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ABSTRACT

Introduction: The most important cause of mortality in the world is cardiovascular disease (CVD).
Dysfunction of the endothelium is the initiating and exacerbating cause of atherosclerosis. Acute
myocardial infarction (AMI) in patients with a history of diabetes mellitus (DM) leads to a higher
mortality and severe disease course. Methods: The research design included 120 patients: Group
1 — AMI patients and concomitant DM type (n = 70) and Group 2 — AMI patients (n = 50) with-
out concomitant DM type 2. 20 practically healthy persons were part of the reference groups. All
patients were treated using instrumental and laboratory examinations in compliance with the cur-
rent orders of the Ministry of Health of Ukraine. Results: The average level of ADMA on the first
day of the AMIin patients of Group 1 was 1.57 & 0.11 pmol/l; Group 2 - 0.61 & 0.06 umol/l; ref-
erence group — 0.17 + 0.023 pumol/l (p1 2 < 0.00001, p1,3 < 0.001, p23 < 0.01). The average level
of troponin | on the first day of the AMI in Group 1 was 4.89 4 2.46 ng/ml; Group 2 - 2.67 + 2.06
ng/ml; reference group — 0.06 & 0.04 ng/ml (p;—2 < 0.00001, p;—3 < 0.00001, p—3 < 0.00001). The
direct marked correlation between ADMA and troponin | levels was revealed in the course of the
correlation analysis (r = 0.687; p < 0.05). Conclusion: Asymmetric dimethylarginine is concluded
to act as a marker of endothelial dysfunction. This has a high diagnostic value in cases of the acute
myocardial infarction, especially where the patients have diabetes mellitus type 2. The research
revealed the hyperactivity of troponin | in patients with the examined comorbid pathology. In the
course of the correlation analysis, a direct marked correlation was revealed between the levels of
asymmetric dimethylarginine and troponin | (p < 0.05). Correlation analysis between the marker
of endothelial dysfunction and the marker of myocardial damage in the patients in Group 1 as per
the form of diabetes mellitus type 2 demonstrated a direct marked correlation in the case of a mild
form of carbohydrate metabolism disorder and a strong correlation in the case of moderate and
severe forms of carbohydrate metabolism disorder.
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INTRODUCTION

Cardiovascular disease (CVD) is the highest cause of
mortality worldwide. For the development of an ef-
fective and timely strategy to overcome the CVD epi-
demig, it is necessary to clearly understand the mod-
ern epidemiological features of the main types of this
disease and the consequences regarding the preven-
tion and treatment of the pathology. Some of the fea-
tures are related to changes in demographic, environ-
ment, lifestyle, and healthcare, including an increase
in the percentage of atherosclerotic CVD (coronary
heart disease (CHD)), reduced mortality due to hem-
orrhage, various regional epidemiological trends for
the subtypes of these diseases, an increase in the num-
ber of patients with stable types of CHD, and age
changes in this group of patients. Other features high-
light the issues that require special attention, in par-

ticular, a high rate of outpatient mortality for the pa-
tients with CHD in the case of insufficient prehospi-
tal treatment. There are large gaps between the rec-
ommended guidelines and goals according to levels of
indicator for lifestyle, as well as a large number of pa-
tients with untreated, uncontrolled, and undiagnosed
hypertension hypercholesterolemia and diabetes mel-
litus (DM) '

Atherosclerosis is the pathological basis of many types
of cardiovascular disease: coronary heart disease,
acute myocardial infarction (AMI), and stroke among
them. The dysfunction of the endothelium is an initi-
ating and aggravating factor of atherosclerosis. Recent
studies link oxidative stress and mitochondrial dam-
age to endothelial dysfunction >~

AMI in patients with DM leads to a higher mortal-
ity and more severe course. AMI is a global public
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health problem that causes irreversible damage to the
heart tissue and sudden death, requiring new preven-
tion and treatment strategies’.

Hyperglycemia and hypoglycemia are known to be
risk factors for CVD development. An examination
of 392 DM patients with acute heart failure (AHF)
treated in intensive care revealed major cardiovascu-
lar events (MACE) in 227 patients (57.9%) includ-
ing AMI, ischemic stroke, and heart death. In to-
tal, 92 patients died from cardiac causes (23.5%) and
107 were hospitalized for heart failure (27.3%), 19 had
the first onset of AMI (4.8%), and 9 had an ischemic
stroke (2.3%). Logistic multivariate regression anal-
ysis showed that glucose level disturbances were as-
sociated with the patients older than 75 years old, a
reduced indicator of the ejection fraction of the left
ventricle (< 30%), and the female gender as the sig-
nificant predictors of MACE. These were hazard ra-
tio (HR) 3.16 (confidence interval (CI)) 2.25 - 4.43;
p < 0.001), HR 1.54 (CI 1.14 - 2.08; p = 0.005), HR
1.47 (CI 1.06 - 2.07; p = 0.02), and HR 1.43 (CI 1.05
- 1.94; p = 0.03), respectively. In this research, it was
found that among the other well-known risk factors
for the occurrence of heart failure, the importance of
glucose level disturbances, especially hyperglycemia,
was the strongest independent predictor for medium-
term MACE in patients with DM and AHF8.
Impaired glycemic level is especially important in
acute coronary syndrome (ACS). Gerbaud E. et al. ex-
amined patients with DM and ACS (n=327). MACE
was observed in 89 patients (27.2%) during the 16.9
months of follow-up. During the follow-up period,
24 patients (7.3%) died of cardiac causes, 35 (10.7%)
underwent AMI for the first time, and 30 (9.2%) were
hospitalized for ACS. The multifactor logistic regres-
sion analysis showed that hyperglycemia and the de-
creased ejection fraction of the left ventricle (< 40%)
were independent predictors of MACE with an odd
ratios (ORs) of 2.21 (95% CI 1.64 - 2.98; p < 0.001)
and 1.71 (CI 1.14 - 2.54; p = 0.009), respectively.
Thus, hyperglycemia was determined to be the most
important independent prognostic factor of medium-
term MACE in patients with MD and ACS®~!4,
Today, bone marrow progenitor endothelial cells
are considered to be triggers that promote cardiac
neovascularization while exacerbating ischemic in-
jury 1527,

The role of the biomarkers of fibrosis and the remodel-
ing of the myocardium (galectin-3, a soluble isoform
for the suppression of tumorigenicity 2, matrix metal-
loproteinases, osteopontin, interleukin-6, syndecan-
4, myostatin, procollagen type I C-terminal propep-
tide, procollagen type III N-terminal propeptide, vas-

cular endothelial growth factor, nitric oxidase syn-
thetase and asymmetric dimethylarginine (ADMA)),
myocyte damage (heart-type fatty acid-binding pro-
tein, glutathione S-transferase P1, and heat shock pro-
tein 60), as the cardiovascular biomarkers of clini-
cal significance and prospectives, are now being stud-
ied?8.

ADMA is an endogenous inhibitor of nitric oxide syn-
thase?%732, a marker related to endothelial dysfunc-
tion and atherosclerosis, as well as the illness severity
of patients with chronic flammable illnesses 3>.
ADMA is a metabolite of arginine, the determination
of which is useful to evaluate cardiovascular disease,
kidney disease, and nonalcoholic fatty liver disease >*.
The increased concentration of ADMA in the blood
plasma is connected to the increased risk of mortality
and unacceptable cerebrovascular diseases, as is espe-
cially evident in the case of AMI 3540,

In AM]I, the necrotic death of cardiomyocytes occurs,
characterized by the rupturing of the sarcolemma in
response to a critical level of energy depletion after
more than 15 minutes of ischemia. The gold standard,
a biomarker for the rapid identification of acute coro-
nary syndrome (ACS), is troponin. Troponin I and
troponin T are highly specific and reference the death
of cardiomyocytes. It has been proven that in normal
ventricular remodeling and pathophysiological con-
ditions, the level of troponin is directly proportional
to the degree of myocyte apoptosis*!.

METHODS

In the course of this study, 120 patients were exam-
ined who were divided into two groups, specifically
one group consisting of AMI patients with concomi-
tant DM type 2 (n = 70) and the second group con-
sisting of AMI patients (n = 50) without concomitant
DM type 2. The gender composition of the examined
patients consisted of 60 men (50%) and 60 women
(50%). The average age of the examined patients was
66.35 £ 0.91 years (p < 0.05). Additionally, 20 prac-
tically healthy people were included in the reference
group.

Group 1 was divided into 3 subgroups according to
the degree of DM type 2: subgroup 1 — a mild form
of DM type 2 (5 patients), subgroup 2 — a moderate
form of DM type 2 (30 patients), and subgroup 3 —a
severe form of DM type 2 (35 patients).

The patients who participated in this research were
examined on the basis of the skills of the Munici-
pal Non-Profit Enterprise “City Clinical Hospital No.
27”7 of Kharkiv City Council (Cardiology Depart-
ment for patients with acute myocardial infarction)

and Kharkiv Railways Clinical Hospital No. 1 of
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the branch “Health Center” owned by the Joint-Stock
Company “Ukrainian Railways” (1* Cardiology De-
partment).

According to the current orders of the Ministry of
Health of Ukraine, the diagnoses of AMI and Type 2
diabetes were established.

According to the orders of the Ministry of Health of
Ukraine No. 455 dated 02.07.2014 "Unified clinical
protocol of emergency, primary, secondary (special-
ized) and tertiary (highly specialized) medical care
and medical rehabilitation - acute coronary syndrome
with an elevation of ST segment” and No. 1957 dated
15.09.2021 ”Unified clinical protocol of emergency,
primary, secondary (specialized) and tertiary (highly
specialized) medical care and medical cardiorehabili-
tation — Acute coronary syndrome without ST an el-
evation,” a diagnosis of AMI was established.

The diagnosis of DM type 2 was established in compli-
ance with the order of the Ministry of Health No. 1118
dated 21.12.2012 "Unified clinical protocol of primary
and secondary (specialized) medical care for patients
with diabetes mellitus type 2

In accordance with the current orders of the Ministry
of Health of Ukraine, the sampled patients underwent
laboratory and instrumental examinations. The lab-
oratory examinations included the determination of
the levels of troponin I, alanine aminotransferase, as-
partate aminotransferase, potassium, sodium, biliru-
bin, creatinine, blood lipid profile (total choles-
terol, low-density lipoprotein cholesterol, extra-low-
density lipoprotein cholesterol, high-density lipopro-
tein cholesterol, triglycerides, atherogenic factor, the
determination of the marker of endothelial dysfunc-
tion — ADMA), blood glucose, general blood, and
urine tests twice. The first was on the first day of
hospitalization and then 6 months after the coronary
event.

This study was conducted in strict compliance with
the main ethical provisions of the ”Rules of ethi-
cal principles of scientific medical research with hu-
man participation”, approved by the Helsinki Decla-
ration (1964 - 2013), ICH GCP (1996), EEC Directive
No. 609 (dated 24.11.1986), orders of the Ministry of
Health of Ukraine No. 690 dated 23.09.2009, No. 944
dated 14.12.2009, No. 616 dated 03.08.2012. a). Each
patient who participated in this research signed the
form of primary accounting documentation No. 003-
6/0 ”Informed voluntary consent of the patient to di-
agnosis, treatment and surgery, conducting analgesia
and presence or participation of the educational pro-
cess members.” Complete anonymity was ensured for
each patient.

The statistical processing of the results obtained dur-
ing the study was carried out using the StatSoft Inc
USA software package, "Statistica 6.0 During the
research, a standard program of correlation analysis
through calculation was used, specifically involving
M =+ m, probability, and the level of reliability (p) for
the comparison of the samples. The analysis of the
independent samples not subject to Gaussian distri-
bution laws was performed using the Mann-Whitney
U-test. The correlation rate (r) was used to estimate
the degree of relationships between the samples.

RESULTS

The average level of ADMA in the patients of Group 1
on the first day of AMI was 1.57 & 0.11 pmol/l, while
for Group 2 it was 0.61 &+ 0.06 pmol/l and for the ref-
erence group, 0.17 £ 0.023 umol/l (p; > < 0.00001,
P13 <0.001, ps 3 <0.01), as shown in Figures 1 and 2
andTable 1.

For Group 1, the average level of ADMA was deter-
mined separately for each stage of DM type 2. In the
patients with a mild form of DM type 2, the average
level of ADMA was 0.43 £ 0.15 umol/l; in patients
with a moderate form of DM type, it was 2 - 1.27
=+ 0.14 umol/l, and those with a severe form of DM
type 2 had a result of 1.97 £ 0.05 pumol/l (p < 0.05), as
shown in Figure 3 and Table 2.

The average level of troponin I on the first day of AMI
in the patients of Group 1 was 4.89 + 2.46 ng/ml,
while for Group 2 it was 2.67 & 2.06 ng/ml and for the
reference group, 0.06 & 0.04 ng/ml (p;_, < 0.00001,
pP1-3 <0.00001, p_3 < 0.00001), as shown in Table 3.
The research undertaken determined the average level
of troponin I for each stage of DM type 2 in the pa-
tients from Group 1. In the patients with a mild form
of DM type 2, the average level of troponin I was 1.53
=+ 1.03 ng/ml, while for those with a moderate form
of DM type 2, it was 2.93 &= 1.91 ng/ml. The result for
a severe form of DM type 2 was 7.04 & 5.21 ng/ml (p
< 0.005), as shown in Table 4.

The direct marked correlation between ADMA and
troponin I levels was revealed in the course of the cor-
relation analysis (r = 0.687; p < 0.05).

The correlation between ADMA and troponin I lev-
els in the patients in Group 1 according to the stages
of DM type 2 demonstrated the following results: be-
tween the indicators of patients with a mild form of
DM type 2, there was found to be a direct marked cor-
relation (r = 0.500; p > 0.05), between the indicators
of patients with a moderate form of DM type 2 there
was a direct strong correlation (r = 0.797; p < 0.05),
and between the indicators of patients with a severe
DM type 2, there was a direct strong correlation (r =
0.757; p < 0.05), as shown in Table 5.
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Table 1: Average level of ADMA in the examined patients (M + m)

IToxasHuK Patients with AMI atients with AMI Reference group (n P
and DM type 2 (n = without =20)
70) concomitant DM
type 2 (n =50)
1 2 3
ADMA, umol/l 1,57 £ 0,11 0,61 & 0,06 0,17 + 0,023 p1,2<0,00001
p1,3<0,001

2,3<0,01

Note: p; » — reliability of differences between the level of ADMA of Group 1 and Group 2; p; 3 — reliability of differences between the level of
ADMA of Group 1 and the reference group; p, 3 — reliability of differences between the level of ADMA of Group 2 and the reference group.

Table 2: Average level of ADMA in patients of Group 1 depending on the stages of DM type 2

Parameter Patients with AMI Patients with AMI Patients with p-value
and mild form of and moderate form of ~ AMI and severe
DM type 2 (n = 5) DM type 2 form of DM
Ty (n = 30) type 2 (n = 35)
1 2 3
ADMA, pmol/l 0,43 £ 0,15 1,27 £0,14 1,97 £ 0,05 P12 > 0,05
P13 <0,05
P23 <0,001

Note: p; » — reliability of differences between the level of ADMA in patients with mild and moderate forms of DM type 2; p; 3 — reliability of
differences between the level of ADMA in patients with mild and severe forms of DM type 2; p, 3 — reliability of differences between the level
of ADMA in patients with moderate and severe forms of DM type 2.

Table 3: Average level of troponin | in the examined patients (M + m)

Parameter Patients with AMI atients with AMI Reference group (n = P
and DM type 2 (n = without 20)
70) concomitant DM
type 2 (m = 50)
1 2 3
Troponin I, ng/ml 4,89 + 2,46 2,67 £ 2,06 0.06 £ 0.04 p1,2 < 0,00001

p1,3 < 0,00001
p2,3 <0,00001

Note: p; » — reliability of differences between the level of troponin I of Group 1 and Group 2; p; 3 — reliability of differences between the level
of troponin I of Group 1 and the reference group; p, 3 — reliability of differences between the level of troponin I of Group 2 and the reference
group.

Table 4: Average level of troponin | in patients of Group 1 depending on the stage of DM type 2

Parameter Patients with AMI Patients with AMI Patients with P
and mild form of and moderate form AMI and severe
DM type 2 (n = 5) of DM type 2 form of DM
tumy (n = 30) type 2 (n = 35)
1 2 3
Troponin I, ng/ml 1,53 £+ 1,03 2,93 + 1,91 7,04 4+ 5,21 p1,2 < 0,005

p1,3 < 0,005
2,3 < 0,00001

Note: p; » — reliability of differences between the level of troponin I in patients with mild and moderate forms of DM type 2; p; 3 — reliability
of differences between the level of troponin I in patients with mild and severe forms of DM type 2; p, 3 — reliability of differences between
troponin I levels in patients with moderate and severe forms of DM type 2.
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Table 5: Correlation between the levels of ADMA and troponin | in patients of Group 1 depending on the stage

of DM type 2

Patients with AMI and
mild form of DM type 2
(n=5)

Parameter

1

AIOMA (umol/l) -
Troponin I (ng/ml)

0,500

Patients with AMI and
moderate form of DM type 2

Patients with AMI and
severe form of DM type
2 (n=35)

Ty (n = 30)

2 3

0,797* 0,757*

Note: * - reliability of obtained differences (p < 0.05).
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Figure 3: The average level of ADMA according to the forms diabetes mellitus type 2.

DISCUSSION

In the course of this study, it was determined that the
patients with AMI had an increased level of ADMA
compared to individuals who were part of the control
group. In patients with concomitant DM type 2, the
level of ADMA was 2.57 times a higher than in the pa-
tients with isolated AMI (p < 0.05). This indicates an
even greater hyperactivity of the marker of endothe-
lial dysfunction, ADMA, because it is this dysfunction
that combines the pathogenesis of comorbid pathol-
ogy. It should be noted that the level of ADMA is di-
rectly proportional to the stage of DM type 2.

The results of recent research associate ADMA with
AMI prognosis. Researchers examined 66 patients
with AMI, measuring their level of ADMA, symmet-
ric dimethylarginine (SDMA), marker of myocardial

damage (troponin T), and inflammation marker (C-
reactive protein (CRP)) at the point of hospitalization
(< 24 h) and on the third day of inpatient treatment.
The results of the research demonstrated the follow-
ing: the concentration of ADMA in the blood on the
first day was positively correlated with registered daily
sleep hours (r = 0.497; p < 0.001) and the frequency
of meals (r = 0.285; p < 0.05), while it was negatively
correlated with the registered physical condition (r = -
0.304; p = 0.013). Hypertension in the patient’s medi-
cal history indicated a higher concentration of ADMA
on the first day of AMI in contrast to the patients with-
out hypertension at 1.818 and 1.568, respectively (p <
0.05). The age of the patients who participated in this
study was also positively correlated with SDMA on the
first day of measurement (r = 0.320; p < 0.01). All con-
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centrations of the biomarkers were reduced follow-
ing repeated measurement on the third day of inpa-
tient treatment (p < 0.001). A positive correlation was
found between a normal body mass index (BMI) and
both an absolute (r = 0.366; p < 0.01) and percentage
(r=0.262; p <0.05) reduction in ADMA. Thus, modi-
fiable factors (BMI, physical condition and sleep, and
eating habits) affect the level of ADMA and SDMA
within AMI patients. Other values of these factors
can influence the prognosis of AMI by influencing the
level of ADMA 42-44,

When measuring the level of troponin I, in the ex-
amined persons it was found that in case of AMI, the
level of this marker of myocardial damage was signif-
icantly higher than normal (up to 0.5 ng/ml) in con-
trast to the participants of the research who were in
the reference group. The level of this indicator was di-
rectly proportional to the size of the necrosis. In the
case where the patients had a carbohydrate disorder
with insulin resistance and hyperglycemia in the form
of DM type 2, the level of this indicator was almost
two times higher than it was in patients with isolated
AMI (p < 0.00001). When determining the level of
the marker of myocardial necrosis (troponin I) in the
patients in Group 1, it was found to be directly pro-
portional to the stages of DM type 2.

Scientists examined 164 patients with decompensated
chronic heart failure to assess the 30-day risk of mor-
tality by determining the level of glucose, troponin, N-
terminal pro-cerebral sodium naturetic peptide, crea-
tinine clearance, and undertaking electrocardiogram
analysis (ECG). The research found that the persons
with a lethal outcome within 30 days had significantly
elevated levels of N-terminal pro-cerebral sodium na-
turetic peptide, troponin, fasting glucose, creatinine
clearance, and an abnormal ECG repolarization. That
is, changes in the above parameters acted as the mark-
ers of a short-term risk of mortality among this group
of patients *>~47,
Mohebi R. et al.
between the troponin I concentration and obstruc-
tive CHD. They examined 978 patients, and 607 pa-
tients (62%) from among that number had obstructive

found there to be an association

CHD. The highest concentration of troponin I was
found in relation to CHD, chronic kidney disease,
heart failure, high low-density lipoprotein, anemia,
CHD
in the patient’s medical history, being male, type 2

male gender, smoking, and advanced age.

DM, hs-cTnl, anemia, advanced age, and high-density
lipoprotein cholesterol were identified as the most in-
fluential factors for CHD. The gradient amplification
model in this case had an area under the curve of 0.82,
an accuracy level of 75%, sensitivity of 88%, specificity

of 52%, positive predictive value of 76%, and nega-
tive predictive value of 72% as a predictor of CHD.
The gradient amplification model in this study had an
area under the curve of 0.82, accuracy of 75%, sen-
sitivity of 88%, specificity of 52%, positive predictive
value of 76%, and negative predictive value of 72% for
predicting CHD. A 1 logarithmic unit increase in tro-
ponin I was significantly associated with an increased
risk of AMI development (HR 1.34, 95% CI 1.22 to
1.47; p < 0.001), adverse cardiovascular events (HR
1.24,95% CI 1.11 to 1.39; p < 0.001), as well as an in-
crease in mortality from AMI and other unfavorable
cardiovascular diseases (HR 1.29, 95% CI 1.20 to 1.40;
p <0.001). Researchers have shown that high concen-
trations of troponin I have been associated with CHD
and a high risk of future cardiovascular events *8->0,
Hjort M. et al. examined patients suffering from AMI
with non-obstructive coronary arteries (MINOCA).
This is a newly recognized condition for which the
biomarkers and prognosis are less well studied than
in AMI with obstructive coronary artery disease (MI-
CAD). The research cohort consisted of 1,639 pa-
tients with MINOCA and 17,304 patients with MI-
CAD. In the adjusted analyses, the troponin levels in
MINOCA patients predicted all-cause mortality (HR
1.32,95% CI 1.11 to 1.56), mortality due to cardiovas-
cular events (HR 2.11, 95% CI 1.51 to 2.96), and seri-
ous cardiovascular events, also known as MACE (HR
1.44, 95% CI 1.20 to 1.72). A high level of troponin
I also predicted re-hospitalization for cardiac failure
(HR 1.51, 95% CI 1.51 to 2.96) but not for non-fatal
AMI or stroke. The analysis showed that the troponin
Ilevel is the same prognostic marker for assessing the
risk of mortality in patients with MINOCA compared
to those with MI-CAD®!.

During the correlation analysis, a direct marked cor-
relation was revealed between the levels of ADMA
and troponin I in general and a direct strong corre-
lation between the above indicators in patients with
moderate and severe forms of DM type 2. This indi-
cates the relationship between the predictor dysfunc-
tion of the endothelium and the marker of myocardial
damage.

CONCLUSIONS

Thus, asymmetric dimethylarginine acts as a marker
of endothelial dysfunction. This has a high diagnos-
tic value in the case of patients with acute myocardial
infarction, especially when in combination with dia-
betes mellitus type 2. When the above diseases com-
bined in patients, the level of asymmetric dimethy-
larginine was 2.57 times higher than in patients with
resolved acute myocardial infarction (p < 0.05). This
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research has revealed the hyperactivity of the marker
of myocardial damage, troponin I, in patients with
acute myocardial infarction and diabetes mellitus type
2. In the combination the above conditions, the level
of this indicator was almost twice as high as in the case
of isolated myocardial infarction (p < 0.00001).

In the course of the correlation analysis, a direct
marked correlation was found between the levels of
asymmetric dimethylarginine and troponin I (p <
0.05). When determining the above indicators in the
patients of Group 1 as per the form of diabetes mel-
litus type 2, a direct proportional relationship was
found between the studied parameters (in the case of
the patients with a severe form of diabetes mellitus
type 2, the levels of asymmetric dimethylarginine and
troponin I were significantly higher than in the cases
with mild and moderate forms of diabetes mellitus
type 2 (p < 0.05)). Correlation analysis between the
marker of endothelial dysfunction and the marker of
myocardial damage in the patients of Group 1 as per
the form of diabetes mellitus type 2 demonstrated a
direct marked correlation in the case of a mild form of
carbohydrate metabolism disorder and a direct strong
correlation in the case of moderate and severe carbo-
hydrate metabolism disorders.
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