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ABSTRACT

INTORDUCTION. Patients with multiple chronic diseases are at higher risk of premature death, hospitalization, longer hospital stays,
and reduced health-related quality of life compared to patients with a single disease. On the other hand, the presence of comorbid
conditions limits the enrolment of traditional exercise-based cardiac rehabilitation programs. It is predicted that as life expectancy
increases, the level of multimorbidity will increase, making it even more important to find new additional methods and technologies
for the rehabilitation of cardiac patients with comorbidities.

AIM. To analyze the data from the current publications or to define the validity and effectiveness of using different hypoxic conditioning
regimens in cardiac patients with concomitant chronic pathology (arterial hypertension, obesity, diabetes mellitus, and chronic bron-
chopulmonary diseases) as well as in multimorbid elderly patients.

MATERIAL AND METHODS. The search for relevant papers was carried out using the Medline, e-library, and Web of Science Core Col-

” u

lection databases, as well as the following keywords: “hypoxic conditioning’, “hypoxic training”, “hypoxic therapy”, “interval hypoxic
therapy’, “intermittent hypoxia’, “hypoxic conditioning’, “interval hypoxia training’, and “hypoxic exposure”. The analysis included pub-
lications regarding the use of the hypoxic conditioning method in cardiac and elderly patients with multimorbid pathology, as well
as publications on the use of the method in the rehabilitation of patients with certain nosologies to identify potential mechanisms in
correcting bronchopulmonary violations and lipid and carbohydrate metabolism disorders. The last search date was April 05, 2022.
RESULTS. Most of the analyzed studies proved that the hypoxic conditioning technology in passive interval exposure regimes is an
effective method for non-pharmacological correction of cardiometabolic risks in cardiac patients with multimorbid pathology and can
increase exercise tolerance, optimize hemodynamic parameters (HR, SBP and DBP), reduce the manifestations of bronchial obstruction
and respiratory failure, and improve cognitive function and metabolic indicators. Personalized physical activity doses in oxygen-de-
pleted ambient air appear to be promising, but require additional studies to establish optimal application protocols.

CONCLUSION. The data presented may recommend hypoxic conditioning technologies for wider implementation in cardiac rehabili-
tation programs for patients with multimorbid pathologies.
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PE3IOME

BBEJEHUE. Y nauneHTOB C MHOXECTBEHHBIMU XPOHNYECKUMM 3a00N1€BaHMAMU PUCK MPEXAEBPEMEHHOI CMEPTU, rOCNUTaNM3aLmuu,
LAVTENbHOro NpebblBaHKA B CTaLMOHAPe U CHUXKEHMA KauecTBa XKW3HM, CBA3aHHOIO CO 340POBbEM BbILLE, YEM Y MALMEHTOB C OAHMM
3aboneBaHuem. C ipyroii CTOPOHBbI, HanMue KOMOPOUAHbIX 3a06051eBaHUNIA OrpaHYMBaAET OXBaT TPAAULMOHHbBIMMW NPOrpamMmmMamu Kap-
[MONOrMYecKon peabunmTaLum, OCHOBaHHbIMY Ha GpU3NYECKNX YNpaxXHeHrsAX. [IPorHo3npyeTcs, 4to No Mepe yBennyeHns NpofoIIxKu-
TeNbHOCTU XKN3HW YPOBEHb MOIMMOPOULHOCTM ByAeT pacTy, UTo fenaeT elle 6onee BaXHbIM MOVICK HOBbIX JOMOJTHUTENbHbBIX METOA0B
1 TEXHONTOTMI ANA peabunmtaumm Kapamonornyeckrix NaLmMeHToB ¢ CONyTCTBYOLWMMY 3a601eBaHNAMM.

LIEJTb. MpoaHanu3npoBaTb faHHble COBPEMEHHbIX MYONMKaL i v onpeaenTb 060CHOBaHHOCTb 1 3¢ dEKTVBHOCTb NCMONb30BaHUA
PasINUHbIX PEXKUMOB MMMOKCMYECKOTO KOHANLIMOHNPOBAHWA Y KapANONOrMyecknx naLmeHToB ¢ CONyTCTBYOLLEN XPOHNYECKOW NaTo-
noruvew (apTepranbHas M’MNepTeH3ns, OXKNPEHKE, CaXapHbI ArabeT 1 XpOoHUYeCKe 6poHXoeroyHble 3a60neBaHuA), a TakKe MOXMITbIX
NayMeHTOB C NOAMMOPOVAHBIMY 3a601€BaHNAMM.

MATEPUAJT U METO/bI. Mowrck cooTBeTCTBYOLWYMX PaboT NPOBOAMCA C UCMonb3oBaHreM 6a3 AaHHbIx «Medline», «E-library» n «Core

Collection» (Web of Science), a TakxKe cnefyloLmnx KoyeBblX C/I0B: "rMNoKCcMyeckoe KOHANLMOHPOBaHNMeE", "TMnokcnyeckan TpeHu-
poBKa', "runokcnyeckan Tepanua’, "MHTEpBaNbHaA rMnokcnyeckas Tepanua’, "npepbiBUCTaa rMnokcma', "rmnokcnyeckoe KOHANLMO-
HMpPOBaHWe", "MHTepPBabHasA rMMNoKCMYecKas TPEHUPOBKA" 1 "rnMnokcnyeckoe BosaeicTeme". B aHanus 6binv BKoueHbl nybnvnkauum,
Kacarolmeca NnpruMeHeHna MeTofa rmnoKCUYecKoro KOHANLMOHNPOBAHNA Y KapAMONOrMyeckmnx 1 NoXKubix naLMeHToB C NoMMop-
6uaHON NaTonoruen, a Takxe nybnrkauuy o6 NCNonb3oBaHNM METOAA B peabunutaymn naunueHToB C onpeaeneHHbIMU HO300TMAMN
ONA BbIABMEHVA NOTEHLUMANbHbIX MEXaHV3MOB B KOPPEKLUN OPOHXOSIErOYHbIX HaPYLLEHWI N HAPYLLUEHWUIA IMMUAHOTO U YINIeBOAHOTO
o6meHa. [lata nocnegHero novicka — 05 anpens 2022 ropga.

PE3YJIbTATbI. bonbwnHCTBO NpoaHan3nMpoBaHHbIX NCCIeA0BaHNIA MOKasasn, YTO TEXHONIOMA TMMOKCMYECKOro KOHAMLMOHNPOBa-
HUA B peXrMax NacCUBHOIO MHTEPBASIbHOTrO BO3AENCTBUA ABNAETCA 3PGEKTUBHBIM METOAOM HepapMaKONIOrmMyeckon KoppeKkLumm Kap-
LMNOMETabOoNNYECKNX PUCKOB Y KapAMONOrMyecknx 60MbHbIX C MOAMMOPOULHON NaTONOrel 1 MO3BONAET NOBbICUTb TONIEPAHTHOCTb
K Ppr3ryecKom HarpysKke, oNnTMMU3NPOBaTb remofarHamuyeckme napametpsl (YCC, SBP 1 DBP), ymeHbLNTb NPOABAEHWA GPOHXMaNbHON
06CTPYKLNY 1 AbIXaTeSIbHOWM HEAOCTAaTOYHOCTH, YNYULUNTb KOFHUTUBHbIE GYHKLMM 1 MeTabonyeckme nokasatenu. lNepcoHannsupo-
BaHHble 403bl GU3NYECKOWN aKTUBHOCTY B 06eJHEHHOM KMCJIOPOAOM OKpYXKatoLem BO3Ayxe NpefCTaBAloTCA NepCnekTUBHbIMY, HO
TPeOyIoT AOMOMHUTENbHbIX UCCNIEA0BaHNI ANA YCTAHOBMIEHUA ONTUMAbHbIX MPOTOKOJIOB NMPVMEHEHUA.

3AKJNIOYEHMUE. MNpeacTaBneHHble AaHHbIe MOTYT ObITb MCMOJIb30BaHbI Af1s1 PEKOMEHJALUN TEXHONIOMMY TMMOKCMYECKOro KoHAW-
LIMOHUPOBaHWA 1A 6oee WMPOKOro BHEAPEHNA B MPOrpPamMbl KapAMONornyeckon peabunmtaumny naymeHToB ¢ NOIMMoOpOrAHON
natonoruemn.

Ona yntupoBanumsa: Lyamina N.P,, Spirina G.K., Glazachev O.S. Hypoxic Conditioning in Rehabilitation and Secondary Pre-
vention Programs in Cardiac Patients with Multimorbidity: a Review. Bulletin of Rehabilitation Medicine. 2022; 21 (5): 78-86.
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INTRODUCTION myocardial infarction (MI), and heart failure (HF) following
cardiac and vascular surgery. Meanwhile, cardiac patients
are increasingly suffering from two or more associated
chronic diseases. According to an analysis by the British

Heart Foundation National Audit of Cardiac Rehabilitation

The problem of rehabilitation of cardiac patients
with multimorbidity

Cardiac rehabilitation (CR) has proven to be beneficial

in reducing mortality, improving quality of life and pre-
venting rehospitalization associated with cardiovascular
disease (CVD) [1]. However, the level of participation and
adherence to CR programs remains extremely low [2].

CR programs have traditionally been "single-dis-
ease" programs focusing on the needs of patients with

Technologies of Restorative Medicine and Medical Rehabilitation

(NACR) Quality and Outcomes Report 2019, approximately
50% of the 6,502 patients receiving cardiac rehabilitation
treatment had two or more comorbidities [3].

It is predicted that the level of multimorbidity will
increase due to demographic changes (increased life
expectancy and increased survival rates). It is important

370119V MIIATY | TV 13 VNIWVAT d VAHZIAVYN

79



JIAMUHA H.M. 1 OP. | OB30OPHAA CTATb4A

80

to note that patients with multiple chronic diseases are at
higher risk of premature death, hospitalization, longer hos-
pital stays and reduced quality of life compared to patients
with a single disease [3].

On the other hand, the number of comorbid condi-
tions, such as neurological disorders (stroke, paraplegia
and gait disturbances), restrictive lung diseases, obesity,
connective tissue diseases, musculoskeletal disorders and
depression are often barriers to participation in traditional
CR programs and increase the risk of dropping out of CR,
since not all programs consider the needs and capabilities
of patients with multimorbid pathology [3-6].

It should also be noted that in patients with CVD, many
concomitant chronic conditions remain undiagnosed. This
applies to diseases such as chronic obstructive pulmonary
disease (COPD) and restrictive lung diseases, where symp-
toms like shortness of breath and reduced exercise toler-
ance “impersonate” cardiac pathology [5].

Thus, the increasing burden and complexity of mul-
timorbidity makes it even more important to search for
additional, novel methods and technologies for the reha-
bilitation of cardiac patients with both comorbid and con-
comitant pathologies.

AIM

To analyze the possibilities and effectiveness of hypoxic
conditioning (interval hypoxic exposures at rest and
physical activity in an oxygen-depleted ambient air) in
rehabilitation programs for cardiac patients with comorbid
and multimorbid pathologies. Previously, we provided data
about the use of different protocols for interval hypoxic
therapy in rehabilitation programs for patients with CVD,
but without separate focus on comorbidities [7].

MATERIAL AND METHODS

The search for related works was carried out using the
Medline, e-library, and Web of Science Core Collection
databases, as well as the following keywords: “hypoxic
conditioning”, “hypoxic training”, “hypoxic therapy”, “inter-
val hypoxic therapy’, “intermittent hypoxia’, “hypoxic con-
ditioning’, “interval hypoxia training’, and “hypoxic expo-
sure”. Considering the results of recent clinical studies and
individual experimental studies, we analyzed the data on
the use of different modes of hypoxic conditioning in car-
diac patients with the most commonly diagnosed condi-
tions: arterial hypertension (AH), obesity, diabetes mellitus
(DM) and chronic bronchopulmonary diseases, as well as
in elderly patients, which contained data from controlled
clinical trials, experimental studies explaining pathogenetic
mechanisms, and systematic reviews through meta-anal-
ysis and publications review performed over the past 5
years. In the absence of studies of a specific nosology in
the last 5 years, we included earlier studies. The analysis
included publications regarding the use of the method
in the previously mentioned areas in cardiac patients, as
well as publications on the use of the method in individual
nosologies to identify potential mechanisms in correcting
bronchopulmonary violation, as well as lipid and carbohy-
drate metabolism disorder.

Abstracts of conferences and studies with incom-
plete data were excluded from the analysis. In accord-
ance with the narrative style of this review, a search was
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also conducted for additional publications concerning the
physiological mechanisms of hypoxic effects.

The results of the studies selected for analysis are sum-
marized in Table 1 (see Appendix).

Hypoxic conditioning as a therapeutic factor

The therapeutic effect of air with reduced oxygen con-
tent can be understood from the works of Hippocrates,
descriptions of Marco Polo’s mountain travels and other
sources. Observations of the Andean population (~4260 m,
FiO ~11%) indicate that coronary heart disease (CHD) and,
in particular, myocardial infarctions are quite rare among
residents living at high altitudes. In consecutive autopsy
series, not a single case of Ml or even CAD was found [8]. In
Switzerland, age-standardized mortality rates (per 100,000
person-years) for coronary artery disease were significantly
higher in men (289) and women (104) living below 300
m above sea level compared to men (242) and women (74)
living at altitudes above 1500 m [9]. Burtscher pointed out
that, from a biological point of view, it is the hypoxia-in-
ducible factor (HIF)-mediated mechanisms that can con-
tribute to the reduction of cardiovascular mortality in res-
idents of medium-high mountainous areas [8]. Activation
of the HIF protein family under the action of various stress-
ors, particularly periodic hypoxia, is used to explain a wide
range of hematological and other effects from the molecu-
lar to organ and systemic levels. In this case, the degree of
tissue hypoxia related to the frequency of stress-stimulat-
ing effects and recovery/reoxygenation periods is not that
much, which justifies the techniques of interval hypoxic
exposure [10, 11].

The most commonly used protocols in clinical prac-
tice are interval hypoxic therapy at rest (IHT — hypoxia-nor-
moxia regimen, IHHT - hypoxia-hyperoxia regimen) and
physical training with individual doses in oxygen-deprived
ambient air.

Hypoxic conditioning in arterial hypertension patients

A recently published systematic review analyzed avail-
able data on the effectiveness of incorporating IHT/IHT
courses in the rehabilitation of patients with CVD [12]. Of
the 320 patients included in the study, the vast majority
were elderly patients with comorbid pathologies: CAD/
CHF and AH. The analysis revealed a significant decrease
in heart rate (MD =-5.35 bpm, p = 0.006), systolic blood
pressure (SBP) (MD =-13.72, p < 0.001) mm Hg and dias-
tolic blood pressure (DBP) (MD =-7.88 mm Hg, p =0.003) in
patients after a course of IHHT/IHT compared to the control
group. Moreover, the course of hypoxic therapy has been
shown to determine the trend towards lower total choles-
terol and low-density lipoprotein (LDL) levels [12].

In 2019, Ignatenko et al. [13] comparatively analyzed
the effect of two modes of hypoxic conditioning (IHT with
timed dosing and IHHT with calculated procedural param-
eters based on individual sensitivity to hypoxia) on the clin-
ical manifestations of ischemia and hypertensive syndrome
in 219 patients with stable angina pectoris together with
arterial hypertension. For the first time, this work evaluates
the overall long-term (within one year) effectiveness of 4
courses of hypoxic training. The authors showed that the
use of IHT/IHHT can potentiate the antihypertensive effect
of the underlying drug therapy: the frequency of achieving
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the optimal blood pressure level was observed in 40% of
patients receiving drug therapy, 50% of patients receiv-
ing a combination of drug therapy and IHT, and 63.4% of
patients receiving a combination of drug therapy and IHHT.
In the IHHT group, normalization of diurnal BP variability
was achieved in 50.7% of patients. The antianginal effect of
IHT/IHT techniques was manifested by a significant reduc-
tion in angina attacks and a lower incidence of painless
myocardial ischemia [13].

In 2020, Muangritdech et al. [14] provided data from
a randomized clinical trial (RCT) aimed at evaluating the
effectiveness of two IHT regimens (at rest and in com-
bination with exercise) in patients with grade | AH, who
were regularly taking antihypertensive medications. The
patients, who received antihypertensive drugs without
any physical intervention, were in the control group. A sig-
nificant decrease in SBP was found in both groups that
received a course of IHT at rest (-12.0+8.0 mm Hg, P = 0.004
and -9.9+8.8 mm Hg, P = 0.028, mean+95%) and in com-
bination with exercise (-13.0+£7.8 mmHg, P = 0.002 and
-10.0+8.4 mmHg, p = 0.016) on the 2" and 28" day after
the end of the intervention, respectively. Furthermore,
these changes were accompanied by an increase in values
of the nitric oxide metabolites NOx and HIF-1a, compared
to the control group, as well as a significant increase in the
distance covered during a 6-minute walk test [13].

The presented results confirm one of the proposed
mechanisms to lower blood pressure by increasing the
bioavailability of NO, which leads to vasodilation and
a decrease in total peripheral resistance. Previously, similar
results were obtained by Lyamina et al. [15]. The authors
found that 20 daily sessions of IHT (FiO, — 0.10) increased
NO synthesis and reduced BP to a level healthy for patients
with stage | AH, while the decrease in BP persisted for at
least 3 months.

Hypoxic conditioning and obesity

The World Health Organization (WHO) has recognized
obesity as a new non-communicable "epidemic of the 21
century". According to the Russian epidemiological study
ESSE-RF, the prevalence of obesity in various regions of
Russia varies between 22.5% and 44.5%, when measured
by BMI and between 43% and 67% in terms of waist cir-
cumference [16]. Obesity is an important risk factor for
the development of cardiovascular diseases (CVD), being
responsible for more than 23% of CAD cases and one of
the leading risk factors for the development of fatal cardi-
ovascular events. Obesity is closely associated with other
risk factors (AH, dyslipidemia, physical inactivity, etc.) that
affect the survival of cardiac patients, contributing to early
disability and a decrease in both overall life expectancy
and quality of life due to the development of concomitant
diseases. Therefore, it is essential to correct metabolic dis-
orders and BMI during CR.

Back in 2010, clinical studies were conducted to eval-
uate the effectiveness of IHHT in patients with metabolic
syndrome (MS) who received basic therapy to resolve
comorbidities without the use of drugs for correcting eat-
ing behaviour and body weight. A course of 15 IHHT proce-
dures in passive mode alone or in combination with mod-
erate systemic hyperthermia (one of the groups of patients
received hypoxic conditioning procedures in combination
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with alpha-capsule) has been demonstrated to lead to
a significant reduction in body weight, mainly due to
a reduction in fat mass, accompanied by a decrease in the
level of total cholesterol, LDL, optimization of BP, increased
hypoxic resistance, physical endurance and improved psy-
chological status [17].

In a review by New Zealand colleagues, Lizamore and
Hamlin [18], based on their analysis of 22 studies involv-
ing subjects leading a sedentary lifestyle, showed that
a 4-week course of IHT at rest improved submaximal exer-
cise tolerance and reduced sympathetic predominance in
the dynamics of heart rate variability parameters.

Results of one study conducted in 2020 at the Univer-
sity of Grenoble showed that in obese patients with low
levels of physical activity (less than 2 hours per week), pas-
sive hypoxic exposures in interval or continuous regimens
without individual dosing caused a decrease in SBP and
DBP. However, in this mode, IHT in patients does not con-
tribute to significant changes in anthropometric indices or
lipid profiles [19].

Bestavashvili et al. [20] evaluated the efficacy of IHHT
in passive mode, but with individual dosing, based on the
results of a hypoxic test in 65 CVD patients with MS. After
completing a course of 15 IHHT procedures, a significant
decrease in SBP and DBP (p <0.001), a decrease in TC, LDL
(p = 0.03), as well as anthropometric indices, NT-proBNP,
liver fibrosis and steatosis indices, ALT and AST enzymes
were observed (p = 0.001). The degree of reduction in SBP,
DBP and resting heart rate correlated significantly with the
degree of reduction in arterial stiffness indices.

Recent studies have shown that low-intensity exercise
in a hypoxic environment increases metabolic load and
oxidative stress, similar to high-intensity exercise, with
lower walking speed being more accessible and less trau-
matic to muscles and joints in obese patients with under-
lying orthopedic conditions. [21-23]. Ramos-Campo et al.
[24], in a systematic review of a meta-analysis, showed that
in obese and overweight patients, physical activity under
hypoxic conditions led to lower body weight, fat mass, WC/
OB index, LDL, SBP and DBP, as well as a more pronounced
reduction in the level of triglycerides and an noticeable
increase in muscle mass during physical training in hypoxia
compared with a normoxic environment.

A group of Korean researchers developed an original
protocol for a course of Pilates classes in a hypoxic
environment (FiO, = 14.5%), the implementation of which
for 12 weeks (3 times a week) in obese patients led to
a significant reduction in the values of SBP and DBP, TC, TG,
elimination of signs of endothelial dysfunction, increased
aggregation, improvement of erythrocyte deformability
and rheological properties of the blood, compared with
the control group of patients exercising in the same mode,
but in normoxia [25].

In 2021, De Groote and Deldicque [26], in a descriptive
review, presented data from 17 RCTs that assessed the
effectiveness of exercise in hypoxia. Although some RCTs
did not show weight loss in patients, an improvement
in body composition was demonstrated by a reduction
in body fat and an increase in lean body mass. The
results for the dynamics of physical performance were
ambiguous: both a significant increase in maximal oxygen
consumption (VO,max) and maximal aerobic capacity after
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an 8-week course of hypoxic training with less pronounced
effects, especially in elderly multimorbid patients. The
authors conclude that the benefits of hypoxic training
depend on the type of exercise, exercise regimen, and
factors contributing to weight loss after hypoxic training,
including increased energy expenditure, decreased
appetite coupled with reduced food intake and increased
levels of ghrelin and leptin.

Hypoxic conditioning and diabetes mellitus

Experimental studies have shown that HIF-1a
plays a significant role in the pathogenesis of 3-cell
dysfunction and DM, as well as in the development of both
macrovascular and microvascular complications of DM. In
turn, hyperglycemia destabilizes HIF-1q, thereby disrupting
the physiological response to hypoxia [27].

Given the complexity of molecular cascade regulation
involving HIF-1q, currently, there is no consensus among
researchers on the validity of the HIF-1a level induction
strategy for the treatment of diabetes itself and its
complications. There are few clinical studies on this topic.

Serebrovskaya et al. [28] demonstrated that a 3-week
course of IHT increased insulin sensitivity and reduced
fasting glucose levels in patients with pre-diabetes, which
correlated with the increase in HIF-1 a mRNA in blood
leukocytes.

Two clinical studies reviewed in a systematic review by
Neuhoff [29] showed a reduction in blood glucose levels by
0.74-2.1 mmol after a one hour of exposure to moderate
hypoxia. However, two other clinical studies into the effects
of exposure to 10 sessions of hypoxic conditioning failed to
demonstrate a sustainable decrease in fasting blood glu-
cose levels.

In an analytical review, a group of authors from South
Korea confirmed that the short- and long-term effects of
exercise in a hypoxic environment were associated with
improved glucose uptake and insulin sensitivity in patients
with T2DM to a greater extent than with exercises done
under normoxic conditions [30]. Meanwhile, there is lim-
ited evidence suggesting the efficacy and safety of the
long-term effects of such exposure in patients with meta-
bolic disorders.

Hypoxic conditioning and respiratory diseases

In 2018, Ignatenko et al. [31] presented the results
of a study that included 90 patients with multimorbid
pathology: stable angina II-1ll functional class and COPD
stages 1-2, aged between 40 and 60 years. The inclusion
of IHT in the standard therapy led to a reduction in the
frequency of intermittent and persistent cough (by 11.1%
and 22.2%, respectively) and of dyspnea after moderate
and strenuous exercises (by 15.5% and 4.5%, respectively).
Regarding the cardiovascular system, an increase in
exercise tolerance was noted, as evidenced by the increase
in distance in the 6-minute walk test (+66.8 m vs. +36.3
m in patients with FC Il and +34.5 m vs. +22.5 m in patients
with FC Ill) and reclassification of the functional class of
angina in the direction of its decrease (FC | +15.6 — control
and +22.2% — exposure and FCI1-15.6 and -15.5%, FC Il - 0
and -6.6%, respectively).

The work of Borukaeva [32] revealed changes in
parameters of external respiratory function. After a course
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of IHT in patients with mild to moderate asthma, there
was a significant improvement in bronchial patency, an
increase in respiratory volume and alveolar ventilation,
and a decrease in minute respiratory volume. The share
of alveolar ventilation in the minute respiratory volume
increased due to improved pulmonary ventilation and
reduced functional dead space, leading to an increase in
the efficiency of gas exchange between alveolar air and
venous blood.

Hypoxic Conditioning in Elderly Patients
with Polymorbidity

The results of a placebo-controlled study (conducted
by U. Bayer et al. in 2017) involving elderly patients with
multimorbid pathology (dementia and concomitant car-
diac pathology, such as IHD, CHF, AH, and atrial fibrilla-
tion) showed the following: an increase in exercise tol-
erance, i.e., a significant increase in the distance covered
during the 6-minute walking test (6MWT) in patients, who
received 15 IHHT treatments at rest, as part of a multi-
modal exercise-based rehabilitation program compared to
the control group [33]. A significant improvement in cog-
nitive functions was also observed in this group of patients
according to the results of dementia definition test (Dem-
Tect) and clock drawing (Clock-drawing Test). The increase
in values in the dementia test was +16.7% (in the control
group +0.39%, p < 0.001) and in the clock drawing test was
+10.7% (in the control group +8%, p=0.031). It should be
noted that the hypoxic load was administered individually,
based on the results of a 10-minute hypoxic test, where the
degree and rate of blood oxygen desaturation and heart
rate were assessed.

Wang et al. [34] studied the safety and therapeutic effi-
cacy of this method in elderly cardiac patients with mul-
timorbidity. Patients with moderate cognitive impairment
were diagnosed with CVD (CHD, AH), chronic bronchi-
tis, degenerative arthritis, and other age-related diseases.
A course of 3 sessions of IHT per week for 8 weeks resulted
in a significant improvement in MMSE test results from
25.74+0.4 to 27.74+0.6 (P=0.038) and a 5-7 mmHg reduction
in SBP. Art. (P < 0.05).

A systematic review with a meta-analysis published in
2020 (M. Jung et al.) showed that exercise under hypoxic
conditions had a significant effect on improving cognitive
functions in older adults (SMD = 0.3, 95% confidence inter-
val: 0.14+0.45, I = 54%, p<0.001) [35]. Various character-
istics (age, type of cognitive task, exercise intensity, type
of training and hypoxia level) significantly influenced the
effectiveness of complex training and the degree of com-
pensation for cognitive dysfunction.

CONCLUSION

Hypoxic conditioning of cardiac patients with multi-
morbid pathologies can be considered as a universal, path-
ogenically substantiated method of non-drug intervention
during cardiac rehabilitation and secondary prevention,
which increases exercise tolerance, optimizes hemody-
namic parameters (HR, SBP, and DBP), corrects metabolic
disorders, reduces manifestations of bronchial obstruction,
respiratory failure and improves cognitive function.

The data presented in the review demonstrate that
passive hypoxic conditioning in IHT/IHHT regimens is an
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effective alternative approach to non-drug correction of
cardiometabolic risks in cardiac patients with obesity and
metabolic disorders.

The use of a course of individually dosed physical activ-
ity performed by patients in a hypoxic gas environment
(hypoxic rooms or breathing with a hypoxic gas mixture
through a mask) has certain prospects. Due to the syner-
gistic effects of hypoxia and exercise hypoxia, the phys-
ical exertion stress of high-intensity training is reduced,
allowing for faster comprehensive rehabilitation results
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