xr macu tina 2,42%. «DeHOMEH HECKIHYCHHOTO TOHY», SKHil 3HUKaB MPOTArOM 1-01 XB 10 MPHIMHEHHIO POOOTH CIOCTEpiraBcs JHIIe
IicJst BUKOHAHHS po0oTH moTyxkHicTio 2 BT Ha 1 kr macu Tina y 41,13% ronaxiB. [[uHamika 3MiH AiaCTONIYHOTO THCKY IIPH JT030BAHUX
(Gi3MYHAX HABAaHTAXKEHHSX Y 0OCTEKEHMX IOHAKIB 3alie)kana BiJl COMATOTUITY: HAHOLTBIINI BIICOTOK 0Ci0 13 MiABUIEHHSAM IiaCTONIYHOTO
THCKY TPOSIBUBCS Y €HA0Me30MOp(]iB Ta y IOHAKIB 3i 30aJJaHCOBAHMM COMATOTHIIOM, a came Y 9,52% ta 7,14% BinnoBinHo; 3aiexana Bif
KOMITOHEHTHOTO CKJIay MacH Tina: y 5,26% IOHaKiB 3 BiTHOCHMNM HOPMaJbHHM BMICTOM CKEJIETHHX M’si3iB Ta y 6,2% IOHaKiB 3 BUCOKHM
BiZIHOCHIM BMICTOM JKHPY MH CIIOCTEpIrajid MiABHIICHHS PiBHSA AIaCTOJNIYHOTO THUCKY BHINE BHXITHOTO, TOAI SIK y IOHAKIB 3 BUCOKHM Ta
Jy’Ke BUCOKUM BiJTHOCHUM BMICTOM M’SI30BOTO KOMIIOHEHTY Ta y 0Ci0 3 HOPMalbHHM Ta HU3bKUM BITHOCHHM BMICTOM JXHPY TaKHX 3MiH
He peectpyBasocs. «DeHOMEH HEeCKIHUYEHHOTO TOHY» croctepiraBcs jmme y 50,0% IoHAaKiB 3 BHCOKHM BiJIHOCHHUM BMICTOM JKHDY, SKi
BUKOHYBAJIM POOOTY IPH BEIOEPTOMETPUIHOMY HABaHTAXKEHHI iHTeHCHBHICTIO 2 BT Ha 1 KT Macu Tina.

BucnoBkn. [lepeBara »kupoBoro KOMIIOHEHTY Ta BiJHOCHE 3MEHIIEHHS M’ I30BOT0 KOMIIOHEHTY Y COMATOTHITi Ta KOMIIOHEHTHOMY CKJIaJi
TiJIa FOHAKIB TiPCHKUX pallOHIB BUKIMKAE HETATHBHY PEAKIIIO CYAUH, a caMe ITiABUIEHHS 1iacTOIIYHOr0 TUCKY BHILE BUXITHOTO PiBHSL

KiirouoBi cjioBa: 1iacTOMIYHMIA THCK, COMATOTHIL, FOHAKH.

Introduction. In the conditions of modern scientific
and technological progress, the human body is under con-
stantly influenced by various stressors, including mete-
ogeographical factors, which requires enhancement of
the adaptive mechanisms of the functioning of individual
systems [1, 10, 13, 15]. The functioning of the organism
in the process of adaptation to the environment occurs in
the state of health and illness. However, adaptation can be
carried out in pre-nosological conditions, which differ in
the level of tension of the regulatory systems. The degree
of stress of the regulatory systems determines the current
functional state of an individual, which is necessary to
maintain homeostasis [12, 14, 17, 18]. The cardiovascular
system performs a particularly important role in the adap-
tation of children, adolescents, and young adults to various
environmental factors. Therefore, it is extremely impor-
tant to know the parameters of norm and variations in the
development of the cardiovascular system of children and
adolescents in modern conditions. During periods of rapid
growth in children, adolescents, and young adults, signif-
icant variability in morphophysiological parameters and
physical development is observed, largely influenced by
somatotype. Changes in hormonal levels at different stages
of ontogenesis result in significant morphofunctional dif-
ferences, particularly in the cardiovascular system [4, 5, 7].
Zakarpattia is a region with ecological and geographical
features that determine the endocrine and morphofunc-
tional status of people living in these territories [3, 16].

The purpose of the study is to determine the peculiari-
ties of the recovery of the cardiovascular function according
to the indicators of the recovery of the heart rate and blood
pressure after dosed physical exercise in young males of
the mountainous districts of Zakarpattia, depending on the
somatotype and the component composition of body mass.

Research methodology and methods. 124 young males
aged 17-21 who live in the mountainous districts of Zakar-
pattia participated in the study. The examined individuals
made up 52.5% of the total number of the examined young
males. For conducting the constatative experiment, carried
out at the Department of Surgical Dentistry and Clinical
Disciplines of Uzhhorod National University, monitoring

of heart rate was performed using the TOPCOM HB 8MO00
chest pulse sensor and sphygmomanometry. Observation,
registration and analysis of adaptive changes in functional
indicators of the cardiovascular system were carried out
during bicycle ergometry after two loads of 1 W/kg and
2 W/kg with a 5-minute interval immediately after work
and three times after its completion (at 1, 2, and 3 minutes)
[2,9, 11]. The somatotype was determined using the Heath-
Carter method using the «Digital Body Fat Caliper», a tape
measure and a «Digital Caliper 150 mm» electronic caliper
[6]. The component body composition was determined by
the bioelectrical impedance method, assessing the total fat
content component according to the criteria of H.D. McCa-
rthy and D. Gallagher, and the muscle component accord-
ing to Omron Healthcare, using the Body Composition
Monitor «KOMRON BF511» device [8]. The statistical anal-
ysis of the research results was performed using Microsoft
Excel 2010 electronic spreadsheets, enabling the analysis
of measurements and calculations of obtained values.

Presentation of the main research material. Table |
shows the dynamics of heart rate recovery in young males
from the mountainous districts of Zakarpattia after physi-
cal exercise mainly in aerobic (with stimulation of aerobic)
and anaerobic (with stimulation of anaerobic lactic) metab-
olism.

In the first minute of the recovery period, the decrease
in heart rate almost did not depend on the intensity of the
exercise. However, the dependence between the inten-
sity of exercise and the degree of decrease in heart rate
was observed later. Thus, in young males with a heart
rate of 130-140 bpm™ 120 s it decreased on average by
37.240.45 bpm™ after the completion of exercise, while in
males with a heart rate of 180-190 bpm™! it decreased by
55.9+0.34 bpm™'. After 180 s of recovery period after work-
ing inthe aerobic mode of energy supply (HR 130-140 bpm'")
the decrease was 38,6+0,47 bpm™! on average, and upon the
completion of the exercise with the stimulation of anaer-
obic processes (180-190 bpm™) it was 56,8+0,30 bpm'.
Moreover, from 120 s to 180 s of the recovery period, the
decrease in heart rate slowed down significantly, regardless
of the mode of energy supply of muscle work.

Dynamics of heart rate recovery after exercise in young males from mountainous districts, n=124 fovle
Increase in Decrease in HR (bpm™) after the completion of exercise, M+m
exIeirl:\:igel: l;glgn1 after 10 s after 20 s after 30 s after 60 s after 120 s after 180 s
130-140 10,2+0,23 18,6+0,29 30,4+0,32 33,2+0,43 37,2+0,45 38,6+0,47
180-190 12,8+0,27 22,6+0,29 31,4+0,30 43,8+0,32 55,9+0,34 56,8+0,30
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A positive reaction of the arterial vessels to bicycle
work should be considered as an increase in systolic blood
pressure (SBP) and a decrease or stability of diastolic blood
pressure (DBP). Due to the peculiarities of determining
blood pressure using the Riva-Rocci method, in some indi-
viduals, there is a phenomenon known as the «phenomenon
of infinite tone», which manifests itself as the disappear-
ance of Korotkoff sounds when the needle of the sphyg-
momanometer falls to zero. Although, as is known, lower-
ing DBP to zero level is incompatible with life. In reality,
in cases of registering the «phenomenon of infinite tone»,
DBP corresponds to a value of approximately 50 mm. Hg.
An important aspect of our research was the analysis of
the reaction of arterial vessels to dosed physical exercise in
young males from the mountainous districts of Zakarpat-
tia, table 2. 7.26% of young males had increased diastolic
pressure, which is regarded as a negative reaction of blood
vessels, after performing the exercise with a power of 1 W
per 1 kg of body weight; however, the number of such indi-
viduals slightly decreased to 2.42% after performing the
exercise with a power of 2 W per 1 kg of body weight. The

«phenomenon of infinite tone», which disappeared within
1 minute after the cessation of the exercise, considers it as
a physiological reaction of the arterial vessels to exercise,
was observed only in 41.13% of young males after per-
forming the exercise with a power of 2 W per 1 kg of body
weight.

When analyzing the dynamics of changes in diastolic
pressure during dosed physical exercise in young males
from the mountainous districts of the Zakarpattia region
depending on the somatotype, we found that the highest
percentage of individuals with an increase in diastolic
pressure in response to physical exercise with a power of
1 W per 1 kg of body weight was manifested in endomes-
omorphs and in young males with a balanced somatotype,
9.52% and 7.14%, respectively, (Table 3). During a cycling
ergometric exercise with an intensity of 1 W per 1 kg of
body weight, the number of individuals with a decrease in
diastolic pressure was lower due to an increase in the num-
ber of those who had the «phenomenon of infinite tone». At
the same time, only in endomesomorphs and young males
with a balanced somatotype (4.8% and 3.57% of individ-

Table 2

The types of changes in diastolic pressure during dosed physical exercise in young males
from mountainous districts, n=124

Type of diastolic pressure changes, mm.Hg, M+m
[13
Below the initial level Equal to the initial level lfhen(.)menon” Above the initial level
Load of infinite tone
capaci
pacity Number of DBP, Number of DBP, Number of DBP, Number of DBP,
° mm.Hg, ° mm.Hg, ° mm.Hg, ° mm.Hg,
persons, % Mtm persons, % Mm persons, % M+m persons, % Mtm
1 Wkg'! 66,13 59,4+0,91 26,61 76,2+1,91 - - 7,26 85,0+1,19
2 Wkg'! 56,45 60,2+1,01 - - 41,13 2,42 93,0+8,79
Note: * — the data were not presented numerically
Table 3

The types of changes in diastolic pressure during dosed physical exercise in young males
from mountainous districts depending on somatotype, n=124

Type of diastolic pressure changes, mm.Hg, M+m
Load Below the initial level | Equal to the initial level (;‘fl;::g?l?t?::s;, Above the initial level
capacity Number of DBP, Number of DBP, Number of DBP, Number of DBP,
o mm.Hg, o mm.Hg, o mm.Hg, o mm.Hg,
persons, % M<m persons, % M<m persons, % M<m persons, % M<m
Endomesomorphs (n=42)

1 Wkg'! 61,9 54,042,02 28,57 84,2+1,85 - - 9,52 86,7+2,80
2 Wkg'! 47,62 68,8+1,85 - - 47,62 * 4,76 100,0+2,65
Mesomorphs (n=29)

1 W-kg! 72,41 63,8+1,77 24,14 75,0+4,54 - - 3,45 85,0
2 W-kg! 68,97 55,5+1,85 - - 31,03 * - -
Mesoectomorphs (n=19)
1 W-kg! 78,95 61,7+1,92 15,8 75,0+4,18 - - 5,26 90,0
2 W-kg! 63,16 54,243,24 - - 36,84 * - -
Ectomorphs (n=6)
1 Wkg'! 50,00 58,3+16,7 333 75,0+8,85 - - 16,7 90,0
2 Wkg'! 66,67 62,5+5,60 - - 33,3 * - -
Balanced somatotype (n=28)

1 Wkg'! 60,71 60,3+2,43 32,14 67,2+5,35 - - 7,14 81,5+0,88
2 Wkg'! 50,00 59,34£2,03 - - 46,43 * 3,57 80,0

Note: * — the data were not presented numerically
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uals, respectively), the diastolic pressure level was higher
than the initial level. Among young males of other somato-
type groups, there were no individuals with an increase in
diastolic pressure in response to physical exercise with a
power of 2 W per 1 kg of body weight.

As evidenced by the data in Table 4, the functional
capabilities of the cardiovascular system based on the
indicator of changes in diastolic pressure depended on
the content of the muscle component. Thus, only among
young males with a relatively normal content of this com-
ponent (33.3 — 39.3%), 5,26% of individuals had a dias-
tolic pressure level above the initial level. On the other
hand, among young males with a high and very high rel-
ative content of the muscle component, no individuals
were registered with an increase in diastolic pressure after
dosed exercise on a cycle ergometer with a power of 2 W
per 1 kg of body weight.

The «phenomenon of infinite tone» was observed in
young males who performed exercise under a cycle ergo-

metric load with an intensity of 2 W per 1 kg of body
weight, regardless of the content of the muscle component.

As evidenced by the data in Table 5, the adaptation of
the cardiovascular system according to the indicator of
changes in diastolic pressure depended on the fat content.
Only in 6.2% of young males with a high relative fat con-
tent (19.9-24.9%) increase in diastolic pressure above the
initial level was observed, while in young males with a
normal and low relative fat content, no individuals were
registered with an increase in diastolic pressure after exer-
cise on a bicycle ergometer with a power of 2 W per 1 kg
of body weight. The «phenomenon of infinite tone» was
observed only in young males who performed exercise
under a cycle ergometric load with an intensity of 2 W per
1 kg of body weight. The largest number of such individ-
uals (50.0%) was found among young males with a high
relative fat content.

Conclusions. Differences in the response of arterial
vessels to dosed physical activity depending on the soma-

Table 4

The types of changes in diastolic pressure during dosed physical exercise in young males
from mountainous districts depending on the muscle content of the body composition, n=124

Type of diastolic pressure changes, mm.Hg, M+m
Below the initial level Equal to the initial level “Ifhen(_)menon” Above the initial level
Load of infinite tone
capacit
pactty Number of DBP, Number of DBP, Number of DBP, Number of DBP,
o mm.Hg, o mm.Hg, o mm.Hg, o mm.Hg,
persons, % M<m persons, % M<m persons, % M<m persons, % M<m
Normal skeletal muscle content (33,3 — 39,3 %), n=76
1 Wkg'! 72,4 58,0+1,19 23,9 81,1+1,33 - - 3,95 83,0+1,67
2 W-kg! 57,9 58,1+1,38 - - 36,8 * 5,26 95,0+5,61
High skeletal muscle content (39,4 — 44,0 %), n=39
1 Wkg'! 74,4 64,3+1,86 23,08 77,8+2,38 - - 2,6 90,0
2 Wkg'! 71,8 60,0+1,91 - - 28,2 * - -
Very high skeletal muscle content (> 44,0 %), n=9
1 Wkg'! 55,6 62,0+4,29 33,33 76,7+12,6 - - 11,11 80,0
2 W-kg! 55,6 63,0+4,29 - - 44,44 * - -
Note: * — the data were not presented numerically
Table 5

The types of changes in diastolic pressure during dosed physical exercise in young males
from mountainous districts depending on the fat content of the body composition, n=124

Type of diastolic pressure changes, mm.Hg, M+m
e .. o e “Phenomenon s
Load Below the initial level Equal to the initial level of infinite tone” Above the initial level
capacit
pactty Number of DBP, Number of DBP, Number of DBP, Number of DBP,
o mm.Hg, o mm.Hg, o mm.Hg, o mm.Hg,
persons, % M<m persons, % Mm persons, % M<m persons, % M<m
Low fat content (< 8,0 %), n=7
1 Wkg'! 71,4 61,0+4,29 14,3 75,0 - - 14,3 90,0
2 W-kg'! 57,1 57,5+5,61 - - 42,9 * - -
Normal fat content (8,0 — 19,9 %), n=101
1 Wkg'! 71,3 60,4+1,0 24,8 73,8+£2,27 - - 3,9 82,5+2,80
2 W-kg! 62,4 57,5+1,09 - - 37,6 * - -
High fat content (19,9 — 24,9 %), n=16
1 W-kg! 56,2 55,6+4,76 37,5 78,3+5,3 - - 6,3 90,0
2 W-kg! 43,8 70,0+3,02 - - 50,0 * 6,2 110,0
Note: * — the data were not presented numerically
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totype and component composition of the body were found
in young males from mountainous districts of Zakarpattia.
Thus, with load capacity of 1 W per 1 kg of body weight,
the highest percentage of those in whom diastolic pressure
increased during physical exercise was observed among
young males of endomesomorphic and balanced somato-
types. Dosed exercise on a bicycle ergometer with a load
capacity of 2 W per 1 kg of body weight caused an increase

in diastolic pressure only in young males with a high rela-
tive fat content and normal relative skeletal muscle content.
That is, the prevalence of the fat component and the relative
decrease of the muscle component in the somatotype and
component composition of the body of young males from
mountainous districts causes a negative reaction of blood
vessels, namely an increase in diastolic pressure above the
initial level.
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