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ABSTRACT

Intermittent hypoxia–hyperoxia therapy with individually dosed gas levels (ReOxy therapy) is a modification of the 
long-known method of intermittent normobaric hypoxia training. Currently, ReOxy therapy can be considered as 
an addition to physical training in programs of cardiological rehabilitation, primary and secondary prevention of a 
wide range of cardiovascular diseases, as well as an alternative to physical exercises if it is impossible to perform 
them. 

This review examines the pathogenetic rationale, differences from traditional intermittent hypoxia training, and 
clinical prospects for the use of intermittent hypoxia–hyperoxia therapy in cardiovascular diseases.
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РЕЗЮМЕ

Интервальная гипокси-гиперокситерапия с персонализированным дозированием нагрузки (ре-окси тера-
пия) является результатом совершенствования давно известного метода интервальных нормобарических 
гипоксических тренировок. В настоящее время ре-окси терапия может рассматриваться как дополнение 
к физическим тренировкам в программах кардиологической реабилитации, первичной и вторичной про-
филактики многочисленного спектра сердечно-сосудистых заболеваний, а также в качестве альтернативы 
физическим тренировкам при невозможности их выполнения. 

В обзоре рассматриваются патогенетическое обоснование, отличия от традиционного метода гипоксиче-
ски-нормоксического воздействия и клинические перспективы применения метода интервальной гипок-
си-гиперокситерапии при сердечно-сосудистых заболеваниях.

Ключевые слова: гипоксически-гипероксические тренировки, сердечно-сосудистые заболевания, ре-окси 
терапия, реабилитация
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INTRODUCTION

The issues of treatment, prevention, and 
rehabilitation after cardiovascular diseases remain 
important in modern medicine. Various methods of 
non-drug therapies are a key component of secondary 
prevention and cardiac rehabilitation programs aimed 
at restoring physical and social wellness, improving 
the quality of life in the short term, and reducing 
the risk of recurrent cardiovascular events, while 
increasing life expectancy in the long term [1]. 

The most heavily researched and proven method 
of cardiac rehabilitation is physical training (PT). 
The indications for PT have evolved over time from 
increasing exercise tolerance to the main method 
of secondary prevention (evidence level IA) [2, 3]. 
The evidence base for PT as a method of cardiac 
rehabilitation is based on the study of the mechanisms 
that increase physical tolerance and improve adaptation 
to ischemia, as well as on the proven long-term 
effect of reducing the risk of adverse cardiovascular 
events. However, the implementation of rehabilitation 
programs based on PT can be complicated.  

The main problem is related to low adherence 
of patients to PT. Recent studies have revealed that 
only 18% of patients are compliant with physical 
rehabilitation programs [4]. Moreover, current 

advances in the treatment of cardiovascular diseases 
have led to a change in the profile of a patient. The 
number of patients with heart failure, multifocal 
atherosclerosis, who underwent heart surgery, and 
elderly patients with severe concomitant pathology, 
including musculoskeletal disorders, has increased, 
which significantly lowers their active participation 
in physical rehabilitation programs [5]. These facts 
indicate the need to find new effective and safe 
methods of cardiac rehabilitation as an addition 
or alternative to PT with a similar mechanism of 
action and comparable clinical and prognostic  
efficacy. 

As such, researchers are engaged in the study of 
hypoxia training which has been used to increase the 
endurance of healthy individuals and later became a 
method of prevention and rehabilitation after various 
diseases in which hypoxia plays a key role [6–12]. The 
results of experimental and clinical studies showed 
that enhanced exercise tolerance can be observed upon 
exposing a patient to short episodes of hypoxia that do 
not exceed the physiological threshold. This resulted 
in the development of intermittent hypoxia training 
(IHT) [9, 10].  IHT consists in alternating inspiration 
of hypoxic gas mixture and normal air for an average 
of 5 minutes for 20-40 minutes [6]. Intermittent 
hypoxia–hyperoxia therapy with individually dosed 
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gas levels (IHHT, ReOxy therapy) is the improvement 
of the long-known IHT method.

Aim. To substantiate the use of IHHT in the 
rehabilitation of patients with cardiovascular 
diseases based on the analysis of the best practices 
of using IHT in cardiology and the mechanisms of its 
therapeutic effect.

Methods. The authors carried out the analysis of 
publications in eLIBRARY.ru and PubMed databases, 
published from 2014 to 2024, using the following 
keywords: hypoxic effects, intermittent hypoxic 
training, hypoxia–hyperoxia therapy, ReOxy therapy, 
pathophysiological mechanisms of hypoxia, hypoxic 
preconditioning, and cardiac rehabilitation. The inclu- 
sion criteria were the results of randomized trials, 
systematic reviews, and original articles including a 
control group. 

MECHANISMS OF EFFECTS  
OF HYPOXIA TRAINING

A number of studies have shown that hypoxia 
increases body adaptive capabilities to hypoxic 
conditions by activating numerous pathophysiological 
mechanisms, including modulation of sympathoadrenal 
reactivity, chemoreceptor sensitivity, anaerobic 
and aerobic energy production pathways, increased 
tissue resistance to hypoxia, activation of antioxidant 
defense systems, and many others [7, 13–17].  

Essentially, IHT is one of the methods of hypoxic 
preconditioning that consists of short episodes of 
hypoxia. Such training increases the activity of 
the antioxidant system and trains the metabolic 
mitochondrial systems of cells, which subsequently 
prevents structural and functional damage to tissues, 
including the heart and brain, in severe or acute 
hypoxia [9, 18]. In terms of the action and end result, 
IHT is very similar to PT, triggering numerous 
hematological and non-hematological adaptation 
mechanisms [13–17, 19].

Currently, changes in the rate of reactive oxygen 
species (ROS) generation and redox signaling in 
the form of intracellular and intercellular electron 
transport chains that provide a balance between 
oxidative stress and antioxidant defense in the aerobic 
body are considered as the main mechanism through 
which therapeutic, modifying, and pathological effects 
of hypoxia are implemented [20, 21]. ROS, including 
free radicals and hydrogen peroxide, are generated 
in all major biological aerobic systems and play 
an important role in regulating vital processes and 
forming a cellular response to external stimuli. During 

hypoxia, a specific regulatory protein, the hypoxia-
inducible factor (HIF), is activated through ROS, 
which plays a key role in body adaptation to hypoxia. 

Currently, three types of HIF have been discovered: 
HIF-1 (several subtypes), HIF-2, and HIF-3. While 
HIF-1 and HIF-2 regulate multidirectional processes, 
HIF-3 is possibly associated with negative effects of 
hypoxia. HIF-1α increases the expression of more 
than 100 genes necessary for survival in conditions 
of oxygen deficiency, including those that activate 
endothelium-dependent vasodilation, angiogenesis 
and angioedema, energy metabolism, mitochondrial 
metabolism, cell division processes, erythropoiesis, 
iron metabolism, and many others [22, 23]. Following 
IHT, increased expression of HIF-1α initiates 
metabolic processes necessary for regeneration of 
damaged myocardium and improvement of cardiac 
functions after episodes of ischemia [23]. 

In 2017, the understanding of the pathophysiology 
of hypoxia was expanded by C.W. Pugh and P. J. 
Ratcliffe. They discovered that cells have a unique 
mechanism of direct perception of oxygen fluctuations 
in the blood, in which an oxygen-sensitive signal 
ultimately increases the level of HIF-1α through 
the catalytic action of a number of 2-oxoglutarate-
dependent oxygenases [24]. Further in-depth studies 
of the pathophysiological mechanisms and the 
boundary between adaptive and pathological effects 
of hypoxia have continued to this day. Their findings 
will help us understand the effects of different IHT and 
IHHT regimens depending on the severity, duration, 
and intermittent regimen of hypoxia [25]. 

FEATURES AND MECHANISMS OF HYPOXIA 
– HYPEROXIA TRAINING EFFECTS

Biofeedback-controlled IHHT represents the next 
step in the development of IHT. ReOxy therapy is a 
unique treatment that has two fundamental differences 
compared to IHT: 1) the principle of hypoxia–
hyperoxia is used instead of hypoxia–normoxia;  
2) individual selection of a hypoxia regimen is based 
on a hypoxic test and collected biofeedback [26]. 

ReOxy therapy involves changing the oxygen 
concentration in the gas mixture (ranging from 10 
to 40% O2 max) under the control of blood oxygen 
saturation using pulse oximetry. The addition of 
hyperoxia episodes (up to 40% oxygen in the gas 
mixture) during the reoxygenation period makes it 
possible to increase the dose of oxygen free radicals 
without increasing hypoxia and is the main difference 
from the IHT method. Moreover, the hypoxia–
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hyperoxia paradox serves as the physiological 
basis for the combination of hypoxia and hyperoxia 
episodes in one procedure. Cells perceive fluctuations 
in the concentration of free oxygen (not its absolute 
level) as hypoxia. 

Thus, repetitive intermittent hyperoxia can induce 
many molecular cascades and cellular mechanisms 
that are normally induced by hypoxia. Hyperoxic 
stimuli activate angiogenesis, mitogenesis, oxygen 
consumption efficiency, and metabolic activity in 
different tissues in the same way as hypoxia, but 
without adverse consequences [11].

A number of studies have shown that ReOxy 
therapy provides more significant activation of 
the antioxidant enzyme system in response to a 
moderate increase in the concentration of free radicals 
compared to conventional IHT. As a result, the body 
tissue resistance to hypoxia is more pronounced and 
achieved faster [11, 27].

Personalized hypoxic load chosen after a hypoxic 
test and biofeedback are other important differences 
between ReOxy therapy and conventional IHT. The 
selection of an adequate hypoxic and hypoxemic load 
within one IHHT course is based on an individual 
physiological response (SpO2 level and heart rate) 
to a hypoxic stimulus. It ensures high effectiveness 
and safety of the procedure. Biological feedback 
is collected by constant monitoring of the degree 
of oxygen saturation in the blood, which allows 
specialists to maintain an individually adjusted level 
of hypoxemia.

BEST PRACTICES AND PROSPECTS  
OF REOXY THERAPY IN CARDIOVASCULAR 
DISEASES

The safety and effectiveness of IHHT in various 
cardiovascular diseases has been actively studied. 
Studies highlighting the effects of ReOxy therapy 
in arterial hypertension [26], metabolic syndrome 
[12, 28], acute and chronic coronary artery disease, 
including after coronary bypass surgery [2, 29, 30], 
in elderly patients and patients with comorbidities 
[31–33], and chronic heart failure (CHF) have 
been already published [34]. All these studies have 
proven the safety of the method and demonstrated 
the positive effect of IHHT on exercise tolerance 
[29, 30], lipid and carbohydrate metabolism [12, 28], 
cognitive functions [34], blood pressure levels and 
normalization of its daily profile [26], and reduction 
of depression [26, 31].

After IHHT, patients with hypertension present 

with blood pressure stabilization and a significant 
systolic blood pressure decrease by 15–17% compared 
to baseline [12, 26, 29]. ReOxy therapy in patients 
with coronary heart disease improves physical 
tolerance and lipid profile [7, 17, 29]. Moreover, 
there is evidence that IHHT impacts all pathological 
components of the metabolic syndrome: it mediates 
weight loss due to a decrease in fat mass, increases 
physical endurance in obese patients, lowers blood 
pressure, glucose levels, cholesterol, triglycerides, 
and low-density lipoproteins [12, 28]. The findings 
indicate that ReOxy therapy is an effective way of 
reducing cardiovascular risk factors in patients with 
metabolic syndrome, even in the absence of physical 
training [28].

In addition to the clinical and metabolic effects of 
IHHT, there is evidence of a positive effect of IHHT 
on myocardial remodeling and biochemical markers 
in blood plasma, which explains the mechanisms of 
the positive cardiological effects of ReOxy therapy 
[29, 30]. Thus, arranging an IHHT course for patients 
with myocardial infarction at the inpatient stage of 
rehabilitation helped increase exercise tolerance, 
significantly decrease the volume of the left ventricle, 
and increase left ventricular ejection fraction by 
12% compared to the controls (p < 0.05) [30]. In 
another study, patients with stable coronary heart 
disease presented with an improvement in physical 
tolerance, an increase in hemoglobin levels, a 
decrease in cardiovascular reactions, and an increase 
in oxygen saturation during exercise [29]. Patients 
with hypertension exhibited normalization of blood 
pressure during ReOxy therapy due to increased levels 
of nitric oxide and HIF-1 in plasma [26]. Studies 
focusing on patients with CHF indicate an increase 
in cardiopulmonary reserve due to IHHT, which was 
confirmed by cardiopulmonary stress test results, and 
a decrease in biochemical prognostic markers, such 
as sodium uretic peptide, tumor necrosis factor (TNF) 
α, and homocysteine, thus making this method quite 
promising for management of patients with chronic 
heart failure [34]. 

In patients with metabolic syndrome, IHHT 
contributed to an improvement in the proinflammatory 
status by lowering the level of CRP and heat shock 
protein (Hsp70) [28].  Some studies show that 
moderate IHHT protocols enhance the innate immune 
system, while simultaneously exerting an overall anti-
inflammatory effect by suppressing TNFα and IL-4 by 
more than 90% [30].

All abovementioned studies emphasize safety of 
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the method ensured by an individual hypoxic test and 
biofeedback and indicate the possibility of studying its 
effects in patients with severe coronary artery disease 
after surgical interventions on the heart and blood 
vessels and in the postoperative period, in patients 
with low left ventricular ejection fraction and acute 
decompensated heart failure.

In addition, ReOxy therapy has a great potential 
in neurology as a method of rehabilitation after 
ischemic stroke, transient cerebral circulation arrest, 
vascular dementia, Alzheimer`s disease, chronic 
progressive cerebral circulation insufficiency, and 
rehabilitation after spinal cord injuries. Presumably, 
this is due to mechanisms that are involved in 
influencing neurophysiological biomarkers and 
electrophysiological properties of the neural network, 
and not only due to the mechanisms that are involved 
in myocardial pathology [35–38]. 

CONCLUSION
According to the results of the conducted studies, 

IHHT proved to be a very promising method of 
cardiac rehabilitation, as an alternative to PT and as an 
addition to it, aimed at increasing exercise tolerance, 
reducing symptoms and improving the functional 
status of angina pectoris and CHF, as well as improving 
myocardial perfusion and metabolic status. ReOxy 
therapy has a clinical and pathophysiological potential 
to optimize long-term prognosis in cardiovascular 
diseases. However, to confirm this, further studies are 
required.
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