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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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pis diabetis mqone pacientebSi. es saSualebas gva-
Zlevs davrwmundeT, rom 2 tipis diabetis arseboba 
aZlierebs Zvlis remodelirebis darRvevebs, rac 
xels uwyobs osteoporozis ganviTarebas.
es kvlevam aCvena, rom gazrdili insulinis rez-

istentoba da/an hiperinsulinemia SeiZleba gavle-
na iqonios Zvlis qsovilis anabolur reaqciaSi, 
rac Zlier zegavlenas axdens Zvlis Zalaze. Ses-
wavla gviCvenebs, rom simsuqne da hiperinsulinemia 

ar aris Zvlis damcavi faqtorebi, rac avsebs mt-
kicebulebis mzardi organos, romelic aRniS-
navs Zvlovani remodelirebis markerebis gazom-
vis mniSvnelobas Zvlebis mineraluri simkvrivis 
kombinaciaSi motexilobebis riskis Sefasebis da 
prognozirebisas. Semdgomi kvlevebi saWiroa paTo-
fiziologiuri meqanizmebis dadgenisTvis, romlis 
saSualebiTac insulinis winaaRmdegoba SeiZleba 
uaryofiTad imoqmedos Zvlis metabolizmze.

AN ALGORITHM FOR PROGNOSIS OF RECURRENT MYOCARDIAL INFARCTION 
IN TYPE 2 DIABETES MELLITUS PATIENTS FOLLOWING DETERMINATION 

OF ENDOTHELIAL DYSFUNCTION MARKERS

Minukhina D., Babadzhan V., Minukhin D., Krasnoyaruzhskiy A., Yevtushenko D.

Kharkiv National Medical University, Ukraine

Acute myocardial infarction (AMI), as one of the most com-
mon forms of ischemic heart disease (IHD), continues to occupy 
one of the leading places among causes of mortality. Diabetes 
mellitus (DM) is one of the risk factors for AMI, which can com-
plicate the course of AMI [9].

Some indices of endothelial dysfunction, which have a key 
role in the development of adverse cardiovascular events, are as-
sociated with high risk of cardiovascular complications, which 
determines the relevance of the study of the relationship be-
tween markers of endothelial dysfunction as predictors of their 
occurrence [8]. Diabetes mellitus is one of the most dangerous 
risk factors for AMI, which can complicate its course [4]. En-
dothelial vasodilator system dysfunction, which is accompanied 
by lower levels of nitric oxide (NO), is a typical sign in patients 
at risk for coronary artery disease, so coronary vasodilator dys-
function may involve prolonged progression of atherosclerosis 
and cardiovascular events [1,5]. A recent meta-analysis by Xuan 
C. et al., which included 4713 participants, demonstrated that an 
increase in the level of asymmetric dimethylarginine (ADMA), 
which is a competitive nitrogen oxide inhibitor, is associated 
with an increased risk of IHD [12]. The high risk of vascular 
catastrophes is a motive for the study of pathogenic mechanisms 
of thrombotic formation in type 2 diabetes. Type 1 plasminogen 
activator inhibitor (PAI-1) is known to be a member of the su-
perfamily of serine protease inhibitors and the main fibrinolysis 
inhibitor in the plasminogen activator system [3]. A high con-
centration of PAI-1 plays a key role in the pathogenesis of arte-
rial and venous thrombosis and contributes to thrombotic events 
[10]. There is evidence that this marker is used as a predictor of 
mortality due to cardiovascular failure [2]. 

The purpose of this study was to elaborate a mathematical 
model for prediction of the development of recurrent myocardial 
infarction in patients who had acute myocardial infarction with 
concomitant type 2 diabetes mellitus.

Material and methods. The study included 73 patients with 
AMI and concomitant type 2 DM (among them 43 men and 30 
women, mean age 62.73±1.39 years). Control group comprised 
20 practically healthy persons (including 10 men and 10 women, 
mean age 60.85±1.37 years).

The patients were divided into clusters using hierarchi-

cal cluster analysis: Cluster 1 (20 patients, mean age 62.0±2.4 
years), Cluster 2 (53 patients, mean age 63.0±1.7 years).

AMI was diagnosed according to the Order of the Ministry 
of Health of Ukraine No. 455 as of 02.07.2014 “Unified clinical 
protocol for emergency, primary, secondary (specialized) and 
tertiary (highly specialized) medical care and medical rehabilita-
tion of patients with acute coronary syndrome with ST segment 
elevation, based on clinical, electrocardiographic and biochemi-
cal criteria” [11].

Quantitative PAI-1 content was determined by immunoas-
say method using a commercial test system manufactured by 
Technoclone PAI-1 ELISA Kit (Austria) on the 1st day of myo-
cardial infarction. Biochemical study included determination 
of total cholesterol (TC) and high-density lipoprotein (HDL), 
low (LDL) and very low density (VLDL), carried out by peroxi-
dase method using “Cholesterol Liquicolor” reagent kit manu-
factured by “Human” (Germany) in blood serum stabilized by 
heparin. The level of triglycerides (TG) was determined by 
enzymatic colorimetric method using “Triglycerides GPO” re-
agent kit manufactured by “Human” (Germany). Determination 
of glycosylated hemoglobin was carried out by high-speed chro-
matography using automatic analyzer Adams A1c according to 
the generally accepted method. Determination of blood insulin 
levels was performed using a commercial test system manufac-
tured by DRG Instruments GmbH (Germany).

All the patients underwent one- and two-dimensional echo-
cardiography (EchoCG) using ultrasound device “Radmir” 
T1228A (Kharkiv, Ukraine).

Statistical processing of the results of the study was conduct-
ed using Statistica 6.0 software. The relationship between the 
signs was determined by calculating the nonparametric Pearson 
χ2 criterion. The results were considered significant at p <0.05. 
Correlation analysis (correspondent analysis) was used to visu-
alize the relationship between the event (recurrent infarction) 
and markers (PAI-1, ADMA, creatinine phosphokinase, end-
diastolic value (EDV)), which allows us to provide frequency 
tables in the form of distances between variables in a space of 
lower dimension, reflecting the level of interconnection between 
the indices: the closer the arrangement of signs to each other, the 
closer the connection [6].
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Results and heir discussion. At the first stage of the study the 
patients were distributed to the clusters according to the sever-
ity of the disease (Table 1). Cluster 2 patients, in comparison 
with Cluster 1, had significantly higher indices of atherogenic 
fractions of lipid (total cholesterol, low density lipoprotein cho-
lesterol, very low density lipoprotein cholesterol), carbohydrate 
metabolism (glucose, glycosylated hemoglobin, insulin), levels 
of markers of endothelial dysfunction and thrombi formation 
(АDМА, PAI-1), creatinine phosphokinase and much lower 

ejection fraction, indicating progression of atherogenic changes 
in vascular intima and severe degree of insulin resistance in 
these patients (p<0.05).

In addition, the percentage of patients with recurrent infarc-
tion in Cluster 2 was 77.3% (41/53), while in Cluster 1 only 15% 
(3/20). Therefore, Cluster 2 can also be called a high-risk group 
for recurrent myocardial infarction (and other complications), 
which, of course, is associated with the severity of the course of 
type 2 diabetes mellitus (Table 2).

Table 1. Levels of PAI-1, АDМА and indices of carbohydrate, lipid metabolism in patients with acute myocardial infarction 
with type 2 diabetes mellitus according to clusters, M±m 

Index
M±m

Control group
(n0=20)

Cluster 1
(n1=20)

Cluster 2
(n2=53)

Age, years. 60.9±1.4 62.0±2.4 63.0±1.7

АDМА, mcmol/l 0.465±0.048 0.822±0.074* 1.12±0.03*#

glucose, mmol/l 4.38±0.07 9.34±0.42* 13.93±0.32*#

insulin, mcIU/ml 17.35±1.15 52.61±2.86* 76.26±0.36*#

glycosylated hemoglobin, % 5.17±0.06 8.91±0.22* 12.68±0.29*#

End-systolic diameter, mm 2.4±0.02 4.07±0.14* 4.83±0.06*#

End-dyastolic diameter, mm 3.7±0.02 5.15±0.13* 6.1±0.07*#

End-systolic value, ml 21.5±0.3 77.7±4.2* 110.3±2.5*#

End-dyastolic value, ml 60.6±0.4 145.5±6.3* 177.7±4.7*#

ejection fraction, % 65.6±0.3 51.8±1.2* 39.5±1.2*#

triglycerides, mmol/l 1.87±0.13 1.98±0.14 2.95±0.11*#

TC, mmol/l 4.55±0.12 4.96±0.15* 6.92±0.12*#

LDL cholesterol, mmol/l 2.51±0.17 3.62±0.17* 4.75±0.12*#

VLDL cholesterol, mmol/l 1.36±0.03 1.05±0.06* 2.11±0.08*#

HDL cholesterol, mmol/l 2.46±0.08 1.37±0.06* 0.97±0.04*#

PAI-1, ng/ml 18.64±1.05 46.61±3.19* 69.56±0.33*#

creatinine phosphokinase, U/l 8.83±0.5 245.3±5.4* 319.3±4.9*#
* - statistically significant (p <0.05) difference from the control group;

# - statistically significant (p <0.05) difference from Cluster 1 (Mann-Whitney criterion)

Table 2. Comparative analysis of cardiovascular complications in patients with type 2 diabetes mellitus

Index Cluster 1
(n2=20)

Cluster 2
(n1=53)

Total number of patients
(n=73)

gender: M – 
 F –

14
6

29
24

43
30

Recurrent myocardial infarction 3 (7%) 40 (93%) 43
Pulmonary edema 0 14 (100%) 14

PATE 0 8 (100%) 8
Atrial fibrillation 1 (14.3%) 6 (85.7%) 7

Ventricular extrasystole 2 (33.3%) 4 (66.7%) 6
Atrioventricular block 0 2 (100%) 2

Ischemic stroke 0 2 (100) 2
Aortic aneurysm 0 1 (100%) 1

Death 0 6 (100%) 6
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Thus, the very fact of the patient’s affiliation with Cluster 2 
indicates (predicts) recurrent infarction with a 75% probability.

The objects were classified into clusters using the classifica-
tion functions F1 and F2. A patient is assigned to the cluster with 
greater classification function. For the case of two groups (as in 
our study) for simplicity, we did not compare F1 and F2, but 
considered their difference (F1-F2). If (F1-F2) ≥0 the object was 
assigned to Cluster 1. If (F1-F2) <0 - to Cluster 2.

Fig. shows a discriminant function, which is described by 
the equation of line: “cholesterol” = 19.5-0.2 “insulin”. That is, 
all points on the diagram below the discriminant line belong to 
Cluster 1, and above to Cluster 2. Hence the classification rule is 
reduced to the condition:
ΔF=F2-F1=cholesterol+0.2insulin-19.5={≥0-Cluster 2;<0-Cluster 1},

where [cholesterol] = mmol/l; [insulin] = mcIU/ml.
Patients with type 2 diabetes mellitus (Table 1), assigned to 

Cluster 2, significantly increased the levels of total cholesterol 
and insulin, indicating a severe degree of insulin resistance, de-
pletion of endocrine compensatory mechanisms and progression 
of atherosclerosis (p˂0.05).

Thus, if the calculated value of ΔF for a particular patient is 
positive, then he should be assigned to Cluster 2. Otherwise, to 
Cluster 1.

In the second stage of our study, we selected the following 
threshold values ​​for markers, in which the frequency of the di-
chotomy indicator significantly differed in groups without and 
with recurrent infarction and comprised 168.3 ng / ml for PAI, 
1.05 mcmol / l for АDМА, 180 ml for EDV, 300 U / l for creati-
nine phosphokinase.

Recurrent myocardial infarction probability index (“RMIP In-
dex”) was calculated for the prediction of recurrent infarction, 
which is:

RMIP index = 2 EDV + АDМА + PAI-1 + creatinine phos-
phokinase

Since the predictor dichotomy values take only 0 or 1, the 
“RMIP Index” can vary from 0 to 5 points. In this case, the in-
equality will be fulfilled, provided that the “RMIP Index” >3 
(Fig.).

Fig. Algorithm for prediction of recurrent myocardial infarc-
tion in patients with type 2 diabetes mellitus

Of the 73 patients with DM-2, 43 persons had recurrent 
myocardial infarction. Our calculations helped correctly pre-

dict recurrent infarction in 37 patients. Thus, the sensitivity of 
prognostic method was 84.1% (37/44), and the specificity was 
93.1% (27/29). At the same time, the overall prediction accuracy 
reached 87.7% (64/73).

The elaborated model for recurrent myocardial infarction 
prognosis in patients with type 2 diabetes mellitus can be used in 
practical health care institutions with the aim of optimizing the 
diagnosis of hospital and non-hospital complications of acute 
myocardial infarction.

Conclusions. 1. Patients with acute myocardial infarction and 
type 2 diabetes mellitus, assigned to Cluster 2, were found to 
have a significant increase in lipid (total cholesterol, LDL cho-
lesterol, VLDL cholesterol, triglycerides and a decrease in HDL 
cholesterol) and carbohydrate (glucose, glycosylated hemoglo-
bin, insulin) metabolism in comparison with Cluster 1 patients 
and control group indicating the progression of atherogenic 
changes and a severe degree of insulin resistance in these pa-
tients (p<0.05).

2. Increase of АDМА levels by 26.6% and PAI-1 by 33% in 
patients with type 2 diabetes (Cluster 2) indicate an increase 
in endothelial dysfunction compared with Cluster 1 patients.

3. Cluster 2 patients with type 2 DM were shown to have re-
current myocardial infarction 13 times more frequent than Clus-
ter 1 patients, indicating high risk of cardiovascular complica-
tions.

4. The study allowed us to elaborate a system for predicting 
recurrent infarction in patients with type 2 diabetes mellitus, in-
volving a group of classifiers based on a discriminant model and 
a scoring system. Routine indices (insulin, cholesterol, EDV, 
creatinine phosphokinase) and specific markers (АDМА and 
PAI-1) were used as predictors.

5. The elaborated system of prediction of recurrent myocar-
dial infarction has a high sensitivity (84.1%) and specificity 
(93.1%) with a general accuracy of prediction of 87.7%, which 
allows it to be used in modern clinical practice.
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SUMMARY

AN ALGORITHM FOR PROGNOSIS OF RECURRENT 
MYOCARDIAL INFARCTION IN TYPE 2 DIABETES 
MELLITUS PATIENTS FOLLOWING DETERMINA-
TION OF ENDOTHELIAL DYSFUNCTION MARKERS

Minukhina D., Babadzhan V., Minukhin D., 
Krasnoyaruzhskiy A., Yevtushenko D.

Kharkiv National Medical University, Ukraine

The combination of cardiac pathology and metabolic disor-
ders, namely type 2 diabetes mellitus, is one of the most fre-
quent comorbid pathologies and the main cause of death from 
cardiovascular complications at an early stage of the disease. 
Despite the wide range of antithrombogenic measures, preven-
tion of thrombotic complications of acute myocardial infarction 
remains an urgent problem of cardiology.

The study involved examination of 73 patients with acute 
myocardial infarction with concomitant type 2 diabetes mel-
litus, who were distributed into clusters according to severity 
by the main indices of lipid and carbohydrate metabolism using 
hierarchical analysis. 43 patients (3 persons from Cluster 1 and 
40 from Cluster 2) had complications in the form of recurrent 
myocardial infarction.

The study implied elaboration of the system of recurrent myo-
cardial infarction in patients with type 2 diabetes mellitus, in-
volving a group of classifiers based on a discriminant model and 
a scoring system of prediction. Routine indices (insulin, cho-
lesterol, EDV, creatinine phosphokinase) and specific markers 
(asymmetric dimethylarginine and type 1 plasminogen activator 
inhibitor) were used as predictors.

The system of mathematical prediction of recurrent myocar-
dial infarction has a high sensitivity (84.1%) and specificity 
(93.1%) with a total accuracy of 87.7%, which allows it to be 
used in modern clinical practice to prevent the occurrence of 
undesirable cardiovascular events.

Keywords: recurrent myocardial infarction, prognosis, asym-
metric dimethylarginine, type 1 plasminogen activator inhibitor, 
endothelial dysfunction.

РЕЗЮМЕ

АЛГОРИТМ ПРОГНОЗИРОВАНИЯ ПОВТОРНО-
ГО ИНФАРКТА МИОКАРДА У БОЛЬНЫХ С СА-
ХАРНЫМ ДИАБЕТОМ 2 ТИПА НА ОСНОВАНИИ 
ОПРЕДЕЛЕНИЯ МАРКЕРОВ ЭНДОТЕЛИАЛЬНОЙ 
ДИСФУНКЦИИ

Минухина Д.В., Бабаджан В.Д., Минухин Д.В., 
Краснояружский А.Г., Евтушенко Д.А.

Харьковский национальный медицинский университет, 
Украина

Комбинация кардиальной патологии и метаболических 
расстройств, в частности с сахарным диабетом 2 типа, явля-
ется одной из наиболее часто встречаемой коморбидной па-
тологии и основной причиной смерти от сердечно-сосуди-
стых осложнений на ранней стадии заболевания. Несмотря 
на большой спектр антитромбогенних мероприятий, пред-
упреждение тромботических осложнений острого инфар-
кта миокарда остается актуальной проблемой кардиологии. 
Обследовано 73 больных острым инфарктом миокарда и 
сопутствующим сахарным диабетом 2 типа. Больные  были 
распределены на кластеры по степени тяжести с учетом  
основных показателей липидного и углеводного обменов 
с использованием иерархического анализа. 43 больных (3 
с 1-го кластера и 40 - 2-го кластера) имели осложнения в 
виде повторного инфаркта миокарда. Разработана система 
прогнозирования повторного инфаркта миокарда у больных 
сахарным диабетом типа 2, построенная как ансамбль клас-
сификаторов на основе дискриминантной модели и бальной 
системы прогнозирования. В качестве предикторов для про-
гнозирования использовались как рутинные показатели (инсу-
лин, холестерин, КДО, СМ-КФК), так и специфические марке-
ры (асимметричный диметиларгинин и ингибитор активатора 
плазминогена 1 типа). Система математического прогнози-
рования повторного инфаркта миокарда имеет высокую чув-
ствительность (84,1%) и специфичность (93,1%) при общей 
точности 87,7%, что позволяет использовать ее в клинической 
практике для предупреждения возникновения нежелательных 
сердечно-сосудистых событий.

reziume

miokardiumis ganmeorebiTi infarqtis prog-
nozirebis algoriTmi endoTeluri disfunqciis 
markerebis ganszRvris safuZvelze Saqriani dia-
beti tipi 2-iT avadmyofebSi

d. minuxina, v. babajani,  d. minuxini,  
a. krasnoiaruJski, d. evtuSenko

xarkovis erovnuli samedicino universiteti, 
ukraina

gulis paTologiis da metaboluri darRvevebis 
kombinacia, kerZod – Saqrian diabetTan tipi 2, 
erT-erT yvelaze xSir komorbidul paTologias  
da daavadebis adreul stadiaze gul-sisxl-
ZarRvovani garTulebebisagan sikvdilis ZiriTad 
mizezs warmoadgens. antiTrombogenuri RonisZie-
bebis farTo speqtris miuxedavad, miokardiumis 
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mwvave infarqtis Trombozul garTulebaTa pre-
vencia rCeba kardiologiis aqtualur proble-
mad. avtorebis mier gamokvleulia 73 avadmyofi 
miokardiumis mwvave infarqtiT da  Tanmxlebi  
Saqriani diabeti tipi 2-iT, romelnic ierarqi-
uli analizis meSveobiT da lipiduri da nax-
Sirwylovani cvlis ZiriTadi maCveneblebis Sesa-
bamisad, simZimis mixedviT daiyo klasterebad. 43 
avadmyofs (3 – pirveli klasteridan, 40 – meore 
klasteridan) hqonda garTulebebi miokardiumis 
ganmeorebiTi infarqtis saxiT.
SemuSavebulia miokardiumis ganmeorebiTi in-

farqtis prognozirebis sistema avadmyofebSi 
Saqriani diabeti tipi 2-iT, agebuli, rogorc kla-

sifikatorebis ansambli diskriminantuli mode-
lis safuZvelze da prognozirebis qulobrivi 
sistemiT. 
prognozirebis prediqtorebad gamoyenebu-

lia rogorc rutinuli maCveneblebi (insulini, 
qolesterini), aseve, specifikuri markerebi (asi-
metriuli dimeTilarginini da I  tipis plazmi-
nogenis aqtivatoris inhibitori). miokardiumis 
ganmeorebiTi infarqtis prognozirebis maTemati-
kur sistemas aqvs maRali mgrZnobeloba (84,1%) 
da specifikuroba (93,1%), saerTo sizustiT 87,7%, 
rac iZleva klinikur praqtikaSi misi gamoyenebis 
SesaZleblobas arasasurveli kardiovaskuluri 
movlenebis ganviTarebis prevenciisaTvis.

CONNECTION BETWEEN SERUM VASCULAR ENDOTHELIAL GROWTH FACTOR LEVELS 
AND SEVERITY OF MICROANGIOPATHY IN PATIENTS WITH TYPE 2 DIABETES 

AND OBSTRUCTIVE SLEEP APNEA 

1-2Kakhniashvili T., 1Tabagari-Bregvadze N., 2Nikoleishvili L., 3Khuchua L., 1-2Kurashvili R.

1Davit Tvildiani Medical University; 2Diabetes, Endocrine and Cardio-pulmonary Disease Center “Diacor”; 
3P. Sarajishvili Institute of Neurology,, Tbilisi, Georgia

Type 2 diabetes mellitus (T2DM) and its vascular complications 
comprise an import medical problem. Vascular damage is caused 
by hyperglycemia-induced changes including oxidative stress [1]. 
These changes lead to decrease capillary elasticity and increase 
vascular endothelial growth factor (VEGF) expression in endothe-
lial cells [2], that plays a key role in neovascularization processes. 
Neovascularizasion is critical for retina and kidney cappillary and 
induces such irreversible changes as proliferative diabetic retinopa-
thy with further blindness and nephropathy with end stage kidney 
disease outcome [3]. Data from recent studies confirm that co-exis-
tence of T2DM and obstructive sleep apnea (OSA) is very frequent 
and that OSA worsens diabetes microvascular complications [4-6]. 
OSA is characterized by interrupted sleep, frequent oxygen desatu-
ration, hypoxemia, blood gas disturbances and oxidative stress [7]. 
It is confirmed that VEGF is hyper-expressed in capillary endothe-
lial cells. Although recent data suggests that VEGF is elevated not 
only in capillary endothelial cells, but also as in serum and plasma 
in patients with type 2 diabetes, as well as in patients with OSA 
due to common pathogenetic disturbense - oxidative stress [8,9]. 
Study published in 2007 aimed to compare the circulating vascu-
lar endothelial growth factor level in patients with diabetes and in 
patients with cancer. As a result, the mean VEGF level in diabetic 
patients was significantly high compared to the patients with can-
cer or control group. It is emerging as a valuable tool in the treat-
ment of patients with cancer anti-angiogenic therapy. As VEGF is 
a central target in anti-angiogenic therapy [10]. Moreover, one of 
the approved method of diabetic retinopathy treatment is the local 
anti-VEGF intra-ocular injections. VEGF level is high not only in 
capillary endothelium, but also in bloodstream too. It is interesting 
if intra-ocular anti-VEGF treatment is enough.

The aim of our study was to evaluate the serum VEGF levels in 
patients with T2DM and comorbid OSA and to confirm its influ-
ence on the severity of retinopathy and diabetic kidney disease. 

Material and methods. Data were obtained from T2DM pa-
tients enrolled in the prospective, cohort study carried out in the 
Diabetes, Endocrine and Cardiopulmonary Disease Center “Di-
acor” in Tbilisi, Georgia. All patients provided written informed 
consent. Study duration was 24 months. Patients with type 2 dia-
betes were included in the study. Exclusion criteria were as fol-
lowing: subjects with type 1 or other types of diabetes mellitus, 
pregnancy, alcohol/drug abuse, acute coronary, cerebro-vascular 
or peripheral vascular disease3 months prior study enrollment, 
active hepatitis B, C or HIV infection, acute inflammation, psy-
chical disease, patients on hemodialysis, polysomnographically 
confirmed central OSA, cancer and any life threatening conditions, 
significance thrombocytopenia/ thrombocytosis, leukopenia/leuko-
cytosis, use of systemic anti-VEGF drugs (Aflibercept, Bevacizum-
ab, Ranibizumab). Patients were screened for OSA using the Ep-
worth Sleepiness Scale [11]. Patients scoring more than 11 points 
were evaluated with nocturnal, laboratory-based polysomnography 
(PSG) for final diagnoses. [12] An apnea–hypopnea index (AHI) 
greater than or equal to 5 events per hour was consistent with an 
OSA diagnosis. OSA severity was assessed on the basis of the AHI 
and the oxygen desaturation index (ODI) based on 4% oxygen de-
saturation. OSA was classified as mild, moderate, and severe on the 
basis of AHI 5-15 events per hour, 15-30 events per hour, more than 
30 events per hour, respectively [13].

The following data were collected from all study participants: 
medical history; demographic and anthropometric data; Ep-
worth sleepiness score data; laboratory (complete blood count, 
biochemistry, immunology, urinalysis) and instrumental mea-
surements (fundoscophy, laboratory polysomnography). 

Fundoscophy was performed by ophthalmologist using digital 
retinal images for both eye. Diabetic retinopathy was scored ac-
cording to the International Clinical Diabetes Retinopathy Se-
verity Scale - the stage 1 was defined as no apparent retinopathy, 


