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INTRODUCTION 
The acute myocardial infarction (AMI) occupies a special 
place in the structure of incidence of the coronary heart 
disease (CHD) [1], while also being one of the major causes 
for death and disability of the working population [2,3].

It is known that the course and prognosis of the coronary 
heart disease depend on the presence of comorbid patholo-
gy. The type 2 diabetes mellitus (DM) is a significant factor 
for the unfavorable course of coronary heart disease. 

The risk of mortality is increased in patients with AMI 
and concomitant type 2 diabetes. The complications (heart 
failure, arrhythmia, cardiogenic shock, etc.) in patients with 
AMI and concomitant type 2 diabetes represent a top issue 
in modern cardiology [4, 5].

According to the OAZIS (Organization to assess strate-
gies for ischemic syndromes) study, the in-hospital mor-
tality of patients with type 2 diabetes from cardiovascular 
complications was 2.9% compared to 2.0% in patients 
without type 2 diabetes (p<0.033).

According to the information of the SHOCKTrial register 
(Should we emergently revascularize occluded coronaries for 
cardiogenic shock), the in-hospital mortality of patients with 
AMI and type 2 diabetes was higher totaling in 67% compared to 
58% for patients with AMI without type 2 diabetes (p<0,007) [6]. 

According to the REACH register (register of clinical 
signs of atherosclerosis), the mortality of patients with 
AMI without type 2 diabetes is 8.6% compared to 16.1% 
for patients with AMI and type 2 diabetes (p<0.01) [7]. 

The risk of death from AMI in patients with diabetes 
is higher than in people without impaired carbohydrate 
metabolism. According to the GRACE register (The Global 
Registry of Acute Coronary Events), in case with patients 
previously diagnosed of diabetes, the in-hospital mortality 
from AMI with ST segment elevation, from AMI without 
ST segment elevation, and unstable cardiac angina, totaled 
in 11.7%, 6.3% and 3.9%, respectively. These indicators are 
significantly higher than the corresponding data in patients 
without diabetes - 6.4%, 5.1% and 2.9% [8].

This negative trend is related to a number of metabolic 
disorders associated with type 2 diabetes, such as hyper-
glycemia, insulin resistance, dyslipidemia, and oxidative 
stress, which lead to endothelial damage and the devel-
opment of intravascular inflammation. The endothelial 
damage is now being actively studied as a predictor of 
adverse course of the coronary heart disease [9, 10].

The endothelial monocyte activating polypeptide – ІІ 
(EMAP-II) is a multifunctional peptide with proinflamma-
tory and angiogenesis activity, which activates a number 

PROGNOSTICATION OF COMPLICATED COURSE OF ACUTE 
MYOCARDIAL INFARCTION WITH CONCOMITANT TYPE 
2 DIABETES MELLITUS BASED ON USE OF ENDOTHELIAL 
MONOCYTE ACTIVATING POLYPEPTIDE-ІІ
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Diana А. Feldman, Nataliya G. Ryndina, Pavlo G. Kravchun, Dobrovolska I. Mykolayivna
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ABSTRACT
The aim: To determine the prognostic value of endothelial monocytic peptide ІІ in the course of AMI (acute myocardial infarction) in combination with type 2 diabetes mellitus (DM)
Materials and methods: The study involved 120 patients divided in 2 groups: Group 1 – patients with acute myocardial infarction (AMI) with concomitant type 2 DM (n=69); 
Group 2 – patients with AMI without concomitant type 2 DM (n=51). Control group was composed with 20 almost healthy persons.
Results: It was determined that in patients with AMI in combination with type 2 diabetes, the level of endothelial monocyte-activating polypeptide II (EMAP-II) was 1.65 times 
higher than in patients without concomitant type 2 DM (p <0.05). The patients with AMI and type 2 DM  who were included in the group of the 3rd tertile according to level of 
EMAR-II had the complicated course compared to patients in the groups of the 1st and 2nd tertiles.  Q-positive AMI was found in 100% of patients who belonged to the group 
of the 3rd tertile; recurrence of AMI occurred only in patients whose EMAR-II index was included in the 3rd tertile.
Conclusions: According to the results of endothelial function analysis with usу ща the marker of EMAP-II endothelial dysfunction in patients with AMI and concomitant type 
2 DM, the increased level of this parameter was characteristic of pronounced violation of dilatation properties of the vascular wall and of the other indicators of complicated 
comorbid conditions.
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of proinflammatory cytokines, namely interleukin-1β, 
interleukin-8, tumor necrosis factor in α, thus inducing 
inflammatory changes in vessels, [11]. 

The ЕМАР-ІІ plays an important role in the process 
of myocardial tissue revascularization in patients with 
AMI. The ЕМАР-ІІ blockade by monoclonal antibodies 
promotes angiogenesis and improves cardiac function 
after myocardial infarction. It has been demonstrated 
that vasodilation during EMAP-II-induced inflammation 
is associated with the nitric oxide (NO) system. This has 
been proven in a model of isolated pulmonary arteries. In 
case of NO-LAME blockade by a NO-synthase inhibitor, 
the EMAP-II-induced vasodilation was reduced [12].

THE AIM
To determine the prognostic value of the endothelial mono-
cyte-activating polypeptide II in the course of acute myocar-
dial infarction in combination with type 2 diabetes mellitus.

MATERIALS AND METHODS
The study involved 120 patients, who were divided in 2 
groups: group 1 consisted of patients with AMI and con-
comitant type 2 DM (n = 70), group 2 consisted of patients 
with AMI without concomitant type 2 DM (n = 50). The 
patients in both groups were comparable in terms of age 
and sex (60 men (50%) and 60 women (50%); average age 
- 66.35 ± 0.91 years, p <0.05). The control group consist-
ed of 20 almost healthy individuals, including 12 women 
(60%) and 8 men (40%). The average age was 45.17 ± 2.88 
years. The level of the examined indicator of ЕМАР-ІІ 
was divided into 3 tertiles (1st tertile - up to 3.59 ng/ml, 
2nd tertile -3.59 - 5.67 ng/ml, 3rd tertile - above 5.67 ng/ml).      

The diagnosing was made according to the current criteria. 
The AMI diagnosing was made in accordance with the Order 

of the Ministry of Health of Ukraine No. 455 dd. 02.07.2014 
“On approval and implementation of medical and techno-
logical documents for standardization of medical care in 
acute coronary syndrome with ST segment elevation”, Order 
of the Ministry of Health of Ukraine No. 436 dd. 03.07.2006 
“Protocol for provision of medical care to patients with acute 
coronary syndrome without ST elevation”. 

The diagnosing of type 2 DM was made in accordance 
with the joint recommendations of the American Diabetes 
Association (ADA) and the European Association for the 
Study of Diabetes (EASD) - 2015.

All the patients enrolled in the study signed a voluntary 
informed consent as prerequisite for participation.

All the patients underwent general clinical and instru-
mental examinations. 

During the first day of study, the participants with AMI 
underwent assessment of the level of ЕМАР-ІІ using com-
mercial test systems “Human Endothelial monocyte-acti-
vating polypeptide II ELISA KIT”.

The statistical processing of the obtained results was per-
formed using the software package “Statistica 6.0» (StatSoft 
Inc, USA). In case with comparative analysis of samples, 
we used a standard program of correlation analysis with 
calculation of arithmetic mean values: M±m, probability 
and level of reliability (p). In case with analysis of the 
samples not subject to Gaussian distribution laws, we used 
the U-criterion of Mann-Whitney U-test for independent 
samples. The correlation coefficient (r) was used to estimate 
the degree of relationship between the samples.

RESULTS
According to the results of the study, it was found that in 
patients with AMI in combination with type 2 diabetes, the 
level of ЕМАР-ІІ was by 1.65 times (p <0.05) higher than in 

Table І. Characteristics of ЕМАР-ІІ based on presence or absence of concomitant type 2 diabetes mellitus in patients.

Parameter
Group 1 (patients with AIM 

with concomitant type 2 DM)
(n2=69)

Group 2 (patients with AIM 
without concomitant type 2 DM)

(n1=51)

Control group
(n0=20)

Mann-Whitney 
criterion, р

ЕМАР-ІІ 4,54±0,331 2,74±0,21 1,1±0,037
р01=0,495

р02= 0,0008
р12=0,0005

Table ІІ. Examined quantitative parameters based on ЕМАР-ІІ tertiles.
Parameter Tertile 1 Tertile 2 Tertile 3

GRACE 118,78 135,71 165,67

EDV, cm 110,11 122,73 130,33

EDD, cm 5,14 5,28 5,23

ESV, cm 70,91 73,67 68,22

ESD, cm 3,99 4,11 4,02

Size of left atrium, cm 4,14 4,45 4,15

Ejection fraction 46,44% 44,56% 42,91%

Tropinin І, ng/ml 1,45 2,35 3,21
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patients without concomitant type 2 diabetes. Accordingly, 
the patients with AMI in combination with concomitant 
type 2 DM demonstrated the hyperactivity of the marker 
of endothelial dysfunction - ЕМАР-ІІ, as detailed in Table 
I, Figure 1 and Figure 2.

The results of examination based on ЕМАР-ІІ tertiles 
with regard to quantity parameters are detailed in Table ІІ.

The patients with AMI with concomitant type 2 DM 
included in the group of the 3rd tertile based on ЕМАР-ІІ 
level had higher scores on the GRACE scale compared 
to the patients included into the groups of the 1st and 2nd 
tertiles. The assessed level of troponin I in the patients with 
AMI with concomitant type 2 diabetes mellitus, who were 
part of the 3rd tertile group based on ЕМАР-ІІ level, was 
significantly higher compared with the same parameter in 
the patients of the 1st and 2nd tertile groups. The study of 

parameters of the structural and functional state of myo-
cardium of the left ventricle revealed an increase in EDV 
in the groups of patients who were part of the 3rd tertile 
group based on ЕМАР-ІІ level compared to the patients 
who were part of the 1st and 2nd tertile groups. As regards 
the other parameters, no significant differences in the level 
were detected.

The distribution of Killip classes based on tertiles is 
shown in Table ІІІ.

The table III contains the information on the develop-
ment of acute heart failure (AHF) based on Killip classes 
in patients with AMI and type 2 DM, depending on the 
ЕМАР-ІІ tertiles.

As can be seen from Table III, the patients who were 
part of the 1st tertile group based on ЕМАР-ІІ mostly had 
a lower AHF class according to Killip class. In patients with 

Fig. 1. Characteristics of  ЕМАР-ІІ average 
value based on presence or absence of 
concomitant type 2 diabetes mellitus in 
patients.

Fig. 2. Characteristics of ЕМАР-ІІ based on 
presence or absence of concomitant type 2 
diabetes mellitus in patients, median value.
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AMI and concomitant type 2 DM, the level of ЕМАР-ІІ 
was related to the 2nd tertile. Mainly, there were cases of 
class IV acute heart failure according to Killip.

The results of examination based on EMAP-II tertiles 
with regard to qualitative indicators were as follows: 
Q-positive AMI was found in 36% of patients belonging 
to the Tertile 1 group, in 55.56% of patients belonging to 
the Tertile 2 group, and in 100% of patients belonging to 
the Tertile 3 group. Recurrence of AMI was not registered 
in patients whose EMAP-II was referred to the 1st and 2nd 
tertiles, while registered in 11.11% of patients with the 
EMAP-II included in the 3rd tertile group.

The EMAP-II showed prognostic properties with regard 
to 6-month mortality after AMI in patients with type 2 DM. 
Thus, if the level of EMAP-II is > 3.44 ng/ml, this marker 
can be used to detect a cohort of patients with high risk 
of mortality.

Today, the incidence of cardiovascular disease in Ukraine 
is 1,639.9 people per 100,000 population. According to 
statistics from around the world, clinical forms of coro-
nary heart disease are diagnosed in 15-20% of the adult 
population [13].

DISCUSSION
According to statistics in Ukraine in the first half of 2020, 
cardiovascular disease is the leading cause of death among 
the population. Thus, 196,567 people died of cardiovascular 
diseases in the first 6 months of 2020, including 135,867 
people with CHD [14].

According to the WHO, at the age of 50-54 deaths from 
coronary heart disease is 404-467 people per 100 thousand 
population in the world. AMI is one of the most common 
manifestations of CHD and one of the most common 
causes of death in developed countries. It is important to 
note that about half of deaths occur in the first hour after 
the onset of the disease. [15].

AMI and type 2 DM are common and often combined 
diseases [16].

Currently, 347 million people suffer from diabetes, 90% 
of them having the type 2 diabetes. The number of patients 

with diabetes in Ukraine is 1,264,500 persons [17]. There-
fore, the type 2 diabetes is a global problem covering not 
only in Ukraine, but also the rest of the world.

There is a direct relationship between increased levels of 
markers of endothelial dysfunction and the progression 
of atherosclerotic process in patients with coronary heart 
disease in combination with type 2 diabetes. Endothelial 
dysfunction was accompanied by a violation of the balance 
of production of vasoactive substances that regulate 
vascular lumen and cell growth [18].

In patients with hypertension with type 2 DM, the 
EMAP-II value was 4.86 ± 2.3 ng / ml; in patients with 
arterial hypertension and obesity - 2.92 +/- 1.42 ng / ml; 
in patients with arterial hypertension - 2.02 +/- 0.33 ng / 
ml; in the control group - 1.08 ± 0.53 ng / ml (p <0,01). 
A direct correlation was found between body mass index, 
blood lipid, glycosylated hemoglobin, glucose and EMAP-
II. It was determined that in the presence of coronary 
heart disease in the blood increases the content of pro-
inflammatory markers, one of which is EMAP-II [12].

A study of patients with type 1 DM with microangiopa-
thies and hypertension showed the following results: in the 
presence of type 1 DM with microangiopathies and arterial 
hypertension, the level of EMAP-II was - 5.23 +/- 1.66 ng / ml;  
in the presence of type 1 DM with microangiopathy -  
3.63 +/- 0.53 ng / ml [11].

CONCLUSIONS
The results of the analysis of endothelial function using the 
marker of endothelial dysfunction EMAP-II in patients 
with AMI with concomitant type 2 DM indicate that the 
increased level of this parameter is characteristic of a pro-
nounced violation of dilatation properties of the vascular 
wall, manifested in echocardiographic changes, increase of 
parameter based on GRACE scale, presence of Q-positive 
AMI, recurrence of AMI, increase of troponin I, variability 
of Killip class, and other indicators that characterize the 
complicated course of comorbid conditions. Furthermore, 
it was found that the degree of violations was at maximum 
in patients with EMAP-II belonging to the 3rd tertile group.

Table ІІІ. Distribution of Кillip classes based on ЕМАР-ІІ tertiles.
Кillip-based class Tertile 1 Tertile 2 Tertile 3

І 54,54% 66,67% 33,33%

ІІ 9,09% 22,22% 11,11%

ІІІ 36,36% 11,11% 11,11%

ІV - 10% 44,44%

Table ІV. Qualitative parameters of patients with AIM and concomitant type 2 DM based on tertiles of ЕМАР-ІІ.

Parameter
ЕМАР-ІІ

Tertile 1 Tertile 2 Tertile 3

AIM with Q wave 36% 55,56% 100%

AIM recurrence - - 11,11%

AHF 36,36% 43,33% 66,65%
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The results of analysis of the indicators of endothelial 
dysfunction in terms of mortality are as follows: value of 
EMAP-II above 3.44 ng/ml predict the likelihood of car-
diovascular death within 6 months.                

It is advisable to further study the parameter of endothe-
lial function - EMAP-II - as a predictor of adverse course 
of AMI in combination with concomitant type 2 DM.
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