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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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According to the WHO (World Health Organization), the 
number of diabetic patients by 2025 can exceed 300 million peo-
ple (approximately 5% of the world population) [7]. It is well 
known that about 90% of all diabetes cases are of type 2 DM 
(DM2) [4]. According to the Framingham study results, diabe-
tes is an independent and decisive risk factor for coronary heart 
disease (CHD) [3]. In diabetic patients’ mortality, CHD is the 
most common cause of death, making up approximately 40% of 
cardiovascular mortality [18]. 75% of deaths in patients with di-
abetes are caused by coronary atherosclerosis, meanwhile 25% 
of them - by cerebral and peripheral atherosclerosis with neu-
ropathy and dystrophy of the optical nerve and optical fundus. 
The Framingham study revealed that diabetes increased the risk 
of heart failure (HF), developing 2.4 times in men and 5.1 times 
in women compared to patients without diabetes [1]. Among the 
discussed factors contributing to HF development in patients 
with diabetes, CHD is considered the main one. AH is the most 
common cause of HF in patients with diabetes without coronary 
artery disease and makes about 24% of HF cases [34]. Presum-
ably, a third pathway comes to the fore when the occurrence of 
HF in patients with diabetes cannot be explained in another way: 
it is referred to as diabetic cardiomyopathy (DCMP) [11]. 

In diabetes pathogenesis, a whole cascade of multifacto-
rial impacts on the myocardium metabolism ultimately leads to 
myocardial ischemia [5]. The most typical indication of myo-
cardial ischemia development is the emergence of transient dis-
orders of segmental contractility of the left ventricle (LV) [17]. 
According to stress echocardiography, a few studies have shown 
that 30–50% of patients with DM2 with concomitant transient 
impairment of the myocardium local contractility, according to 
stress echocardiography, do not have hemodynamically signifi-
cant affections of the coronary arteries (CA) [8]. According to 
the positron emission tomography data, even in the absence of 
atherosclerotic lesions of the main coronary artery, the coronary 
reserve in the patients with DM2 was by 37% lower than the 
corresponding pattern in their healthy peers [33]. The mentioned 
sets a question: what then can trigger the LVEF decline? The 
main cause of myocardial ischemia without expressed microcir-
culation impairment is a metabolic disorder, including changes 
in energy metabolism due to absolute or relative insulin insuf-
ficiency in diabetic patients. 

The mechanical activity of the myocardium is associated with 
a high oxygen consumption rate and the fatty acids (FA) and 
carbohydrates metabolism [10]. Under normal conditions, car-
diomyocyte (CMC) receives 60-90% of all ATP due to free fatty 
acids (FFA) oxidation in mitochondria. The remaining 10-40% 
of ATP is ensured by mitochondrial oxidation of pyruvic acid, 
mainly formed from anaerobic glycolysis of glucose in CMC. 
There are stable and significant interrelations between the ex-
change of glucose and FFA in the myocardium. The critical 
point of glucose and FA interaction is their competition for oxi-
dative phosphorylation at the mitochondrial level. In diabetes, 
due to a decrease in the insulin effect on adipose tissue, the FA’s 
content in the blood is significantly elevated, providing the cor-
responding increase of their entry into the CMC [26]. Thus, fa-

vorable conditions are created for the massive penetration of FA 
from the cytoplasm into the mitochondria. Intensification of the 
FA and their intermediate products oxidative phosphorylation 
blocks the oxidative phosphorylation of the glucose metabo-
lism products in mitochondria. Consequently, the uncoupling of 
glycolysis processes in the cytosol and oxidative glucose phos-
phorylation in mitochondria occur.

It is believed that changes in the myocardium in diabetes, 
even when an adequate oxygen supply is ensured, are somewhat 
comparable with those in patients with severe coronary artery 
disease (CAD) [14]. Both in diabetes and CAD, a definite com-
plex of changes occurs due to the inability of mitochondria to 
oxidize the entered FA. The first case arises due to the intensive 
inflow of FA into mitochondria from the cytosol of CMC. The 
second case is due to a sharp decrease in the oxygen supply to 
mitochondria because of a coronary blood flow reduction [9]. 
That is why the term of “metabolic myocardial ischemia” may 
be applied in case of deterioration of metabolism in the myocar-
dium in diabetes mellitus.

According to UKPDS (The United Kingdom Prospective 
Diabetes Study) [1], a large multicenter study, which involved 5 
thousand patients with newly diagnosed DM2 at the time of di-
agnosis, the microvascular disorders or microangiopathies were 
revealed: vision loss and retinopathy were observed in 55% of 
cases, nephropathy with microalbuminuria were in 30%, and 
with proteinuria in 5-10% of cases.

It is known that microangiopathy in diabetes is based on the 
phenomenon of endothelial dysfunction (ED), inevitably lead-
ing to the impairment of microcirculation. In diabetic patients, 
affection of the heart vessels and the brain, and the optical fun-
dus is crucial. Notably, the development of diabetic retinopathy 
is a predictor of a poor prognosis. Evidentially, after the debut of 
diabetic retinopathy, the incidence of cardiovascular pathology 
per year is getting higher by 65% when comparing with those 
without retinopathy.

Reportedly, insulin resistance (IR) and ED, as well as the 
production of nitric monoxide (NO) as the primary vasodila-
tor, are closely interconnected mechanisms: they form a vicious 
circle ensuring the metabolic and cardiovascular disorders [13, 
29]. Moreover, insulin promotes damaging vascular effects by 
stimulating various growth factors production (platelet-derived 
growth factor, insulin-like growth factor-1, etc.). Consequently, 
the vascular wall structure is afflicted by the capillary basement 
membrane thickening, reducing the vascular lumen. 

According to a UKPDS study, at the time of diagnosis of 
DM2, 39% of patients in the study had AH, 25-30% of them 
had CHD, ischemic brain disease (IBD), and stroke, and 8% - 
myocardial infarction. Even though atherosclerotic affections of 
coronary arteries do not always accompany DCM, atheroscle-
rosis incidence in patients with DM2 is exceptionally high. The 
statistical data represented are direct evidence of the mentioned: 
atherosclerosis is the cause of death in 70-75% of patients with 
diabetes, mainly due to the impaired coronary circulation. Re-
lated studies have shown that IBD in diabetic patients develops 
more often: 1.5–2 times in men and 3–4 times in women rather 
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than in people without diabetes. Also, mortality due to infarction 
in diabetes is 1.5–2 times higher [22]. It is a proven fact that dia-
betes is characterized by glycosylation of lipoproteins to modify 
the low-density lipoproteins (LDL) and high-density lipopro-
teins (HDL). Similarly to the modified lipoproteins formed due 
to lipid peroxidation, the glycosylated LDL has a lower affinity 
for the specific B- and E-receptors of hepatocytes, which reduc-
es the rate of elimination of lipoproteins [11].

Hyperglycemia enhances the blood serum’s atherogenicity 
because non-enzymatic glycosylation impedes the atherogenic 
lipoprotein fractions clearance from the bloodstream and in-
creases the circulation time of the atherogenic component. The 
irreversible end products of protein glycosylation and LDL 
themselves activate the LPO processes [20, 32]. Glycosylated 
LDL damages the endothelium, triggers the entry of monocytes 
into the intima of arteries, transforms macrophages into foam 
cells, and stimulates the proliferation of smooth muscle cells, 
contributing to atherosclerosis development [19].

With the help of morphological studies, it has been estab-
lished that in diabetes, the development of “moderate” vascular 
stenosis is represented by a soft or so-called vulnerable athero-
sclerotic plaque with a large core, an unstable tectorium, and a 
narrow stalk. These plaques are prone to rupture and are often 
complicated by the development of CA thrombosis. Thus, in ad-
dition to local stenosis, diabetes leads to a diffuse affection of the 
distal CA. That is why, in many cases, DCM is accompanied by 
true myocardial ischemia, and a scrutinizing of these processes 
can shed light on the high incidence of cardiovascular events in 
diabetic patients.

There are at least three groups of contributing factors to 
myocardial hypertrophy in DM2. First, as several studies have 
shown, the fact of diabetes, especially among women, is accom-
panied by an increase in the LV mass, even in the absence of 
AH [25]. Simultaneously, both hyperinsulinemia and IR are cor-
related with an increase in the LV mass [21]. So, the following 
conclusion could be made: one of the reasons for heart muscle 
hypertrophy is closely connected with IR and the effects of hy-
perinsulinemia. The intact myocardial proteins are constantly 
undergoing degradation and reassembling, which is a well-
balanced process in the norm [6]. Hyperinsulinemia reduces the 
breakdown of heart proteins [31], leading to myocardial hyper-
trophy and, consequently, to an increase in LV mass and proteo-
toxicity and corresponding morpho-functional affections. At the 
same time, some authors have found [12] that one of the direct 
causes of cardiac hypertrophy in patients with diabetes is hemo-
dynamic stress, particularly in hypertension. Hypertension is a 
frequent comorbidity of DM2, which is 2 times more common 
in people suffering from DM than in the general population [2]. 
In 50-70% of cases, the occurrence of hypertension is preceded 
by the carbohydrate metabolism impairment followed by a clear 
DM2 pattern development in 40% of patients, which then turns 
into a general metabolic syndrome [20]. According to statistical-
ly established data, the frequency of hypertension in DM2 varies 
from 40% - 60% to 90% [35]. The basis of this phenomenon is 
a single pathogenic mechanism of the reduced sensitivity of pe-
ripheral tissues (muscular, adipose, endothelial cells) to insulin 
termed IR, which leads to compensatory hyperinsulinemia. As a 
result, a whole cascade of pathological mechanisms increasing 
arterial pressure includes [15, 23, 30]:

• increased activity of the sympathoadrenal system, as evi-
denced by a dose-dependent increase in plasma norepinephrine 
level;

• increased activity of RAAS and reabsorption of sodium and 

water in the proximal tubules of the kidneys, which causes hy-
pervolemia, and thus a preload to the heart;

• increased proliferation of vascular SMC and remodeling of 
the vessels, which narrows their lumen, and thus increases after-
load to the heart;

• blockade of Na-K-ATPase and Ca-Mg-ATPase activity, 
which leads to an increase in the intracellular content of Na+ 
and Ca2+, and so to hypersensitivity of vessels to the effects of 
vasoconstrictors;

• dysfunction of the vascular endothelium (ED) with an im-
balance in the synthesis of the vasoconstrictors and vasodilators 
(reduction in NO synthesis);

• increased secretion of angiotensinogen due to insulin-in-
duced disinhibition of angiotensinogen gene expression in the 
renal proximal tubular cells. 

Beyond the cardiomyocytes, the other cells in the heart, 
such as the fibroblasts, vascular SMC, endothelial cells that 
form the lining of the vascular network, as well as the endo-
cardium, play a substantial role in cardiac hypertrophy devel-
opment. Attenuation in the parasympathetic nervous system 
tone leads to relative sympathetic hyperactivity, which, in 
turn, causes an increase in the plasma catecholamine concen-
tration [16]. It is proven that noradrenaline (NA) is one of 
the most effective growth factors acting for cardiomyocytes. 
Numerous studies testify that prolonged infusion of NA in 
doses that do not lead to hypertension causes an increase in 
the myocardial mass and the LV wall thickness [21]. High 
concentrations of catecholamines are known to boost en-
zymes’ activity involved in their oxidation, thus contribut-
ing to the excessive formation of free radicals and adreno-
chromes that damage cardiomyocytes, followed by activation 
of fibroblasts [26] and production of the connective tissue 
structural elements. So, morpho-functional changes in the 
myocardium in diabetes are not limited just by the process 
of myocardial hypertrophy but also by the interstitial com-
ponents growth. The pathological accumulation of collagen 
fibrils in the myocardial interstitial space can result from both 
fibroblasts’ stimulations and disbalance between its synthesis 
and degradation. 

Thus, the growth of the interstitial componentsss of AH pres-
ence, there is an increase in the LV mass caused by CMC hyper-
trophy, and also an increase in the interstitial components. Si-
multaneously, the hemodynamic factor in the form of increased 
blood pressure is one of the multiple composites of the ethio-
pathogenic factors contributing to the change in LV mass. Both 
hypertrophy and growth of the interstitial component of the left 
ventricle lead to diastolic dysfunction development. 

Diastolic dysfunction consists of two components: (1) an 
impairment of the active relaxation of the LV myocardium 
and (2) a deterioration of the compliance of LV walls (passive 
relaxation). The process of active relaxation is determined by 
the rate of actin-myosin dissociation, which in turn, is depen-
dent on the affinity of troponin C protein to Ca2+ ions, cal-
cium concentration in the cytoplasm and in the sarcoplasmic 
reticulum, and also on the intensiveness of transmembrane 
and sarcoplasmic calcium pump (Ca2+-ATPase) activity [24]. 
An additional hemodynamic load (increase in blood pressure) 
in diabetes leads to a gradual decrease in the density of Ca2+-
ATPase on the sarcoplasmic reticulum, which is detected at 
the stage of compensatory hypertrophy of CMC [27]. This 
entails an incomplete evacuation of Ca2+ ions from the cyto-
sol and, as a result, partial activation of contractile elements 
already in diastole, as well as an impairment of the energy 
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supply of CMC [29]. Active relaxation is entirely determined 
by the CMC properties, while the myocardial stiffness largely 
depends on its interstitial status. Excessive growth of the in-
terstitial component in DM2 underlies the myocardial passive 
relaxation impairment as well [30]. The above-mentioned 
results are confirmed by the results of numerous studies of 
diastolic function in diabetic patients, pointing to an impair-
ment of the active relaxation of LV myocardium and its walls 
extensibility [28]. 

Suppression of activity and the developed deficiency of Ca2+-
ATPase, Na+/K+ pump, sarcolemma’s Ca2+ pump, and Na+- 
Ca2+ exchanger, as well as breakage of glycolysis in CMC leads 
to an underlined excess of Ca2+ in the CMC, which, in turn, 
leads to disruption of electrophysiological and contractile cou-
pling processes [32], as expressions of the Ca2+-stress. On the 
one hand, the accumulation of Ca2+ provokes myocardial con-
tracture (as one of the components of the active relaxation dis-
turbance of the LV myocardium); on the other hand, it implies 
the general deficiency of ATP. Mitochondria begin to absorb an 
excess of Ca2+ actively. 

To maintain electrolyte equilibrium, they actively pump out 
the protons in the cytoplasm, resulting in the previously synthe-
sized ATP partial consumption (is known as the mitochondrial 
stress and energetic crisis). This leads to a decrease in the to-
tal pool of ATP, designed to provide contractions of CMC [33]. 
Thus, a systolic dysfunction develops as well.

Summing up all the above, we can conclude that DCM is not 
qualified to be considered a consequence of individual factors 
influence. Still, its development results from an interplay of sev-
eral factors associated with IR, both of hemodynamic and non-
hemodynamic character. 
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SUMMARY

THE MOLECULAR MECHANISM OF DIABETES MEL-
LITUS - RELATED IMPAIRMENT OF CARDIOVASCU-
LAR HOMEOSTASIS (REVIEW)

1Avagimyan A., 1,2Sukiasyan L., 1Sahakyan K.,
1Gevorgyan T., 1Aznauryan A.

1Yerevan State Medical University after M. Heratsi; 2L.A. Orbeli 
Institute of Physiology of National Academy of Science of RA, 
Yerevan, Armenia

Today, diabetes mellitus is an urgent and topical medical and 
social problem of modern medicine. In the era of industrializa-
tion, this endocrine disorder's incidence increases exponentially, 
affecting more broadly, especially the young cohorts of the pop-
ulation, thereby exerting a substantial burden on the health sys-
tem. Comprehension and full-fledged study of the pathophysi-
ological mechanisms and remodeling dynamics in the diabetic 
continuum will ensure further advances in modern diabetology 
to set it to a potentially new level.

It is noteworthy that diabetes mellitus triggers various vicious 
cycles that impair cardiovascular homeostasis and becomes an 
independent risk factor for such comorbidities as coronary heart 
disease, arterial hypertension, diabetic cardiomyopathy, etc. Un-
favorable prognosis common manifestations are the micro-and 
macroangiopathies, particularly the diabetic angio-, neuro-, and 
nephropathy. In this respect, the vision impairment associated 
with angiopathy becomes a predictor of the early onset and/or 
exacerbation of already developed cardiovascular pathology.

Summing up the mentioned above, a study of the molecular 
mechanisms of diabetes-driven impairment of the cardiovascu-
lar system is becoming a fundamentally relevant research area. 
Simultaneously, it will serve as the driving force for finding new 
pharmacological influences with improving both the quality of 
life and the prognosis of diabetic patients.

Keywords: diabetes, cardiotoxicity, myocardium, insulin re-
sistance, cardiomyopathy.
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РЕЗЮМЕ

МОЛЕКУЛЯРНЫЕ МЕХАНИЗМЫ ИНДУЦИРОВАН-
НОГО ДИАБЕТОМ ПОРАЖЕНИЯ КАРДИО-ВАСКУ-
ЛЯРНОГО ГОМЕОСТАЗА (ОБЗОР)

1Авагимян А.А., 1,2Сукиасян Л.М., 1Саакян К.Т., 
1Геворгян Т.Р., 1Азнаурян А.З.

1Ереванский государственный медицинский университет 
им. М. Гераци; 2Институт физиологии им. Л.А. Орбели 
НАН РА, Ереван, Армения

Сахарный диабет по сей день является актуальной и ургент-
ной медико-социальной проблемой. В эпоху индустриализа-
ции встречаемость данного эндокринологического расстрой-
ства увеличивается с геометрической прогрессией и оказывает 
отрицательное влияние на систему здравоохранения. 

Целью исследования является на основании анализа и 
синтеза данных современной литературы определить пора-
жения кардио-васкулярного гомеостаза.

Следует отметить, что при сахарном диабете развива-
ется целый каскад различных порочных кругов, отягоща-
ющих кардиоваскулярный гомеостаз, сахарный диабет 
является независимым фактором риска такой коморбид-
ности, как ишемическая болезнь сердца, артериальная 
гипертония, диабетическая кардиомиопатия. Предикто-
рами неблагоприятного прогноза являются проявления 
микро- и макроангиопатий, в частности диабетическая 
ангио-, нейро- и нефропатия. Поражение зрения, ассоци-
ированное с ангиопатией, является предиктором скорого 
дебюта и/или отягощения уже развитой кардиоваскуляр-
ной патологии.

На основании анализа данных современной научной 
литературы, авторами сделан вывод, что изучение моле-
кулярных механизмов индуцированной диабетом деста-
билизации морфофункционального статуса сердечно-со-
судистой системы является принципиально актуальным 
научно-исследовательским направлением и движущей 
силой для изыскания новых фармакологических мише-
ней, воздействие на которые улучшит качество жизни 
больных сахарным диабетом.

reziume

kardiovaskuluri homeostazis diabetiT induci-
rebuli darRvevebis molekuluri meqanizmebi (mi-
moxilva)

1a.avagimiani,  1,2l.sukiasiani, 1k.saakiani, 
1t.gevorgiani,  1 a.aznauriani

1erevnis m. heracis saxelobis saxelmwifo sa-
medicino universiteti; 2l. orbelis saxelobis 
fiziologiis instituti, erevani, somxeTi

kvlevis mizans warmoadgenda kardiovaskuluri 
homeostazis darRvevis gansazRvra Tanamedrove 
samecniero literaturis monacemebis analizis 
da sinTezis safuZvelze.
aRsaniSnavia, rom Saqriani diabetis dros vi-

Tardeba mankieri wreebis kaskadi, rac arRvevs 
kardiovaskulur homeostazs; Saqriani diabeti 
warmoadgens damoukidebel risk-faqtors iseTi 
komorbidobisaTvis, rogoricaa gulis iSemiuri 
daavadeba, arteriuli hipertenzia, diabeturi 
kardiomiopaTia. arakeTilsaimedo prognozis 
prediqtorebs warmoadgens mikro- da makroan-
giopaTiebis gamovlinebani, kerZod, diabeturi 
angio-, neiro- da nefropaTia. mxedvelobis da-
zianeba, asocirebuli angiopaTiasTan, warmoad-
gens swrafi debiutis da/an ukve ganviTarebuli 
kardiovaskuluri paTologiis damZimebis prediq-
tors. 
Tanamedrove samecniero literaturis monace-

mebis analizis safuZvelze, avtorebi daaskvnian, 
rom gul-sisxlZarRvTa sistemis morfofunqci-
uri statusis Saqriani diabetiT inducirebu-
li destabilizaciis molekuluri meqanizmebis 
Seswavla warmoadgens principulad aqtualur 
samecniero-kvleviT mimarTulebas da mamoZrave-
bel Zalas axali farmakologiuri samizneebis 
moZiebisaTvis, romlebze moqmedebac gaaumjobe-
sebs Saqriani diabetiT daavadebulTa sicocx-
lis xarisxs.

PHYSICAL THERAPY PROGRAM IN THE TREATMENT 
OF OSTEOARTHROSIS IN PATIENTS WITH OBESITY

Kletskova O., Rusanov A., Rusanova O., Riziq Allah Mustafa Gaowgzeh, Nikanorov A.

National University of Physical Education and Sports of Ukraine, Kiev, Ukraine; 
 King Abdulaziz University, Jeddah, Saudi Arabia

Osteoarthrosis is a progressive degenerative joint disease 
characterized by anatomical and/or physiological molecular dis-
orders (abnormal metabolism in the tissues of the joint). This 
disease is characterized by cartilage degeneration, bone remod-
eling, osteophyte formation, inflammation and functional disor-

ders of the joints. Osteoarthrosis is the main cause of pain and 
disability among the elderly [1,2]. 

However, the etiology is largely unknown. In fact, osteoar-
throsis is a family of pathological processes that have a common 
endpoint, but with multifactorial etiopathogenesis, including 


