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Annotation. Each person's life can be considered as a constant adaptation, but 

our individual abilities have certain limits to this process. Prolonged stress on the 

regulatory mechanisms of adaptation can lead to depletion of the body's reserve 

capabilities, disruption of adaptation and loss of health. At the same time, the 

reaction of the blood supply to the brain can be an objective criterion that allows us 

to assess the adaptation of a person to any type of activity. The aim of the study was 

to analyze the state of blood supply to the brain in young men with different 

indicators of the activity of regulatory systems (IASA) that characterize the systemic 

adaptation process. A comparative analysis of brain hemodynamics in 150 young 

men with different degrees of stress of adaptive processes of the body was carried 

out. It is shown that an unsatisfactory adaptive response of the body, as well as a 

disruption of adaptation in young men, is accompanied by cerebral dystonia with a 

decrease in the tone of large, medium and small arteries in the vertebrobasilar area 

of both brain hemispheres. As adaptation deteriorates, there is an increase in  

interbasin blood flow asymmetry with an increase in cerebral hemodynamics in the 

area of the internal carotid artery on both sides that feed the prefrontal cortex. 

 

Introduction. The issue of a human’s adaptation becomes more scientifically 

and practically relevant due to the continuous growth of social and economic, 

ecological, anthropogenous and personal difficulties of life, where the young age is 

considered as an independent risk factor of stress on adaptation processes [1, 2]. 

There are plenty of questionnaires giving an opportunity to access promptly the 

degree of mental processes’ adaptation, social maladaptation, individual 

mechanisms of coping with stress [3, 4, 5]. However, despite individual adaptation 

strategies as the universal objective criterion of the organism’s adaptation activity, 

central and peripheral hemodynamics and cerebral blood supply are examined in 

particular [6, 7]. Considering the fact that there is almost no substrate for anaerobic 



 
 

 

 

oxidative processes and the sufficient amount of oxygen in the brain, the cerebral 

blood supply state can be considered as the universal indicator of general and mental 

adaptation [8]. The cardiovascular system (CVS) with its multilevel regulation has 

a clear response on smallest changes in requirements of separate organs. The CVS 

is a functional system, which supports the set level of the whole organism’s 

functioning, and serves as an indicator of its adaptation activity’s effectiveness  

[7, 8]. It is extremely important to note, since the “Blood circulatory system 

diseases” class takes the second place among mortality causes of the Russian youth. 

50% of people, who were included in this class, were in the age of 25 to 29 years 

[9]. The male sex is considered as the independent risk factor for the cardiovascular 

diseases’ development [10].  Prolonged stress on the regulatory mechanisms of 

adaptation can lead to depletion of the body's reserve capabilities, disruption of 

adaptation and loss of health of young people. 

One of objective criteria of the analysis of the adaptation processes’ stress is 

the indicator of the activity of regulatory systems (IASA), which is identified when 

evaluating parameters of the heart rate variability (HRV) [11]. Despite the fact that 

the IASA is well known and used frequently by native authors [12, 13], it is known 

as the IASA-index of regulation system activity for foreign scientific teams and 

appears more rarely [14]. In native and foreign literature, there is no analysis of the 

cerebral blood supply state in young men with different IASA state, which served as 

a foundation for this study. 

The aim of this study was to analyze the state of blood supply to the brain in 

young men with different states of the IASA that characterize the systemic 

adaptation process. 

Methods and organization. In order to solve the set task, we examined 150 

young male students of the medical university without any chronic pathologies. The 

examination was carried out in accordance with ethical and legal standards listed in 

the Declaration of Helsinki developed by the World Medical Association in 1964, 

with further additions from 2000, 2008. It was also approved by the biomedical 

ethics committee of the Saratov State Medical University named after V.I. 

Razumovskij of the Ministry of Health of Russia, protocol № 3 from 06.04.2018. 

All test subjects gave their informed voluntary consent for participating in the study. 

The average age of examined was 19,0 (19,0; 20,0) years. 93,3% (n=140) of 

examined did not smoke, 6,7% (n=10) of them were smoking, but not frequently. 

In order to objectify the evaluation of adaptation reserves’ state, we conducted 

the analysis of following HRV indicators using the hardware and software complex 

VNS-Specter made by Neurosoft:   



 
 

 

 

1)  total regulatory effect – heart rate (HR); 

2) general regulatory activity – standard deviation (SD) or total power (TP); 

3) vegetative balance – a set of indicators: stress index (SI), root mean square 

of successive differences of RR-intervals (RMSSD), spectrum power in high 

frequency range (HF), index of centralization (IC); 

4) vasomotor centre of vascular tone control – power of primary slow waves 

(LF);  

5) activity of the cardiovascular subcortical nervous center or the 

suprasegmental regulation – power of secondary slow waves (VLF). 

Based on received results, integral values of the IASA (in points) were 

calculated, which allowed dividing all examined young men into 4 groups: G1 

(n=60),  IASA = 1-3 points – the normal state or the state of the satisfactory 

adaptation; G2  (n=35), IASA = 4-5 points – the state of a functional stress; G3 

(n=37), IASA = 6-7 points – the state of overstress or the state of the unsatisfactory 

adaptation; G4 (n=18), IASA = 8-10 points – the state of the regulatory systems’ 

depletion or the disruption of adaptation [11]. The cerebral blood supply was 

examined using the hardware and software complex Rheo-Specter-3 made by 

Neurosoft (Russia), which allows identifying the 4-channnel bipolar 

rheoencephalography (REG) [15]. The REG is different from the ultrasound Doppler 

examination (USDE) in that the USDE characterizes blood flow on the level of a 

certain area of the artery. However, it is unknown of what happens with it on the 

level of terminal arborizations of this vessel [16]. We evaluated indicators 

characterizing the intensity of the arterial blood flow: the rheographic index (RI, 

c.u.) and the amplitude-frequency indicator (AFI, c.u.); indicators of tone and 

elasticity of arteries: the dicrotic index (DI, %), the diastolic index (DIA, %), 

maximum velocity of fast filling (Vmax, Om/s), mean velocity of slow filling 

(Vmean, Om/s), the venous outflow indicator (VOI, %). All hemodynamics 

parameters were registered in the frontal-mastoid and occipito-mastoid leads on 

right and left, which allow assessing the state of blood flow in basins of internal 

carotid and vertebral arteries [16]. In order to identify disorders of dystonic nature 

in the vertebrobasilar system, as well as to study the degree of collateral blood 

supply, we used the functional test with changing the head’s position (turning right, 

left, neck flex end extend). Recording was carried out in 30 seconds in every 

position. While recording, the pharmacological test with nitroglycerin was carried 

out for people with disordered REG in order to evaluate the state of vessels’ elasticity 

to differentiate between functional and organic changes of the vascular wall. The 

test was assessed according to intensity of the arterial blood flow (RI) [15, 16]. 



 
 

 

 

Moreover, the interbasin and interhemispherical asymmetry coefficient (AC) was 

examined based on the RI deviation: if the AC is equal to 7% and less, then there is 

no asymmetry in blood filling; when the AC is equal to 15-25%, the mild blood 

filling asymmetry is registered; when the AC is equal to 26% and more, it is 

considered as significant [16]. The study was standardized, carried out not earlier 

than 1,5-2 hours after last meal, without coffee and strong tea intake, limiting 

physical and mental loads. The recording was registered in comfortable conditions 

with the air temperature of 20-22 °С in lying on the back position. Before use, there 

was a 15-minute period of adaptation to the environment. 

 We carried out the mathematical processing of results using Statistica 6.0, 

Microsoft Excel 7.0 for Windows with the null hypothesis test on their compliance 

to the normal distribution law based on identifying the Shapiro-Wilk criterion and 

the subsequent use of non-parameter multivariate methods. Reliability of used 

statistical evaluations was not less than 95%. 

Results and discussion. The arterial blood flow intensity in men with a 

satisfactory adaptation (G1) and those, who were in the state of functional stress, 

was decreased in all basins of both brain hemispheres. The arterial blood flow 

intensity in men with an unsatisfactory adaptation (G3) and the disruption of 

adaptation mechanisms (G4) in the area of internal carotid arteries was normal, but 

it was decreased in vertebrobasilar basins from both sides (Fig. 1).  The analysis of 

average indicators of the arterial blood flow intensity (RI and AFI) in young men 

with different IASA level showed, that the worse are adaptation abilities in young 

men, the higher is the arterial blood flow intensity in the area of internal carotid 

arteries of the left and right brain hemispheres (р≤0,04; Fig. 1, 2). 

Analysis of the asymmetry coefficient of the interbasin and interhemispherical 

redistribution of cerebral blood flow in healthy men of G1 and G2 revealed the 

absence of the interhemispherical blood flow asymmetry (AC –  

0,8-7,4%) in all basins and the mild interbasin blood flow asymmetry from both 

sides with the enhanced blood supply in the internal carotid artery area (AC – 15,9-

21,4%). Comparison of the asymmetry coefficient of the interbasin and 

interhemispherical redistribution of cerebral blood flow in healthy men of G3 and 

G4 showed the absence of the interhemispherical blood flow asymmetry in the basin 

of internal carotid arteries (AC in G3 = 0,8-11,2%; CA in G4 = 0,8-11,2%). There 

is a significant increase in the interbasin blood flow asymmetry in the right and left 

hemispheres with the enhanced brain hemodynamics in the area of internal carotid 

arteries (AC in G3 = 30,6-48,3%; AC in G4 = 41,3-44,9%). 

 



 
 

 

 

 
Fig. 1. Average indicators of interbasin and interhemispherical arterial blood flow intensity 

based on the RI of healthy men with various adaptation levels in the background REG recording 

 

Note: * – р≤0,03 when comparing RI indicators in Fms leads in G3, G4 with G1;   ** – р≤0,04 

when comparing RI indicators in Fmd leads in G3, G4 with  G1;  ♦ – р≤0,05 when comparing RI 

indicators in Fm and Om leads; Fms, Fmd – frontal-mastoid leads on the left and right; Oms, Omd 

– occipito-mastoid leads on the left and right 

 

 

Fig. 2. Average indicators of  interbasin and interhemispherical arterial blood flow intensity 

based on the AFI of healthy men with various adaptation level in the background REG recording 

 

Note: * – р=0,015 when comparing AFI indicators in Fms leads in G3 with G1;   ** –  р≤0,03 

when comparing AFI indicators in Fmd leads in G3, G4 with G1;  ♦ –р≤0,02 when comparing AFI 

indicators in Оms leads G4 with G1и G2 
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Results from the tone indicator and arteries’ elasticity analysis in young men 

with various states of adaptation processes are presented in table 1.  

Table 1 

Average REG indicators during background recording in healthy young men with various IASA 

level (Ме: 25%, 75% of quartile range) 

REG 

indicators DI, % DIA, % Vmax,  Ohm/s Vmean, Ohm/s 

Leads                      G1 (n = 60), HR 70,0 (66,0; 76,0) in min. 

Fms 
51,5 (42,0;59,7) 59,0 (49,2; 66,0) 1,6 (1,4;1,9) 0,9 (0,7;1,1) 

Oms 64,4 (48,4;76,0) 83,0 (69,2;87,0) 1,4 (1,0;1,7) 0,8 (0,6;1,0) 

Fmd 50,8 (38,0;57,7) 60,0 (49,2;66,7) 1,9 (1,5;2,3) 1,1 (0,8;1,4) 

Omd 58,0 (47,9;66,5) 74,5 (67,0;87,7) 1,6 (1,2;2,1) 0,8 (0,6;1,0) 

G2 (n = 35), HR 72,0 (66.0; 78.0) in min. 

Fms 50,2 (37,4;59,0) 60,5 (51,2;68,0) 1,71 (1,4;2,0) 0,9 (0,7;1,1) 

Oms 55,5 (43,8;73,2) 77,0 (66.2;91,0) 1,38 (0,9;1,7) 0,8 (0,5;0,9) 

Fmd 57,7 (48,2;66,0) 61,5 (52.7;72,5) 2,02 (1,6;2,2) 1,1 (0,9;1,3) 

Omd 

 

55,0 (42,3;64,7) 74,0 (65,0;89,0) 1,49 (1,1; 1,8) 0,8 (0,6;0,9) 

G3 (n = 37), HR 75,5 (68,75; 85,0) in min. 

Fms 50,0 (44,8;64,5) 58,0 (49,7; 64,5) 1,5 (1.1;2.0) 0,85 (0,66;1,09) 

Oms 64,5 (52,0;74,5) 80,0 (66,0;90,0) 1,1 (0.8;1.4)* 0,66 (0,46;0,87)♦ 

Fmd 52,0 (38,0;62,5) 58,0 (51,5;66,5) 1,9 (1,3;2,2) 1,17 (0,79;1,27) 

Omd 62,0 (44,6;70,0) 75,0 (61,0;88,0) 1,4 (0,9;1,9)* 0,75 (0,53;0,98)♦ 

G4 ( n=18), HR 77,0 (70,0; 89,0) in min. 

Fms 50,0 (44,8; 64,5) 58,0 (49,7;64,5) 1,7 (1,2;2,2) 0,9 (0,7;1,2) 

Oms 64,5 (52,0;74,5) 80,0 (66,0;90,0) 1,05 (0,74;1,6)** 0,6 (0,5;0,9) ♯ 

Fmd 
52,0 (38,0;62,5) 58,0 (51,5;66,5) 1,9 (1,6;2,3) 1,1 (1,0;1,2) 

Omd 62,0 (44,6;70,0) 75,0 (61,0;88,0) 1,4 (1,1;1,8)** 0,7 (0,6;1,0) ♯ 

Note: leads’ descriptions are presented in fig. 1; * – р≤0,03 when comparing values in G3 and G1; 

♦ – р≤0,045 when comparing values in G3 and G1; ** – р≤0,05 when comparing values in G4 and 

G1; ♯ – р≤0,04 when comparing values in G4 и G1  



 
 

 

 

Indicators of vein (DIA), arterioles (DI), medium, small (Vmean) and large 

arteries’ indicators, as well as indicators of the peripheral vascular resistance (DI) 

indicator were normal in all basins and complied with the normal resistant type of 

blood circulation in brain vessels.  

In men with the unsatisfactory adaptation and its disruption (G3 and G4), the 

tone of large, medium and small arteries in the vertebrobasilar area is decreased in 

both sides (Vmax, Vmean, р≤0,05). The peripheral vascular resistance and venous 

outflow were normal in all basins. Integral REG indicators also align with the normal 

resistant type of blood circulation in brain vessels. 

When carrying out the functional test with changing the head’s position (turns 

right, left, neck flex and extent), disorders of the dystonic nature in all basins 

(р≤0,045) in form of decreases of the arterial inflow and complications in the venous 

outflow, as well as the decrease in tone of medium and small arteries in the area of 

internal carotid and vertebrobasilar arteries, were registered in young men with the 

unsatisfactory adaptation (G3) and its failure (G4).  

Table 2 

Test with nitroglycerin in healthy young men in G3 (Ме: 25%. 75% of quartile range) 

REG indicators 

 

 

 

REG leads 

 

 

RI background 

recording, c.u. 

 

 

 

RI test with 

nitroglycerin, c.u. 

 

 

Р= 

 

 

% 

of RE’s increase 
 

G3 (n=37) 

Fms 1,29 (0,84; 1,35) 1,98  (1,65;2,19) 0,04 53,4 

Oms 0,87 (0,56; 0,95) 1,44  (1,23; 1,84) 0,03 65,5 

Fmd 1,28 (0,92; 1,34) 1,93  (1,68;2,21) 0,05 50,7 

Omd 0,98  (0,55; 1,33) 1,52  (1,26;1,86) 0,04 55,1 

G4 (n=18) 

Fms      1,29 (0,76;1,50) 1,86  (1,58;2,11) 0,05 44,2 

Oms 0,89 (0,67;1,10) 1,36  (1,22;1,75) 0,04 52,8 

Fmd 1,30   (0,97;1,55) 1,89  (1,58;2,04) 0,05 45,4 

Omd 0,92  (0,70;1,09) 1,49  (1,23;1,81) 0,03 61,9 

 

To differentiate the functional and organic nature of revealed dystonic 

changes in young men in G3 and G4, the test with nitroglycerin was conducted 

(Table 2), which showed a significant RI increase in all leads (р≤0,05; RI – 44,2 to 



 
 

 

 

65,5%) in the area of vertebral and internal carotid arteries in comparison with the 

background recording. It shows a preservation of elastic qualities of the vascular 

wall and the functional nature of revealed dystonia.  

An adequate brain blood flow is an important factor needed for the organism 

to survive because ischemia appears right when the blood flow stops. One of basic 

rules of the effective adaptation of the cardiovascular system is that in any conditions 

it aims at preservation of the adequate blood flow in the brain [17, 18]. The brain 

blood flow is subject to rigid auto regulation. Mild oscillations of blood pressure do 

not have a great impact on it.  At the same time, during adaptation, activation of the 

sympathetic area of the vegetative nervous system is considered as an important 

defense mechanism, which saves brain vessel from the excessive passive distention 

in case of the sudden significant increase in blood pressure [20]. Unfortunately, there 

is no data on the systematic analysis of the cerebral blood flow in young men with 

different states of the organism’s adaptation reserves in literature. The results 

obtained showed that the normal resistant type of cerebral hemodynamics with the 

decrease of the arterial blood flow intensity in all basins with the mild interbasin 

blood flow asymmetry and its prevalence in the area of internal carotid arteries was 

registered in young men with the satisfactory adaptation at rest. Significant 

differences in REG indicators in all leads were not registered in young men with the 

stress of adaptation mechanisms in comparison with young men with the satisfactory 

adaptation, and their cerebral hemodynamics had similar nature. 

In men with the unsatisfactory adaptation and its disruptionthe arterial blood 

flow intensity in the area of internal carotid arteries and in vertebrobasilar basins 

from both sides were significantly different (р≤0,05). Moreover, deterioration of the 

organism’s adaptation abilities leads to the significant increase of the interbasin 

blood flow asymmetry with its enhance in the area of internal carotid arteries 

(р≤0,04), which supply the brain’s prefrontal cortex responsible for many mental 

processes [20]. Indicators of large, medium and small arteries’ tone on the 

vertebrobasilar area from both sides were decreased in comparison with man with 

satisfactory adaptation (р≤0,05).  The functional test with changing the head’s 

position has confirmed the presence of decrease in the arterial inflow and 

complication of the venous outflow in all basins (р≤0,045) in comparison with the 

background REG, which indicates the dystonic nature of changes. The conducted 

pharmacological test with nitroglycerin allowed confirming the functional dystonic 

nature of revealed changes in men with the unsatisfactory adaptation and its 

disruption. Therefore, the unsatisfactory adaptation reaction, as well as its 

disruption, is accompanied with the cerebral dystonia, able to lead to ischemia and 



 
 

 

 

tissue atrophy an irreversible processes in the brainwork with the development of 

the cerebrovascular disease, arterial hypertension [21, 22]. This fact has a significant 

practical value for the development of prevention means for vascular diseases in 

young individuals, especially in men, sexual identity of who is considered as an 

independent risk factor of the cardiovascular pathology. 

Conclusion. 

1. Dystonia of brain vessels with the increase in large, meduim and small 

arteries’ tone in the vertebrobasilar area of both brain hemispheres is registered in 

men with the unsatisfactory adaptation and its disruption;  

2. As adaptation deteriorates, there is an increase in  

interbasin blood flow asymmetry with an increase in cerebral hemodynamics in the 

area of the internal carotid artery on both sides that feed the prefrontal cortex. 
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