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L.l. Konstantinova, E.D. Okhlopkova, L.D. Olesova

ASSESSMENT OF THE BODY RESISTANCE
OF ATHLETES FROM YAKUTIA

TO HYPOXIA

The article reflects the assessment of the body resistance of students of the «North-Eastern Federal University named after M.K. Ammosov»,
living in the Far North, to hypoxic conditions. 146 people took part in the study — 119 boys and 27 girls. Of these, the study group consisted of 74
student — athletes (59 boys, 15 girls), the control group consisted of 72 students engaged in physical education according to the general program
of the University (60 boys, 12 girls). The average age of the surveyed was 21+ 2,5 years. To identify the assessment of the body's resistance to
hypoxia in Yakutia athletes, the following functional tests were conducted: the Stange test (breath holding on inhalation) and the Genchi test (breath
holding on exhalation). The obtained results of the study allowed us to see the prevailing excellent criterion (assessment "excellent") in athletes
and the average criterion (assessment "good") in the control group, the results with an unsatisfactory criterion (assessment "unsatisfactory") were
less. The conducted assessment shows a positive level of non-specific adaptive capabilities of the respiratory system in the studied students. The
functional resistance of the respiratory system to hypoxia in young men was significantly higher than in girls.

Keywords: athletes of Yakutia, students, hypoxia, Stange's test, Genchi test

Introduction: The physiological state
of the human body is determined by ox-
ygen consumption. Oxygen is necessary
for breathing, saturation of cells and tis-
sues of the body with oxygen, oxidation
of proteins, fats, carbohydrates, amino
acids, as well as for many other bio-
chemical processes. Oxygen enters the
tissues and cells of the body through the
respiratory and cardiovascular systems.
If these body systems fail to function,
hypoxia may develop. During diagnos-
tics of the human respiratory system,
the volume of the lungs, the rhythm of
breathing, its depth are determined,
and standard methods of functional
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tests are used to determine resistance
and adaptation to hypoxia. Functional
breath-holding tests, such as the Stange
test (breath-holding on inhalation) and
the Genchi test (breath-holding on ex-
halation), can reveal hidden disorders
in the body's functioning that cannot al-
ways be determined by standard meth-
ods. These tests help assess the body's
resistance to hypoxia and endurance.
Such tests are easy to perform, so you
can test yourself and assess whether
there are any problems with the respira-
tory system.

In the works of a number of authors
it has been noted that the longer the
breath-holding time, the higher the adap-
tive capacity of the respiratory and car-
diovascular systems to hypoxia and high
functional capabilities of the body [1,
3, 7]. In case of dysfunction of the oxy-
gen-transport system of the body, for ex-
ample, in case of iron deficiency anemia,
the duration of breath-holding is reduced
[8, 9.

The aim of the study. To assess the
resistance of the body of students of Ya-
kutia to hypoxia depending on physical
activity on the possibility of holding the
breath on inhalation and exhalation.

Materials and methods of the study:
146 students of NEFU named after M.K.
Ammosov were examined. Of these, the

study group consisted of 74 athletes (59
boys, 15 girls), the control group consist-
ed of 72 students involved in physical ed-
ucation according to the general program
of the university (60 boys, 12 girls). The
average age of the examined was 21+2.5
years.

The athletes were involved in the fol-
lowing sports: track and field - 20 people,
mas-wrestling - 34 people, national jump-
ing - 8 people, shooting - 5 people, free-
style wrestling - 7 people.

The following functional tests were
used in the study to determine the body's
sensitivity to oxygen deficiency:

Stange test. Method of performance:
the subject inhales, then exhales, and
again takes a deep breath and holds his
breath for the maximum possible time.
The time of breath holding is recorded.
The norm for men = 50-60 sec; the norm
for athletes = 65-75 sec and more; the
norm for women = 35-45 sec; the norm
for female athletes = 45-55 sec. Evalua-
tion of results: “excellent” — for men from
60 sec, for women from 50 sec; “good”
— for men from 50 to 59 sec, for women
from 40 to 49 sec; “satisfactory” — for men
from 35 to 49 sec, for women from 30 to
39 sec; “unsatisfactory” — for men less
than 35 sec, for women less than 30 sec.

Genchi test. Method of execution: it is
carried out similarly to the Stange test,



. YAKUT MEDICAL JOURNAL

the only difference being that the breath
is held after a deep exhalation. The aver-
age result is a breath-holding time of 30
seconds or longer. The norm for healthy
people = 20—40 sec; the norm for athletes
= 40-60 sec. Evaluation of results: “ex-
cellent” — for men from 50 sec, for women
from 40 sec; “good” — for men from 40
to 49 sec, for women from 32 to 39 sec;
“satisfactory” — for men from 30 to 39 sec,
for women from 25 to 31 sec; “unsatis-
factory” — for men less than 29 sec, for
women less than 24 sec.

The obtained data were processed us-
ing the IBM SPSS Statistics 23 applica-
tion package. Standard methods of vari-
ation statistics were used: calculation of
the median and the 25th and 75th quar-
tiles (Me [Q25; Q75]). To compare two
independent groups, statistical analysis
was performed using the nonparametric
Mann-Whitney U-test. The relationship
between variables was assessed us-
ing the Spearman method (for variables
measured on a rank scale), where p is
the significance of the result.

Results and discussion: The data
we obtained on the Stange test (Table
1) showed that the functional capabili-
ties of the athletes' body in terms of the
ability to hold their breath on inhalation
in young men and women corresponded
to the grade "excellent". In the control
group, when holding their breath on in-
halation in young men and women, the
indicators were significantly lower than in
trained athletes, which corresponded to
the grade "good".

The breath holding time according to
the Genchi test (Table 2) in male and
female athletes was equal to that of un-
trained individuals and corresponded to
the assessment of "satisfactory". In the
control group, the indicators of male and
female athletes differed significantly from
those of athletes and corresponded to
the assessment of "unsatisfactory”.

The functional state according to the
Stange test (Fig. 1) in 77.7% of young
athletes confirms “excellent” and “good”
results in the ability to hold breath on
inhalation for trained people, only 3,4%
had hypoxia. In 80% of female athletes,
an “excellent” assessment is confirmed in
the ability to hold breath on inhalation for
trained people, hypoxia was not noted. In
the studied comparison groups, no statis-
tically significant differences were found.

In the control group, the functional
state of the body according to the Stange
test is insignificantly lower than that of
student athletes. In 63,3% of young men,
the "excellent" and "good" assessment
of the results is confirmed in the ability
to hold the breath on inhalation, hypoxia

Table 1

Indicators of the functional state of the body according to the Stange test, sec

Groups N Me (Q1; Q3) P
1 Athletes young men 59 62.72 (51.33; 76.00)* P, ,=0.029
2 Athletes girls 15 57.89 (40.94; 62.27)** p, =0.013
3 Young men control 60 56.64 (43.43; 62.89)*
4 Girl control 12 39.94 (28.81; 47.65)**
Table 2
Indicators of the functional state of the body according to the Genchi test, sec
Groups N Me (Q1; Q3) P
1 Athletes young men 59 30.72 (25.55; 40.59)* P =0.0
2 Athletes gitls 15 29.60 (22.59; 35.47)** P, ,=0.046
3 Young men control 60 28.43 (23.10; 38.29)*
4 Girl control 12 23.37 (18.40; 29.72)**
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Table 3

Indicators of the functional state of the body according to the Stange test
depending on the type of sport, sec

Sport N Me (Q1; Q3)
Athletics 20 68.47 (54.24; 84.34)
Mas wrestling 34 58.98 (48.87; 68.04)
National jumps 8 61.74 (44.67; 78.06)
Bullet shooting 5 55.06 (44.95; 69.09)
Freestyle wrestling 7 62.03 (42.76; 76.49)
Young men control 60 56.64 (43.43; 62.89)
Girl control 12 39.94 (28.81; 47.65)

Table 4

Indicators of the functional state of the body according to the Genchi test
depending on the type of sport, sec

Sport N Me (Q1; Q3)
Athletics 20 28.32 (22.99; 37.64)
Mas wrestling 34 30.41 (25.34; 37.64)
National jumps 8 31.41 (21.02; 36.52)
Bullet shooting 5 37.12 (26.64; 44.91)
Freestyle wrestling 7 31.81 (29.00; 51.06)
Young men control 60 28.43 (23.10; 38.29)
Girl control 12 23.37 (18.40; 29.72)

was recorded in 6,7% of the subjects. In
16,7% of girls from the control group, the
result is assessed as "excellent", and in
33.3%, the indicators are determined to
be "good". Hypoxia was detected among
25% of girls in the control group.

The functional state according to the
Genchi test (Fig. 2) in 55,9% of young
male athletes confirms the assessment
of “excellent” and “good” in terms of the
ability to hold one’s breath on exhalation
for trained people, hypoxia was detected
in 23,7% of the athletes studied. In 6,7%
of female athletes, the results of the study
according to the Genchi test confirm the
assessment of “excellent”, and in 33,3%
the assessment of “good” in terms of the
ability to hold one’s breath on exhalation
for trained people, hypoxia was recorded
in 46,7%.

In the control group, the functional
state indicators according to the Genchi
test are insignificantly lower than those
of student athletes. 15% of young men
showed excellent indicators and 26,7%
showed good results in the ability to hold
their breath on exhalation, hypoxia was
observed in 36,7%. Among the girls in
the control group, an excellent indicator
was not recorded, an indicator with a
"good" rating was noted in 16,7%. Hy-
poxia was noted among 50% of the girls
in the control group.

Table 3 presents the functional state

data according to the Stange test by
sports. All athletes have average val-
ues within the range of “excellent” and
“good”. The best value is noted among
track and field athletes. This is probably
due to the fact that this is the most pop-
ular sport, which includes various disci-
plines: race walking, running, running
and cross-country, all-around, jumping,
throwing, shot put. All these sports ac-
tivities are characterized by high aerobic
load. It is believed that physical activity
consisting of aerobic exercises is the
most beneficial for health [2, 4].

Table 4 presents the functional state
data for the Genchi test by sports. All ath-
letes have average breath-holding rates
on exhalation that are below the norm,
within the “satisfactory” rating. Of these,
the best rate was observed in athletes
involved in target shooting. The worst
result was observed in track and field
athletes, which reflects weak adaptation
to hypoxia. This may be specific to these
athletes, who are characterized by high
aerobic loads, since overcoming a dis-
tance is accompanied by an increased
frequency and depth of breathing [5].

During the work, significant differenc-
es in the main functional indicators of
external respiration were identified in ath-
letes and students who do not regularly
engage in sports. In the work of a number
of authors, it was noted that the external
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respiration system of freestyle wrestlers
and boxers is 50,14% weaker than that of
mas-wrestlers [6].

Conclusion. Comparative assess-
ment of the functional state of breath-
ing using the Stange and Genchi test in
young men and women involved in sports
revealed gender differences: young men
had higher rates of breath holding on in-
halation and exhalation than young wom-
en. The rates indicate oxygen supply and
the general level of fitness of athletes.

A comparative assessment of the
functional state of respiration using the
Stange and Genchi test in athletes and
the control group revealed that in ath-
letes, breath holding on inhalation and
exhalation is significantly higher than
in the control group, which confirms
that physical activity improves health,
increases the body's resistance to hy-
poxia and demonstrates a high rate of
non-specific adaptive capabilities of
the respiratory system in athletes from
Yakutia.

Although the results obtained clearly
show differences in physiological param-
eters, it is necessary to analyze a larger
sample to obtain more reliable data and
confirm the results of the study.
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The article presents an analysis of statistical data on dementia from official sources of state statistics, medical and scientific organizations, as
well as the provision of specialized medical care in the Republic of Sakha (Yakutia) to patients with cognitive disorders.
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Relevance of the problem. In the Re-
public of Sakha (Yakutia) (further RS (Y))
one of the main medical and social prob-
lems is cognitive disorder (Cl), including
Alzheimer's disease (AD). Despite the
obvious deficit in AD diagnostics, the sit-
uation, as in the world, is becoming ex-
tremely important [2]. AD is a disease of
old age and increasing age is becoming
one of the main reasons for the increase
in the incidence and prevalence of AD in
the world. In Russia, according to 2019
data, the mortality rate from AD was
0.13%, while out of 188,132 patient visits
to a doctor with a diagnosis of dementia,
6,381 cases were due to AD [11].

In the United States, according to
the AD Association, in 2021, 6.2 million
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Americans aged 65 and older suffer from
dementia associated with Alzheimer's
disease. This number may grow to 13.8
million by 2060. In the United States in
2019, mortality from AD was in 6th place,
and among the elderly aged 65 and old-
er in 5th place. Official death certificates
recorded 121,499 deaths from AD, or
an increase in deaths from AD by more
than 145%. In 2020, mortality from AD
increased against the backdrop of the
COVID-19 pandemic. At the same time,
mortality from acute cerebrovascular
accidents, heart diseases and HIV de-
creased between 2000 and 2019 [5,9]

A study of mortality from AD and other
dementias in China showed that the over-
all mortality rate from AD and other de-
mentias increased from 3.7 per 100,000
to 6.2 per 100,000 population in 2011-
2020. Studies have shown that there is
an increasing trend in the overall mortali-
ty rate from AD and other dementias with
a decreasing age-standardized mortality
rate, indicating the further development
of population aging and dementia mortal-
ity in the past and future decades [7].

In Brazil, from 2000-2019, 211,658
deaths from Alzheimer's disease were
recorded among the elderly, with an in-

creasing trend in mortality at the age of
60 to 80 years and older, which is also
consistent with the global trend [8].

According to a retrospective multi-
center study in Spain, BA is the cause
of an increase in the proportion of hos-
pitalizations and an increase in in-hos-
pital mortality from BA, which leads to
an increase in the cost of medical care
and emphasizes the importance of early
detection and optimization of care for pa-
tients with BA [3].

Given the increase in mortality rates
and the number of patients with dementia
in Russia, taking into account the global
situation, there is currently a need to con-
duct epidemiological studies and develop
methods for the early diagnosis and pre-
vention of Cl in the Russian Federation.
The goal of these activities should be to
improve diagnostics, extend the period of
a person's full working life and active lon-
gevity among the elderly population.

According to Rosstat for the Republic
of Sakha (Yakutia), from 2021 to 2023,
the number of elderly people aged 60
years and above increased from 148.4
thousand people. up to 154.6 thousand
people, respectively, and the average life
expectancy was 72.7 in 2022, in 2023 al-



