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The introduction of different methods of intermittent hypoxic training (IHT) into fitness, sports, military
and medical practice has raised a lot of questions about the most beneficial regimens of such treatment
and their optimal instrumental implementation. Low doses of hypoxia might not be sufficient stimuli to
mobilize adaptive mechanisms, while severe or prolonged hypoxia may provoke dangerous pathological
processes. In this review, we pay attention to narrow practical question of the most effective and convenient
technology of IHT implementation, notably the inhalation of hypoxic gas mixtures. Data strongly suggest
that in humans the training with 15-13% inhaled oxygen (FiO,) at various time characteristics does not
provide marked positive changes. Short-term daily sessions consisting 3-4 bouts of 5-7 min exposures to
12-10% FiO, alternating with equal durations of normoxia for 2-3 weeks have been shown as a most
beneficial without maladaptive consequences for fitness and treatment of some diseases. More severe or
longer intermittent hypoxia protocols must be accompanied by strict monitoring of blood oxygen saturation
(SpO,), electrocardiogram, breathing pattern and arterial blood pressure in order to avoid unexpected
undesirable individual reactions. For sports purposes, the reduction of oxygen content to individually
tolerable level for some minutes is justified as far as it maximizes benefits. However, such regimen requires
preliminary diagnostics of individual hypoxic tolerance and cardio-respiratory reactivity as well as rigorous
monitoring of vital functions during IHT and good feedback device. The use of oxygen concentrations below
12% for treatment of diseases, especially in children and the elderly, are required substantial additional
research. Recently, a new mode of adaptive training was explored, which combines periods of hypoxia
(12-10% FiO,) and hyperoxia (30-35% FiO,). Limited evidences suggest that such regime can reduce the
time of recovery periods, that is shorten the duration of sessions. However, there is still no strong comparative
evidence for humans that this method is much more efficient than hypoxic-normoxic mode. We appeal to all
scientists working in the field of IHT not to hide their negative results but publish all observations in the open
press. It will make a significant contribution in developing of common guidelines for IHT implementation
to improve public health of our Planet.
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INTRODUCTION

The proliferation of intermittent hypoxic
training/treatment (IHT) methods in fitness,
sports, military and medical practice during
recent decades has caused debate about the most
beneficial regimens of hypoxic training and
methods of their instrumental implementation.
Intermittent hypoxia (periodic, interval, cyclic
hypoxia, hypoxic preconditioning — diff.
terminology) is drug-free method that has
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been routinely used by about 2 million patients
in the last 30 years and revealed good and
satisfactory results in 75 — 95% of cases [1,
2]. Beneficial results of IHT application were
obtained for enhancement of physical and
mental operability, the prevention of premature
aging, the achievement of high results in sports,
increased tolerance to adverse environmental
factors, for altitude pre-acclimatization, as well
as for the treatment and prevention of various
diseases.
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The mechanisms underlying the effects of
hypoxic training at all levels - from systemic
physiological reactions to the genome - are
widely debated. This topic is the subject of
many articles, reviews and monographs. To
avoid repetition we refer readers to the most
recent reviews [3-10].

The biological responses to intermittent
hypoxia may be adaptive or maladaptive, de-
pending on the severity of the hypoxemia, its
frequency of occurrence, its duration, and,
importantly, the “pattern” and timing of each
of the HbO, desaturation/ resaturation cycles
[7, 11]. Many types of protocol with different
numbers of hypoxia episodes, severity, and total
exposure duration have been used by investiga-
tors, and these combinations may have resulted
in various physiological responses. Mode of
hypoxic influence (depth, duration, and inter-
mittence) is critical for the determination of
beneficial or detrimental effects of IHT. Low
doses of hypoxia might not be sufficient stimuli
to mobilize adaptive mechanisms, while severe
or prolonged hypoxia may provoke dangerous
pathological processes.

The question arises: what is the concentration
of inhaled oxygen and temporal characteristics
of hypoxic pattern that may be relatively safe
and useful, and what level of hypoxia requires
unconditional monitoring of functional param-
eters and clear alarm-service. In this review, we
will pay attention to narrow practical question of
IHT application in human practice and provide
unbiased analysis of hypoxia training protocols
that use the most effective and convenient tech-
nology - the inhalation of hypoxic gas mixtures.

Regimes of IHT with hypoxic gas mixtures
inhalation: recommended doses and potential
adverse effects

Traditional treatment protocols for IHT com-
prises repeated exposures to low oxygen
atmosphere breathing, altered with breathing
ambient air. However, hypoxic regimens which
are used for IHT implementation in human
practice vary broadly in terms of severity of
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hypoxia (from 2% to 18% inspired oxygen),
duration of hypoxic and normoxic episodes
(from 15-30 s to 12 h), the number of cycles per
day (from 3 to 25 sessions), the duration of IHT
course (2-90 days), etc. Such diversity is largely
dependent on a contingent designed for this
training: for athletes of varying skill, mountain
hikers, soldiers of alpine troops, pregnant
women, elderly people who want to extend
their active life, or patients for the prevention
or treatment of various diseases.

Some characteristics of different regimes are
described in recent reviews [4, 5, 7, 8, 12, 13].
Historically, first methodical recommendations
for IHT implementation in human practice were
published by the Russian Health Ministry in
1988 which recommended the inhalation of 10-
12% O, during 5- min periods with 5 min rest, 1
h per session, 1-4 weeks per course for the treat-
ment of various diseases. The evidence base was
represented by the investigations of R.Strelkov,
A. Chizhov, H.Gurvich, A.Kolchinskaya, N.
Geppe and many others (look the review [14]).
Most achievements in IHT practical implemen-
tation were based on a thorough study of the
mechanisms of both positive and negative IHT
actions in sport practice and clinical pilot stud-
ies. Unfortunately, serious research on the use of
IHT in rejuvenation practice and fitness is still
not presented in the medical literature.

In the Table we presented the most typical
literature data concerning the use of IHT in hu-
man practice during last 2 years, as well as some
classical works of the past. Data are ranked in
order of decreasing oxygen concentration in
the inspired gas. Human investigations strongly
suggest that the training with 15-13% inhaled
oxygen (FiO,) at various time characteristics
do not provide any positive changes [15-24].
12-10% FiO, is the most common concentra-
tion caused a positive effect [25-39, 48, 49].
None of the articles that use such concentrations
describe adverse effects. There are few papers
which documented adverse effects, but start-
ing with 8-9% FiO, [40-47]. All study results
cited in the Table as well as other known papers
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Regimens of IHT that use the inhalation of gas mixtures for humans

(The papers presented in order of decreasing inspired oxygen concentration that used for research)

17-25 yr

Authors Subjects Regimen of [HT Results
[15] 12 healthy 18-15 % FiO,, 10 min, Hypoxia has no effects on cognitive function
participan ergometer at 20% peak VO,
[16] 9 male games |17 % FiO, at 40 min cy- Peak and mean power output and total work done
players cling intermittent 5 s sprint | reduced, Heart rate was higher and SaO2 lower dur-
protocol ing HYP. The results suggest athletes will be at a
disadvantage when performing intermittent sprinting
at moderate altitude
[17] 22 subjects age| 16.4-14.5 % FiO,, exercises| Weight loss, improvement of blood pressure, no ef-

at 6-h hypoxia weekly, 4
weeks

fect on brachial-ankle pulse wave velocity

[18] 10 untrained | 15% FiO,, five sets of 15 | No significant differences in blood lactate, growth
men repetitions of squat exercise| hormone, total testosterone and cortisol under nor-
mixia and hypoxia, i.e. low-intensity resistance exer-
cise performed under mild hypoxia does not induce
greater anabolic hormonal responses
[19] 18 male trained| 14.5 - 15% FiO2, two Hemoglobin and erythrocytes values increased,
triathletes 60-min sessions per week |aerobic performance and physiological variables did
during 7 weeks not increase
[20] 9 physically 14,5% FiO,, 25 min train- | No effect on time-to-exhaustion during incremental
active men ing sessions, 3 wk exercise and muscle metabolite concentrations,i.e.
IHT does not alter muscle metabolic responses
[21] 10 trained male| 14.5% FiO2, repeat-sprint | No post-exercise inflammation, little effect on oxi-
team sport training session comprised |dative stress
athletes 3 sets of 9 X 5 s maximal
sprints commencing every
25s
[22] 16 highly 14.3% FiO,, 60 min per Maximal aerobic speed, lower-limb explosive power
trained foot-  |sprint training, 2 d-wk, 5 and sprint decrement remained unchanged; repeated-
ballers weeks sprint times and repeated-agility improved
[23] 16 heathy sub- | 13.8% FiO2, three 10-hour |SOD, GPX and catalase activities, advanced
jects exposures oxidation protein products increased
[24] 18 male ~13-14% Fi02, 5 training | Peak power output increased but VO2max did not;
cyclists sessions (75 min hypoxic |no differences in monocarboxylate lactate transport-
period) per week during 3 | er protein content. There are no additional benefits
weeks. of IHT compared to normoxic training
[25] 55 children 6 |12 % FiO,, three 15-min Lung vital capacity and breath-holding time
to 17 yr with  |sessions per day with 10- |increased, bronchial obstruction and heart rate
symptoms of |min breaks during 7-14 decreased
bronchospasm |days
[26] 8 healthy male | 12% O2 for 5 min followed | Ventilatory response to hypoxia increased, cerebro-
subjects by 5 min of normoxia for 1 |vascular sensitivity to CO, remained unchanged
h/d during 10 days
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[27] 48 children 6 |12 % FiO,, three 15-min Latent period of complex visual-motor response
-17 yr from sessions per day with 10-  |to one of three colors reduced, personal anxiety
radioactive ter-| min breaks during 7-14 decreased
ritories days

[28] 14 healthy, 60-|12 % FiO, , 3-5 min , with |No changes in hemodynamic indices and work
to 74-yr-old 5 min breaks, 4/day during |capacity in routinely daily exercised subjects and
men 10 days increased submaximal work and anaerobic threshold

in untrained men

[29] 45 elderly 12 % FiO, , 5-7 min , with |Reduction in clinical symptoms of angina and dura-
patients with |5 min breaks, 4/day, 10-12 |tion of daily myocardial ischemia, normalization of
stable angina |days lipid metabolism and increase exercise tolerance,

normalization of microcirculation

[30] 16 children 12 % FiO, , 3-5 min , with |Decline in breath shortness and feelings of chest
aged 9—13 yr |5 min breaks, 3/day during |congestion, diminishing of cough and sputum,
with bronchial |2 weeks attacks of asphyxia disappeared or became less
asthma frequent, increased HVR, no changes in airway

conductance

[31] 20 endurance- | 11% FiO, on days 1-7 and |No effect on aerobic or anaerobic performance
trained men 10% O2 on days 8-15; 10

bouts during 15 days

[32] 15 athletes 10 % FiO, with hyper- Exercise performance and sympatho-parasympathet-
with overtrain- | oxic breaks (30% O,), 6-8 |ic index improved, hematological parameters were
ing syndrome |cycles, three times a week |unchanged

over 4 weeks

[33] 8 young non- |10 % FiO,, five to ten 5-6- |IH exposures significantly diminish variations of

smokers min sessions per day with |cerebral perfusion in response to hypercapnia and
4-min breaks during 14 hypocapnia without compromising cerebral tissue
days oxygenation. No adverse effects

[34] patients with |10 % FiO,, four to ten Increased nitric oxide synthesis and decreased blood
stage 1 arterial | 3-min sessions per day with|pressure
hypertension |3-min breaks during 14

days

[35] 42 patients 10 % FiO,, 5 min , with 5 | Positive effect is obtained in 76% of patients with
with BA and |min breaks, 20-25 sessions | BA and 92.8% of patients with COB1
14 patients
with COB

[36] 8 young non- |10 % FiO,, five to ten 5-6- | A rightward shift in the oxyhemoglobin equilib-
smokers min sessions per day with |rium response, attenuated tachycardiac response to

4-min breaks during 14 hypoxia while significantly enhancing normoxic

days R-R interval variability in low-frequency and high-
frequency spectra without changes in arterial blood
pressure at rest or during hypoxia, i.e. the enhance-
ment of arterial O2 delivery and improvement of
vagal control of HR.
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[37] 123 patients 10% FiO,, 2-6 min + 3-8 Reduction of the arterial pressure, rise of physical
with hyperten- | min normoxia, 5-12 cy- performance A pronounced depressor effect persist-
sion stage [ cles/d, 15-30d ed for — 6 months in 63 patients
and II.

[38] 41 patients 10% FiO,, 13-25 sessions | Arterial pressure and emotional tension decreased,
with hyper- oxygen consumption and transport normalized.
tonic disease

[39] 10 healthy 10% FiO,, four 5-min Enhancement of innate immunity by mobilizing
subjects bouts/day during 2 wk circulating hematopoietic stem and progenitor cells,

activating neutrophils, and increasing circulating
complement and immunoglobulins.

[40] 19 subjects 9 % Fi02, 90-sec with 60- |Improved walking speed and distance.
with chronic sec normoxic breaks, 15
incomplete spi-| exposures during 5 days
nal cord injury

[41, 13 individuals |9 % FiO2, 15 exposures Plantar flexion torque and ankle plantar flexor elec-

42] with chronic, |with I-min intervals tromyogram activity increased, i.e. elicits sustained
incomplete spi- increases in volitional somatic motor output. IHT
nal cord injury was not accompanied by increases in blood pressure

or changes in heart rate variability

[43] 26 participants | 8-9% FiO2, twelve 4-min | Chemoreflex sensitivity to hypoxia increased pro-
with OSA episodes followed by a moting apneic events and ultimately exacerbating

single breath of 100% O, |breathing instability

[44] 12 healthy 8-12% FiO, Increased resting ventilation and the HVR, TNF-a
males (PETO2=45Torr), 6 h on was decreased with only selective COX-2 inhibition,

three ocasions i.e. inflammation does not contribute to human inter-
mittent hypoxia-induced respiratory plasticity

[45] One 55-year- [8% 02, eight 2 min expo- |Significant improvements in airflow generated in
old female with| sures with 2 min normoxia |response to applied inspiratory resistive load. No
a C4 chronic, |during 10days significant changes in the respiratory perceptual
incomplete spi- sensitivity to inspiratory resistive loads.
nal cord injury

[46] 8 individuals |8% 02, eight 2 min expo- |Minute ventilation increased, FVC and FEV-1 im-
with incom- sures with 2 min normoxia |proved, but the magnitude of ventilatory long-term
plete spinal during 10 days facilitation was not enhanced
cord injury

[47] 8 healthy adult | 5% FiO, until SaO, dropped| Two fold up-regulation of the pro-inflammatory
men to 85% (25 hypoxic events/ | gene toll receptor 2 that may lead to systemic in-

h),five hours flammation, insulin resistance and atherosclerosis
Rebreathing technique:

[48] 29 residents of | A decrease from 20,9 to 9 |normalizing effect on free radical processes; a

Chernobyl % FiO, during 5 min, three |decrease in spontaneous and initiated blood chemilu-
daily sessions with 15 min |minescence and MDA
breaks, 10 days

[49] 18 patients A decrease from 20,9 to 9 |Increase in hypoxic ventilatory response, no changes
with idiopathic | % FiO, during 5 min, three |in hypercapnic ventilatory response, decrease in
parkinsonism |daily sessions with 10 min |DOPA blood concentration, improvement of respira-

breaks, 14 days tory system functioning
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show that there have been no reported adverse
physiological effects when users have followed
the recommendations [12]: “a few minutes of
targeted SpO, 75-88% at rest, alternated with
reoxygenation”.

In a recent review [5], it was also suggested
that modest levels of hypoxia (9-16% O,) and
a relatively low number of exposures (3—15
episodes per day) seem to elicit beneficial ef-
fects without pathology, whereas severe hypoxia
(2-8% O,) characterized by an extensive amount
of episodes (48—2,400 exposures per day) elicits
progressively greater pathology. In the latest
review Astorino [8] analyzing the efficacy of
acute intermittent hypoxia on physical func-
tion and health status in humans with spinal
cord injury comes to the conclusion that 2min
exposures to intermittent hypoxia equivalent
to 8-9 % O, interspersed with 2min normoxic
exposures during 10 days can be successfully
used to treat such patients.

Thus, according to numerous data, short
exposures to 12-10% O, are harmless in most
cases.

One could see the correspondence between
such data distribution and the critical points of
oxyhemoglobin dissociation curve. It is known
[50-52] that during the decline of oxygen par-
tial pressure in arterial blood from ~ 95 mm Hg
(corresponding to 20,9 % FiO,) to 80 mmHg,
hemoglobin oxygen saturation decreases in-
significantly, only by 5%. Then, from 80 to
50 mm Hg (corresponding to ~10-12 % FiO,),
oxygen saturation falls by 15%. After 50 mm
Hg the concentration of oxyhemoglobin in arte-
rial blood falls rapidly. In this part of the curve
the gradient of a few mm Hg in the inhaled air
can cause significant changes in oxygen supply
slowing down ATP synthesis that is a direct de-
structive effect. As Dempsey and Morgan [6]
have written in their last review, the sigmoid
shape of the HbO, disassociation curve permits
substantial (up to one-third) reductions from the
normal arterial PO, before serious reductions
occur in arterial O, saturation and content and
therefore in O, transport. In the range of 80 to
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50 mm Hg, there is such a degree of hypoxia
when the supply of reduced coenzymes in the
electron transport chain of mitochondria slows
down. This in no way affects the rate of ATP
synthesis, but increases the concentration of
superoxide anion which activates numerous
intracellular adaptation mechanisms [53, 54].
Thus, the data obtained by various authors about
IHT therapeutic effects under the inhalation of
12% O, and less fits into this picture.

However, further reduction of inspired
oxygen concentration in weak individuals and
patients with different pathology may result in
adverse changes. Besides oxyhemoglobin dis-
sociation curve, there are other factors affecting
the tissue oxygenation. For example, during
blood acidification that can occur at different
pathologies, critical points at oxyhemoglobin
dissociation curve shift toward higher oxygen
concentrations (not 50 but 60 mmHg). During
anemia blood oxygen capacity is reduced, thus
tissue hypoxia develops faster. Intoxication
alters the zeta potential of red blood cells and
decreases their functionality. This also reduces
the degree of tissue oxygenation. The data
presented in the table suggest that for healthy
subjects the short-term inhalation of 10% O, is
not dangerous, and such training does not require
constant medical supervision. As for the patients
and older people, the use of 12-10% FiO, can
be considered effective and safe just only if the
monitoring of the most important physiological
functions takes place. The biological costs of
many types of hypoxic adaptations can some-
times outweigh their benefits [12].

Regarding the optimization of the duration
of hypoxic exposures and the length of THT
course, it worth to mention the results of earlier
work of Foster et al. [55]. Authors provided the
comparison of two protocols of normobaric,
isocapnic, intermittent hypoxia: short-duration
intermittent hypoxia with 12% O, separated
by 5 min of normoxia for 1 h, or long-duration
intermittent hypoxia 30 min of 12% O,. Both
groups had 10 exposures over a 12 day period.
Measuring hypoxic ventilatory response (HVR),
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blood pressure, heart rate, arterial oxyhemoglo-
bin saturation and cerebral tissue oxygen satu-
ration, authors concluded that both short- and
long-duration intermittent hypoxia had similar
effects on the ventilatory and cardiovascular
responses, thus the long-term hypoxic exposures
can be successfully replaced by short-term im-
pacts with the same result. These investigations
also show that the break in training for one or
two days do not significantly affect the outcome
of the IHT course. These conclusions were also
expressed by Katayama et al. [56, 57], Koehle
et al. [58] and others. Later on, Katayama et al.
[59] conducted a study using the hypoxic tent,
which was supported by 12.3% O,, one and
3 hours during the week. HVR growth in the
group which trained 1 hour was no less than in
the group that trained 3 hours. Thus, short-term
regime impacts may have the same result as
longer regime.

Experiments on animals also confirm that
short cycles of hypoxic exposures alternating
with normoxic periods are more effective than
longer bouts or continuous daily hypoxic expo-
sures [13, 60-61]. Powerful hypoxic-induced
gene transcription factors (HIF-1/HIF-2 alpha)
are activated very early upon hypoxic exposure,
guaranteeing time-dependent up-regulation of
cardiorespiratory and hematological responses
aimed at limiting deficits in O, transport [62].
As Dempsey and Morgan [6] have written, on
the adaptive side, short-term exposures (via
manipulation of FiO, ) to a few weeks of daily
sessions consisting of 10-15 1- to 2-min bouts of
moderate isocapnic hypoxemia (SpO, 75-80%)
alternating with equal durations of normoxia
have been shown to yield several benefits with-
out maladaptive consequence.

The use of IHT in pediatrics requires special
attention. Major achievements in this direction
were made by scientists from the former Soviet
Union [9]. Here we just briefly mention some
papers to illustrate the mode of IHT for children.

A study of Anokhin and co-authors [63]
applied IHT with a normobaric hypoxic stimu-
lation with four sessions of 5 min 12-15% O,,
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followed by 5 min normoxic interval, for 10 days
in 200 children aged 4 to 14 years who suffered
from bronchial asthma. Researchers from Brazil
studied 48 adolescents (12-14 years of age) un-
der three conditions: mild intermittent asthma;
mild persistent asthma; and control [64]. They
concluded that adolescents with mild persistent
asthma have a greater capacity to adapt to hy-
poxia than do those with other types of asthma.
In addition, Serebrovskaya et al. [30] used [HT
for treatment of children (aged 9-13 years) with
persistent atopic bronchial asthma in moderate
form without the signs of respiratory insuffi-
ciency. Normobaric hypoxia was administered
with a portable device “Hypoxytron”, a modified
closed spirometer with CO, absorption [65]. The
initial inspired gas had 20.9% O, that fell to
12% during first 60-90 seconds of rebreathing,
and then O, was added gradually to the device
to maintain inspired O, at 12% for the remain-
ing 3.5-4 min with a final arterial O, saturation
typically 89-92%. All children easily tolerated
the hypoxia periods without any untoward ef-
fects. Each IHT session consisted of four 5-7
min hypoxic periods, followed by 5 min interval
with room air inspiration. Heart rate response to
hypoxia became less pronounced and SpO, fell
less at 12% O, after the course, indicating IHT
improved efficiency of cardiovascular system
in supporting oxygen supply during hypoxia.

Thus, IHT represents a promising approach
in prevention and treatment of bronchial asthma
in childhood. The proper choice of the hypoxic
dosage depending on individual’s reactivity to
hypoxia must be titrated for each patient to avoid
negative effects of hypoxia and to augment the
favorable ones.

Hypoxic-hyperoxic exposures

Recently, a new mode of adaptive training was
explored, which combines periods of hypoxia
and hyperoxia [66-69]. A novel principle
of short-term periodic adaptive training by
varying the oxygen level from hypo- to hyper-
oxia is substantiated both theoretically and
experimentally. Studies supports the viewpoint
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that moderate periodic generation of free radical
signal during hypoxic/hyperoxic bouts causes
better induction of antioxidant enzyme protein
synthesis then hypoxic/normoxic exposures,
that may be an important trigger for specific
adaptations.

Currently, this method is just beginning
to enter the practice, so at this moment there
are only a few papers in medical literature
describing the results of such training in humans.
Traditional protocols include alternating of
breathing hypoxic gas mixtures (10-12% FiO,)
and periods of breathing hyperoxic mixture
(about 30-35 % O,).

Combined hypoxic-hyperoxic training
was used in the treatment of the metabolic
syndrome [70]. The use of hypo-hyperoxic
exposures leads to a significant reduction in
body weight. It was achieved mainly by reducing
fat mass accompanied by a reduction of total
cholesterol, low-density lipoproteins, fasting
plasma glucose, optimization of blood pressure,
increased hypoxic stability, physical endurance,
improved mental status.

In more recent publication, Glazachev &
Dudnik [67] provided the hypoxic test (10 min
breathing with 10% FiO, followed by 30% FiO,)
in 30 healthy young men and described two
different types of microcirculatory reactions:
among the subjects sensitive to hypoxia such
test led to a significant reduction in SpO, in
the absence of changes in the microcirculation
regulation; among the subjects resistant to
hypoxia the test leads to the nutritive blood
flow activation by increasing the initially
lower endothelium-dependent and neurogenic
sympathetic components in regulation of
microhaemodynamics activity, reduction of
blood shunting.

Susta et al [32] investigated sportsmen
with overtraining syndrome with application
a conditioning program consisting of repeated
exposures to hypoxia (10% FiO,) and hyperoxia
(30% FiO,) , 6-8 cycles (total time 45 min -1
h), three times a week, delivered 1-5-2 h after
a low-intensity exercise session over 4 weeks.
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This pilot study showed that such training can
facilitate functional recovery among athletes
with overtraining syndrome in a relatively short
time.

Potential Side Effects
The maladaptive side of intermittent hypoxia
of pathological origin is mainly considered in
the context of obstructive sleep apnea (OSA).
Mechanisms of maladaptive responses are very
good described in recent reviews [6, 54, 62,
71, 72, and many others]. Studies in this field
have led to the view that intermittent hypoxia
is the principal, if not the only, risk factor for
the development of a number of detrimental
cardiovascular, respiratory, metabolic, and
cognitive outcomes [7]. The authors having
analyzed a large number of studies concluded
that protocols that were employed to establish
the link between intermittent hypoxia and
detrimental outcomes were typically severe
in regards to intensity, duration, or both. The
role of pattern, intensity, and duration of
hypoxic application were largely ignored and
the beneficial effects linked to milder forms of
intermittent hypoxia were generally overlooked.
The balance between benefits and injury
appears to primarily depend on the ability of
the organism to activate adaptive mechanisms to
IHT. In this context, the adaptive or maladaptive
responses can be generally predicted by the
frequency, severity, and duration of intermittent
hypoxia [11]. However, the presence of under-
lying conditions such as hypertension or obesity,
as well as age, sex, or genotypic variance,
may be important factors tilting the balance
between an appropriate homeostatic respon-
se and decompensation. Thus, careful moni-
toring for major functional performance during
hypoxic sessions required when using the
oxygen concentrations below 10% for fitness
and sports, but for patients with various diseases
as well as older people such medical monitoring
must be carried out starting with 12% O2. The
duration and number of hypoxic episodes must
be individually selected.
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Individual prescription of hypoxic regimes
Individual variability to breathing the same
hypoxia air is remarkable. Although all indi-
viduals respond and their respiration and heart
rate increase according to the drop in arterial
oxygen saturation, the pattern and magnitude
of the response significantly varies from
person to person which was mentioned in
early works [74 - 76]. To determine individual
sensitivity to hypoxic exposure investigators use
different hypoxic stress-tests (spiroergometer
test, breathing with hypoxic mixture with
certain oxygen concentration, rebreathing test,
breathing through an additional dead space,
breath-holding tests).

In order to establish an individual’s type of
hypoxia reaction it is advisable to complete a
test for each person before they start a course of
IHT. The literature describes just a few practical
approaches to solving this problem [77 - 79].

Russian authors proposed to use the hy-
poxic test consisting of short term (several
minutes) breathing of hypoxic air of known
oxygen concentration (conventionally FiO, =
11%), followed by a recovery period, when the
person takes the mask off and reverts to normal
(ambient) air breathing [80, 81]. But still now
we could not find out how to use in practice the
resulting test information for selecting a specific
training mode.

Bassovitch & Serebrovskaya [78] offered
to analyze the shape of the SpO, curve under
breathing with 11% FiO, hypoxic mixture. When
SpO, reaches the targeted baseline of 85%, the
patient is instructed to take the mask off and
revert to ambient air breathing. The person re-
mains sitting until the arterial oxygen saturation
recovers back to the normal level of 95%. The
specific methodology to use the results of this
test for individual IHT mode selection has been
described. However, in the later works, data
validation of this technique in clinical or sport
practice has not been published. The situation
with the specific description of the principles of
biofeedback control during the training session
is also highly deplorable.
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We know the only one laboratory where the
study of individual reactions to hypoxia is given
serious consideration and the proposed method
of IHT mode selection was good described for
older people with accelerated aging and patients
with cardiovascular disorders and widely used in
practice. This is the laboratory headed by Prof.
O.Korkushko in the Institute of Gerontology,
Kiev, Ukraine [28, 29, 77, 79].

During the past few years numerous debates
about the ethical evaluation of diagnostic
and therapeutic use of hypoxia in humans are
raised. Although the works devoted to this
problem obtained the approval from the Human
Investigation Ethics Committees, there is the
lack of evidences about strong evaluation of risk/
benefit ratio. The analysis of such ratio and the
creation of standardized guidelines for hypoxic
treatment/training application are complicated
due to the differences in criteria for individual
dosage and utilized methods.

CONCLUSION

Collectively, the results suggest that short
episodes of normobaric intermittent hypoxia
leads to a variety of physiological benefits with
minimal risk. Three to 5 exposures to reduced
inspired oxygen up to 12-10 %, 5-7 min each
during 2 to 3 weeks can be used for fitness and
treatment of various diseases. More severe or
longer intermittent hypoxia protocols must be
accompanied by strict monitoring of respiratory
and cardiovascular functions in order to avoid
side effects. The reduction of oxygen content
to individually tolerable level is justified for
sports training and fitness as far as it effectively
includes adaptation mechanisms and maximizes
benefits. However, such regimen requires
preliminary diagnostics of individual hypoxic
tolerance and cardio-respiratory reactivity as
well as rigorous monitoring of vital functions
and good feedback device. The use of oxygen
concentrations below 12% for treatment of
diseases, especially in children and the elderly,
are required substantial additional research.
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We appeal to all scientists working in this field
not to hide their negative results but publish all
observations in the open press. It will help a
lot in developing common guidelines for IHT
implementation to improve public health of
our Planet.

T.B.Cepebposckas’, 3.A.CepebpoBckas!,
E. Eropos?

TPEHUPOBOYHDbIN U TEPAITEBTUYE-
CKHM NOTEHIMAJ HHTEPBAJIbBHOM
IT'MIIOKCHH: BOITPOC J03bI

Pacmipoctpanenue B mocienHee JIeCATHIETHE METOIOB HH-
TepBaibHOU Tunokcuyeckoit Tpenuposku (UI'T) B putHece,
CIIOpTe, BOCHHON M MEIUIUHCKOH MPAKTHKE BBI3BAJIO JIUC-
KyCCHIO 0 HanboJee 3 (PeKTHBHBIX PeXKUMaX THIIOKCHIECKON
TPEHUPOBKH U METOJAX €€ HHCTPYMEHTAJIBHON peaan3alyu.
Hwu3kue 1036l THITOKCHH MOTYT OBITh HETOCTATOYHBIM CTUMY-
JIOM JUTsl MOOMITM3AIIMH aJJATUBHBIX MEXaHH3MOB, B TO BPEMsI
Kak n1y0oKasi MM MPOJOIDKUTENIbHASI THIOKCHS CIOCOOHA
MPOBOLIMPOBAThH ONACHBIE MATOJIOTHYECKUE Mpolecchl. B
ITOM 0030pe MBI KacaeMcsl y3KOT0 IPaKTHYECKOTO BOIIPOCa O
Haunboee 3G HEeKTHBHOM 1 yTOOHOI TEXHOIOTHUH peaTu3aiii
UI'T, a “MEHHO METOJI0B, OCHOBAHHBIX Ha B/IBIXaHUH YEIIOBE-
KOM THITOKCHYECKUX I'a30BbIX cMecell. JlaHHbIe, oJTydeHHbIe
IIPU UCCIIEIOBAHNH JIIONIeH, YOSAUTENEHO CBUJICTEILCTBYIOT
0 TOM, YTO HMCIIOJIb30BaHKue cMmecei ¢ 15-13% kucmopoza Bo
BaBIXaeMoM Bosyxe (FiO,) npu pasin4HbeIX BpeMEHHBIX Xa-
PaKTepHCTHKAX HE BHI3bIBACT BBIPA)KECHHBIX ITOJOKHTEIBHBIX
n3MeHeHui. KpatkoBpeMeHHbIe e)KeTHEBHbIE CEaHChl, COCTOSI-
1ue U3 5-7-MUHYTHBIX BbIxanui 12-10% O,, uepemyrommxcst
C paBHBIMH MHTEpBaJaMH HOPMOKCHH, B TeueHHe 2-3 Her,
cumTaroTCs Hanoonee 3hPEeKTUBHBIMU U OS3BPETHBIMH KaK JUIs
(uTHECa, TaK 1 JISYSHHUsT HEKOTOPBIX 3a00seBaHuit. [IpoTokos!
¢ DoJIee KeCTKOM Uit OoJiee IITUTeTbHON THITOKCHEH JIOTKHBI
COIPOBOXK/IATHCS CTPOTMM MOHUTOPUHIOM XM3HEHHO BaYKHBIX
dyHKLHH 111 n30eKaHus N000UHBIX A dexToB. CHIKEHUE Ha
HECKOJIbKO MUHYT COZICpKaHMs KCIOPOAA JI0 HHIUBU/TYaIbHO
MEPEHOCUMOTO TIpeieNa ONPaBIaHO B CIIOPTUBHOM IIPAKTHKE,
MOCKOJIBKY 3TO MaKCHMH3HPYET MOJOKUTEIbHBIA IPPEKT.
Tem He MeHee, Takoil pexuM TpeOyeT mperBapUTebHON
JIMarHOCTHKY MHAMBUYaIbHONW NEPEHOCHMOCTH THITIOKCHU H
PEaKTHBHOCTH PECIHPATOPHO-TEMOJMHAMUYECKON CHCTEMBI,
a TaKk)Ke CTPOTrOro KOHTPOJIS )KU3HEHHO BAXKHBIX QYHKIUH 1
Xopoliel 00paTHOM CBsI3M MaleHTa ¢ npudopom. Mcmoms-
30BaHUE KOHLIEHTpaLUHU Kuciaopona Huxe 12% amst neueHus
3aboJeBaHuil, 0COOCHHO y JIeTeil M TOXKHJIBIX JIFoJIeH, Tpedyer
CepPBE3HBIX JIOTIONHUTENBHBIX McclenoBanuii. HenasHo Obu
NPEUIOKEH HOBBIIl PeXKNUM IMIIOKCHYECKO-THIIEPOKCHIECKON
TPEHUPOBKH, COUETAIOIIHI B ce0e NePHOIbI IbIXaHUS TUIIOK-
cuyeckoii (12-10% FiO,) n runepoxcuyeckoii (30-35% FiO,)
cMechbi0. HeMHOro4nClieHHbIe JaHHBIE CBUJIETENICTBYIOT, YTO
TAKOH PEeXKHUM MOXKET COKPATUTh BPEMsI PEOKCHUTEHAIHH, T.€.

ISSN 0201-8489 ®ision. scypn., 2016, T. 62, Ne 3

YMEHBIIUTE HNPOAOJIKUTEIIbHOCTh TPEHUPOBOYHBIX ceccnﬁ.
OjHaKo, 10 CUX MOp HET AOCTATOUHOM CPABHUTEIBHOM 0a3bl
JUIS I0KA3aTeNbCTBA, YTO ITOT METOJ sIBJIsieTCs Ooree rddexk-
THUBHBIM, YEM IT'HIIOKCUYECKU-HOPMOKCUYECKUE PEIKHUMBI. Mpl
oOpariaeMcs Ko BCeM yueHbIM, paboTarorntum B odnactu UI'T,
HE€ CKpbIBaTb CBOW HETaTUBHBIC PE3YJIbTAThI, a l'[y6J'lHKOBaT]>
BCE HAOIIOZICHUS B OTKPBITOH 1e4aTu. ITO BHECET 3HAYUTEIb-
HbBIH BKJIaJl B pa3paboTKy OOIIMX METOJHUYCCKHX MPUHITUIIOB
ocymectsienust UI'T muist ynmydineHus 310pOBbsi HACEICHUS
HAaIlIeH TUIAaHETHI.

! Hnemumym puzuonozuu um. A.A.Bocomonvya HAH
Vipaunwot, Kues, > CELLGYM Technologies GmbH, Bepnun,
l'epmanus

T.B.Cepebposcbkal, 3.0.CepedpoBcbkal,
€. Cropos 2

TPEHYBAJIbHUM I TEPATIEBTUYHUMN
MOTEHIIAJ IHTEPBAJIBHOI T'IITOKCIi:
IUTAHHS 103U

[ToumpeHHs B OCTaHHE ACCATHIIITTSA METO/IIB IHTEPBAIBHOTO
rinokcuanoro TpenyBannst (II'T) y ditHeci, ciopri, BiicbKoBIit
Ta MEAWYHIH MPAKTULI BUKIMKAJIO AUCKYCIIO MPO HAWOIIBLI
e(eKTUBHI PEKUMH TiIIOKCHYHOTO TPEHYBAaHHS I METOIM 1X
iHCTpyMeHTaNbHOT peasizanii. HUu3bKi 1031 Tinokcii MoXyTh
OyTH HEIOCTaTHIM CTHMYJIOM JUisi MOOLmi3aii aganTUBHUAX
MeXaHi3MiB, y TOif 4ac sik inboka abo TpUBaja rilmoKcis 31aT-
Ha IIPOBOKYBATH HEOE3IeUHi aToIOr uHi MPoLecH. Y oMY
OISl MU TOPKAEMOCSI BY3bKOTO IPAKTHYHOTO MUTAHHS PO
HalOLIbII eeKTUBHY 1 3pyuHy TexHouorito peamizanii I[I'T,
a caMe METO/IB, 3aCHOBAaHUX Ha BIAMXAHHI JIFOJAUHOIO T'ilOK-
CHYHHUX ra30BHX cyMileil. Jlai, oTpuMaHi pu J0CIiHKeHH]
JIoNei, TIEPEKOHINBO CBiTYaTh MPO TE, 10 BUKOPHCTAHHS
cyminteit 3 15-13% xucHro y BauxyBanomy nositpi (FiO2)
IpH Pi3HUX YAaCOBHX XapaKTePHCTHKAX HE BUKIUKAE BHPa-
JKCHUX MO3UTHBHUX 3MiH. KOpoTKOUacHi MIOACHHI CeaHCH,
0 CKJIAJAI0ThCA 3 5-7-XBUIMHHUX Bauxanb 12-10% 02, 110
YePryloThCs 3 PIBHUMHU iHTEpBaJAMU HOPMOKCIi, IPOTSITOM
2-3 THX, BBOKAKOTHCS HAO1TbI €(DEKTHBHUMH 1 HEIIKIIJTH-
BUMH SIK JUIsl DiTHECY, TaK i JTiKyBaHHS AESKUX 3aXBOPIOBAHb.
[IpoTokomu 3 KOPCTKIIIOK ab0 OibII TPUBAIO TMOKCIE
HOBHHHI CYHPOBOKYBATHCSI CyBOPHM MOHITOPHUHIOM JKHT-
TEBO BaXIMBUX (DYHKLIH U1 YHUKHEHHS NOOIYHNX e(eKTiB.
3HM)KCHHST Ha KiJbKa XBUJIMH BMICTY KHCHIO J0 MEXI, sIKa
iHAMBIIyaJIbHO HEPEHOCUTHCS, BUIIPABAAHO B CHOPTHUBHIN
HPaKTHILl, OCKIJIBKU 11€ MAKCUMI3y€ MO3UTUBHUH epekT. Tum
HE MEHIIE TaKuil pe)kUM BUMarae IornepeIHboi 1iarHoCTHKH
iHJMBIAyalbHOT MEPEHOCHMOCTI TiMOKCIi i peaKTUBHOCTI
pecnipaTopHO-reMOJUHAMIUYHOT CHCTEMH, a TaKOX CYBO-
POro KOHTPOJIIO KUTTEBO BAXKIMBUX (YHKIIH 1 XOpOLIOro
3BOPOTHOTO 3B’SI3Ky TAL[i€HTA 3 MPUIJIAJOM. BUKOpuCTaHHS
KOHIICHTpAIlii KUCHIO HIKYe 32 12% 1151 JTiKyBaHHS 3aXBOPIO-
BaHb, 0COOJIMBO Y JIiTEH 1 JIITHIX JIIO[eH, BUMarae Cepio3HUX
JTOMIATKOBHX JIOCIiKeHb. HeronaBHo OyB 3amporioOHOBaHUIA
HOBH METOJ TITOKCHYHO-TIIEPOKCHYHOTO TPEHYBAHHSI, 110
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noeHye B co0i repionu quxanHs rimokcuaHoro (12-10% FiOz)
i rinepoxcnanoro (30-35% FiO,) cyminmmo. ObmeskeHi nani
CBiIYaTh, 10 TAKUH PEKUM MOXE CKOPOTHTH 4ac PEOKCH-
reHanii, To0To 3MEHIIUTH TPUBAIICTh TPEHYBAJIBHUX CECIH.
[Ipote, 10 1MX Mip HEMAE TOCTATHLOT MOPIBHUILHOT 0a3U 115
JI0Ka3y, L0 Lei MeTox € O1bll e()eKTUBHUM, HiXK TiTOKCHY-
HO-HOPMOKCHYHI PeXKUMH. MU 3BEpPTAEMOCSI IO BCiX BUCHHM,
siKi rparrotoTh B raiy3i [I'T, He mpuxoByBaTH CBOi HEraTHUBHI
pe3ysbTaTH, a MyOIiKyBaTH BCi CHOCTEPEKEHHS Y BIAKPHTIH
npeci. L{e 3po0uTh 3HAYHUIT BHECOK Y PO3pOOKY 3arajbHUX
METOAMYHKUX TPUHIUMIB 3aikicHenHs [I'T mis momimmieHHs
3710pOB’sI HACENICHHSI HALIOT [UIAHETH.

! Incmumym izionozii im. O.0.5ozomonvys HAH Ypainu,
Kuis, 2 CELLGYM Technologies GmbH, Bepnin, Himeuuuna
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