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CARDIOVASCULAR ADAPTATIONS OF FOREIGN STUDENTS 
TO CLIMATIC AND GEOGRAPHICAL CONDITIONS 
OF STAVROPOL REGION

A b s t r a c t  — Purpose of research: studying adaptive 
opportunities of the cardiovascular system of foreign 
students to the climatic and geographical conditions of 
Stavropol region.
Methods: The data sample included the Stavropol and 
foreign students, natives of the countries of the Southern 
Asia, the Western Asia and Africa in the youthful period of 
ontogenesis and the first period of a maturity. In total 218 
students, from them the Russian students were examined: 
youths — 73 persons, men — 55 people; foreign students: 
youths — 36 people, men — 54 persons.
Results:  Stable and compensatory adaptive reactions 
are characteristic to youths and men from the Southern 
Asia and to men from the Western Asia. A condition of the 
critical tension (excessive tension) are characteristic to first-
year students and senior students from Africa.
Findings: It is established that the greatest stress of 
adaptation mechanisms is experienced by students from 
Africa.

K e y w o r d s  — adaptation, mathematical analysis of the 
heart rhythm, variational pulsometry, foreign students, 
Stavropol region.
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morphofunctional reorganization of all systems of an 
organism. Against this background, the effects of stress 
experienced by students during the study period make 
high demands on their bodies leading to significant 
changes in the cardiovascular system [9, 10, 14]. In 
addition, it is necessary to consider possible action of a 
desynchronosis, absence at an organism of experience 
of adaptation to a new food and a number of other 
factors, new to an organism.

Climatic and geographical conditions in the new 
area influence population in two aspects. The first of 
them is actually physical-geographical – the certain 
combination of landscape and climatic conditions 
characteristic of this area, favorably or adversely influ-
encing the human body adapted to other physiograph-
ic conditions. The second aspect is medical geographi-
cal combination of disease with natural nidality which 
is localized in this area and telling him as the habitat 
certain medical geographical specifics [3, 7].

In the most general sense, human diseases are the 
result of a violation of historically developed forms 
of communication of the organism with the environ-
ment. However, in the process of adaptation with very 
strong or prolonged exposure to adverse environmen-
tal factors, or in case the adaptation mechanisms in the 
body are weak, there is a disadaptation (disturbance 
or disruption of adaptation) and morbid conditions 
develop. It is called "adaptation diseases".

Disadaptation and development of morbid 
conditions happens step by step [1]. The initial stage 
of a border area between health and pathology is a 
condition of functional tension of mechanisms of 
adaptation. Its most characteristic sign is the high 
level of functioning which is provided at the expense 
of the intensive or long tension of regulatory systems 
[19, 25].

The later stage of the border zone is a state of un-
satisfactory adaptation. It is characterized by a decrease 
in the level of functioning the biosystem, mismatch 
of its individual elements, the development of fatigue 
and overwork. The state of unsatisfactory adaptation 
is an active adaptive process. The body tries to adapt 
to excessive conditions of existence by changing the 
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INTRODU       C TION    
There are a lot of publications in modern scien-

tific literature, which reflect the issues of adaptation of 
foreign students to different living conditions in Rus-
sia. These are issues of adaptation to different climatic 
and geographical conditions, to sociocultural condi-
tions, and to the learning process. Moving foreign 
students to Russia is accompanied by the expressed 
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functional activity of individual systems and the corre-
sponding voltage of regulatory mechanisms. However, 
due to the development of insufficiency, violations 
extend to energy and metabolic processes, and the 
optimal mode of operation cannot be provided.

The condition of disruption of adaptation can 
be shown in two forms: preillness (Premorbidity) and 
illness. Preillness is balance between health and illness 
or manifestation of initial symptoms of diseases. This 
condition contains information about the localiza-
tion of possible pathological changes. This stage is 
reversible, since the observed deviations are functional 
in nature and are not accompanied by a significant 
anatomical and morphological restructuring [21, 24].

The leading sign of the disease is to limit the 
adaptive capacity of the organism. The insufficiency 
of general adaptation mechanisms in the disease is 
complemented by the development of pathological 
syndromes. It is associated with anatomical and mor-
phological changes, which demonstrates emergence 
of the centers of local wear of structures. Despite the 
specific anatomical and morphological localization, 
the disease remains a reaction of the whole organism. 
It is accompanied by the inclusion of compensatory 
reactions, representing a physiological measure of the 
body's protection against the disease [20, 23].

To determine the effectiveness of adaptation proc-
esses, criteria and methods for diagnosing the functional 
states of the body were developed. Baevsky R.M. sug-
gested to consider five main criteria: level of functioning 
physiological systems; degree of tension of regulatory 
mechanisms; functional reserve; extent of compensa-
tion; steadiness of elements of a functional system [1].

Diagnostic methods of functional states are 
directed to assessment of each of the listed criteria. 
Level of functioning physiological systems is defined 
by traditional physiological methods. Degree of 
tension of regulatory mechanisms is investigated the 
next ways: by methods of the mathematical analysis 
of a heart rhythm, by studying secretory function of 
salivary glands, daily fluctuations of physiological 
functions, etc.

To prevent premorbidity (prenosological condi-
tions), it is important to control the functional state of 
the body of students. An effective method of assessing 
the state of health is a mathematical analysis of heart 
rhythm. Thanks to this method, physiological indica-
tors have been established, the magnitude of which 
most clearly responds to the loss of health during the 
development of the disease [5, 11, 13, 22].

For this reason, purpose our research was studying 
adaptive opportunities of the cardiovascular system 
of foreign students to the climatic and geographical 
conditions of Stavropol region.

MATERIALS          AND    METHODS     
Stavropol and foreign students were included in 

the cross-sectional study. The age of people is 17–21 
years (the youthful period of ontogenesis) and 22–28 
years (the first period of mature age). Foreign students 
are natives of the countries of the Southern Asia 
(India), the Western Asia (Cyprus, Kuwait, Lebanon, 
Palestine, Syria) and Africa (Morocco, Sudan). In total 
218 students, from them the Russian students were 
examined: youths — 73 persons, men — 55 people; 
foreign students: youths — 36 people, men — 54 
persons.

To analyze the heart rhythm, we used the method 
of variation pulsometry using a clinorostatic test on 
the Varicard 2.5 diagnostic device (Institute of Intro-
duction of New Medical Technologies RAMENA) 
using the "Iskim 6.1" software.

The clinorotostatic test is a widely used test for 
studying the reserves of the autonomic regulation of 
blood circulation.  It consists in registration the heart 
rate and blood pressure when a person moves from a 
lying position (horizontal position) to a standing posi-
tion (vertical position). Analysis of the cardiointervalo-
gram during the clinorostatic test with the calculation 
of the Stress Index allows us to estimate the vegetative 
reactivity. We used the STATISTICA 10 software 
package for data processing (StatSoft, USA). Differ-
ences were considered statistically significant at p <0.05.

RESULTS        AND    DIS   C USSION    
In the horizontal position, youths from the 

Southern Asia in comparison with the Stavropol 
students are characterized by authentically big sizes of 
the Stress Index and amplitude of fashion (Table 1). 
Youths from the Western Asia and Africa illustrate 
the minimum values of mode, Standard deviation and 
variation scope. These results it is reliable below the 
specified parameters of youths of Stavropol Territory, 
and standard deviation of the African youths is signifi-
cantly more same indicator of West Asian students. 
Analysis of stress index values for students from differ-
ent climatic and geographic regions showed that their 
vegetative homeostasis, as well as among local youths, 
is within the normal range, but South Asian students 
have some tension of compensatory mechanisms, a 
higher level of functioning the sympathetic level and 
the central contour of heart rate regulation. Men of the 
Western Asia have a decrease of function of the central 
contour in the management of heart rate, as well as an 
increasing influence of the parasympathetic division.

Men from West Asia in a horizontal position are 
characterized by reliably maximum values of the stress 
index, the amplitude of the mode and minimum values 
of the standard deviation (Table 2). The maximum 
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values of the variation range were found in Stavropol 
students in comparison with men from the Western 
Asia. South Asian men in horizontal position have 
significantly lower values of mode, standard deviation 
and variation range than among representatives of the 
Stavropol region.  All senior students have vegetative 
homeostasis in the normal range, this is confirmed 
by the values of the stress index. However, students 
from Western Asia have the highest tension of com-
pensatory mechanisms, a high level of functioning the 
sympathetic part of the autonomic nervous system 
and the central contour of heart rhythm regulation. 
Stavropol men students have a decrease of role of the 
central contour in managing the heart rhythm, and in 
the autonomous contour they have a restructuring the 
relationship between the sympathetic and parasympa-
thetic systems. As a result, we can see that the influence 
of the parasympathetic division increases.

Moving from horizontal to vertical position of 
students from South Asia and Africa, caused signifi-
cant changes in the parameters of the cardiovascular 
system — an increase of variation range, indicating 
the activation of the parasympathetic division of the 
autonomic nervous system. Moving from a horizontal 
to a vertical position of students from Western Asia, 
caused significant changes in the parameters of the car-
diovascular system — increase amplitude of the mode, 
indicating the activation of the sympathetic System, 
what provides the stability of hemodynamics in the 
vertical position. In the vertical position, South Asian 
youths have an increase of the stress index, low values 
of mode, low values of standard deviation, low values 
of variation range and high values of amplitude of the 
mode. At the same time, compared with students from 
South Asia, we can see significantly higher diastolic 
blood pressure values, large values of mode and low 

Statistical significance (Р-value) Stavropol Region South Asia West Asia Africa
Stress Index

58,2±9,39 135,6±20,11 81,1±29,52 104,2±26,79
P1 <0,001 >0,10 >0,10
P2 >0,10 >0,10
P3 >0,10
Mode, s

822,6±20,47 634,2±18,48 692,8±32,82 534,8±116,97
P1 <0,001 <0,001 <0,02
P2 >0,10 >0,10
P3 >0,10
Amplitude of the mode, %

30,6±1,52 42,8±4,22 38,6±2,59 35,2±7,30
P1 <0,01 <0,01 >0,10
P2 >0,10 >0,10
P3 >0,10
Standard deviation, s

86,1±4,30 69,6±15,68 50,1±8,50 109,3±21,66
P1 >0,10 <0,001 >0,10
P2 >0,10 >0,10
P3 <0,05
Range, s

789,8±57,30 303,7±33,77 395,0±83,17 269,7±65,57
P1 <0,001 <0,001 <0,001
P2 >0,10 >0,10
P3 >0,10

Table 1. �Results of the mathematical analysis of the heart rhythm of students of the youthful period of ontogenesis in the lying (horizontal) position, (М±m)

Note: �P1 — Significance of differences of indicators of South Asian, West Asian and African youths in comparison with the Stavropol youths; P2 — Significance of differ-
ences of indicators of West Asian and African boys compared with South Asian men; P3 — Significance of differences of indicators of African youths in comparison with 
West Asian youths.

M o r ph  o l o g y ,  P h y s i o l o g y , 
P a t h o l o g y



61|  a r c h i v  e u r o m e d i c a  |  2 0 1 9  |  v o l .  9  |  n u m .  1  |

Statistical significance (Р-value) Stavropol Region South Asia West Asia Africa
Stress Index

58,7±10,90 104,1±23,07 129,0±20,26 107,2±24,99
P1 >0,10 <0,01 >0,10
P2 >0,10 >0,10
P3 >0,10
Mode, s

831,4±22,30 692,0±24,73 731,1±22,26 587,0±72,05
P1 <0,001 <0,002 <0,002
P2 >0,10 >0,10
P3 >0,10
Amplitude of the mode, %

34,8±2,03 39,1±4,11 48,8±3,81 42,8±5,64
P1 >0,10 <0,002 >0,10
P2 >0,10 >0,10
P3 >0,10
Standard deviation, s

94,9±5,25 60,1±10,88 51,0±4,61 108,0±21,05
P1 <0,01 <0,001 >0,10
P2 >0,10 >0,10
P3 <0,01
Range, s

849,2±70,33 341,1±42,91 371,2±46,99 234,3±41,17
P1 <0,001 <0,001 <0,001
P2 >0,10 >0,10
P3 <0,05

Table 2. �Results of the mathematical analysis of the heart rhythm of students of the first period of a maturity in the lying (horizontal) position, (М±m)

Note: �P1 — Significance of differences of indicators of South Asian, West Asian and African students in comparison with the Stavropol students. P2 — Significance of 
differences of indicators of West Asian and African students in comparison with the South Asian. P3 — Significance of differences of indicators of the African students in 
comparison with the West Asian.

values of stress index at West Asian and African stu-
dents (Table 3).

In group of foreign senior students moving to hori-
zontal position caused reliable changes of parameters of 
a cardiovascular system — it is increase amplitude of the 
mode at representatives from the Western Asia, which 
exceeded the same indicator at the Stavropol, South 
Asian and African men. Also we can see increase value of 
variation range at students of Africa, decrease the mode 
at the Stavropol students and decrease values of variation 
range at West Asian men. It demonstrates activation of 
sympathetic part of the autonomic nervous system at 
local senior students and parasympathetic — at African 
(Table 4). However, the stress index in a standing posi-
tion among senior students from Africa was significantly 
lower than that of Asian representatives.

The assessment of vegetative reactivity revealed 
among the first-year students from South Asia the 

prevalence of the asympathicotonic (pathological) 
variant — 50.0%, among the boys from Western Asia 
— equally hyper — and asympathicotonic variants 
(37.5%). The difference is African students had only 
asympathicotonic variant of vegetative reactivity. 
Assessment of autonomic reactivity in students of the 
first period of maturity, meaning a rapid restructuring 
the peripheral apparatus of the autonomic nervous 
system during performing a clinorotostatic test, also 
revealed three variants. Stavropol students (41.8%) 
had a normal reaction to the test. Asian students had 
hypersympathicotonic vegetative reactivity (50.0% — 
South Asia and 40.7% — West Asia), with an excessive 
connection of the sympathoadrenal system. Students 
from Africa had asympathicotonic (pathological) 
autonomic reactivity (72.7%).
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C ON  C LUSIONS     
On the basis of indicators of a heart rhythm we 

found out that in horizontal position of the youths 
of Stavropol Krai have parasympathetic influence on 
a heart rhythm, and students of the I period of a ma-
turity — sympathetic influence on a heart rhythm. In 
horizontal position South Asian youth and men have 
prevalence of a sympathetic part of the autonomic 
nervous system in regulation of a heart rhythm. Youth 
from West Asia and Africa have a predominance 
of parasympathetic influences, and men from the 
same regions have sympathetic influences. The data 
obtained by us coincides with the data of references 
[4, 6, 12]. In a horizontal position, all students have 
an activation of the sympathetic part of the auto-
nomic nervous system in the regulation of heart 
rhythm, which is a normal reaction of the organism 
to a clinorotostatic test. The exception is made by the 

African students who have increased parasympathetic 
influences.

Evaluation of autonomic reactivity revealed the 
following: African youths, South Asian youths and 
African men have more pronounced asympathicot-
onic reactivity among foreign students. The examined 
youths and men of the Western Asia have pathological 
options of vegetative reactivity (hypersympathicotonic 
and asympathicotonic). We can think about the indi-
vidual specificity of the identified vegetative response, 
which has a constitutionally determined pattern of 
vegetative response, because students from Stavropol, 
South Asia, West Asia and Africa respond to the same 
stimulus with various changes in vegetative indicators.

During analyzing the indicators of the heart 
rhythm in the prone position and in the standing posi-
tion, three types of adaptive responses of the vegetative 
regulation system were identified:

Statistical significance (Р-value) Stavropol Region South Asia West Asia Africa
Stress Index

76,4±11,75 106,8±15,41 70,9±8,46 51,8±10,43
P1 >0,10 >0,10 >0,10
P2 <0,01 <0,01
P3 >0,10
Mode, s

715,2±17,58 616,8±25,00 627,4±45,25 689,0±19,86
P1 <0,001 >0,10 >0,10
P2 >0,10 <0,05
P3 >0,10
Amplitude of the mode, %

32,7±1,68 48,9±4,07 56,5±6,14 39,7±7,96
P1 <0,001 <0,001 >0,10
P2 >0,10 >0,10
P3 >0,10
Standard deviation, s

86,5±4,45 55,4±7,98 52,8±6,07 66,2±6,83
P1 <0,001 <0,001 <0,02
P2 >0,10 >0,10
P3 >0,10
Range, s

670,5±46,74 490,6±63,60 460,6±39,62 650,3±118,36
P1 <0,05 <0,001 >0,10
P2 >0,10 >0,10
P3 >0,10

Table 3. �Results of the mathematical analysis of the heart rhythm of students of the youthful period of ontogenesis in the vertical position, (М±m)

Note: �P1 — Significance of differences of indicators of South Asian, West Asian and African youths in comparison with the Stavropol youths. P2 — Significance of 
differences of indicators of West Asian and African youths in comparison with South Asian youths. P3 — Significance of differences of indicators of the African youths in 
comparison with West Asian youths.

M o r ph  o l o g y ,  P h y s i o l o g y , 
P a t h o l o g y



63|  a r c h i v  e u r o m e d i c a  |  2 0 1 9  |  v o l .  9  |  n u m .  1  |

Statistical significance (Р-value) Stavropol Region South Asia West Asia Africa
Stress Index

82,3±12,51 155,9±37,89 151,4±35,48 65,5±6,88
P1 >0,10 >0,10 >0,10
P2 >0,10 <0,05
P3 <0,02
Mode, s

711,7±18,91 626,8±31,91 609,4±26,62 536,0±45,52
P1 <0,05 <0,002 <0,001
P2 >0,10 >0,10
P3 >0,10
Amplitude of the mode, %

38,3±2,29 46,5±3,83 66,1±3,19 46,4±6,27
P1 >0,10 <0,001 >0,10
P2 <0,001 >0,10
P3 <0,01
Standard deviation, s

85,5±5,11 52,3±5,40 56,1±7,02 83,2±19,37
P1 <0,001 <0,001 >0,10
P2 >0,10 >0,10
P3 >0,10
Range, s

643,8±50,87 449,9±90,00 494,1±48,12 642,6±81,09
P1 >0,10 <0,05 >0,10
P2 >0,10 >0,10
P3 >0,10

Table 4. �Results of the mathematical analysis of the heart rhythm of students of the first period of a maturity in the vertical position, (М±m)

Note: �P1 — Significance of differences of indicators of South Asian, West Asian and African students in comparison with the Stavropol students. P2 — Significance of 
differences of indicators of West Asian and African students in comparison with South Asian students. P3 — Significance of differences of indicators of the African students 
in comparison with West Asian students.

1.	 Stable adaptive response, characterized by a 
balanced influence of the part of the autonomic 
nervous system on the heart rhythm and the pres-
ervation of hemodynamic homeostasis, typical 
mostly of Stavropol youths and men, and South 
Asian youths.

2.	 Compensatory response, manifesting by increased 
activity of the sympathetic part of the autonomic 
nervous system in the regulation of heart rhythm 
(youths and men from South and West Asia have it)

3.	 The condition of critical tension, expressed in 
the inhibition of the activity of the autonomous 
contour of the control and the decrease in the 
functional reserve of the circulatory system (it is 
typical for African boys and men).

Identifying the types of adaptive reactions of the 
vegetative regulation system allows us to estimate the 

spectrum of the prenosological conditions of the body 
of students from different climatic and geographical 
regions from a stable adaptive response (young men of 
Stavropol and South Asian young people) to a condi-
tion of critical tension (African boys and men).

Thus, the vegetative homeostasis, indicating the 
adaptive abilities of the organism, reflects the state of 
health of students in the youthful period of ontogen-
esis and mature age (I period) in different climatic 
and geographical regions of the world. After assessing 
the level of health, the next stage is development of 
criteria for identifying risk groups, taking into account 
the already identified signs of possible pathology and 
disadaptation.

The results we obtained confirmed the greatest 
difference between the variational pulsometry index of 
African students and Stavropol students and con-
firmed the greatest similarity (and therefore adapta-
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tion) of South and West Asian students to the climatic 
and geographical conditions of the Stavropol region, 
because the most optimal adaptation effect is achieved 
when morphofunctional parameters are similar (ac-
cording to N.A. Agadzhanyan) [2, 8].

Foreign students in South Asia, West Asia and 
Africa have the opportunity to adapt to the conditions 
of Stavropol, it depends on the period of ontogenesis 
(youth and adulthood). It can assume that the optimal 
adaptation effect is achieved by South Asian youths 
and West Asian men. The basis of the adaptation effect 
is the greatest similarity of the morphofunctional char-
acteristics of nonresident and indigenous people. With 
some caution, we can talk about the unsatisfactory 
nature of the adaptation process among students from 
Africa. The results of this study allow to approach 
the task of purposeful management of the adaptation 
process, since adaptation to any factor is associated not 
only with the waste of energy, but also the structural 
resources of the body.
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