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Abstract. Totally 128 young people aged 17-21 were examined including 50

individuals with normal values of blood pressure and 78 people with arterial

hypotension. Young people with arterial hypotension were ranged according to the

level of arteral pressure: first group

included 39 persons (moderate arterial

hypotension) where the level of mean arterial pressure was determined as 80-75 mm
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Hg; the second group (expressed arterial hypotension) included 39 people with level of
mean arterial pressure 74.9-70 mm Hg followed by an analysis of the nature of the
adaptive capacity of cardiovascular system to exercise and in the recovery period. The
research allowed ranking the degree of maladaptation according to the most
pronounced changes in indicators after physical loading. It is proposed to characterize
the adaptation indicators during physical activity as following: increase mean arterial
pressure up to 5%, heart rate up to 80%, and Robinson index up to 120% considered as
normal adaptation; increase of mean arterial pressure to 6-30%, heart rate to 80-120%,
and Robinson index to 121-200% to be considered as a moderate degree of
maladaptation; increase in mean arterial pressure more than 31%, heart rate more than
121%, and Robinson index more than 201% considered as expressed degree of
maladaptation.

Key words: arterial hypotension, indexes of hemodynamics, adapting capacity,

physical loading, autonomic supply.

According to data of WHO, cardiovascular diseases are the most common and ranked
first in the world (WHO, 2014) [1, p. 4]. Recently, there is a tendency in increasing of
the prevalence of hypotensive reactions in young people thus the greatest interest is the
study of early signs of disturbance of adaptive capacity of cardiovascular system,
which substantiates the actuality of the problem and makes it necessary to study it in
detail.

The aim of research: To determine the peculiarities of autonomic supply of physical
loading by analyzing the dynamics of cardiovascular system indicators and features of
their normalization in early recovery period.

Materials and methods. Examination of persons was conducted at the Department of
Physiology of Kharkiv National Medical University. Totally 128 young people aged
17-21 were eximined. The control group (CG) included 50 healthy individuals. The
group of examination included 78 people with arterial hypotension; the first group of

subjects (moderate arterial hypotension - MAH) included 39 persons, where the level
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of mean arterial pressure was determined as 80—-75 mm Hg; the second group
(expressed arterial hypotension - EAH) included 39 people with level of mean arterial
pressure 74.9—70 mm Hg followed by an analysis of the nature of the adaptive capacity
of cardiovascular system to exercise and in the recovery period. To assess the adaptive
capacity of cardiovascular system and to identify possible features in cardiovascular
system activities, we applied a physical loading (PhL) with individual maximum
duration.

Results and discussion.

It is determined that the duration of PhL in persons of CG was 103 s. An analysis of
the dynamics of the heart rate (HR) showed that the increase in HR after PhL in
individuals CG was 80%, in same time at 5th minute of recovery period they HR was
83 bpm, that is, the index recovered by 55%, and compared with the rest state is a
deficit of recovery was 16 %. Thus, the dynamics of HR indicates that in the individuals
of this group the physical activity was lower than the fatigue limit and has effective
autonomic supply [2, p. 155].

Analyzing the dynamics of HR in people with MAH, it was found that the increase in
HR after PhL was 119%, which is 39% more than in CG individuals, with the duration
of PhL in persons in this group of 67 s., which is 35% less than in persons of CG.
During the recovery period the HR was 95 bpm, where the difference is 51%, compared
to the examined CG people, the recovery of the HR is slower and the deviation
of the indicator was 45%, but in the persons of the CG at the 5th minute of recovery
period the difference reaches 16%. In the course of the HR analysis in persons
with EAH it was found that the increase of the HR after the PhL was 126%, which is
8% more than in the persons with MAH and 46% more than in the CG patients,
with the duration of PhL equaled to 65 s. The HR in recovery period was 94.9 bpm, the
deviation is 55% and compared with rest state there was no difference with the results
in people with MAH. The results of HR dynamics in persons with MAH and EAH
indicate that the lower the initial HR index and the level of arterial pressure (AP) at rest,
the greater the increase in HR, and its recovery occurs slower, which indicates the

inadequate normalization of AP.
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Analyzing the dynamics of systolic (SAP) and diastolic (DAP) arterial pressures in

CG individuals, it was found that the increase in SAP was 20% and at the 5th minute

of recovery period it almost reached the initial level, where the deviation was 1%. The

dynamics of DAP showed a decrease in the index after PhL, where the deviation

compared to the rest state was 9%, and at the 5th minute the recovery of the deviation

of the indicator was 2% so that there was almost complete recovery of the indicator,

reflecting the efficiency and adequacy of the regulation processes and satisfactory

supply of physical activity (Table 1,2).

Table 1
Indexes of hemodynamics in individuals with moderate arterial hypotension

(MAH) compared with control group (CG) (M+6, Nn=89)

Rest state After physical loading Recovery period
Index
CG MAH | % CG MAH % CG MAH | %
71,1+ | 65,8+ 127,9+ | 143,8+ 82,5+ 95,1+
HR 7 -12 -15
8,7 2,8 18,1 8,3 10,7 8,3
99,6+ 1435+ | 135,6+ 1207+ | 1149+
SAP | 1194434 17 6 5
2,4% 10,9 54 8,8 4,4
76,2+ 66,9+ 69,6+ 81,9+ 74,9+ 70,3+
DAP 12 -18 6
4,9 2,5* 7,6 2,5* 55 3,4
43,6+ 32,7+ 73,6+ 53,7+ 45,8+ 44,6+
PP 25 27 3
6,2 3,2* 10,5 5,6* 7,0 3,9
90,7+ 77,8+ 94,1+ 99,8+ 90,2+ 85,1+
MAP 14 -6 6
3,6 1,9 7,9 2,6 59 3,3
VR | 16254267 |1472+73| 9 | 728+145 | 575+40,6 | 21 [1348+214| 1058£117 | 22
SV | 64,4457 | 64,4+3 | - | 83,3£7,3 | 97+4,1 |-16|66,3+4,7 | 68,4+£3,3 | -3
0,1
CO | 4,6+0,68 |4,2+0,2| 7 | 10,6+1,7 | 13,9+0,9 |-31 | 5,5£0,8 | 6,5+0,7 |[-19
RI | 84,9+11,1 |65,6+3,4| 23 [183,7+£32,1]195,1+15,2| -6 |99,5+14,3{109,3£10,6|-10

* - statistically different (p <0,05) compared to control group (CG).
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Analysis of the dynamics of SAP and DAP in persons with MAH revealed that an
increase in SAP after PhL was 36%, which is 16% more than in CG people, the
deviation of the indicator in recovery period was 18% and compared to rest state is
14% more, than in CG individuals. The analysis of the dynamics of DAP revealed that
the increase in DAP after PhL was 22%, unlike the dynamics of DAP in individuals of
CG. During the recovery period there was a decrease, but the deviation reaches 5%.
Table 2
Indexes of hemodynamics in individuals with expressed arterial hypotension
(EAH) compared with control group (CG) (M6, N=89)

ind Rest state After physical loading Recovery period
ndex
CG EAH % CG EAH | % | CG EAH %
HR | 71,1+ | 65,1+ 127,941 | 1472+ 82,5+ | 94,9+
8 -15 -15
8,7 4,3* 8,1 6,4 10,7 g*
SAP | 1194+ | 91,5+ ’3 143,5+ | 130+ o 120,7+| 112,9+ 5
3,4 3,7* 10,9 10,5 8,8 7,4
DAP | 76,2+ | 61,2+ 69,6+ | 79,2+ 74,9+ | 68,8+
20 -14 8
4,9 2,1* 7,6 5,3* 55 2,7
PP 43,6+ | 30,38+ 73,6+ | 50,8+ 458+ | 44,1+
30 31 4
6,23 4,64 10,5 10,2 6,95 6,68
MAP | 90,7+ | 71,3+ )1 94,1+ | 96,2+ 5 90,2+ | 83,5+ .
3,6 1,6% ** 7,9 5,7 59 3,6
VR [1625+26|1320+14| 19 |728+145(539,4+5| 26 |1348+2|1028+11| 24
9,5 7,3 14 5
SV |644+5,7| 67+3,3 | -4 |83,3+7,3(97,6+7,2| -17 |66,3+4,| 69,2+3,5| -5
7
CO |4,6+0,68| 4,4+04 | 5 |10,6+1,7(14,3£1,0| -35 |5,5+0,8| 6,6+0,8 | -21
RI [ 84,9+11(59,644,9| 30 |183,7+32(191,3+1| -4 |99,5+1107,7+15| -8
* 1 7,7 4,3

* - statistically different (p <0,05) compared to control group (CG).
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The dynamics of SAP and DAP in persons with EAH showed that the increase in SAP
after PhL was 42%, which is 6% more than in persons with MAH, and 21% more than
in the people of CG. Analyzing the dynamics of DAP, it was found that in persons with
EAH, as well as in persons with MAH, there was an increase in DAP along the PhL,
the duration of which was shorter than that of CG people. The increase of the indicator
was 29%, and a 12% deviation compared to state of rest was observed in the recovery
period. The increase in DAP during PhL in individuals with arterial hypotension is
most likely due to the shorter duration of PhL, i.e. only due to the activation of the
sympathetic devision of ANS, but not by local vasodilation.

An analysis of the dynamics of mean arterial pressure (MAP) and pulse pressure (PP) in
CG people revealed that the increase of MAP after PhL was 4% and 30% in PP, which
can be explained by the fact that an increase in MAP is observed immediately after PhL
due to the increase of SAP and some decreased of DAP, but the value of MAP did not
change significantly because it is largely dependent on DAP, that is, this way of CVS
response to this type of PhL is characterized as an effective and capable of supplying the
current metabolic needs of active tissues. In the recovery period, the indicators
approached to their initial values (Table 1,2).

Analyzing the dynamics of MAP in individuals with MAH, it was found that the
indicator was 13% lower than in the people of CG group, and the PP index was 25%
lower than in the CG group people. After PhL, the increase in MAP was 28%, but in CG
people the increase was only 4%, due to the fact that in the conditions of reduced initial
MAP the response of vascular tone was vasoconstriction, so there was an increase in
DAP, PP and, accordingly, MAP. The MAP and PP indexes were kept at increased
levels on 9% and 36%, respectively for the whole recovery period.

Analyzing MAP in persons with EAH, it was found that the indicator was 21% lower
than in persons with MAH and 30%, respectively, less than in persons of CG. After PhL,
there was an increase in MAP and PP, where the increase was 35% and 66%,
respectively, which is 32% and 36% more than in CG people, which can be explained by

an increase in DAP, i.e, shorter PhL did not cause massive metabolic vasodilation,
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where increased DAP is due to the sympathetic effect from the proprioceptors of the
contracting muscles. During the recovery period, there was found elevated indicators,
that is, the mechanisms that cause the recovery of indicators after the PhL charactrerized
as unsatisfactory.

Analyzing the dynamics of vascular resistance (VR) in CG individuals, it was found
that after Phl the indicator decreased by 55% due to an increase in CO and a decrease
in DAP, which satisfies the current metabolic needs during physical activity. In the
recovery period, there is an increase in VR, but the deviation from the initial value is
19%, which can be explained by physiological arterial hyperemia [3, p. 116].

The VR dynamics in individuals with MAH indicate a greater decrease after PhL, where
the deviation is 61%, which is explained by the greater increase in CO due to the
excessive increase in heart rate, where the increase was 119%, while in the CG group the
increase was equal to 80%, and an excessive increase in SV, which was 21% greater
than that of CG people, after PhL and in the recovery period deviation from initial value
was 28%, which is 9% more than that of CG people. The VR in persons with EAH after
PhL decreased by 59%, which is also explained by an excessive increase in CO, which
was 225% more than the initial value, due to an increase in SV by 46% and heart rate by
126%, which is 14% more than the increase in SV in persons of CG. In the recovery
period, the deviation was 22%.

Analyzing the dynamics of Robinson index (RI), it was found that in people with MAH
and EAH at rest, the value of RI is characterized as high and 23% and 30% lower than in
persons with CG. That is, the lower the level of SAP, the energy expenditure of the
myocardium for one contraction to create the current SAP is much lower than that in
people of CG. However, after PhL, the increase of the index in persons with MAH and
EAH was 197% and 221%, respectively, which is 82% and 105% more than the increase
in persons of CG, which indicates the inadequacy of metabolic processes in the
myocardium during PhL in conditions of low blood pressure.

In the recovery period in persons with MAH and EAH the indicator remains increased

by 67% and 81% respectively, which also indicates lower energy resources of the
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myocardium in the conditions of PhL and recovery, i.e. the regulation of systemic
arterial pressure and hemodynamics generally occurs with excessive energy expenditure
[4, p. 271].

Thus, it was found that adaptation was provided mainly by an increase in heart rate,
characterizing regulatory mechanisms as ineffective. The results of the dynamics of the
heart rate in both groups of examination revealed that the lower the initial level of heart
rate at rest, the greater the increase in heart rate during PhL.

An additional sign of lack of effectiveness of regulation mechanisms of blood pressure
Is that in persons with low blood pressure there is an increase in DAP immediately
after physical activity (by 22% and 30% in persons with MAH and EAH, respectively,
at the same time as in CG people there was a decrease in DAP by 7%), which may be
explained by the increased tone of the resistive vessels and a significant increase in
HR, resulting in a significant increase in MAP (by 22% and 25% in persons with MAH
and EAH, respectively), which leads to accumulation of blood in the central vessels in
combination with insufficient supply of metabolic needs of working tissues [5, p. 75].
The increase in PP in the individuals of all groups of examination after PhL was not
significantly different, but the values were achieved by incorporating different
mechanisms: in CG individuals - due to a slight increase in SAP (by 20%) and some
decrease in DAP, but in persons with MAH and EAH due to an increase in SAP and
DAP. Dynamics of MAP showed that in CG individuals the indicator increased slightly
(by 4%), which is explained by a decrease in DAP, but in persons with MAH and EAH
there was a significant increase of the indicator by 28% and 35%, respectively, due to
the increase in DAP.

Very indicative was the nature of the recovery period, if in the people of CG all
indexes of hemodynamics almost completely recovered at the 5th minute after PhL,
they had a stable decrease in indicators, then in persons with low blood pressure
normalization of indicators was delayed up to 10 minutes and was unstable, indicating

the failure of regulatory mechanisms, the slow recovery and inadequacy of the

244



reciprocity of the vascular center, i.e. the failure of the mechanisms of regulation of
systemic circulation [6, p. 148].

Conclusions. Based on the obtained results, it is possible to rank the degree of
maladaptation according to the most pronounced changes in indicators after PhL. It is
proposed to characterize the adaptation indicators during physical activity as following:
increase MAP up to 5%, HR up to 80%, and RI up to 120% considered as normal
adaptation; increase of MAP to 6-30%, HR to 80-120%, and RI to 121-200% to be
considered as a moderate degree of maladaptation; increase in MAP more than 31%,
HR more than 121%, and RI more than 201% considered as expressed degree of

maladaptation.
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