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Abstract: The objective of this study was to examine the changes occurred in the heart rate variability, cardiovascular system and gas 
analysis in response to the test with return breathing in young Caucasian and Native men residing in Magadan region and Chukotka 
Autonomous District.  
Methods — Total 345 young men were examined; of them 65 were Native people from Chukotka Autonomous District (ChAD) and 35 
Natives from Magadan Region (MR) as well as Caucasians (48 from ChAD and 197 from MR, respectively). 
Results — Studies have shown that in response to the hypoxic-hypercapnic effect, there were changes in the cardiovascular system, heart 
rate and gas analysis, with a number of differences depending on ethnicity and the region of residence. Region-related features of 
cardiohemodynamics were manifested by a more pronounced increase in the systolic blood pressure and heart rate in response to the re-
breathing test in the two ethnic groups living in ChAD, which was observed against the background of higher values of the difference 
“baseline-test” in carbon dioxide levels in the exhaled air. Ethnic differences in our studies were seen due to the pronounced increase in 
response to the test for the activity of the parasympathetic link of the autonomic nervous system (increased TP and HF), at the background 
of a decrease in VLF observed only among Caucasians, which was associated with the lowest oxygen concentration in the exhaled air at the 
peak of the test. It was found that the significant differences in gas analysis identified at rest and at the peak of the test as well as 
rearrangements of the heart rate and cardiovascular system characteristics in response to the re-breathing in the young subjects residing in 
different regions of northeast Russia and belonging to different ethnic groups can serve as informative criteria reflecting the region caused 
ethnic characteristics of the organism. 
Conclusion — It was found, the most visible and informative parameters for the differences in dynamics of the studied systems 
demonstrated by the subjects of the two ethnic groups in the two observed regions of the Far East in response to a hypoxic-hypercapnic 
test with return breathing have been the spectral characteristics of the heart rate (TP, HF, VLF) and gas analysis with the calculation of the 
difference between the baseline and the peak values (difference in the CO2 and O2 concentration of the test-baseline). 
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Introduction  

Changes in the cardiac rhythm consider a universal and 
operative response of the whole organism to the influence of 
environmental factors and reflect the balance between the tone of 
the parasympathetic and sympathetic parts of the Autonomic 
Nervous System (ANS) [1]. 

It is well known that Heart Rate Variability is closely related to 
respiration [2]. The main reasons for that are due to the fact that 
breathing and heart rate, as well as blood pressure are parts of the 
cardiorespiratory system which is also regulated by the ANS in the 
form of a connected system with feedback control [3]. For 
example, Heart Rate tends to increase in response to hypoxia or 

hypercapnia in healthy subjects [4]. This interaction is manifested 
by activation of baroreceptors when the change in Blood Pressure 
affects the Heart Rate based on negative feedback [5]. Besides, 
this interaction is reflected in respiratory sinus arrhythmia which is 
associated with a high frequency (HF component) in the range of 
cardiac rhythm. Sinus arrhythmia is aimed at comparing perfusion 
with the Heart Rhythm and regulating the gas exchange rate in the 
alveoli [6], and can be interpreted as the effect of respiration on 
the sinus node of the heart [7]. 

The aim of the research is to study the restructuring of cardiac 
rhythm, gas analysis, and the cardiovascular system in young male 
vago- normotonia subjects residing in Magadan Region (MO) and 
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Chukotka Autonomous District (ChAD) while performing a re-
breathing test. 

 

Material and Methods 

Subjects 

The study involved 345 young men; of them 65 were natives 
from Chukotka Autonomous District and 35 native people living in 
Magadan Region as well as Caucasians (48 from the ChAD and 197 
from the MO). Only young male vago- normotonia subjects 
participated in the study. Such selection was mainly caused by the 
necessity to form a homogeneous group in which, in response to 
the functional test as a disturbing factor, similar reactions of 
rearrangements of the parasympathetic and sympathetic links 
would be expected to happen, and differences would be 
determined by stratification factors such as ethnicity and region of 
residence. At the same time, it should be noted the predominance 
of young male vago- normotonia subjects in the studied samples. 
All subjects were students of higher and secondary institutions and 
had a comparable lifestyle. 

 

Study of gas exchange indicators  

As a functional test, a test with return breath (re-breathing) 
without CO2 absorption was used. Immediately prior to the test, 
we used a portable gas analyzer manufactured by “Karbonik” to 
determine the content of CO2 (%) and O2 (%) in the subjects’ 
exhaled air. To carry out the test, the subject, with the nose closed 
with a clip, had to make three deep exhalations in a plastic sealed 
bag (such as Douglas) from where the process of inhalation and 
exhalation was further performed with a total duration of three 
minutes [8]. After completion of the test with return breathing, 
the gas mixture remained in the sealed bag was analyzed on the 
percentage level of CO2 and O2 using the same instrument. 

 

Study of heart rate variability indicators  

At rest, before performing the breathing test and during its 
three minute run using a Varikard instrument and VARICARD-
KARDi software, a cardiac rhythmogram was recorded based on 
the methodological recommendations [9, 10]. The following Heart 
Rate Variability (HRV) parameters were analyzed: mode (Mo, ms) 
as the most common value of the R-R interval; the difference 
between the maximum and minimum values of cardiointervals 
(MxDMn, ms); the number of pairs of cardiointervals with a 
difference of more than 50 ms in % of the total number of 
cardiointervals (pNN50, ms); the square root of the sum of the 
differences in the series of cardiointervals (RMSSD, ms), standard 
deviation of the complete range of cardiointervals (SDNN, ms); 
mode amplitude with a class width of 50 ms (AMo 50%, ms); Stress 
Index of regulatory systems (SI, standard units); Total Power of 
heart rate spectrum (TP, ms

2
), spectrum power of the high-

frequency component of Heart Rate Variability in the range of 0.4-
0.15 Hz (respiratory waves) (HF, ms

2
, %); spectrum power of the 

low-frequency component of Heart Rate Variability in the range of 
0.15-04 Hz (LF, ms

2
, %); the power of the spectrum of the Very 

Low-Frequency component of heart rate variability in the range of 
0.04-0.015 Hz (VLF, ms

2
, %). 

 

Study of indicators of the cardiovascular system 

Using a Nessei DS-1862 Automatic Blood Pressure Monitor 
(Japan), we analyzed the Systolic and Diastolic Blood Pressure 
indicators at rest before the test and at the peak of the test (the 
end of the 3rd minute), with simultaneous recording the level of 
oxyhemoglobin (НbO2, %) using the “NPB-40” Pulse Oximeter 
(USA). All studies were conducted in mornings, in a room with a 
comfortable temperature of 19-21° C. 

 

Statistical analysis 

The results were statistically processed using the Statistica 7.0 
application software package. The distribution of the measured 
variables was checked for normality based on the Shapiro-Wilk 
test. The results of nonparametric processing methods are 
presented in the form of the median with lower and upper 
quartiles – Me (LQ, UQ), and parametric as the average value and 
its error – M±m. The statistical significance of the differences was 
determined using the t criterion, that is the Student criterion for 
dependent samples with a normal distribution and the 
nonparametric Wilconson criterion for samples with a distribution 
other than normal. To determine the differences between 
independent samples in the case of a normal distribution, the t-
Student test for independent samples was used; for a distribution 
that differs from the normal, the Mann-Whitney criterion was 
used. The critical significance level (p) in the work was taken to be 
equal to or less than 0.05 [11]. 

 

Results 

Table 1 presents the main indicators of gas analysis and the 
cardiovascular system at rest before re-breathing and at the peak 
of the test in young male Natives and Caucasians living in Magadan 
Region and Chukotka Autonomous District. The results indicate 
that, at rest young male subjects of the two ethnic groups from 
the both cities of Magadan and Anadyr demonstrated no 
statistically significant differences in all the studied characteristics. 
At the same time, intergroup region-related differences were 
recorded only with respect to gas analysis indices: the Anadyr 
subjects were lower in the exhaled air Carbon Dioxide and higher 
in Oxygen concentration. The Caucasian subjects from the two 
territories, at the peak of re-breathing showed statistically lower 
indicators of Oxygen concentration in the exhaled air as compared 
to those of the Natives. An analysis of intergroup differences 
revealed higher BPS and HR, against the background of significantly 
lower BPD values in the group of young men of the two ethnic 
groups inhabiting the territory of the ChAD. It should be noted the 
lowest concentration of O2 in the exhaled air of the Caucasian 
subjects of the city of Magadan. 

Table 2 presents the indicators of cardiac rhythm in young 
men of the two ethnic groups and two regions of residence at rest 
and at the peak of the hypoxic-hypercapnic test. From the results 
of the study, the lowest baseline indices of the LF power of the 
HRV spectrum were noted in the group of Chukotka Natives. At 
the peak of re-breathing, statistically and significantly lower Mo 
indices were recorded in the group of ChAD Caucasians. At the 
same time, higher rates of TP, HF, and LF at the peak of the test 
were observed in Caucasians of the two areas. Intergroup ethnic 
differences at the peak of respiration could only be seen in the 
values of AMo and SI which were found to be lower in the group of 
Magadan region Caucasians. 
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Table 1. Indicators of gas analysis, cardiovascular system and arterial blood oxygenation at rest and at the peak of the test with re-breathing in young 
male vago- normotonia subjects, Europeans and Aborigines, residing in Magadan Region and Chukotka Autonomous District 

Studied indicators Experiment stage Difference Significance Rate 

Indicators at rest Re-breathing 1 vs 2 3 vs 4 1 vs 3 2 vs 4 

 Chukotka Autonomous District  

Aboriginals (1) Caucasians (2) Aboriginals (3) Caucasians (4) 
BPS, mm Hg 128.5±1.4 127.1±1.3 141.4±2.4* 138.2±2.2* p=0.512 p=0.285 p<0.001 p<0.001 
BPD, mm Hg 73.8±1.1 73.2±1.2 78.8±1.1* 77.5±1.7* p=0.744 p=0.612 p<0.011 p<0.025 
HR, beats per min 70.7±1.0 71.3±1.6 77.5±1.4* 81.3±1.8* p=0.762 p=0.091 p<0.001 p<0.001 
CO2 concentration, %  3.2±0.1* 3.1±0.1* 7.3±0.7 6.8±0.2 p=0.445 p=0.356 p<0.001 p<0.001 
O2 concentration, % 17.0±0.1* 17.1±0.1* 13.4±0.2 13.1±0.2* p=0.362 p<0.052 p<0.001 p<0.001 
HbO2, % 98.5±0.1 98.5±0.1 95.6±0.3 95.7±0.4 p=0.901 p=0.861 p<0.001 p<0.001 

Magadan region 
BPS, mm Hg 127.3±2.3 125.5±0.9 129.8±2.9 127.7±1.1 p=0.494 p=0.515 p=0.260 p=0.061 
BPD, mm Hg 75.6±1.8 73.7±0.8 89.0±3.0 84.1±1.4 p=0.325 p=0.172 p<0.001 p<0.001 
HR, beats per min 68.8±2.3 69.8±0.8 73.5±2.5 74.2±0.9 p=0.687 p=0.631 p<0.033 p<0.045 
CO2 concentration, % 3.8±0.2 3.7±0.1 6.6±0.2 6.9±0.1 p=0.431 p=0.112 p<0.001 p<0.001 
O2 concentration, % 16.3±0.2 16.4±0.1 13.1±0.3 12.5±0.1 p=0.582 p<0.049 p<0.001 p<0.001 
HbO2, % 98.6±0.1 98.5±0.1 95.6±0.4 96.2±0.2 p=0.525 p=0.191 p<0.001 p<0.001 

* – statistically significant differences between the subjects from Magadan Region and the ChAD. 

 

Table 2. Indicators of Heart Rate Variability at rest and at the peak of the test with return breathing in young male Aboriginals and Caucasians (vago- 
normotonia subjects) residing in Magadan Region and Chukotka Autonomous District 

* – statistically significant differences between groups from the examined territories of Fareast Region.  

 

 

Discussion  

The analysis of the changes in the cardiovascular system 
revealed a more pronounced response of its indicators to the 
hypoxic-hypercapnic test in the group of the subjects (Table 1) 
from ChAD, regardless of their ethnicity, which was manifested by 
a statistically significant increase in all the studied characteristics. 
In the group of Magadan young males, no significant dynamics of 
BPS, as compared to the baseline, was found at the peak of the re-
breathing test, while the BPD and HR values at the peak of the test 
were statistically higher than those at rest. The results of the study 
indicate that, the young men of the two ethnic groups of ChAD 

had lower baseline values of Carbon Dioxide in the exhaled air, and 
higher concentration of Oxygen in the exhaled air in comparison 
with the subjects of Magadan. At the peak of the test, the 
differences in CO2 were leveled, while both Magadan and Anadyr 
Caucasians demonstrated statistically and significantly lower, as 
compared to the Natives, values of O2 in the exhaled air. The 
significant differences in gas analysis indices, both at rest and the 
peak of the test, revealed in the subjects from different regions of 
the North-East of Russia belonging to different ethnic groups, can 
be characteristics that reflect the region-related and ethnic 
profiles of the body. 

Studied 
indicators  

ChAD Difference Significance Rate 

Indicators at rest Re-breathing 1 vs 2 3 vs 4 1 vs 3 2 vs 4 

 Aboriginals (1) Caucasians (2) Aboriginals (3) Caucasians (4)  
MxDMn, ms 306.7 (261.3, 397.5) 376.1 (284.1, 417.2) 341.1 (265.0, 432.0) 362.0 (293.3, 442.3) p=0.162 p=0.272 p<0.049 p=0.422 
RMSSD, ms 47.2 (35.1, 58.6) 48.1 (32.0, 65.2) 55.6 (43.1, 77.1) 57.7 (42.1, 86.6) p=0.572 p=0.761 p<0.001 p<0.001 
pNN50, % 26.6 (14.6, 37.1) 23.8 (12.1, 47.4) 34.8 (24.1, 52.6) 36.5 (21.2, 47.2) p=0.921 p=0.512 p<0.001 p<0.001 
SDNN, ms 58.6 (46.4, 72.7) 66.2 (48.4, 85.1) 69.5 (49.7, 87.2) 76.2 (58.6, 87.5) p=0.111 p=0.443 p<0.001 p<0.052 
Mo, ms 869.1 (773.2, 884.6) 823.5 (727.1, 878.2) 775.9 (683.1, 875.6) 724.2 (675.5, 776.3) p=0.313 p<0.052 p<0.001 p<0.001 
AMo, ms 33.5 (28.8, 41.5) 31.8 (24.2, 38.8) 29.8 (24.2, 36.7) 27.5 (23.8, 36.7)* p=0.081 p=0.871 p<0.001 p=0.353 
SI, c. u. 62.3 (43.6, 102.2) 49.1 (37.5, 93.2) 58.3 (33.1, 101.7) 52.3 (39.6, 79.8)* p=0.223 p=0.673 p=0.242 p=0.584 
TP, ms2 3020.7 (1780.3, 4090.2) 3840.8 (1906.5, 4940.2) 3265.6 (1537.8, 5121.2) 4557.8 (2125.2, 7307.2) p=0.134 p<0.054 p=0.144 p<0.054 
HF, ms2 957.6 (475.4, 1327.3) 1081.2 (375.7, 1937.8) 1442.8 (642.7, 2463.7) 1917.5 (738.7, 4172.5) p=0.464 p<0.050 p<0.001 p<0.001 
LF, ms2 864.2 (627.3, 1202.2)* 1333.8 (837.3, 1578.5) 716.6 (452.3, 1195.6) 1187.2 (604.2, 2167.6) p<0.049 p<0.050 p=0.232 p=0.942 
VLF, ms2 503.7 (273.6, 732.6) 628.2 (374.8, 1002.2) 438.4 (202.5, 654.7) 504.6 (241.2, 996.8) p=0.070 p=0.271 p=0.381 p<0.048 
LF/HF, c. u. 1.1 (0.7, 1.8) 1.2 (0.7, 2.4) 0.5 (0.4, 0.7) 0.8 (0.5, 1.2) p=0.821 p=0.135 p<0.001 p<0.001 

Magadan region 
MxDMn, ms 357.2 (281.8, 508.2) 367.3 (291.2, 458.7) 367.2 (308.6, 513.7) 397.6 (318.2, 501.4) p=0.623 p=0.323 p=0.334 p<0.001 
RMSSD, ms 46.6 (35.6, 68.7) 46.3 (37.4, 64.6) 56.2 (42.8, 80.5) 62.2 (46.8, 83.2) p=0.874 p=0.282 p<0.001 p<0.001 
pNN50, % 26.5 (12.7, 44.5) 21.3 (12.7, 34.2) 39.2 (22.1, 51.5) 37.8 (25.2, 52.8) p=0.364 p=0.454 p<0.001 p<0.001 
SDNN, ms 61.3 (53.4, 83.2) 68.1 (53.5, 83.8) 71.6 (57.7, 96.6) 78.5 (61.4, 105.1) p=0.335 p=0.288 p<0.065 p<0.001 
Mo, ms 876.4 (771.8, 975.5) 826.5 (773.1, 927.5) 774.7 (676.2, 874.5) 772.4 (675.7, 874.6) p=0.552 p=0.624 p<0.001 p<0.001 
AMo, ms 30.3 (25.2, 38.6) 30.4 (26.1, 37.4) 27.6 (21.5, 33.4) 26.5 (22.6, 32.2) p=0.938 p=0.412 p<0.001 p<0.001 
SI, c. u. 53.8 (28.3, 98.2) 48.5 (32.4, 78.6) 58.5 (25.2, 75.3) 40.7 (28.4, 63.5) p=0.777 p=0.432 p=0.222 p<0.001 
TP, ms2 3526.8 (2355.3, 5343.4) 3752.8 (2386.3, 5872.5) 3625.4 (2492.8, 8238.6) 4967.4 (3015.7, 7424.4) p=0.671 p<0.042 p=0.133 p<0.001 
HF, ms2 1098.7 (478.4, 2021.7) 872.4 (500.5, 1542.3) 1685.4 (1063.4, 3333.8) 2061.4 (1138.2, 3494.6) p=0.572 p<0.049 p<0.001 p<0.001 
LF, ms2 1451.3 (828.1, 2730.5) 1352.5 (927.4, 2116.7) 844.1 (655.7, 2024.5) 1091.5 (751.2, 2392.8) p=0.742 p<0.066 p<0.031 p<0.049 
VLF, ms2 511.4 (254.7, 1043.2) 591.6 (362.5, 967.4) 463.2 (272.1, 986.3) 506.5 (283.2, 826.5) p=0.168 p=0.982 p=0.872 p<0.001 
LF/HF, c. u. 1.4 (0.6, 2.7) 1.6 (1.1, 2.6) 0.6 (0.4, 1.3) 0.6 (0.4, 1.3) p=0.813 p=0.834 p<0.001 p<0.001 
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The analysis of the baseline values of the statistical and the 
cardiac rhythm spectral characteristics (Table 2) discovered no 
fundamental region-related or ethnic differences, while 
statistically and significantly higher TP, HF, and LF indices were 
observed at the peak of the return breathing test in the Caucasians 
of the two regions, as compared to those of the Native subjects. 
These differences could be caused by a pronounced increase in the 
total and high-frequency components of the spectrum of the Heart 
Rhythm in response to re-breathing in the Caucasoid group, which 
is a reflection of parasympathetic activation. The higher values of 
the low-frequency component in the Caucasoid group are 
associated with statistically and significantly lower LF values at rest 
against the background of the absence of significant dynamics in 
response to the test in the Anadyr Natives, and also due to a 
decrease in the test in the Native subjects of Magadan, which 
distinguishes this group from the rest. The performed comparative 
analysis of the changes in characteristics of the heart rate 
variability (Table 2) in response to the re-breathing test testifies to 
various mechanisms for maintaining the basic characteristics of 
the cardiovascular system (Heart Rate, BPS and BPD) and gas 
analysis, depending on ethnicity and the region of residence. 
Despite a similar pattern of cardiac rhythm rearrangements (an 
increase in RMSSD, pNN50, SDNN, HF and a decrease in Mo) 
reflecting the activation of the parasympathetic link in response to 
the respiration test, a number of fundamental differences were 
noted. From the above data it follows that, a more pronounced 
dynamics at the peak of the test of the high-frequency component 
of the spectrum was typical of Magadan Caucasians (more than 
135%) and the Caucasians of ChAD (78%). In the groups of Native 
people the increase in this component of the spectrum varied 
within 50-53%. It is known that the high-frequency component of 
the HRV spectrum clearly coincides with the respiratory rate and is 
a reflection of respiratory sinus arrhythmia. The degree of its 
increase indicates the activity of parasympathetic effects on the 
sinus node [12]. Such a marked increase in the respiratory waves 
of HRV in Caucasians, apparently, is aimed at increasing the rate of 
gas exchange in the alveoli [6]. After R. Perini et al. (1990) [13], the 
high-frequency component of the cardiac rhythm is associated 
with the level of Oxygen consumption. Having analyzed the 
difference in the baseline-test of Oxygen concentration in the 
exhaled air, we found that to be ethnically conditioned, which was 
manifested by higher values of this indicator in the Caucasoid 
group (3.9% in Magadan Caucasians and 4.0% in the inhabitants of 
ChAD), while for the Native group, this difference was 3.6% among 
representatives of the ChAD and 3.2% among those of Magadan. 
Such profiles of the dynamics of gas analysis indicators against the 
background of low values of O2 concentration in the exhaled air at 
the peak of re-breathing, only observed in the group of 
Caucasians, reflecting its active consumption under hypoxic-
hypercapnic effects on the body, can cause such a pronounced 
increase in the HF component of cardiac rhythm. It should be 
noted that the adjustments of HRV indices in the group of 
Caucasians of the two regions have proved to occur against the 
background of a significant reduction in the VLF component of the 
spectrum, which decrease, according to the authors [14], reflects 
deficient manifestations of the energy-metabolic status of the 
body. 

In the group of Magadan Natives, the return breathing caused 
a decrease in the low-frequency component of the heart rhythm, 
which distinguishes the examined sample from the other groups of 
the subjects. The LF frequencies of the Cardiac Rhythm spectrum 

are currently considered to be an activator of fluctuations in the 
rhythm of Blood Pressure realized through baroreflex mechanisms 
[15, 16]. With increasing Blood Pressure, afferent impulses from 
the baroreceptors enter the cardioinhibitory and vasomotor 
centers of the medulla oblongata and inhibit sympathetic 
modulation but activate parasympathetic modulation, which leads 
to a decrease in the tone of sympathetic vasoconstrictor fibers 
and, in turn, causes a decrease in Heart Rate [5]. Lowered impulses 
from baroreceptors indirectly judged by the reduced LF [17] at the 
peak of re-breathing in the group of Native people of MR, may 
indicate a baroreflex dysregulation, which leads to activation of 
vasomotor tone. This is generally consistent with the most 
pronounced increase in Diastolic Blood Pressure at the peak of the 
test and distinguishes this sample from the rest. Moreover, in this 
group, no significant dynamics of TP and MxDMn were revealed 
and the lowest activity of the HF component of the rhythm in 
response to the test was noted, which reflects the less pronounced 
inhibitory effect of the parasympathetic part of the Autonomic 
Nervous System on the Heart Rhythm. It should be noted that in 
the rest examined groups there was no decrease in the LF 
component of the spectrum in response to re-breathing, which, 
based on the physiological interpretation of this indicator, may 
reflect a lack of activation of the baroreflex regulation of 
hemodynamic parameters against the background of an increase 
in Blood Pressure (in the two groups of Anadyr subjects there was 
an increase in both BPS and BPD, and among Magadan subjects of 
the two ethnic groups only an increase in BPD was observed). At 
the same time, in the group of Magadan Natives, low-frequency 
component of the spectrum can suggest the dysfunction of the 
baroreflex control of hemodynamic parameters, which leads to the 
activation of vasomotor tone and can be seen against the 
background of the least parasympathetic activity, and therefore 
leads to the pronounced increase in BPD. It can be assumed that 
the inhibition of the baroreflex regulation of the cardiovascular 
system is the result of chemoreflex activation in response to 
hypoxic-hypercapnic effects, which increases the tone of the 
sympathetic nervous system and, in turn, leads to an increase in 
Blood Pressure, as well as Heart Rate. This mostly happens due to 
the fact that chemoreflexes play a dominant role in the regulation 
of ventilation and cardiovascular autonomic reactions [18, 19, 20]. 
The result of chemoreflex activation is an increase in the tone of 
the Sympathetic Nervous System (which makes Blood Pressure 
higher) and inhibition of the baroreflex regulation of the 
cardiovascular system, which is the result of complex mechanisms 
of interaction between baro- and chemoreflexes since the 
sensitivity of the arterial baroreflex is inversely proportional to the 
sensitivity of peripheral chemoreflex [5]. In addition, hypercapnia 
is the main factor affecting sympathetic modulation [21]. 
Accounting for the fact that it is the CO2 level that supports the 
important role of central chemoreflex, it can be assumed that the 
more pronounced activation of chemoreflex regulation, 
demonstrated by the young men of both Native and Caucasoid 
people living in the territory of the ChAD, is apparently associated 
with an initially increased sensitivity to excess CO2 and lack of O2 
and manifests itself in a statistically and significantly lower values 
of these indicators at rest. In confirmation of this, higher values of 
the difference in the CO2 concentration of the test-baseline were 
noted precisely in the group of young men of the ChAD and 
amounted to 4.1% in the group of Native people and 3.7% in the 
group of Caucasians. In the subjects of Magadan this difference 
was 2.8% and 3.2%, respectively. Despite the fact that the young 
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men of the four groups, in response to re-breathing, showed the 
activation of the parasympathetic department of the Autonomic 
Nervous System which is aimed at inhibitory autonomic effects on 
the stabilization of Heart Rate, that is not confirmed in our studies 
and is reflected in an increase in Heart Rate in response to the 
return breathing in all the examinees. 

Thus, it can be assumed that an increase in the concentration 
of CO2 in the inhaled air at the peak of the hypoxic-hypercapnic 
effect on the body is comparable to an increase in Blood Pressure, 
which occurs against the background of activation of the 
Sympathetic Nervous System through central chemoreceptors, 
and an increase in Heart Rate is observed due to the limited 
possibility of baroreceptor regulation to activate the necessary 
level of parasympathetic activity for providing inhibitory 
autonomic effects on Heart Rate stabilization. 

The arterial blood saturation index in our study is an 
uninformative marker for determining changes in functional 
indicators in response to a test with return breathing. 

Thus, the studies showed that in response to the hypoxic-
hypercapnic test with return breathing, there are a number of 
differences in the restructuring of the indicators of the 
cardiovascular system, gas analysis and Heart Rate Variability 
depending on the region of residence and ethnicity. Ethnic 
differences showed pronounced TP and HF increase in response to 
the test against the background of VLF decrease which could be 
observed in young Caucasian men only. The Caucasian subjects of 
the two studied regions demonstrated the lowest oxygen 
concentration at the peak of the test which apparently led to a 
pronounced extension of the respiratory waves (HF component of 
the spectrum), aimed at improving the perfusion in the lungs, and 
as a result, oxygen debt manifested itself in a decrease in VLF of 
HRV waves. Based on this, the high values of the HF component of 
the Heart Rhythm at the peak of respiration may reflect an 
increased level of oxygen consumption (as evidenced by the 
difference between the background and peak values of oxygen 
concentration in exhaled air), and the resulting deficiency in the 
energy-metabolic status was manifested by negative dynamics of 
the VLF component of the spectrum. These features in the 
restructuring of the pattern of cardiac rhythm characteristics may 
be criteria reflecting the physiological distinctive features of 
ethnicity. Moreover, in the Natives of MR, a decrease in the low-
frequency component of the HRV spectrum may reflect inhibition 
of baroreflex regulation, which was not observed in other 
examined groups. Regional features of the restructuring of the 
indicators of cardiohemodynamics were manifested by a more 
pronounced increase in Systolic Blood Pressure and Heart Rate in 
young men of the two ethnic groups inhabiting ChAD, which was 
found against the background of higher values of the difference in 
the baseline test in the level of Carbon Dioxide in the exhaled air. 

 

Conclusion 

From the above it should be noted that the significant 
differences in gas analysis indices seen at rest and at the peak of 
the test (CO2 concentration of the test-baseline) as well as 
rearrangements of the cardiac rhythm (TP, HF, VLF), and 
cardiovascular system (HR) in response to the return breathing in 
young men living in different regions of Northeast Russia and 
belonging to different ethnic groups, can serve informative criteria 
that reflect the regional and ethnic characteristics of the body. 
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