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ARTICLE INFO ABSTRACT
Received: 20 March 2019 It was carried out the analysis of the body adaptability in the situation of
Accepted: 17 April 2019 training loads stress in students with normotension and hypotension and
Published: 16 May 2019 predominance of different types of autonomic nervous system regulatory
influence on the cardiorespiratory system. In 103 second-year female
KEYWORDS students of KNMU systolic, diastolic blood pressure, pulse pressure, heart
adaptability, rate were measured, the Kerdo index and the Robinson index were
autonomic regulation, determined. Functional breathing tests with breathing delay on the
blood pressure, inhalation (Stange) and on the exhalation (Genchi) were conducted. They
cardiorespiratory system, are the indicators of the cardiorespiratory system functional state and
hypotension. sensitivity to a decrease of oxygen saturation in arterial blood (hypoxemia)

and carbon dioxide increase in blood (hypercapnia). Psycho-emotional
stress in second-year female students causes a deficiency in the body
adaptation reserves. Formation of adaptating to learning stress is carried
out at the limit of the functional capabilities of the body and may lead to a
breakdown of adaptation
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Recently, the attention of researchers is once again attracted by the role of autonomic
regulation providing the adaptive capabilities of the cardiorespiratory system, and especially among
young people [1-3].

The period of studying at university is indicative in the regard of regulatory mechanisms
reserves functioning, since studying workloads are turning out to be a factor of adaptation mechanisms
stress. The second year of studying characterizes the period when the process of formation of
adaptation to academic loads went through the stage of activation of nonspecific adaptation
mechanisms and was replaced by the stage of activation of specific ones. The basic system for
ensuring adaptation processes is the cardiorespiratory functional system, the regulatory element of
which is the autonomic nervous system. The latter coordinates the adaptation reactions of the body.
But the result of compensatory-adaptive reactions also depends on the initial functional state of the
organism. One of its indicators is blood pressure and the type of autonomic regulatory influence.
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It is interesting to analyze the adaptability of the organism in a studying workloads stress
situation in students with hypotension and predominance of different subdivisions of autonomic
nervous system in cardiovascular system regulation.

The aim of the study was to investigate autonomic regulation of the body with normal and
decreased blood pressure and different values of the vegetative index.

Materials and methods.

103 female students of the second year studying of the Kharkov National Medical University
were examined. Structural-temporal parameters of the circulatory system were measured at rest —
systolic blood pressure (SBP), diastolic blood pressure (DBP), pulse pressure (PP), heart rate (HR).
Determination of vegetative Kerdo index (VKI) was carried out. Its calculation is as follows: (1 - DBP
/ HR) x100. In the Kerdo-index, positive values indicate the predominance of sympathetic subdivison
of autonomic nervous system (sympathicotonia), and negative values indicate the increase of
parasympathetic tone (parasympathicotonia). In full autonomic equilibrium (eutonia) in the
cardiovascular system, VKI = 0. Also the level of metabolic and energy processes in the myocardium
determination was carried out according to the Robinson Index (IR), which was calculated using the
formula IR = HR x SBP / 100. An IR of 69 or less indicates a high level of functional reserves of the
cardiovascular system, 70-84 - a physiologically normal level, 85-94 - a low level of functional
capabilities, 95-110 - an insufficient level and signs of cardiovascular system dysregulation, 111 and
more - violation of regulation. Functional breathing tests with breathing delay on the inhalation
(Stange) and on the exhalation (Genchi) were conducted. They are the indicators of the
cardiorespiratory system functional state and sensitivity to a decrease in oxygen saturation of arterial
blood (hypoxemia) and increase of carbon dioxide in blood (hypercapnia). Normally, the duration of
the Stange test is 40-60 s, the Genchi test is 20-40 s.

According to the study of all indicators of blood pressure, the students were divided into two
groups: normotensive (40 stud.) and hypotensive (63 stud.). In each group, on the basis of the VKI,
students were identified as students with parasympathicotonia (28 and 24 students, respectively),
students with sympathicotonia (8 and 13 students, respectively) and students with eutonia (26 and 4
students, respectively). Thus, in order to identify various adaptive abilities in these groups, a
comparative analysis of all studied parameters was carried out.

Statistical significance was assessed using parametric and non-parametric criteria. A critical
level of significance was taken 0.05.

Results and Discussion.

An investigation of circulatory system parameters showed the following. In students of
normotensive type with parasympathicotonia, a higher HR was observed in comparison with students
of hypotensive type (p <0.05) (Table 1). In the latter, the duration of the Stange test and the Genchi
test was lower than the normal values - 40-60 s and 20-40 s, respectively, which indicates the
organism instability to hypoxemia and hypercapnia. Although at the same time, in students of
normotensive type, the average duration of breath holding during inhalation (Stange test) 37.96 + 2.89
was close to the lower limit of normal range.

Table 1. Parameters of the cardiorespiratory system in students with parasympathicotonia

Groups HR, SBP, DBP, PP, Stange, | Genchi, | IR VKI
1/min mmHg | mmHg mmHg | s S

Normotensive | 67,89+ 119,11+ | 77,32+ 42,14+ | 37,96+ | 23,36+ | 80,88+ | -14,76+

type 1,28 0,63 0,83 1,10 2,89 1,42 1,61 2,13

Hypotensive 62,58+ 96,25+ 66,04+ 30,21+ | 23,71+ | 19,29+ | 60,35+ | -5,69+

type 0,73* 0,96 0,60 0,77 1,24 0,58* 1,18 0,95*

* - p<0.05 - in comparison with students of normotensive type

Also in the students of normotensive type the level of metabolic processes of providing
myocardium with oxygen which is characterized with IR was 80.88 + 1.61. This is a low level of
functioning of the cardiovascular system. And in students of hypotensive type, the IR was lower than
69, which characterizes a high level of functional reserves of the cardiovascular system. In this group,
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students of normotensive type PP was higher in comparison with students of hypotensive type
(p <0.01), 10 of the 28 students of normotensive type had PP 45 mm Hg and higher.

In the group of hypotensive type students with eutonia a decrease in the duration of breath-
holding on inspiration (Stange test) has been revealed (p <0.05 compared to the group with
normotensive) (Table 2). IR in students of normotensive type was increased in comparison with
hypotensive. The values of IR in normotensive type students represented a low level of functional
reserves of the cardiovascular system regulation, and the values of IR in students with hypotension
showed a high level (p<0.01). PP among normotensive students was higher than 40 mm Hg and higher
compared to hypotensive ones. (p<0.01).

Table 2. Parameters of the cardiorespiratory system in students with eutonia

Groups HR, SBP, DBP, PP, Stange, Genchi, | IR VKI
1/min mmHg | mmHg | mmHg S S

Normotensive | 75+ 117,5¢ | 75+ 42,50+ 42+ 26,25+ | 88+ 0

type 2,89 2,5 2,89 4,79 4,24 6,79 2,83

Hypotensive | 66,54+ | 100+ 66,54+ | 33,46+ 24,23+ 19,38+ | 66,54+ |0

type 0,67 0* 0,67 0,67 0,85* 1,11 0,67*

* - p<0.05 - in comparison with students of normotensive type

Hypotensive students with sympathicotonia also had a low inspiratory breath hold time
(Stange test) (p <0.05 compared to the group with normotension), while such parameters of
normotensive students were in the normal range (Table 3). In normotensive students the IR values
were in the range of insufficient level of functional reserves of cardiovascular system regulation and
demonstrated the signs of dysregulation. The IR values of hypotensive type students were of the high
level range. The PP of normotensive students with sympathicotonia was higher than 40 mm Hg and
higher compared with hypotensive students (p <0.05).

Thus, according to the data presented in the study, regardless of the sympathetic-
parasympathetic relationships, the hypotensive students showed a high level of myocardial metabolic
processes, which was provided by a high sensitivity of the body tissues to hypoxia and hypercapnia.

In normotensive students in the group with eutonia, adequate sensitivity to hypoxia and
hypercapnia is determined. The normotensive students of the other two groups — with
sympathicotonia and parasympathicotonia — have a high sensitivity. Level of metabolic processes in
the myocardium in the students with eutonia was low, in the group with sympathicotonia - insufficient,
and the normal level of functional reserves of regulation of cardiac activity has been revealed only in
the group with parasympathicotonia.

Table 3 Parameters of the cardiorespiratory system in students with sympathicotonia

Groups HR, SBP, DBP, PP, Stange, | Genchi, | IR VKI
1/min mm Hg | mm Hg mmHg |s S

Normotensive | 80,5+ 120+ 73,13+ 48,13+ | 43,81+ | 22,43+ | 96,68+ | 9,05+

type 1,56 1,34 1,62 1,88 6,62 2,15 2,61 1,86

Hypotensive 67,38t | 93,08+ | 61,54+ 31,54+ | 27,15+ 18,77 | 62,75+ | 8,62+

type 0,49 0,92 0,61 0,82 1,21* 0,79 0,87 0,85

* - p<0.05 - in comparison with students of normotensive type

It follows that the students of the normotensive type with different types of autonomic
regulation demonstrated the different nature of the adaptive regulatory reactions providing. Thus, in
students with parasympathicotonia with a physiologically normal myocardium oxygen supply level
adaptation reactions are carried out due to the high tension of the functional oxygen transport system
capabilities. This was reflected in high sensitivity to hypoxia, as well as high pulse pressure, which in
turn may be a factor in the development of heart failure [4-5]. In students with eutonia and
sympathicotonia, the sensitivity to hypoxia was adequate, however, the reduced functional reserves of
the cardiovascular system were at the limit of physiological capabilities and could not provide a
sufficient level of myocardial metabolic processes.
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According to the IR data, the hypotensive type students with different activity of the
autonomic nervous system subdivisions were characterized by a high level of reserve abilities of the
cardiovascular system, which correlates with a high sensitivity of tissues to hypoxia and low pulse
pressure, which, in our opinion, reflects the high tension of adaptation mechanisms. Therefore, the
body adaptabilities of students are insufficient.

Conclusions. Psycho-emotional stress in a second year studying at the university causes a
deficit of adaptive reserves of the body in students. Formation of adapting to learning stress is carried
out at the limit of the functional capabilities of the organism and is body resource-intensive. This is a
risk factor for the development of failure of adaptation and psychosomatic diseases in the dynamics of
educational process.
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