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Annotation. The aim of the work was to identify the features of physiological adaptation to hy-
pobaric hypoxia in mountaineers with different experience of climbing 5000 m mountains. The
study involved 24 mountaineers aged 24 to 46 years, regularly engaged in mountaineering. They
were divided into two groups: 9 people — athletes (mountaineering for at least 5 years) and 15
people — "beginners" (mountaineering from three months to a year). We assessed the saturation
level and pulse at different heights of step-by-step adaptation when climbing Mount Kazbek (5033
m). The duration of the expedition was 10 days. The differences in the adaptation strategy between
mountaineers with different levels of condition for physical loads in high-altitude conditions is
that the level of blood saturation in experienced athletes is maintained at an altitude of 3600 m
above sea level with a lower pulse value than in athletes with less climbing experience, which

indicates the presence of functional reserves formed during training.
Keywords: step-by-step adaptation to high altitude, hypoxia, alpine region, mountaineers.

Introduction. Increase of functional
reserves of an athlete’s body to hypoxia is sig-
nificant not only for the arrangement of climb-
ing training, but also when planning training for
athletes, their better acclimatization to compe-
titions in conditions of hypobaric hypoxia.
Many international competitions take place in
middle-altitude conditions. For example, the
1968 Olympics took place in Mexico City,
located at an altitude of 2240 m above sea level
(ASL), the ski tournament at the 2022 Olym-
pics in Beijing took place at an altitude of 1800
m ASL. One of the prerequisites of successful
performance in these conditions are the
formation of adaptation’s functional reserves of
an athlete’s body to physical loads, including
conditions of lowered partial oxygen pressure
at these altitudes. It was noted earlier that the
respiratory (increase of respiratory volume and
rapid breathing due to the stimulation of arterial
chemoreceptors) and cardiovascular (rapid
heartbeats) systems response to hypoxia
according to the hyperbolic curve, in depend-
ence to partial oxygen pressure in the blood
(PaOy) [1].

The aim of the study was to examine the
physiological adaptation to hypobaric hypoxia
in mountaineers with different climbing experi-
ence on the 5000 m mountains.

Methods and organization. The study
included 24 mountaineers aged 24 to 46 years,
who climb regularly. According to the study’s
design, we divided them into two groups: 9 peo-
ple — athletes (mountaineering for at least 5
years) and 15 people — "beginners™" (mountain-
eering from three months to a year). When
climbing on Mount Kazbek — 5033 m ASL
(Georgia), we conducted the saturation (blood
oxygen saturation — SpO2, %) and pulse rate
analysis in seated participants with the “Armed
YX302” fingertip pulse oxymeter (“Medical
equipment”, Russia) at 500 m ASL, 1500 m
ASL, 3000 m ASL and 3600 m ASL (before
and after the ascension). The expedition took 10
days: first three days — moving from Gergeti
village (Georgia) to the altitude of 3000 m ASL
(one night stay at 500 m, 1500 m, two stays and
one acclimatization day at 3000 m); the 5th day
— moving to the “Meteostation” summit camp
at 3600 m ASL,; the 6th day of acclimatization
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— ascent to 4000 m ASL, then descent to 3600
m ASL and one night stay; the 7th day — ascent
to 4200 m ASL, descent and one stay at 3600 m
ASL; the 8th day — ascent to the mountain’s top
at 5033 m ASL, descent and one stay at 3600 m
ASL; the 9th day — descent from the summit
camp to Gergeti village, one stay at 500 m ASL,;
the 10th day — departure.

The statistical data processing was con-
ducted with the R software package [2], using
the non-parametric criterion (the Mann-Whit-
ney U-test) for intergroup comparison. Differ-
ences between groups are deemed as statisti-
cally significant if p<0.05. The indicators are
presented in medians (Me) and quartiles (Q25-
Q75), the correlation between indicators in
groups was calculated using the Spearman
correlation coefficient. The imaging was made
in the R programming language [2] with the
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ggplot2[3], aplpack[4] u GGally[5] software
packages.

Results and discussion. The analysis of
the degree of formed physical adaptation when
climbing Kazbek in mountaineers with differ-
ent physical condition revealed that at 500 m
ASL the saturation level was not different in
both groups. However, the saturation level in
athletes with less mountaineering experience
(“beginners”) was supported by an increase in
pulse rate (fig. 1). Schemes below also show
great distribution range of this indicator’s
values in the group.

This tendency remains when climbing to
1500 m ASL (fig. 2). We have also identified
an extension in range of individual responses of
the cardiovascular system (the pulse rate at this
altitude) in the group of experienced athletes.
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Fig. 1. Saturation level and pulse rate at different stages of the step-by-step adaptation to hypoxia
—500 m ASL

Note: nonparametric — Me(95%CI) — median (red dot), 95% — confidence interval (red lines
directed towards different sides from the dot); normal — M(95%CIl), mean value (black bold line),

95% — confidence interval (black fine lines)
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Fig. 2. Saturation level and pulse rate at different stages of the step-by-step adaptation to hypoxia
— 1500 m ASL

Note: nonparametric — Me(95%CI) — median (red dot), 95% — confidence interval (red lines
directed towards different sides from the dot); normal — M(95%CI), mean value (black bold line),

95% — confidence interval (black fine lines)

During the process of the step-by-step
adaptation at 3000 m ASL (fig. 3), we have
registered a tendency of increasing blood satu-
ration (not significant) in experienced athletes
(not significant, p=0.678) with relatively low
pulse rate (p=0.011), which indicates a pres-
ence of functional reserves, formed during the
training process.

The same adaptation mechanism, but in a
more pronounced form, is preserved at higher
altitudes (the summit camp before and after the
ascension — 3600 m ASL, fig. 4, 5).

It is important to note the preservation of
these physiological adaptation strategies in
experienced athletes after the ascension.
However, we have registered a greater variation
of individual responses of physiological sys-
tems (the width of it is shown on fig. 5, blue
color). It can be interpreted as individual meta-
bolic reactions, generated during training, and
the specificity of the biochemical enzymatic
“profile” of each athlete. Therefore, we have

learned that the hypoxic preconditioning
contributes to an increase of tolerance to acute
hypoxia conditions, which is shown through the
less pronounced degree of hemoglobin desatu-
ration and lowered heart rate [6].

It should be pointed out that in case of the
ascension the acute (urgent) adaptation effect is
implemented mainly at the expense of the car-
diovascular system. Figure 6 shows that there is
an inverted correlation between the saturation
and pulse, and its absolute values increase when
climbing under hypobaric hypoxia conditions
(from r=-0.1 at 500 m ASL to r=-0.5 at 3600 m
ASL). Important is the fact that after the ascen-
sion this correlation is much higher (r=-0.8), i.e.
the pulse is even higher with lowered blood sat-
uration. When analyzing values of the coeffi-
cient correlation between these indicators, we
can assume the high degree of physiological
connection between them in conditions of the
urgent adaptation to hypoxia.
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Fig. 3. Saturation level and pulse rate at different stages of the step-by-step adaptation to hypoxia
—3000 m ASL

Note: nonparametric — Me(95%CI) — median (red dot), 95% — confidence interval (red lines
directed towards different sides from the dot); normal — M(95%CI), mean value (black bold line),
95% — confidence interval (black fine lines)
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Fig. 4. Saturation level and pulse rate at different stages of the step-by-step adaptation to hypoxia
— 3500 m ASL

Note: nonparametric — Me(95%CI) — median (red dot), 95% — confidence interval (red lines
directed towards different sides from the dot); normal — M(95%CIl), mean value (black bold line),
95% — confidence interval (black fine lines)
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Fig. 5. Changes in saturation and pulse rate at 3600 m ASL after the ascension

Note: nonparametric — Me(95%CI) — median (red dot), 95% — confidence interval (red lines

directed towards different sides from the dot); normal — M(95%CI), mean value (black bold line),
95% — confidence interval (black fine lines)
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Fig. 6. The Spearman correlation coefficient between saturation indicators and pulse at different
stages of the urgent adaptation to hypoxia in high-altitude conditions of 500 m ASL (S=2600.7,
p=0.543), 3600 m ASL before the ascension (S=3524.4, p=0.007) and 3600 m ASL after the
ascension (the summit camp) (S=4090.6, p<0.001)
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Fig. 7. Dynamics of the saturation and pulse rate (median (Me) values) during the formation of
adaptation to hypoxia when ascending Mount Kazbek (5033 m ASL)

After the ascension, the blood saturation
level, according to the medians of the whole
group, decreases (fig. 7). It indicates an urgent
adaptation phenomenon called the “oxygen
debt”, where there is a need to recover oxygen
in tissues (in myoglobin).

Similar changes of the cardiorespiratory
system were noted in other works studying ad-
aptation to the high-altitude hypoxia [7-8].

In the study by Yu.V. Koryagina [8], when
analyzing urgent adaptation processes in condi-
tions of the one-day expedition to the Elbrus re-
gion (2380 m ASL in the Dzhily-Su area), it
was revealed that athletes without mountaineer-
ing experience also have lowered saturation
with a simultaneous increase of heart rate and
tone activation of the sympathetic nervous
system, but to a greater extent than in the
“beginner” group of our study — the athletes,
mountaineering for a year and attending regular
weekly training sessions according to the devel-
oped program for the interval hypoxic training
when preparing to ascend in high-altitude con-
ditions.
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