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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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gareSe, III  jgufi – 52 pacienti hipertoniuli 
daavadebis II  stadiiT da Racd-iT. Seswavlilia 
Trombocitebis spontanuri da inducirebuli 
agregaciis unari, sisxlis antikoagulaciuri da 
fibrinolizuri potenciali. spontanuri agrega-
ciis xarisxi aRmoCnda mniSvnelovand ufro maRa-
li pacientebSi hiperqolesterinemiiT – 3,4%-iT 
(р<0,05), xolo fibrinogenis done – 13,5%-iT meti 
(р<0,05). pacientebSi hipertoniuli daavadebis da 
RviZlis araalkoholuri cximovani daavadebis 
komorbiduli mimdinareobiT, romlebic imyofe-
bodnen statinoTerapiaze, spontanuri agregaciis 
unari iyo 16,5%-iT (р<0,05) ufro dabali, vidre pa-
cientebSi aRniSnuli mkurnalobis gareSe. paci-
entebSi Racd-iT statinebiT mkurnalobis gareSe 
proTrombinis dro Semcirda 19,2%-iT (р<0,01), 
INR – 15,3%-iT (р<0,01), vidre pacientebSi, romle-
bic iRebdnen lipiddamaqveiTebel mkurnalo-
bas. pacientebSi Racd-iT da statinebis miRebiT 
aRiniSneboda Trombocituli drois Semcireba 
12,2%-iT (p<0,05). statinebis gamoyeneba saerTo 
kohortaSi zrdida antiTrombin III-is aqtivo-

bas 10,7%-iT (р<0,01), xolo jgufSi Racd-iT - 
14,3%-iT (р<0,001). pacientebSi hipertoniiT, RviZ-
lis araalkoholuri cximovani daavadebiT da 
qolesterinemiis maRali doniT spontanuri 
agregacia iyo 17,1%-iT (р<0,05) ufro naklebi, 
vidre pacientebSi, romlebic ar iRebdnen sta-
tinebs da hqondaT qolesterinis maRali done, 
xolo kolagen-inducirebuli agregaciis done 
Semcirda 33,7%-iT (р<0,05). jgufSi qolesteri-
nemiiT statinebi xels uwyobdnen proTrombinis 
drois gaxangrZlivebas 32,5%-iT (p<0,05), INR-isa - 
25,4%-iT (р<0,05), Trombuli dro - 23,2%-iT (p<0,05) 
da zrdidnen hemostazis antikoagulaciuri rgo-
lis aqtivobas – antiTrombin III-is donem moimata 
3,1%-iT (p<0,05). 
hiperqolesterinemia asocirdeba Trombo-

citebis ufro maRal funqciur aqtivobasTan da 
hiperfibrinogenemiasTan. statinoTerapia pacien-
tebSi hipertoniuli daavadebis II  stadiiT da 
Racd-iT gansazRvravs koagulaciuri rgolis da 
spontanuri agregaciis Semcirebas da sisxlis 
antikoagulaciuri potancialis zrdas.

APPLICATION OF HYPOXIC TRAINING IN ELDERLY PATIENT
WITH chronic obstructive pulmonary disease: 

IMPACT ON THE STATE OF MICROCIRCULATION

1Asanov E., 1Duzhak G., 1Golubova Y., 1Dyba I., 2Asanova S.

1State Institution “Institute of Gerontology named after D.F. Chebotarev of NAMS of Ukraine”, Kyiv; 
2"Zdravo" Pharmaceutical Marketing Company, Kyiv, Ukraine

Hypoxia is both a cause and a characteristic syndrome of 
aging. Age-related hypoxic changes contribute to the develop-
ment of pathological processes, in particular, diseases of the re-
spiratory system [2,7,11]. Therefore, the development of lung 
pathology, in particular, chronic obstructive pulmonary disease 
(COPD) in old age is understandable.

COPD as one of the leading causes of morbidity and mortal-
ity continues to attract the attention of many researchers. This 
is due to the continued spread of this pathology, as well as the 
lack of effectiveness of treatment [5,9,10]. Along with smoking, 
air pollution, population aging has a significant impact on the 
incidence of COPD [9,10]. Moreover, the proportion of elderly 
patients in the age structure of COPD continues to grow [9].

In the development of COPD, along with other pathogenetic 
processes, the relationship between disorders of external respi-
ration and the functioning of the cardiovascular system, in par-
ticular, its microcirculatory system [4,13]. According to some 
authors, there is a direct link between COPD and various patho-
logical conditions of the cardiovascular system [1,13]. Disorders 
of microcirculation and endothelial function are essential in the 

mechanisms of development of disorders of the cardiorespira-
tory system in COPD [4,13].

Microcirculation disorders in patients with COPD primarily 
affect the elderly. This is due to changes in microvessels, de-
creased vascularization with aging, which can cause tissue hy-
poxia [3,7].

Thus, the implementation of therapeutic measures aimed at 
improving endothelial function and the functioning of the mi-
crocirculatory system in patients with COPD, especially the el-
derly, is relevant and justified.

The choice of treatment tactics in elderly patients with COPD 
requires a balanced approach, taking into account the benefits 
and risks of therapeutic effects [5,9]. The use of drug therapy 
in the elderly is often limited or impossible. Therefore, in the 
elderly and senile age, drug-free treatment methods attract at-
tention. The advantage of these treatments, in particular, is the 
complexity, physiology, low risk of side effects.

Among drug-free treatments, hypoxic training has become 
widely accepted. The use of hypoxic training is based on the 
development of adaptation to hypoxic effects. But due to cross-
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adaptation, adaptation to other factors also develops [3,12,14]. 
We have also gained experience in the use of hypoxic training in 
the elderly, in particular, in patients with COPD [2,3].

At present, in the available literature we have not found stud-
ies to assess the effectiveness of the impact on the microcircula-
tion and the duration of the therapeutic effect of hypoxic training 
in elderly patients with COPD.

The aim of the study was to determine the effectiveness of the 
effect on microcirculation and the duration of the therapeutic ef-
fect of hypoxic training in elderly patients with COPD.

Material and methods. The research was conducted in the 
general therapy department of the State Institution “Institute 
of Gerontology. DF Chebotaryov National Academy of Medi-
cal Sciences of Ukraine “. All research procedures, patient in-
formation, informed consent form were agreed by the ethics 
committee. Participation in the study was voluntary, all patients 
received detailed information about the study and signed an in-
formed consent.

47 patients with COPD aged 60-74 years were examined (on 
average, 68.3±4.5 years). Patients were out of exacerbation, I - II 
centuries. bronchial obstruction (GOLD I - II), clinical groups A 
and B, with a disease duration of 8 to 25 years. The diagnosis of 
COPD was established in accordance with the recommendations 
of GOLD and the order of the Ministry of Health of Ukraine № 
555 from 27.06.2013.

All patients received basic maintenance therapy for COPD 
(β-receptor agonists or short-acting M-cholinolytics, β-receptor 
agonists or long-acting M-cholinolytics, or a combination there-
of) and salbutamol on demand as an emergency drug.

All examined patients with COPD were divided into two 
groups: the main (29 people), who received real interval nor-
mobaric hypoxic training (INHT) and control (18 people), who 
received simulated training (IT). Division into groups was per-
formed by the method of simple randomization using a table of 
random numbers.

The type and severity of violations of the ventilatory func-
tion of the lungs were assessed by spirography and the curve 
“flow - volume” of forced exhalation on the device “Spirobank” 
(Mir, Italy).

Resistance to hypoxia was determined by performing a hy-
poxic test with inhalation of a gas mixture with 12% oxygen. 
The duration of hypoxic exposure was twenty minutes; the dura-
tion of the initial and recovery periods was five minutes. When 
conducting a hypoxic test to monitor blood saturation (SpO2) 
using a monitor “UM-300” company “UTAS” (Ukraine) [2,3].

The condition of the cutaneous microcirculation was assessed 
by the volumetric rate of skin blood flow (VSkBF) using a la-
ser flowmeter (BLF 21D, Transonic S. Inc., USA) on the in-
ner surface of the forearm. To assess the functional state of the 
endothelium at the level of the microcirculatory vascular bed 

used a test with reactive hyperemia according to the method of 
Korkushko O.V. et al. (2002), which characterizes the ability of 
the endothelium to synthesize endothelial relaxation factors [6].

INGT was used to increase the efficiency of microcircula-
tion and endothelial function in elderly patients with COPD. 
The course of INGT consisted of 10 daily sessions, each session 
included three five-minute cycles of hypoxic exposure, alternat-
ing with five-minute periods of normoxia. Only 15 minutes of 
hypoxic exposure per workout [2,3].

The selection of the level of hypoxic load for INHT was car-
ried out individually by conducting a hypoxic test [4]. INHT and 
hypoxic tests were performed using the automated software and 
hardware complex “Hypotron” (Ukraine).

The studies were performed at baseline (before training), im-
mediately after, one month and three months after the course of 
training.

Data processing was performed using Excel 2010 (Micro-
soft Office 2010, Product ID: 02954-076-111196, Order ID: 
6368848992). All studied indicators had a distribution close to 
normal, so parametric statistical procedures were used. The nor-
mality of the distribution of the obtained data was checked using 
the Kolomogorov-Smirnov and Shapiro-Wilk tests. The mean 
values ​​of the indicators (M) and their standard deviation (SD) 
were calculated. ANOVA analysis of variance using the Bonfer-
oni correction was used to determine the statistical significance 
of the differences. Correlation analysis was used to establish the 
dependencies. A statistically significant level of reliability was 
considered p<0.05.

Results and discussion. The analysis of the obtained data 
showed that due to the adaptogenic effect of hypoxic training 
in the examined elderly people with COPD, the general state 
of tissue perfusion at the level of microvessels and endothelial 
function improved. Thus, immediately after the course of INGT 
in elderly people with COPD there was a statistically significant 
increase in OSH at rest and post-occlusive hyperemia (Table 1). 
Positive changes in microcirculation and endothelial function in 
elderly patients with COPD persisted for one month after the 
course of INHT (see Table 1). Unfortunately, three months after 
the use of INHT in elderly patients with COPD, microcircula-
tion and endothelial function returned to baseline (Table 1).

It is also important to note that the improvement in micro-
circulation and endothelial function due to the use of INHT in 
elderly patients with COPD depended on an increase in SpO2. 
The correlation analysis revealed a high relationship between 
the increase in SpO2 and the improvement of VSkBF both 
immediately (r=0.71, p<0.01) and one month after the use of 
INHT (r=0.71, p<0.01) in patients with COPD in the elderly. 
The improvement in endothelial function also depended on the 
improvement of the body’s oxygen supply as a result of the use 
of INHT in elderly patients with COPD. There was a relation-

Table 1. Dynamics of microcirculation and endothelial function in elderly patients with COPD using INHT (M±SD)

Indicators 
VSkBF

rest,
ml/min.x100g

post-occlusive hyper-
emia, ml/min.x100g

development time of 
peak reaction, s

recovery
time, s

The initial state 1,45±0,17 5,00±1,19 22,93±5,71 120,52±13,86
After treatment 1,64±0,19* 6,33±0,93* 17,07±5,11* 135,17±14,38#

After one month 1,60±0,17* 6,09±0,88* 20,86±4,72 131,21±15,55
After three months 1,54±0,16 5,16±1,12 22,76±5,58 123,17±13,79

notes: * - differences in comparison with the initial state are significant, p<0,01; # - differences compared to baseline are significant, 
p<0,05; ANOVA single-factor post-hoc analysis of variance using the Bonferoni correction was used
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ship between an increase in SpO2 and an improvement in maxi-
mal VSkBF immediately after INHT (r=0.50, p<0.01), and one 
month after INHT (r=0.44, p<0.05) in patients with COPD el-
derly.

It should be emphasized that the use of IT did not lead to 
changes in microcirculation and endothelial function in elderly 
patients with COPD both after and one month and three months 
after treatment (Table 2).

Efficacy of INHT in elderly patients depending on resistance 
to hypoxia. The development of arterial hypoxemia, tissue hy-
poxia lead to a decrease in resistance to hypoxia in elderly pa-
tients with COPD. In this case, the reduction of resistance to 
hypoxia can be considered as a universal marker that reflects not 
only resistance to adverse environmental factors, but also com-
pensatory capabilities and adaptive reserves of the body. Based 
on this, it is important to find out how resistance to hypoxia af-
fects the effectiveness of INHT.

To this end, among elderly patients with COPD according 
to the results of the hypoxic test, two groups of patients were 
identified: with reduced and preserved resistance to hypoxia [2]. 
The analysis separately for each group of patients allowed to 
establish the features of the effectiveness and duration of INHT 
in patients with COPD depending on their resistance to hypoxia.

It was found that VSkBF in the initial state in the examined 
patients with COPD did not depend on their resistance to hy-
poxia (F criterion 0.266, p = 0.62 according to one way analysis 
ANOVA). At the same time, on the contrary, resistance to hy-
poxia determined the effectiveness of INHT in elderly patients 
with COPD. Thus, in elderly patients with COPD with preserved 
resistance to hypoxia, there was an improvement in microcir-

culation and endothelial function immediately after the use of 
INHT (Table 3).

Moreover, positive changes in both microcirculation and en-
dothelial function persisted for a month. Even three months after 
the use of INHT in patients with preserved resistance to hypoxia, 
there was an improvement in microcirculation (Table 3). But the 
improvement in endothelial function by the third month in this 
category of patients did not persist. Evidence of this is their re-
turn to baseline three months after treatment of maximal VSkBF 
in post-occlusive hyperemia (Table 2).

In patients with reduced resistance to hypoxia, the therapeu-
tic effect of INHT was less significant and short-lived (Table 
2). The analysis revealed a positive effect of INHT on the part 
of microcirculation and endothelial function in patients with re-
duced resistance to hypoxia immediately after their use (Table 
2). During the month, only the improvement in microcirculation 
persisted. Thus, immediately after treatment in patients with re-
duced resistance to hypoxia there was an increase in VSkBF at 
rest, which persisted for a month (Table. 2). At the same time, 
positive changes in endothelial function in patients with reduced 
resistance to hypoxia were leveled a month after the use of INHT. 
Indeed, immediately after treatment, there was a significant in-
crease in the maximum VSkBF in post-occlusive hyperemia and 
the recovery time of VSkBF in patients with reduced resistance 
to hypoxia. However, one month after treatment in patients with 
reduced resistance to hypoxia, the maximum VSkBF in post-oc-
clusal hyperemia and the recovery time of VSkBF did not differ 
from baseline (Table 2). By the third month of follow-up, mi-
crocirculation and endothelial function in patients with reduced 
resistance to hypoxia returned to baseline (Table 2).

Table 2. Dynamics of microcirculation and endothelial function in elderly patients with COPD using simulated training (M±SD)

Indicators
VSkBF

rest,
ml/min.x100g

post-occlusive hyperemia, 
ml/min.x100g

development time 
of peak reaction, s recovery time, s

The initial state 1,43±0,04 5,12±0,28 20,65±1,37 118,42±4,13

After treatment 1,44±0,04 5,17±0,33 21,46±1,22 114,67±5,82

After one month 1,45±0,05 5,13±0,29 20,12±1,19 113,25±3,46

After three months 1,45±0,05 5,16±0,35 19,07±1,45 115,34±3,87

Table 3. The effect of hypoxic training on microcirculation and endothelial function in elderly patients 
with COPD depending on resistance to hypoxia (M±SD)

Indicators 
VSkBF

rest,
ml/min.x100g

post-occlusive hyper-
emia, ml/min x100g

development time of 
peak reaction, s

recovery
time, s

The initial state
1 1,40±0,13 4,37±0,93 22,57±5,76 122,93±14,17
2 1,45±0,20 5,19±1,13 23,27±5,84 118,27±13,65

After treatment
1 1,64±0,14* 6,20±0,95* 16,21±4,99* 138,86±14,78#

2 1,64±0,24* 6,46±1,08* 17,87±5,25 131,73±13,58#

After one month
1 1,61±0,12* 5,93±0,84* 20,43±4,93 138,64±14,66#

2 1,59±0,21* 6,23±0,92 21,27±4,65 124,27±13,31
After three 
months

1 1,59±0,12* 4,60±0,95 22,57±5,77 127,57±13,37
2 1,51±0,20 5,68±1,03 22,93±5,59 119,07±13,30

notes: 1 - group of patients with preserved resistance to hypoxia; 2 - group of patients with reduced resistance to hypoxia; 
* - differences in comparison with the initial state of the corresponding group are significant, p<0,01; 
# - differences in comparison with the initial state of the corresponding group are significant, p<0,05; 

ANOVA single-factor post-hoc analysis of variance using the Bonferoni correction was used
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When considering the mechanisms of influence of INHT on 
the state of microcirculation, it is necessary to keep in mind, first 
of all, the changes that occur in elderly patients with COPD. 
Changes in microcirculation in arterial hypoxemia, which devel-
ops in patients with COPD, have a complex genesis. On the one 
hand, it is known that a decrease in pO2 in arterial blood causes 
dilation of arterioles and increased blood flow. The essence of 
this reaction is to compensate for the decrease in oxygen tension 
in the tissues. On the other hand, patients with COPD have com-
plex changes in the regulation of the autonomic nervous system, 
which also affect vascular tone. It is known that hypoxia leads to 
activation of the sympathoadrenal system [3]. At the same time, 
in COPD, the activity of the parasympathetic division of the 
autonomic nervous system increases [3,11]. The total complex 
effect of all these factors is aimed at compensating for arterial 
hypoxemia and tissue hypoxia. This is realized through the re-
distribution of blood flow in favor of vital organs (centralization 
of hemodynamics). Manifestations of this are vasoconstriction 
- hypoxic vasoconstriction, increased heart rate, and, as a conse-
quence, an increase in blood pressure.

It is logical to assume that the correction of the state of the 
microvascular bed and endothelial function in elderly patients 
with COPD should occur by influencing these mechanisms.

Therefore, we can assume that the positive effect of INHT on 
the state of microcirculation is due to:

1. reducing the severity of arterial hypoxemia, improving 
oxygen supply to the body and, consequently,

2. improving endothelial function in elderly patients with 
COPD;

3. improving the regulation of vascular tone at the level of 
microvessels;

4. reduction of hypoxic vasoconstriction.
Indeed, the use of INHT led to an increase in SpO2 in elderly 

patients with COPD (Table 1). This contributed to the improve-
ment of endothelial function and had a normalizing effect on the 
state of the autonomic nervous system.

In fact, studies confirm an improvement in endothelial func-
tion in elderly patients due to INHT. Thus, immediately after 
INHT there was an increase in the maximum VSkBF after the 
creation of post-occlusive hyperemia, as well as changes in the 
time of reaction and recovery time after it (Table 1). This is evi-
dence of improved endothelial function and vasorelaxation.

The improvement in endothelial function in the examined pa-
tients is most likely due to the increase in nitric oxide synthesis. 
This is also confirmed by the known effect of “hypoxic precon-
ditioning” due to the stimulation of nitric oxide production when 
using INGT [11,12].

Another mechanism for improving microcirculation in elderly 
patients with COPD, as already mentioned, may be the effect of 
INHT on vascular regulation. This is justified by the normal-
izing effect of INHT on blood pressure and peripheral vascular 
resistance in elderly patients with COPD. This has been shown 
in previous studies [3].

With the development of arterial hypoxemia, tissue hypoxia 
in COPD, especially in old age, to ensure the functioning of vital 
organs develops centralization of hemodynamics. The manifes-
tation of this is the spasm of peripheral vessels, the so-called 
hypoxic vasoconstriction. Decreased hypoxic vasoconstriction 
may be associated with improved microcirculation in elderly 
patients with COPD. Some researchers have also observed a 
reduction in hypoxic vasoconstriction under the influence of hy-
poxytherapy. Thus, Berezovsky V.Ya. and Levashov MI (1992) 
in the experiment found a positive effect of hypoxytherapy on 

hypoxic vasoconstriction on the example of small vessels. Sagi-
dova SO (2010) demonstrated myocardial microvessel improve-
ment using intermittent hypoxia.

The mechanisms of the established features of INHT influ-
ence in elderly people with COPD with different resistance to 
hypoxia are not completely understood. In our opinion, the more 
pronounced and longer-lasting effect of INHT in patients with 
preserved resistance to hypoxia can be explained as follows. Pa-
tients with preserved resistance to hypoxia are likely to have 
more effective and cost-effective responses to hypoxic effects 
from the cardiorespiratory system than patients with reduced re-
sistance to hypoxia. These reactions provide them with a more 
efficient supply and use of oxygen. Evidence of this is the dy-
namics of SpO2 in this category of patients under the influence 
of INHT (Table 3). This, in turn, promotes the synthesis of nitric 
oxide, improving the regulation of vascular tone, microcircula-
tion and vascular endothelial function in patients with preserved 
resistance to hypoxia.

A possible mechanism of a more significant and longer-last-
ing effect of INHT in elderly patients with COPD with preserved 
resistance to hypoxia may also be the activation of oxygen-sen-
sitive HIF-1 protein. This protein through the transcription of 
specific genes provides, in particular, the synthesis of erythro-
poietin and vascular growth factor [8]. It can also help improve 
microcirculation and maintain a longer-lasting effect of INHT.

Conclusions. Thus, studies have shown that the use of INHT 
leads to improved microcirculation and endothelial function in 
elderly patients with COPD. The state of microcirculation and 
endothelial function in elderly patients with COPD is not as-
sociated with their resistance to hypoxia. The level of microcir-
culation and endothelial function do not differ in elderly patients 
with COPD with different resistance to hypoxia. At the same 
time, the effectiveness of INHT on microcirculation and endo-
thelial function, as well as the duration of their action depends 
on the resistance to hypoxia in elderly patients with COPD. El-
derly patients with COPD with preserved resistance to hypoxia, 
compared with patients with reduced resistance to hypoxia, 
there is a more significant and longer effect of INHT on micro-
circulation and endothelial function. 
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SUMMARY

APPLICATION OF HYPOXIC TRAINING IN ELDERLY 
PATIENT WITH chronic obstructive pulmo-
nary disease: IMPACT ON THE STATE OF MI-
CROCIRCULATION

1Asanov E., 1Duzhak G., 1Golubova Y., 1Dyba I., 2Asanova S.

1State Institution “Institute of Gerontology named after D.F. 
Chebotarev of NAMS of Ukraine”, Kyiv; 2tZdravo" Pharmaceu-
tical Marketing Company, Kyiv, Ukraine

The aim of the study is to determine the effectiveness of the 
hypoxic training on microcirculation and the duration of preser-
vation of the therapeutic effect in elderly patients with chronic 
obstructive pulmonary disease. 

47 patients with COPD at the age of 60-74 years were exam-
ined. All examined patients with COPD were divided into two 
groups: the main group (29 people), which received real hypoxic 
training, and the control group (18 people), which received sim-

ulated training. The state of cutaneous microcirculation and en-
dothelial function were evaluated using a sample with reactive 
hyperemia. The studies were performed in the initial state (be-
fore training), immediately after, one month and three months 
after the course application of training.

Due to hypoxic training in elderly patients with COPD, mi-
crocirculation and endothelial function improved, which persist-
ed for a month. A correlation was established between increased 
blood saturation and improved microcirculation and endothelial 
function both immediately and a month after the application of 
hypoxic training in elderly patients with COPD. The state of mi-
crocirculation and endothelial function in patients with COPD 
did not depend on their resistance to hypoxia. But resistance to 
hypoxia determined the effectiveness of the effects of hypoxic 
training. In patients with reduced resistance to hypoxia, the 
therapeutic effect of hypoxic training was less significant and 
short-lived compared.

Keywords: COPD, aging, hypoxic training, microcirculation.

РЕЗЮМЕ

ПРИМЕНЕНИЕ ГИПОКСИЧЕСКИХ ТРЕНИРОВОК 
У БОЛЬНЫХ ПОЖИЛОГО ВОЗРАСТА С ХРОНИЧЕ-
СКИМ ОБСТРУКТИВНЫМ ЗАБОЛЕВАНИЕМ ЛЕГ-
КИХ: ВЛИЯНИЕ НА СОСТОЯНИЕ МИКРОЦИРКУ-
ЛЯЦИИ

1Асанов Э.О., 1Дужак Г.В., 1Голубова Ю.И., 1Дыба И.А., 
2Асанова С.О.

1Государственное учреждение «Институт геронтологии 
им. Д.Ф. Чеботарева НАМН Украины», Киев; 2Компания 
фармацевтического маркетинга «Здраво», Киев, Украина

Целью исследования является определение эффективно-
сти воздействия гипоксических тренировок на микроцир-
куляцию и длительность сохранения лечебного эффекта у 
больных пожилого возраста с хроническим обструктивным 
заболеванием легких.

Обследовано 47 больных хроническим обструктивным 
заболеванием легких (ХОЗЛ) в возрасте 60-74 г. Все об-
следуемые больные ХОЗЛ разделены на две группы: в 
основной группе (n=29) проводились реальные гипок-
сические тренировк, в контрольной группе (n=18) - ими-
тированные тренировки. Проведена оценка состояния 
кожной микроциркуляции и функции эндотелия с исполь-
зованием пробы с реактивной гиперемией. Исследования 
выполнены в исходном состоянии (до тренировок), сразу 
после, спустя месяц и три месяца после курсового при-
менения тренировок.

Вследствие гипоксических тренировок у пожилых боль-
ных ХОЗЛ улучшалась микроциркуляция и функция эндо-
телия, которые сохранялись в течение месяца. Установлена 
зависимость между повышением сатурации крови и улуч-
шением микроциркуляции и функции эндотелия как непо-
средственно после гипоксических тренировок, так и спустя 
месяц. Состояние микроциркуляции и функции эндотелия у 
больных ХОЗЛ не зависело от их устойчивости к гипоксии. 
Однако от устойчивости к гипоксии зависела эффектив-
ность воздействия гипоксических тренировок. У больных 
с пониженной устойчивостью к гипоксии лечебный эффект 
гипоксических тренировок был менее значительным и не-
продолжительным.
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reziume

hipoqsiuri varjiSebis gamoyeneba xandazmuli 
asakis pacientebSi filtvebis qronikuli ob-
struqciuli daavadebiT: gavlena mikrocirkula-
ciia mdgomareobaze

1e. asanovi, 1g. duJaki, 1i. golubova, 1i. diba, 
2s. asanova

1d.Cebotariovis saxelobis gerontologiis in-
stituti, kievi, ukraina; 2farmmarketingis kompania 
“zdravo”, kievi, ukraina

kvlevis mizans warmoadgenda mikrocirkula-
ciaze hipoqsiuri varjiSebis efeqturobis da 
mkurnalobis efeqtis SenarCunebis xangrZli-
vobis gansazRvra xandazmuli asakis pacientebSi 
filtvebis qronikuli obstruqciuli daavadebiT.
gamokvleulia 60-74  wlis asakis 47  pacienti 

filtvebis qronikuli obstruqciuli daavadebiT 
(fqod). pacientiebi fqod-iT daiyo or jgufad: 
ZiriTad jgufSi (n=29) tardeboda realuri hipo-

qsiuri varjiSebi, sakontrolo jgufSi (n=18) ki 
– imitirebuli varjiSebi. Sefasebulia kanis mi-
krocirkulaciis da endoTeliumis mdgomareoba 
reaqtiuli hiperemiis sinjis gamoyenebiT. gamokv-
levebi Catarda sawyis mdgomareobaSi (varjiSe-
bamde), varjiSebis dasrulebisTanave, varjiSebis 
kursis gamoyenebidan erTi da sami Tvis Semdeg. 
hipoqsiuri varjiSebis Sedegad xandazmul pa-

cientebSi fqod-iT gaumjobesda mikrocirkula-
cia da endoTeliumis funqcia, rac SenarCunda 
erTi Tvis ganmavlobaSi. dadgenilia saturaciis 
momatebis damokidebuleba mikrocirkulaciasa 
da endoTeliumis funqciasTan rogorc uSualod 
hi poqsiuri varjiSebis dasrulebisas, aseve, 
erTi Tvis Semdgom. mikrocirkulaciis mdgo-
mareoba da endoTeliumis funqcia pacientebSi 
fqod-iT ar aris damokidebuli maT gamZleobaze 
hipoqsiis mimarT. Tumca, hipoqsiisadmi gamZleo-
baze damokidebulia hipoqsiuri varjiSebis moq-
medebis efeqturoba. pacientebSi hipoqsiisadmi 
daqveiTebuli gamZleobiT hipoqsiuri varjiSebis 
samkurnalo efeqti ufro dabali da naklebad 
xangrZlivia. 

THE EFFECT OF INCREASED ADHERENCE TO GLYCEMIC CONTROL 
ON CORONARY HEART DISEASE AND QUALITY OF LIFE IN PATIENTS 

WITH CONCOMITANT IMPAIRED GLUCOSE METABOLISM

1Dzhun Ya., 1Mankovsky G., 1,2Rudenko N., 2Mankovsky B., 1Marushko Ye.

1Government Institution «The Scientific and Practical Medical Center of Pediatric Cardiology and Cardiac Surgery 
of the Ministry of Health of Ukraine», Kyiv; 2Shupyk National University of Public Health of Ukraine, Kyiv, Ukraine

Ischemic heart disease (IHD) causes premature mortality, 
disability and is associated with decreased quality of life (QL) 
[1], being pathogenically associated with comorbid diseases [2]. 
IHD is the main factor which defines remote prognosis in pa-
tients with diabetes mellitus (DM) [1,3]. At the same time, DM 
is associated with 2-4-fold increase of cardiac mortality risk and 
worse IHD prognosis [3]. 

According to T. K. Schramm and G. H. Gislason, the DM 
patients over 30 years old, besides antidiabetic therapy and 
normoglycemic monitoring, should take primary preventive 
measures for cardiovascular diseases [4]. Despite this, studies 
ADVANCE, VADT and ACCORD didn’t show improved re-
mote results with the intensive glycemic control. Even more, 
intensified DM therapy aggravated general and cardiovascular 
prognosis in the patients [5].

According to the American Diabetes Association (ADA) rec-
ommendations of 2021, glycated hemoglobin (HbA1c) target 
values for non-pregnant adults are below 7.0% (Evidence level: 
A), though the criteria can change regarding the potential risks 
associated with hypoglycemia, disease duration, and expected 
longevity as well as present accompanying pathology and vas-

cular complications [6]. The study of Carls G and Huynh J re-
vealed that HbA1c target value in the USA didn’t change from 
1999 till 2014, and only measuring glycated hemoglobin as a 
single diabetes control factor is insufficient – 51% of patients 
have HbA1c >7%, and recently the value has deteriorated [12]. 

Glycated hemoglobin, representing mean glucose level [7], is 
extremely important for the DM control in cohort studies when 
comparing patient’s treatment [8]. Though, underthe modern in-
dividual approach conditions, the value has several drawbacks. 
It is hard to assess objectively the glycemia mean level in such 
conditions as anemia, chronic kidney disease (terminal stage) 
and in case of the erythropoietin administration [9]. HbA1c also 
does not consider periods of hypoglycaemia [9, 10] and glyce-
mia variability [9, 11], which play significant role in the macro-
vascular complications pathogenesis. 

Secondary analysis results of EXAMINE (Examination of 
Cardiovascular Outcomes with Alogliptin versus Standard of 
Care) [13] and ARIC (Atherosclerosis Risk in Communities) 
[14] studies have established relation between hypoglycemia 
and cardio-vascular events, which emphasizes importance of the 
24h glucose profile.


