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Abstract. The development of oil and gas resources of the Far North and equivalent areas of Russia is accompanied
by the construction of strategically important facilities and territorial production complexes, which lead to the migration
of a large number of people from various regions of Russia. Specific climatogeographic and ecological conditions of
the North determine the unique course of all biological processes, affecting all functional systems of the body, inclu-
ding cardiorespiratory. The study of functional capabilities and adaptation mechanisms to environmental conditions
remains an urgent task of human physiology in connection with the active development of natural resources at the
expense of productive forces coming from other regions. The article presents a brief overview of research papers
that reflect the functional features of the cardiorespiratory system of the alien population living in various regions of
the Far North and equivalent areas of Russia. The presented literature data indicate the presence of specific adap-
tation processes of the cardiorespiratory system in representatives of the alien population in the harsh climatic and
geographical conditions of the northern regions, manifested in hyperfunction of external respiration, hemodynamic
reactions, special compensatory changes in the respiratory and circulatory systems. The development of the northern
regions increases the relevance of the development and implementation of measures to assess the endurance of the
respiratory and circulatory systems of representatives of the alien population, as well as the prediction of possible
risks to their health.
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Pe3tome. OcBoeHue HedhTSHbIX U ra3oBbIx pecypcoB KpaitHero Cesepa u NpupaBHEHHbIX K HUM MECTHOCTEN Poccum
COMPOBOXAAETCA CTPOUTENBCTBOM CTpATErMYeCKN BaxHbIX 06 BEKTOB N TEPPUTOPUAbHO-NPON3BOACTBEHHBIX KOMMEK-
COB, KOTOPble NPUBOAAT K MUrpaLum 60NbLIOro KONMYECTBa NIOAEN N3 pa3nnyHbiX pernoHoB Poccun. CneyndmnyHble
KnuMmatoreorpadguyeckne u akonornyeckue ycnoeus Ceeepa onpeaenstoT yHUKanbHoe npotekaHne Bcex buonoru-
YECKMX NPOLLeCCOB, BUSS Ha BCe (DYHKLMOHASIbHbIE CUCTEMBI OpPraH1M3Ma, B TOM YACTIE U KapAnopecnupaTopHyH.
Wceneposanne (hyHKLMOHAMbHBIX BO3MOXHOCTEN M aAanTaLMOHHbIX MEXaHU3MOB K YCMOBUSM OKpYKatoLen cpesbl
0CTaeTCs akTyanbHON 3agavei HU3nonorum YenoBeka B CBA3M C akTUBHBIM OCBOEHWEM MPUPOAHbLIX PECYPCOB 3a
CYET NPON3BOAMTENbBHBIX CUM, MPUE3XatOLLMX U3 APYTUX PEroHOB. B cTaTbe NpeacTaBneH kpaTkuii 063op uccneso-
BaTenbCKNX paboT, B KOTOPbIX OTPaXEHbI (hyHKLMOHAMNbHbIE 0COBEHHOCTM KapANOPECTNPATOPHOM CUCTEMbI NPULLNIOTO
HaceneHus, NPOXMBatOLLEro B pasnnyHbix pernoHax KpaitHero Cesepa u npupaBHEHHbIX K HUM MECTHOCTSX Poccuu.
lMpencTaBneHHble NUTepaTypHble AaHHble CBUAETENbCTBYOT O HANNYWK CNELMEUYHBIX aganTalLoHHbIX NPOLEeccoB
kapaMopecnupaTopHOi CUCTEMbI Y NPEACTABUTENEN NPULLIOTO HACENEHNS B CYPOBLIX KIMMATOreorpatmyeckux yecno-
BMSIX CEBEPHBIX PErMOHOB, NPOSIBNSIOWMXCS B TMNEPPYHKLMM BHELIHETO bIXaHWS, peaKkLmax reMognHamuki, 0cobbix
KOMMNEHCaTOPHbIX M3MEHEHMSIX CUCTEM AblXaHWs 1 KpoBoobpaLLeHns. OCBOEHNE CEBEPHbIX PErMOHOB NOBbILAET akK-
TyanbHOCTb pa3paboTku 1 BHEAPEHUS MEPONPUATUIA MO OLEHKe BbIHOCIMBOCTM CUCTEM AblIXaHWS N KpOBOOBpaLLEHNS

y I'IpeJJ,CTaBI/ITeJ'IeVI MPULLOro Hacernennd, a Takxxe NporHo3MpoBaHN0 BO3IMOXHbIX PUCKOB AA UX 300POBbA.

KnioueBble cnoBa: kapavopecnupaTopHas cucTeMa; afantayyus; NpULLIoe HaceneHune; CeBepHbIN Pervio.

INTRODUCTION

The evolutionary formation of an organism as a biologi-
cal species is directly connected with the external environ-
ment and is determined by the influence of various climatic,
geophysical and geochemical conditions. In the process of
evolution, corresponding natural rhythms were formed in
the activity of the cardiovascular and respiratory systems
of the body [27]. In the process of adaptation to environ-
mental conditions, an organism forms characteristics and
properties that prove to be the most beneficial and thanks
to which the organism acquires the ability to exist normally
in a specific habitat [5].

Adaptation of an organism to new natural and production
conditions necessary for the sustainable existence of the or-
ganism in a specific ecological environment occurs at the
cellular, organ, systemic and organismic levels [7, 61]. The
cardiovascular and respiratory systems together are a mar-
ker of the organism’s adaptation to new environmental con-
ditions, which is reflected in the morphological and functional
changes of these systems [64, 75]. The cardiorespiratory
system (CRS) as the main link in the life activity of the hu-
man body is aimed at continuously supplying it with oxygen
[12]. The CRS is interconnected with external environment,
so the system also is influenced by a complex of negative
environmental factors [13]. The cardiovascular and respira-
tory systems serve as the most important link in the complex
of visceral systems that ensure metabolism and maintain the
constant internal environment of the body [34, 55].

The life activities of the immigrant and indigenous popu-
lation living in regions of the Far North and equivalent lo-

calities are sharply limited due to harsh natural conditions.
A number of researchers have proven the negative impact
of the climatic features of the northern region on health of
residents [41, 52]. Thus, a third of the residents of the sur-
veyed territories describe the northern climate as “very se-
vere” and “rather severe” (no differences in assessments
were found between groups formed on the basis of age and
gender criteria and degree of sedentarism) [41]. Moreover,
immigrant population more often talk about the influence of
certain climatic characteristics (for example, the polar night)
on their physical and mental state [41]. Indigenous people,
unlike the migrant population, have a natural adaptation to
external environmental factors, as a result of which they are
less susceptible to stress and premature pathologies [31].
The immigrant population is influenced by various factors
of the changed habitat, as it finds itself in new social and
cultural, physical and geographical conditions [66]. A study
of technogenic impact on biological systems in the condi-
tions of the Far North demonstrated the disastrous ecologi-
cal state of the landscape in the territory of oil producing
enterprises [37]. Increased physical and mental stress
against the background of existing natural pressure can
provoke high tension in the body’s adaptation systems and
the development of a special condition of the complex od
symptoms [39].

Adaptation of the body of an immigrant population al-
lows it to endure significant changes in the external environ-
ment and actively restructure organism’s physiological func-
tions in accordance with these changes, sometimes even
ahead of them [1]. The immigrant population turned out to
be more vulnerable to associated effects of northern risk
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factors, which contributed to the development of the “polar
tension” syndrome with its inherent initiation of free-radical
oxidation and a decrease in overall antioxidant activity [37].

The health status of the immigrant population is under
the continuous influence of specific risk factors, which leads
to the formation of typical northern pathology. Since nor-
thern conditions require increased energy consumption and
increased oxygen consumption, the cardiovascular and
respiratory systems require a constant increase in oxygen
supply. The appropriate utilization of oxygen is ensured by
the respiratory and hemodynamic systems, which in diffe-
rent combinations lead to a change in the type of functional
relationship between the parameters of the heart and lungs
at certain age periods of a person [23]. For example, the
same level of oxygen consumption can be achieved by dif-
ferent strategies: either increased ventilation or increased
oxygen utilization [55]. To effectively assess the functional
state of the body of the immigrant population, informative
criteria of the cardiorespiratory system are considered in a
complex, since each individual physiological parameter of
respiration and heart is not as reliable and objective as a
complex approach consisting of recording numerous indi-
cators. In this regard, it is necessary to carry out a sys-
temic quantitative analysis of the organism, which are the
part of the general functional system of adaptation of the
organism [27]. In this regard, it is necessary to carry out a
systemic-quantitative analysis of the organism, which are
part of the general functional system of adaptation of the
organism [27].

The adaptation of the immigrants’ body in northern lati-
tudes has specific features. Some migrants adapt quickly,
their organism is rebuilt to the so-called polar metabolic
type, while others have a long adaptation period [30]. The
adaptation of the immigrants’ body in northern latitudes has
specific features. Some migrants adapt quickly, their orga-
nism is rebuilt to the so-called polar metabolic type, while
others have a long adaptation period [30]. With the increase
in number of generations of people living in conditions of
the northern region, optimization of the cardiorespiratory
system indicators is observed with a decrease in the degree
of reactivity in a series from zero to the second generation
in response to the activation of the orthostatic test. This oc-
curs against the background of an increase in the degree
of influence of the autonomic nervous system in a state of
rest and with a greater expression of the decrease in re-
sponse to orthostatic test [2]. With an increase in the time
of residence in the North-East of Russia, there is a gradual
decrease in the level of stress in the work of the cardiore-
spiratory system, a decrease in the incidence of basal meta-
bolic parameters exceeding the normative values [1]. At the
same time, an increase in the specific weight of deviations
in microcirculation indicators is observed in a series from

zero to the third generation (a decrease in the diameter of
arterial and venous sections, an increase in the coefficient
of deformation of capillaries).

The study of the patterns and physiological mechanisms
of adaptation of the aborigines of the North is of great im-
portance for the preservation and development of health not
only of small ethnic groups, but also of immigrants, since
the indigenous population represents the adaptive standard
that is most adequate to its habitat [73]. In order to minimize
the incidence of heart and lung pathologies in the immigrant
population living in the northern region, it is necessary to
pay special attention to the cardiorespiratory system. The
relevance of the topic is related to the need to generalize
and analyze existing approaches to the study of adaptive
capabilities on the health status of the migrant population
under the influence of harsh climatic conditions.

GENERAL PATTERNS OF ADAPTATION IN THE NORTH

The development of new deposits, which have great
political and economic potential, is closely linked with the
study of the adaptation of the organism [70]. In this regard,
the basis of modern medicine should be adaptive physiology
[5]. The indigenous population is adapted to environmental
factors both at the phenotypic and genetic levels. The best
effect of the adaptation process is achieved with greater
similarity of morphological and physiological characteristics
in the indigenous and immigrant populations, and acclimati-
zation in harsh living conditions requires the greatest stress
on the adaptation processes [1]. Expeditions conducted in
various extreme conditions of the Far North have shown
that the body always pays with stress and expenditure of
vital resources for adaptation to new environmental condi-
tions [4]. This is why the leading aspect of the formation
of the current morphological and functional state of human
organs and its reserve capabilities is the type of adapta-
tion of important body systems to climatic, geographical and
seasonal conditions [33].

The difference between the functional characteristics
of immigrants and native population is that even after the
completion of the process of successful acclimatization,
the organism of immigrants will work with maximum use
of resources [72]. In immigrants, many physiological pro-
cesses shift in the direction of characteristics typical for the
natives of a given region [64, 82]. A transitional process of
adaptation is established and characterized by the totality
of the existing capabilities of the organism. The influence
of climatological and territorial conditions of the North on
the body’s state was identified by researchers in the seven-
ties and eighties of the last century. Scientists have proven
that the hereditary capabilities of adaptation processes in
more than 70% of the migrant population in the North can-
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not ensure long-term health maintenance in harsh climatic
conditions [30].

The entire adaptation process can be divided into sta-
ges. The first stage is the stage of anxiety, when the body
rapidly rebuilds itself and the mechanism of adaptation to
new living conditions begins. The second stage (resistance)
is the level of significant resistance of the body’s systems to
the effects of the northern region. By the end of this stage,
the body’s condition stabilizes, functional indicators are nor-
malized, and a completely new state of balanced, stable
equilibrium is realized [5]. Thus, the respiratory and cardiac
organs manage to successfully adapt to the climatic condi-
tions of the northern region thanks to the restructuring of the
most important systems of the body [56].

Exposure to the harsh conditions of the Far North and
similar areas, such as pronounced ultraviolet deficiency
due to low solstice, long and cold winters, and low air tem-
peratures inevitably lead to the process of “light starvation”
at night and “light excess” during the day. The complex of
these mechanisms represents a difficult multi-stage social
and physiological process, which is combined with pro-
nounced stress on the body’s adaptive systems [48]. As a
result of the research, it was clearly demonstrated that at
the first stage of adaptation to harsh environmental condi-
tions, an urgent set of compensatory, protective reactions is
acquired that support the normal functioning of the body’s
systems by straining functional reserves [1, 38].

The immigrant population is characterized by a specific
form of continuous stress on the cardiovascular and respi-
ratory systems, which is caused by the weakening of the
body’s stable resistance to extreme conditions [13]. Com-
mon features of the adaptation process are an increase in
the size of the adrenal cortex and an increase in their secre-
tory activity, a decrease in the lymph nodes, thymus, spleen,
and a reorganization of blood composition indicators, a
change in the ratio of metabolic processes in the body, the
prevalence of decay processes that lead to a decrease in
blood pressure and weight loss [66]. It has been proven that
in the harsh conditions of the North, sympathicotonia is re-
duced in winter and increased in summer [56]. So, at low air
temperatures the tone of the vagus nerve predominates. On
the part of the immune system, there is a weakening of im-
munity and a tendency towards a protracted, chronic course
of diseases in northerners [44]. Ineffective functioning of
the immune system of immigrants of the north often leads
to the spread of acute infectious pathology, which creates
a threat of failure of protective adaptive mechanisms and
determines the tendency for acute inflammation to become
chronic [68].

A survey of the cardiorespiratory system indicators of
the Salekhard population revealed a stress in the functional
characteristics of the lungs and heart of immigrants, which

is characterized by increased functional activity of the ex-
ternal respiration parameters, an increase in systolic and
diastolic blood pressure, minute blood volume, and total
peripheral vascular resistance [67]. Such a characteristic
adaptive change in the functioning of the cardiovascular
and respiratory systems is necessary to ensure the normal
functioning of the body of the immigrant population in the
conditions of the North [31].

When the body adapts to changing factors in the North,
profound shifts in the internal environment of the body oc-
cur (hypoxia, hypercapnia, hypocapnia, acidemia), which,
according to the principle of feedback, activate the physio-
logical processes of regulation and the function of gas ex-
change of the respiratory system. Some northerners expe-
rience an increase in pulmonary ventilation, while others
experience an increase in heart rate, which becomes one
of the leading factors in providing the body with oxygen. It
is necessary to coordinate work to ensure the supply and
consumption of oxygen, which affects the contractility of the
myocardium and the frequency of respiratory movements,
which depend on the body’s reserves [53].

FEATURES OF RESPIRATORY SYSTEM ADAPTATION

A pronounced feature of the adaptation process to
the extreme conditions of the Far North are morphogical,
physiological and functional changes in the respiratory sys-
tem, which are often characterized by dyspnea [61], which
is called polar. As compensation for hyperventilation of im-
migrants’ lungs, metabolic acidosis develops in the condi-
tions of the Middle Ob region [81]. The increase in the mi-
nute volume of respiration, typical for the northern region in
plain conditions, is explained not only by metabolic acidosis,
but also by a decrease in the aeroionisation of air [4]. When
studying the mechanism of dyspnea as a phenomenon that
occurs in depressive and anxious states, 4 clinical variants
of hyperventilation syndrome not accompanied by hypoxia
were identified [30].

CRS is susceptible to somatic, biological and psycho-
logical influences. The functional state of CRS depends on
environmental factors. At the beginning of the adaptation
process to cold, the functional depot accumulates due to
additional opening of the alveoli at the level of the medium
and large bronchi [3]. However, the long-term presence of
immigrants in northern conditions leads to an increase in
the area of gas exchange, which occurs due to morpho-
logical changes: diameter, quantity and volume due to mor-
phological changes, quantity and volume of capillaries that
bulge into the lumen of the alveoli. Against the background
of these processes, the blood pressure in the pulmonary
circulation significantly exceeds the normal values [56].
Changes in the respiratory system of a person living in the
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North for several years correspond to adaptation to hypoxia
[3, 5, 27].

Almost the entire immigrant population experiences dif-
ficulty breathing and shortness of breath at low air tempera-
tures in the uncomfortable conditions of the northern region
[48]. A study conducted in Surgut notes the highest and pro-
gressive incidence of diseases of the respiratory system and
pathologies that make up metabolic syndrome — diabetes
mellitus and obesity [15]. Blood oxygenation is controlled by
important functions of the cardiorespiratory system: inhala-
tion, exhalation, depth of breathing and respiratory rate, as
well as the condition and functional characteristics of red
blood [35]. In residents of the European North, the levels
of red blood cells circulating in the peripheral blood and
hemoglobin are within the physiological norm for the immi-
grant population [3]. The peculiarities of morphological and
physiological data of erythrocytes in the blood test of the
population of the northern territories are associated with an
increased intensification of erythropoiesis [74]. These pro-
cesses are directly dependent on the severity of the climatic
conditions of the regions of the European North and worsen
as one moves north [74]. An increase in the volume of pul-
monary ventilation in northerners at rest and a decrease in
the vital capacity of the lungs (VC) in residents of the North
were also revealed [22, 46, 65]. It has been established that
in population of the Magadan region, living in uncomfortable
conditions for more than 5 years, the value of VC is reduced
by 3% compared to the control parameters of Moscow [42)].
Features of lungs of the Middle Ob region immigrants were
identified, which consisted of a more developed bronchial
system, which ensured more efficient gas exchange [9].

In different seasons of light aperiodicity, depending on
the polar night and polar day, changes in external respira-
tion were revealed according to spirometric examinations of
natives of the Far North, residents of Murmansk [20]. It has
been proven that the indicators and structure of vital capa-
city in girls and boys, the respiratory volume and the nature
of the relationships between the indicators that comprise
them decrease. The magnitude of the respiratory volume is
one of the most demonstrative criteria of the external respi-
ratory system, characterizing its pattern. As a result of the
conducted studies, it was established that during the polar
day, the residents of the Far North have a lower respiratory
volume than during the polar night [69].

The adverse effect of hypoxia on the body is that during
the transition to the cold period of the year, the load on the
respiratory system increases [51]. A decrease in the oxygen
utilization function in immigrants living in the conditions of
the northern region has been established [70].

Chronic hypoxia in the North is the main cause of in-
creased activity of the respiratory system, manifested by tis-
sue hypoxia, the action of a complex of geophysical factors

of high latitudes, which in the future may lead to high inci-
dence of respiratory diseases [25]. During the compensa-
tion phase, reactions that are characteristic of hypoxia are
formed in the body of northerners: the utilization of oxygen
from the inhaled air and the delivery of oxygen by blood
increases, and then the coefficient of oxygen utilization by
tissues increases [14]. The adaptation mechanism in immi-
grants of the Far North is accompanied by a complex of
symptoms that includes chronic hypoxia with correspond-
ing changes in the cardiovascular and respiratory systems,
forced to “fight” for oxygen. In northerners, oxygen satura-
tion in arterial blood does not differ from the corresponding
indicators in mid-latitudes [27], while carbon dioxide tension
in both arterial [36] and venous blood [3] is increased. The
arteriovenous difference in oxygen significantly exceeds the
norms of mid-latitudes [10], which reflects the metabolic re-
structuring of energy processes [8].

It has been found that high hemoglobin level in blood
of immigrants contribute to better oxygen exchange [43].
The ability of the body of northerners to tolerate hypoxia de-
pends on the individual genetic characteristics of their body,
as well as on the time of year and environmental conditions.
The observed low levels of red blood cells and hemoglobin
negatively affect a person’s mental activity [54].

In conditions of the northern region, the greatest impact
on the functional state of the body is exerted by cold and
a specific heliogeomagnetic environment [72]. With conti-
nuous exposure to cold, there is a decrease in respira-
tory heat loss and protection of the respiratory tract from
the effects of cold, leading to morphological and functio-
nal restructuring of the respiratory system and the oxygen
transport system of the blood [56]. In the cold season, heat
emission through the respiratory system is also saved by
reducing ventilation, the minute respiratory volume and re-
spiratory rate are reduced [47].

The extreme impact of the oscillatory dynamics of he-
liogeomagnetic activity on the human body occurs against
the background of meteorological factors or through them
[31]. The activation of cold receptors leads to the activa-
tion and excitation of thermoregulation centers, which in the
future, as a rule, leads to increased intensification of energy
exchange processes in the central nervous system [18].

A number of studies have demonstrated a decrease in
the vital capacity of the immigrant population of the northern
region [46, 65, 76]. It has been shown that with more than
10 years of experience in the north, the vital capacity value
is significantly lower by 8.2%, which indicates a morphologi-
cal restructuring of the lung parenchyma [1].

During spirometry examination of the external respira-
tion parameters in immigrants of the North-East of Russia,
it was revealed that in healthy men, the residual volume of
the lungs (RVL) and the functional residual capacity of the
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lungs (FRC) are most often significantly increased in win-
ter. An increase in functional dead space has been proven
in immigrants of the Magadan Region, which is 90-110 ml
higher than its value in men living in Western Siberia [19].
A close study of the mechanisms of the FRC clearly showed
that the parameters of the FRC depend on the influence of
external environmental factors. There is an increase in FRC
parameters due to the opening of reserve acini involved
in gas exchange and ventilation of the lungs. The identi-
fied adaptive changes in the respiratory system contribute
to the protection of bronchial tree from cold exposure and
damage, as well as the economical expenditure of energy
under cooling conditions [72]. In the conditions of the North,
a change in the vital capacity may be a cause of the forma-
tion of signs of obstructive pulmonary disorders [50]. This is
evidenced by a violation of bronchial patency, identified by
the Tiffeneau index.

In the majority of both the immigrants and indigenous
populations of the northern region, in combination with the
effective adaptive restructuring of the respiratory system,
destruction and atrophy of the mucociliary, elastic and mus-
cular apparatuses of the respiratory tract may be observed,
followed by the formation of a violation of the bronchial
drainage function, an increase in bronchial resistance and
dynamic compression of the small bronchi. These lead to a
decrease in the efficiency of gas exchange and an increase
in the unevenness of alveolar ventilation [46]. The nature of
the morphological and functional changes in the respiratory
system of immigrant population allows us to consider such
changes as a manifestation of compensatory and protective
reactions aimed at reducing heat loss and minimizing the
impact of cold air on the respiratory tract [57].

Most studies show that the incidence of pulmonary pa-
thology in the North is very high and reaches more than
55% of all diseases [64]. The peculiarities of the develop-
ment of pathological processes of the respiratory system
in the North include: hyperventilation of the lungs in com-
bination with obstructive changes in respiratory volumes;
shortness of breath with little physical exertion; hypertrophy
of the right ventricle of the heart; decreased respiratory re-
serves; pulmonary hypertension; dilation of the pulmonary
artery and increased pulmonary pattern [51]. When studying
the functional state of the aerohematic barrier in humans in
the conditions of the Far North, a reliable increase in surfac-
tant was revealed in histologically normal lungs of individu-
als who had lived in the North for more than 5 years [3].
Chronic respiratory diseases in the migrant population living
in the North are characterized by rapid progression and the
manifestation of severe intoxication, unlike similar diseases
in the middle latitudes. Despite adequate drug therapy, the
diseases become protracted and are manifested by long pe-
riods of exacerbation and short remissions [51].

FEATURES OF CARDIOVASCULAR SYSTEM ADAPTATION
IN NORTH CONDITIONS

For population of the North, the most important limiting
factor in the formation of health is adaptation to climatic
conditions. At the initial stage of adaptation in immigrant
population in the North, hypertension often develop [51].
The right heart side is a subject to the greatest stress,
which subsequently manifests itself as adaptive pulmonary
hypertension. As the migrant population adapts and stays
for a long time, living and working in the conditions of the
North, there is a decrease and subsequent depletion of the
adaptation reserves of the left heart side, which in some
migrants leads to an increase in pressure in the vessels of
the systemic circulation [1]. High pressure in the pulmonary
circulation and pronounced changes in pulmonary ventila-
tion are not only interconnected, but also interdependent
[46]. A moderate increase of systolic pressure to 40 mm Hg
in pulmonary artery is aimed at ensuring optimal blood flow
to the lungs and optimizing oxygen transport delivery under
conditions of increased energy exchange [60].

During the adaptation process of the migrant's body to
cold, the sensitivity of tissues to norepinephrine also in-
creases, which indicates the transition of the cardiorespira-
tory system to a more economical regulation path [13]. A
study conducted in Arkhangelsk confirms that local expo-
sure to low temperatures activates the sympathetic nervous
system, causing a reflex increase in the concentration of
norepinephrine, adenosine triphosphate, a decrease in the
intensity of peripheral blood flow, and an increase in heart
rate [74].

In people living in the Middle Ob region, there is a “re-
juvenation” of arterial hypertension [3, 32], which, being a
multifactorial disease, develops as a violation of the pro-
cesses of human adaptation to environmental conditions in
presence of genetically predetermined violations of regula-
tory mechanisms and against the background of emerging
pathophysiological and involutional processes in the body
[21]. Blood pressure in men and women in the European
North is higher than in residents of comfortable climate
zones, and its age-related increase over decades of life is
more significant than in those living in warm climates [13].
The risk of developing hypertension increases threefold in
the working population after 10 years of work in the North.
Hypertension was detected in 13.2% of northerners aged
30-39 years [71]. In Chukotka, a higher incidence of hy-
pertension is observed among the population aged 30 to
60 years. An unfavorable outcome of cardiovascular sys-
tem’s adaptation is vascular dystonia, which represents a
phenomenon of maladaptation.

Reduced humidity in the air of the external environment
in northern conditions leads to stress on the right side of
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heart, accelerates energy and water metabolism, reduces
diuresis by 19% [55], leading to hyperventilation syndrome
[80]. The immigrant population has a larger heart compared
to the indigenous inhabitants, since the cardiovascular sys-
tem of migrants is forced to adapt to harsh environmental
conditions, which required more intensive work in uncom-
fortable conditions. This made it possible to improve blood
circulation and provide the body tissues with oxygen [26].

Heart rate (HR) is one of the main integral characte-
ristics of the cardiovascular system state [29]. At rest, HR
fluctuates in the range from 60 to 90 beats per minute [79].
Conducted studies prove that northerners have higher sys-
tolic and diastolic blood pressure and heart rate than ave-
rage age norms [24].

The prevalence of high functional values of minute blood
volume, pressure, and heart rate in the conditions of the
Middle Ob region has been confirmed by studies on the car-
diorespiratory system in residents of northern regions [28,
62]. It can be argued that an increase in heart rate in immi-
grant population living in the Northern conditions indicates
intense cardiac activity even at rest [63]. These indicators
increase progressively with increasing duration of residence
in harsh conditions and ultimately lead to a decrease in the
reserve capacity of the cardiovascular system and the chro-
notropic reserve of heart [12].

There is data that allows us to reliably say that heart rate
depends on the type of blood circulation [49]. The lowest
heart rate values are observed with the hypokinetic type of
circulation in all subjects. The highest heart rate values are
observed in eukinetic and hyperkinetic types of circulation.
Along with an increase in heart rate, when adapting the car-
diac system and cardiac activity to muscle loads, the main
role is played by stroke volume (SV), an increase of which
is an important condition for ensuring muscle activity [69].

Changes in blood pressure in immigrant population of
the Middle Ob region are one of the controversial issues.
A tendency towards a decrease in blood pressure is noted
[11]. When studying the parameters of the cardiovascular
system in immigrant population of Surgut, it was noted that
systolic blood pressure (SBP) slightly exceeded the level
of 130 mm Hg in men and was consistently higher than in
women [17]. The functional health of the immigrant popula-
tion is characterized by a more pronounced tension of the
body’s adaptive capabilities compared to the native popula-
tion. A study conducted in the Yamalo-Nenets Autonomous
Okrug clearly showed that the immigrant population is char-
acterized by a significantly smaller number of people with
vagotonia and a high percentage of people with sympathi-
cotonia, which should be attributed to signs of tension of
the adaptive mechanisms [73]. It should be noted that for
the indigenous peoples of the North, the shift in vegetative
regulation towards vagotonia is a genetically fixed adapta-

tion mechanism, which is also confirmed by a number of
studies [49].

Seasonal fluctuations in blood pressure have been
identified in both healthy individuals and individuals suffe-
ring from arterial hypertension, with higher levels in winter
compared to summer. This is associated with an increase
in the level of catecholamines in blood and total peripheral
vascular resistance [12]. Determining the chronotype of
the human body leaves its mark on the daily fluctuations
of the heart rate variability indices. Thus, individuals with
the morning chronotype are characterized by a tendency to
sympathicotonia in the morning, weakening at the end of
the day. Individuals with the evening chronotype are cha-
racterized by the manifestation of signs of sympathetic car-
diointervalogram in the evening [24].

Morphofunctional changes in cardiac activity, which
manifest themselves in the form of neurocirculatory dystonia
in young people and increased blood pressure in older age
groups, were identified in 55% of the examined people living
in the North [13]. Every third of the examined northerners
suffers from hypertension at the age of 20-59 years, with
60% of all cases of arterial hypertension occurring before
the age of 40 years [51].

The fact that hypertension is malignant in the North is
confirmed by the greater severity and high frequency of
hypertensive crises [70]. Residents of the North-West re-
gion of Russia have higher blood pressure and lipid me-
tabolism disorders, which may be associated with unfavo-
rable climatic conditions and lifestyle. Arterial hypertension
was detected in 35.4% of cases among visiting residents
of the Tyumen North [6]. Among working-age residents of
Novy Urengoy, borderline arterial hypertension was de-
tected in 16.2% of those examined, essential hypertension
in 30.5%, and symptomatic hypertension in 4.1% [71]. The
highest incidence of coronary heart disease (CHD) among
residents of this region was observed in the winter months
[12]. A study by Litovchenko et al. (2021) showed that at
the age of 26 years and older, there is a risk of developing
cardiovascular changes in male students working in the oil
industry. Changes in indicators such as the endurance coef-
ficient, the circulatory efficiency coefficient and the Ruffier
test indicate a deviation from the age norm and a disruption
of the cardiovascular system [40].

Heart rate variability (HRV) reflects the ability of the car-
diovascular system (CVS) to adapt. HRV decreases with
increasing age [77, 78]. Deviation from the norm of HRV
indicators is an unfavorable prognostic factor [58]. Against
the background of a general decrease in both time and fre-
quency indices of HRV, the subjects show an increase in
parasympathetic influences with lower indices of differenti-
ated assessment of the condition in those living for no more
than 6 months and a predominance of sympathetic tone
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with a high level of personal anxiety in those living for more
than six months. This is expressed in a hyperadaptive state
of mobilization of energy and metabolic reserves [59]. In 62
healthy young people aged 20 to 30 years, using the Holter
monitoring, episodes of sinus arrhythmia were detected in
90% of subjects, in contrast to healthy older people, and a
night-time decrease in blood pressure in healthy subjects
within 10-20% compared to the daytime level [16].
Analyzing the frequency of detection of variations in the
electrical axis of the heart in the population living in Surgut,
Nifontova O.L. and co-authors concluded that with age, re-
gardless of gender, the frequency of deviations of the car-
diac axis from its normal position increased and the appea-
rance of a fairly large percentage of people of both sexes
with a horizontal position of the heart and a deviation to the
right or left was determined [49]. Thus, the central hemody-
namics, heart rate, and electrocardiogram data served as
the basis for the conclusions about the presence of a ten-
dency for hypertrophic changes in the myocardium with age
in northerners. Most often, hypertrophic changes were de-
termined in the left atrium, less often in the right atrium [49].

CONCLUSION

The territories of the Far North and equivalent areas re-
main the main source of fuel and energy resources for Rus-
sia. The extensive development of northern regions attracts
new human resources. The immigrant population of the
North is forced to adapt to severe climatic and geographical
conditions, and the cardiorespiratory system determines the
adaptive capabilities of the entire organism. Literary data in-
dicate a significant strain on the functional capabilities of the
oxygen-transport system in northerners, which leads to a
decrease in the efficiency of gas exchange and an increase
in the unevenness of alveolar ventilation.

The immigrant population exhibits significant seasonal
variability in the parameters of the cardiorespiratory system,
hemodynamic characteristics and external respiration pa-
rameters undergo changes, and an increase in heart rate,
blood pressure, pulmonary ventilation, minute respiratory
volume, vital capacity of the lungs, and bronchial resistance
are observed.
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