
 E O R G I A N
 EDICAL

EWS

ЕЖЕМЕСЯЧНЫЙ  НАУЧНЫЙ  ЖУРНАЛ

Медицинские новости Грузии
cfmfhsdtkjc cfvtlbwbyj cbf[ktyb

No 6 (315) Июнь 2021ISSN 1512-0112

ТБИЛИСИ - NEW YORK



GEORGIAN 
MEDICAL 

NEWS
No 6 (315) 2021

ЕЖЕМЕСЯЧНЫЙ  НАУЧНЫЙ  ЖУРНАЛ

ТБИЛИСИ - НЬЮ-ЙОРК

Published in cooperation with and under the patronage 
of the Tbilisi State Medical University

Издается в сотрудничестве и под патронажем  
Тбилисского государственного медицинского университета

gamoicema Tbilisis saxelmwifo samedicino universitetTan 
TanamSromlobiTa da misi patrona;iT



GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting 

the science and art of medicine and the betterment of public health, published by the GMN Editorial 

Board and The International Academy of Sciences, Education, Industry and Arts (U.S.A.) since 

1994. GMN carries original scientific articles on medicine, biology and pharmacy, which are of 

experimental, theoretical and practical character; publishes original research, reviews, commentaries, 

editorials, essays, medical news, and correspondence in English and Russian. 

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The 

full text content is available through EBSCO databases.

GMN: Медицинские новости Грузии - ежемесячный рецензируе мый научный журнал, 

издаётся Редакционной коллегией и Международной академией наук, образования, искусств и 
естествознания (IASEIA) США с 1994 года на русском и английском языках в целях поддержки 

медицинской науки и улучшения здравоохранения. В журнале публикуются оригинальные 

научные статьи в области медицины, биологии и фармации, статьи обзорного характера, 

научные сообщения, новости медицины и здравоохранения. 

Журнал  индексируется в MEDLINE, отражён в базе данных SCOPUS,  PubMed  и  ВИНИТИ  РАН. 

Полнотекстовые статьи журнала доступны через БД EBSCO.

GMN: Georgian Medical News – saqarTvelos samedicino siaxleni – aris yovelTviuri 

samecniero samedicino recenzirebadi Jurnali, gamoicema 1994  wlidan, warmoadgens 

saredaqcio kolegiisa da aSS-is mecnierebis, ganaTlebis, industriis, xelovnebisa 

da bunebismetyvelebis saerTaSoriso akademiis erTobliv gamocemas. GMN-Si rusul 

da inglisur enebze qveyndeba eqsperimentuli, Teoriuli da praqtikuli xasiaTis 

originaluri samecniero statiebi medicinis, biologiisa da farmaciis sferoSi, 

mimoxilviTi xasiaTis statiebi. 

Jurnali indeqsirebulia MEDLINE-is saerTaSoriso sistemaSi , asaxulia 

SCOPUS-is, PubMed-is da ВИНИТИ РАН-is monacemTa bazebSi. statiebis sruli teqsti 

xelmisawvdomia EBSCO-s monacemTa bazebidan.



МЕДИЦИНСКИЕ НОВОСТИ ГРУЗИИ

Ежемесячный совместный грузино-американский научный электронно-печатный журнал 
Агентства медицинской информации Ассоциации деловой прессы Грузии, 
Международной академии наук, индустрии, образования и искусств США.

Издается с 1994 г., распространяется в СНГ, ЕС и США

ГЛАВНЫЙ РЕДАКТОР
Николай Пирцхалаишвили

НАУЧНЫЙ РЕДАКТОР
Елене Гиоргадзе

ЗАМЕСТИТЕЛЬ ГЛАВНОГО РЕДАКТОРА
Нино Микаберидзе

НАУЧНО-РЕДАКЦИОННЫЙ СОВЕТ
Зураб Вадачкориа - председатель Научно-редакционного совета

Михаил Бахмутский (США), Александр Геннинг (Германия), Амиран Гамкрелидзе (Грузия), 
Константин Кипиани (Грузия), Георгий Камкамидзе (Грузия), 

Паата Куртанидзе (Грузия), Вахтанг Масхулия (Грузия), 
Тенгиз Ризнис (США), Реваз Сепиашвили (Грузия), Дэвид Элуа (США)  

НАУЧНО-РЕДАКЦИОННАЯ КОЛЛЕГИЯ
Константин Кипиани - председатель Научно-редакционной коллегии

Архимандрит Адам - Вахтанг Ахаладзе, Амиран Антадзе, Нелли Антелава, Георгий Асатиани,
Тенгиз Асатиани, Гия Берадзе, Рима Бериашвили, Лео Бокерия, Отар Герзмава, Лиана Гогиашвили, 

Нодар Гогебашвили, Николай Гонгадзе, Лия Дваладзе, Тамар Долиашвили, Манана Жвания, 
Тамар Зерекидзе, Ирина Квачадзе, Нана Квирквелия, Зураб Кеванишвили, Гурам Кикнадзе, 

Димитрий Кордзаиа,Теймураз Лежава, Нодар Ломидзе, Джанлуиджи Мелотти, Марина Мамаладзе, 
Караман Пагава, Мамука Пирцхалаишвили, Анна Рехвиашвили, Мака Сологашвили, Рамаз Хецуриани, 

Рудольф Хохенфеллнер, Кахабер Челидзе, Тинатин Чиковани, Арчил Чхотуа, 
Рамаз Шенгелия, Кетеван Эбралидзе

Website:
www.geomednews.org

The International Academy of Sciences, Education, Industry & Arts. P.O.Box 390177, 
Mountain View, CA, 94039-0177, USA. Tel/Fax: (650) 967-4733

Версия: печатная. Цена: свободная. 
Условия подписки: подписка принимается на 6 и 12 месяцев. 

По вопросам подписки обращаться по тел.: 293 66 78.
Контактный адрес: Грузия, 0177, Тбилиси, ул. Асатиани 7,  IV этаж, комната 408

тел.: 995(32) 254 24 91,  5(55) 75 65 99
 Fax: +995(32) 253 70 58, e-mail: ninomikaber@geomednews.com; nikopir@geomednews.com

По вопросам размещения рекламы обращаться по тел.: 5(99) 97 95 93
    © 2001. Ассоциация деловой прессы Грузии
    © 2001. The International Academy of Sciences,  
       Education, Industry & Arts (USA)



NINITEX INTERNATIONAL, INC.
3 PINE DRIVE SOUTH
ROSLYN, NY 11576 U.S.A.

GEORGIAN MEDICAL NEWS
Monthly Georgia-US joint scientific journal published both in electronic and paper 

formats of the Agency of Medical Information of the Georgian Association of Business 
Press; International Academy of Sciences, Education, Industry and Arts (USA).

Published since 1994. Distributed in NIS, EU and USA.

EDITOR IN CHIEF
Nicholas Pirtskhalaishvili

SCIENTIFIC EDITOR
Elene Giorgadze

DEpUTY CHIEF EDITOR
Nino Mikaberidze

SCIENTIFIC EDITORIAL COUNCIL
Zurab Vadachkoria - Head of Editorial council

Michael Bakhmutsky (USA), Alexander Gënning (Germany), 
Amiran Gamkrelidze (Georgia), David Elua (USA), 

Konstantin Kipiani (Georgia), Giorgi Kamkamidze (Georgia), Paata Kurtanidze (Georgia), 
Vakhtang Maskhulia (Georgia), Tengiz Riznis (USA), Revaz Sepiashvili (Georgia)

SCIENTIFIC EDITORIAL BOARD
Konstantin Kipiani - Head of Editorial board 

Archimandrite Adam - Vakhtang Akhaladze, Amiran Antadze, Nelly Antelava, 
Giorgi Asatiani, Tengiz Asatiani, Gia Beradze, Rima Beriashvili, Leo Bokeria, 

Kakhaber Chelidze, Tinatin Chikovani, Archil Chkhotua, Lia Dvaladze, Tamar Doliashvili, 
Ketevan Ebralidze, Otar Gerzmava, Liana Gogiashvili, Nodar Gogebashvili, 

Nicholas Gongadze, Rudolf Hohenfellner, Zurab Kevanishvili, Ramaz Khetsuriani, 
Guram Kiknadze, Dimitri Kordzaia, Irina Kvachadze, Nana Kvirkvelia, Teymuraz Lezhava, 

Nodar Lomidze, Marina Mamaladze, Gianluigi Melotti, Kharaman Pagava, 
Mamuka Pirtskhalaishvili, Anna Rekhviashvili, Maka Sologhashvili, Ramaz Shengelia, 

Tamar Zerekidze, Manana Zhvania

CONTACT ADDRESS IN TBILISI
GMN Editorial Board
7 Asatiani Street, 4th Floor
Tbilisi, Georgia 0177      

WEBSITE
www.geomednews.com

CONTACT ADDRESS IN NEW YORK

Phone: +1 (917) 327-7732

 Phone:  995 (32) 254-24-91
       995 (32) 253-70-58

Fax: 995 (32) 253-70-58



К СВЕДЕНИЮ АВТОРОВ!

При направлении статьи в редакцию необходимо соблюдать следующие правила:

 1. Статья должна быть представлена в двух экземплярах, на русском или английском язы-
ках, напечатанная через полтора интервала на одной стороне стандартного листа с шириной 
левого поля в три сантиметра.  Используемый компьютерный шрифт для текста на русском и 
английском языках - Times New Roman (Кириллица), для текста на грузинском языке следует 
использовать AcadNusx. Размер шрифта - 12. К рукописи, напечатанной на компьютере, должен 
быть приложен CD со статьей. 
 2. Размер статьи должен быть не менее десяти и не более двадцати страниц машинописи, 
включая указатель литературы и резюме на английском, русском и грузинском языках.
 3. В статье должны быть освещены актуальность данного материала, методы и результаты 
исследования и их обсуждение.
 При представлении в печать научных экспериментальных работ авторы должны указывать 
вид и количество экспериментальных животных, применявшиеся методы обезболивания и 
усыпления (в ходе острых опытов).
 4. К статье должны быть приложены краткое (на полстраницы) резюме на английском,  
русском и грузинском языках (включающее следующие разделы: цель исследования, материал и 
методы, результаты и заключение) и список ключевых слов (key words).
 5.  Таблицы необходимо представлять в печатной форме. Фотокопии не принимаются.  Все 
цифровые, итоговые и процентные данные в таблицах должны соответствовать таковым в 
тексте статьи. Таблицы и графики должны быть озаглавлены.
 6. Фотографии должны быть контрастными,  фотокопии с рентгенограмм - в позитивном 
изображении. Рисунки, чертежи и диаграммы следует озаглавить, пронумеровать и вставить в 
соответствующее место текста в tiff формате. 
 В подписях к микрофотографиям следует указывать степень увеличения через окуляр или 
объектив и метод окраски или импрегнации срезов.
 7. Фамилии отечественных авторов приводятся в оригинальной транскрипции.
 8. При оформлении и направлении  статей  в  журнал  МНГ просим авторов соблюдать 
правила, изложенные в «Единых   требованиях  к рукописям, представляемым в биомедицинские  
журналы», принятых Международным комитетом редакторов  медицинских   журналов - 
http://www.spinesurgery.ru/files/publish.pdf и http://www.nlm.nih.gov/bsd/uniform_requirements.html
В конце каждой оригинальной статьи приводится библиографический список. В список литера-
туры включаются все материалы, на которые имеются ссылки в тексте.  Список составляется в 
алфавитном порядке и нумеруется. Литературный источник приводится на языке оригинала. В 
списке литературы сначала приводятся работы, написанные знаками  грузинского алфавита, затем 
кириллицей и латиницей. Ссылки на цитируемые работы в тексте статьи даются в квадратных 
скобках в виде номера, соответствующего номеру данной работы в списке литературы. Большин-
ство цитированных источников должны быть за последние 5-7 лет.
 9. Для получения права на публикацию статья должна иметь от руководителя работы 
или учреждения визу и сопроводительное отношение, написанные или напечатанные на бланке 
и заверенные подписью и печатью.
 10. В конце статьи должны быть подписи всех авторов, полностью приведены их 
фамилии, имена и отчества, указаны служебный и домашний номера телефонов и адреса или 
иные координаты.  Количество авторов (соавторов) не должно превышать пяти человек.
 11. Редакция оставляет за собой право сокращать и исправлять статьи. Корректура авторам 
не высылается, вся работа и сверка проводится по авторскому оригиналу.
 12. Недопустимо направление в редакцию работ, представленных к печати в иных 
издательствах или опубликованных в других изданиях.

 При нарушении указанных правил статьи не рассматриваются.



REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
 1. Articles must be provided with a double copy, in English or Russian languages and typed or 
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width, 
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to 
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled 
with Latin symbols.
 2. Size of the article, including index and resume in English, Russian and Georgian languages must 
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.
 3. Submitted material must include a coverage of a topical subject, research methods, results, 
and review.
 Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.
 4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the 
following sections: aim of study, material and methods, results and conclusions) and a list of key words. 
 5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied 
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the 
articles. Tables and graphs must be headed.
 6. Photographs are required to be contrasted and must be submitted with doubles. Please number 
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and 
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink 
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.
 Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In 
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power, 
method of coloring or impregnation of the microscopic sections (preparations).
 7. Please indicate last names, first and middle initials of the native authors, present names and initials 
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding 
number under which the author is listed in the reference materials.
 8.  Please follow guidance offered to authors by The International Committee of Medical Journal 
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html 
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end 
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers 
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The 
bibliographic description is given in the language of publication (citations in Georgian script are followed 
by Cyrillic and Latin).
 9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or 
typed on a special signed form, certified by a stamp or a seal.
 10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full 
names, office and home phone numbers and addresses or other non-office locations where the authors could be 
reached.  The number of the authors (co-authors) must not exceed the limit of 5 people.
 11. Editorial Staff reserves the rights to cut down in size and correct the articles.  Proof-sheets are 
not sent out to the authors. The entire editorial and collation work is performed according to the author’s 
original text.
 12. Sending in the works that have already been assigned to the press by other Editorial Staffs or 
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned 
Requirements are not Assigned to be Reviewed.



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 


