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Association between Endocan, PAI-1 and intima media thickness
in patients with high diabetes risk

There is no information in the literature on the ratio of the concentrations of Endocan, PAI-1, and intima
media thickness (IMT) in patients with high diabetes risk. This study aims to investigate the relationships
between endothelial dysfunction biomarkers: Endocan, Plasminogen Activator Inhibitor-1(PAI-1), insulin
resistance (IR) indicators, and IMT of the common carotid artery (CCA) in patients with risk of type 2
diabetes mellitus (T2DM). A case-control study was held, including 184 individuals, aged from 18 to 65
years. According to FINDRISC scale, patients were divided into 2 groups: Group 1 (n = 138) — low risk of
T2DM (<12 points) and Group 2 (n =46) high risk of T2DM (>12 points). IMT more than 0.9 mm on
ultrasound considered as an atherosclerosis. Significant differences were found when studying the level of
Endocan, PAI-1 biomarkers with their predominance in the group of patients with a high risk of T2DM,;
concentrations of Endocan comprised (mean+SD) 1698.2+576.2 pg/ml; p=0.01; PAI-1-32307.15+19947.12
pg/ml; p=0.05 to compare with low risk of T2DM. In addition to, mean values of IMT prevailed in patients in
the group with a high diabetes risk and comprised right IMT CCA-0.90+0.15 mm; p = 0.05, left IMT CCA-
0.91£0.14 mm; p=0.02. Interrelations between Endocan, PAI-1, and IMT CCA have been determined by
correlation analysis. These findings indicate that in patients with high diabetes risk the elevations of the
Endocan, PAI-1 is associated with a subclinical atherosclerosis. Furthermore, both biomarkers Endocan and
PAI-1 has been demonstrating significant correlation with insulin, IR-HOMA index, C-peptide, HbAlc, and
fasting glucose in patients with high risk of T2DM. We found significant relationships between the ED
biomarkers with IMT and IR in patients with high risk of T2DM. We suggest that rising of IR leads to
Endocan and PAI-1 elevation, subclinical atherosclerosis and thereby increase ED and cardiovascular risk in
these patients.
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Introduction

Type 2 diabetes mellitus (T2DM) is one of numerous risk factors for the development of cardiovascular
events (CVE), leading to the progress of endothelial dysfunction (ED), and subsequently to mortality from
macrovascular complications [1]. CVE assassinates millions of people every year, and cardiovascular
diseases (CVD) still occupy a leading position worldwide in terms of morbidity and mortality from non-
communicable diseases. According to the WHO, in 2016, 17.9 million people died from cardiovascular
diseases, 31 % of all deaths in the world [2]. In Kazakhstan, this indicator was also at a high level and
amounted to 25.9 % [3].

Insulin resistance (IR) is the main pathogenetic link of prediabetes and T2DM, contributes to the
development of hyperinsulinemia, leading to endothelial dysfunction (ED) followed by an increase in blood
pressure (BP), progression of atherosclerotic vascular changes, impaired hemostasis. The issue of in T2DM
has been studied in numerous studies. Complex intersections of the metabolic pathways of insulin resistance
(IR) and ED simultanecously affect the atherosclerosis, with no possibility to say exactly which of these
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processes increasingly damages a vessel wall. At the same time, hyperglycemia in DM induces the
endothelial dysfunction through oxidative stress, and also contributes to the accelerated atherosclerosis
[4, 5]. Thus, the ED and vascular disorders result in macroangiopathy and CVE in T2DM patients.

CVE in patients with prediabetes are not well understood since prediabetes itself is a poorly diagnosed
condition, and, accordingly, CVE due to the presence of prediabetes are also little understood. It was found
that an increase in the level of glycated hemoglobin of more than 6 % is associated with development not
only of diabetes, but also of CVE [6].

To assess the risk of T2DM, FINDRISC scale was chosen [5]. This scale estimates the 10-year risk of
T2DM, including asymptomatic diabetes and impaired glucose tolerance (IGT), with 85 % accuracy. This
scale is validated, adapted to our population (considering the nature of diet, physical activity), low-cost and
easy to use.

There are several studies on cardiovascular risk (CVR) in patients with a high risk of diabetes on the
FINDRISC scale [6-8], it was established high diabetes risk was associated with not only impaired insulin
secretion and insulin sensitivity, but also with high cardiovascular risk. This is also consistent with the
results of our previous study on CVR in patients at high risk of T2DM [9]. Results have demonstrated that
patients with the high diabetes risk contemporanecously have the high cardiovascular risk on the SCORE
scale.

There is only one study examining IMT in patients with T2DM risk. The results of study [10] show that
patients with a high risk of T2DM and prediabetes have all ultrasound signs of subclinical atherosclerosis.
However, no studies have been conducted to assess the ratio of the levels of the Endocan, PAI-1
(plasminogen activator inhibitor), and IMT, and effect of biomarkers on the IMT in patients with T2DM risk.

In our present study, we pursued the goal of assessing subclinical atherosclerosis by studying the intima
media thickness (IMT), which is a sensitive indicator of the risk of CVE.

Thus, the scientific novelty and research issue of our study is the assessment of endothelial function by
measuring the IMT in conjunction with the measurement of the Endocan, PAI-1 biomarkers concentrations
in patients with T2DM risk, as well as the effect of IR on ED, as a result the development of subclinical
atherosclerosis in these patients.

The paper aims to study the association of IR, Endocan and PAI-1 biomarkers and the IMT in patients
with risk of T2DM.

Experimental

The unmatched case-control study was carried out among the population of Karaganda city,
Kazakhstan, from January 2019 to December 2019, in polyclinic of the city. The study involved 184
respondents. There were 73 (39.6 %) males and 111 (60.4 %) females.

The respondents were divided into 2 groups:

Group 1 “case” — respondents with a high risk of T2DM on the FINDRISC scale n = 46 (25.0 %);

Group 2 — “control” respondents with a low risk of T2DM was, r = 138 (75.0 %) [5].

Sample size.

Sample size was calculated using the Kelsey method, EPI info software for case-control studies without
matching. The two-sided confidence level was 95 %, the statistical power was 80 %; the ratio of unexposed
cases to exposed cases was two. According to literature review, we took data about prevalence patients with
T2DM from previous studies. Thus, after calculation the minimum number of respondents with a high
diabetes risk was 46 people (case), patients without or low diabetes risk (control) — 92 people.

Assessment risk of T2DM on the FINDRISC scale.

The risk of T2DM was assessed using the FINDRISC scale, the questions of which included
information on age, BMI, WC, having at least 30 minutes of physical activity daily, taking antihypertensive
drugs, data on the presence of diabetes in relatives, data about previously increased blood glucose levels,
daily consumption of fresh vegetables [S]. This scale allows determining the ten-year risk of developing
T2DM with 85 % accuracy. All respondents were divided into 2 groups: low and high risk of T2DM. The
group of low risk T2DM included respondents with number of points less than 12, and the group of high risk
T2DM — included respondents with number of points more than 12 on the FINDRISC scale.

Respondents:

Inclusion criteria:

Males and females aged from 18 to 65 years, without a previously diagnosis of T2DM, after filling out
their informed consent.
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Exclusion criteria:

— Patients with a previously diagnosed T2DM or newly diagnosed diabetes by an oral glucose tolerance
test, or patients with random plasma glucose level of 11.1 mmol / L (200 mg / dL) or higher were
excluded from the study.

— Patients with a previous history of acute and decompensated heart disease, including myocardial
infarction, cerebral stroke, confirmed by coronary angiography and CT were excluded from the study.

— Patients with chronic kidney disease and renal dysfunction based on a glomerular filtration rate
(GFR / CKD-EPI) less than or equal to 90 ml / min / 1.73 m2 were excluded from the study.

Pregnant women, people with severe mental and oncological diseases also were excluded from the

study.

Before starting the study, all respondents completed their informed consent.

Ethical approval.

Research Protocol No. 309 has been approved on September 19", 2017 by the Local Ethical Committee
in accordance with the ethical principles of scientific research provided by the World Medical Association in
the Declaration of Helsinki.

The study included questionnaires, anthropometry (measurement of height, weight, waist circumference
(WC), calculation of body mass index (BMI), measurement of blood pressure (BP), determination of
biochemical parameters: glycated hemoglobin (HbAlc,%), C-peptide, Insulin, fasting capillary blood
glucose, lipid profile: low density lipoprotein (LDL), high density lipoprotein (HDL), triglycerides, total
cholesterol, Endocan and PAI-1 biomarkers, IR-HOMA index was calculated.

The survey included questions of socio-demographic characteristics, heredity, history of chronic non-
infectious diseases, and drug intake.

Blood pressure (BP) was measured in accordance with the WHO guidelines using a mechanical
tonometer (Microlife BP AG1-10) on both arms with a preliminary rest period of at least 10 minutes. The
smallest of three consecutive measurements was taken for calculations.

Height and weight were measured using a digital weighted stadiometer (TBEC RS-232). Body mass
index (BMI) was calculated using the formula: body weight divided by the square of height in meters
(kg/m?). Waist circumference (WC, cm) was measured using an inelastic measuring tape at the midpoint
between the lower edge of the last palpable rib and the top of the iliac crest. BMI was graded according to
“Centers for Disease Control and Prevention™: from 25.0 to 30.0 kg/m? as overweight, more than 30.0 kg/m?
as various degrees of obesity. Abdominal obesity was considered if WC was over 94 cm in males, and over
88 cm in females.

Measurement of biochemical parameters.

The plasma with Ethylenediaminetetraacetic acid (EDTA) was conserved in vials by aliquots and
quickly frozen. The samples were stored at -70 degrees Celsius for no more than 3 months. Determination of
fasting lipid profile blood test (Total cholesterol LDL, HDL, triglycerides) was done from blood plasma by
the method of selective precipitation with phosphotungstate and magnesium. HbAlc was determined from
capillary whole blood by reflectometry using the Nyco-Card test system. Determination of insulin, glucagon,
C-peptide was carried out by multiplex immunological analysis using xMap technology on Bioplex 3D.

Measurement of endothelial dysfunction biomarkers: Endocan, PAI-1.

The method of magnetic bead-based multiplex immunoassay using xMap technology was used for
Endocan and PAI-1. The standard Milliplex map Human Cardiovascular Disease Magnetic Bead Panel 1
(Millipore) kit was used to determine concentration of listed metabolites in accordance with “Override
protocol” instruction of manufacturer. The study protocol included incubation of unknown, standard, and
control samples with magnetic beads loaded with primary antibodies, revelation using detecting antibodies
and Streptavidin Phycoerythrin Conjugated. Final step of the protocol was fluorescence registration using
Bioplex 3D equipment (Luminex software). The coefficient of variation was less than 20 % for all detected
analytes with minimum detectable concentration of Endocan — 430.55 pg/ml, PAI-1 — 3489.3 pg/ml.

Measurement of Intima Media Thickness

Carotid artery IMT measurement was performed by one well-trained, certified specialist. IMT of the
carotid artery was defined as the average result of measuring the thickness of tunica intima media of the right
and left common carotid artery (CCA), which was visualized as a double-line sign longitudinally CCA.

Ultrasound studies were carried out, in B-mode, real-time ultrasonography using the Philips EPIQ 7
equipment.
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According to the ESC / ESH guideline, the ultrasound value of carotid IMT is more than 0.9 mm, the
maximum of the two values (right and left) was considered the presence of an atherosclerosis [11]. In
addition, the visualization of the plaques themselves was considered also as an atherosclerosis. Carotid
plaque was defined as focal extrusion into the lumen of the artery by at least 0.5 mm or 50 % of the
surrounding IMT of the carotid artery, or> 1.5 mm thick.

Assessment of cardiovascular risk using the SCORE scale.

The SCORE scale allows assessing the ten-year risk of developing CVE and mortality from them. Risk
calculation was carried out using an online calculator, as well as using risk scales that are freely
available [12].

Calculation of IR-HOMA index.

The IR-HOMA index was calculated using the formula (fasting insulin (uU/l) x fasting glucose
(mmol/L) / 22.5), values greater than 2.7 were considered as IR.

Statistical analysis.

The data were tested for normal distribution using the Kolmogorov-Smirnov test. The distribution was
abnormal. Variables with an abnormal distribution were transformed to normal distribution. The statistical
significance of the differences between the groups (high / low diabetes risks) was assessed by the Student's
t-test; the differences were considered statistically significant at p<0.05. Data were presented as Mean + SD.

Evaluation of the relationship between the parameters of IMT, Endocan, PAI-1, biochemical,
anthropometric parameters, blood pressure with the risk of diabetes, atherosclerosis, was carried out using
correlation analysis. The Pearson's correlation coefficient was used (IMT, PAI-1, LDL, HDL, fasting
glycemia, Diastolic BP) for data with a normal distribution. As for abnormal distribution, the Spearman's
correlation coefficient was used (BMI, WC, Systolic BP, IR-HOMA index, SCORE, C-peptide, Insulin, total
cholesterol, triglycerides).

Binary logistic regression analysis was done to assess the factors affecting the IMT, dependent variable
was the presence/absence of atherosclerosis, the adjustment was done by gender, age, and the presence of
arterial hypertension. The results were considered statistically significant at p<0.05.

Statistical analysis was performed using IBM SPSS Statistics, 22.0.

Results

Table 1 presents the characteristics of the respondents.

Table 1
Characteristics of respondents with various risks of type 2 diabetes
. Low risk of T2DM, High risk of T2DM,
Variables n=138 & 1w =46 p-level

Age, years 45.114+12.59* 54.62+9.97 0.07
BMI, kg/m2 26.37+5.02 32.37+5.41 0.03
WC, cm 88.03+14.21 104.27+12.52 0.02
Systolic BP, mm of mercury 117.3+18.9 131.6+15.2 0.05
Diastolic BP, mm of mercury 76.8+11.6 83.32+10.4 0.06
Fasting glucose, mmol/l 5.59+0.7 5.86+0.9 0.05
HbAlc,% 5.59+0.74 5.76+0.32 0.05
Insulin, mU/1 8.95+10.7 13.97£15.02 0.05
IR-HOMA index 2.44+3.8 3.88+4.8 0.05
C-peptide, pg/ml 1334.07+2894.2 1506.9+899.7 0.05
Total cholesterol, mmol/l 5.85+1.98 5.92+1.65 0.07
LDL, mmol/l 3.72+1.07 4.0£1.04 0.08
HDL, mmol/l 1.2040.40 1.13+0.5 0.06
Triglycerides, mmol/l 1.224+1.04 1.2840.81 0.07
SCORE, % 2.5£2.84 3.35+0.99 0.01
PAI-1, pg/ml 29042.13+17490.91 32307.15+£19947.12 0.05
Endocan, pg/ml 803.7+143.2 1698.24+576.2 0.01
Right CCA IMT, mm 0.74+0.22 0.90+0.15 0.05
Left CCA IMT, mm 0.75+0.16 0.91+0.14 0.02
*Data are presented as Mean+SD
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Differences between the groups were found, so BMI and WC predictably prevailed in the group with a
high risk of type 2 diabetes. It reflected the presence of obesity 1 degree; BMI-32.37+5.41 kg/m?, p = 0.03,
abdominal obesity; WC-104.27 + 12.52 cm; p = 0.02 compared to group of low diabetes risk.

Systolic BP predominated in the group with a high risk of T2DM, and reflected in this group the
presence of arterial hypertension of 1 degree, according to the American Heart Association guidelines.

The predominance insulin resistance indicators and carbohydrate metabolism, what included fasting
glycemia, glycated hemoglobin, insulin, C-peptide, and the IR-HOMA index was also established in patients
with a high risk of T2DM.

There no differences were found in the groups in the study of lipid metabolism (lipidogram). However,
dyslipidemia occurred in both groups, more pronounced in the group of patients with high diabetes risk.

Cardiovascular risk (CVR) according to the SCORE scale was also higher in the group of patients with
a high risk of T2DM 3.35 + 0.99 %; (p = 0.01), and reflected a moderate CVR (23.24).

Concentrations of the biomarkers Endocan and PAI-1 prevailed in the group with a high risk T2DM and
amounted to 1698.2+576.2; p = 0.01 and 32307.15+19947.12 pg/ml; p = 0.05 respectively.

Ultrasound examination of CCA IMT revealed the following differences. The prevalence of CCA IMT
of the left was established in patients in the group of high diabetes risk, compared with group of low diabetes
risk. Thus, CCA IMT of the right was 0.90+0.15; p = 0,05 mm; CCA IMT of the left was 0.91£0.14 mm;
p = 0.02 and reflected the presence of subclinical atherosclerosis.

Correlation analysis of factors affecting intima media thickness (subclinical atherosclerosis), Endocan
and PAI-1 levels in patients with a high risk of T2DM are presented in Table 2, Figures 1 and 2.

The increase of CCA IMT, in addition to well-known indicators such as (BMI, WC, Systolic BP,
Diastolic BP, total cholesterol, HDL, triglycerides), was found to be influenced by an increase in FINDRISC
scores (r = 0.41; p =0.05), on the SCORE scale (r = 0.69; p = 0.001), fasting glycemia (r = 0.98; p = 0.001),
increased glycated hemoglobin (r=0.49; p=0.02), insulin (r=0.36; p=0.03), IR-HOMA (r=0.47;
p = 0.05), Endocan (r = 0.86; p < 0.001), and PAI-1 level (r = 0.39; p = 0.05), (Fig. 1 and 2).

Correlation analysis has established factors affecting the increase in the Endocan and PAI-1 level,
(Table 2). To increase both biomarkers of endothelial dysfunction affect increasing scores on FINDRISC
scale, an increase in BMI and WC, hyperglycemia, hyperinsulinemia, increasing IR-HOMA index,
increasing concentrations of C-peptide and LDL. A subclinical atherosclerosis development is affected by an
increase in the level of Endocan (r = 0.85; p = <0.001), (Fig. 1) and PAI-1 (r = 0.39; p = 0.01), (Fig. 2).
Moreover, the correlations of IMT are stronger with the biomarker Endocan. Both biomarkers lead to
increasing cardiovascular risk in the SCORE scale.

Table 2

Correlation analysis of factors affecting the intima media thickness (subclinical atherosclerosis),
the level of Endocan and PAI-1 in patients with a high risk of T2DM, (r)

*IMT>0.9 mm
Variables (ath: yes/no) p-level Endocan p-level PAI p-level
r r r
1 2 3 4 5 6 7
FINDRISC (high/low risk T2DM) 0.41 0.05 0.51 <0.001 0.31 0.05
BMI, kg/m> 0.21 0.05 0.27 0.04 0.22 0.02
WC, cm 0.27 0.02 0.32 0.03 0.33 0.03
Systolic BP, mm of mercury 0.88 0.004 0.36 0.03 0.09 0.1
Diastolic BP, mm of mercury 0.68 0.05 0.08 0.1 0.04 0.5
HbAlc, % 0.49 0.02 0.23 0.04 0.36 0.02
Fasting glucose, mmol/I 0.98 <0.001 0.22 0.02 0.24 0.002
Insulin, pU/1 0.36 0.03 0.27 0.02 0.41 0.008
IR-HOMA index 0.47 0.05 0.37 0.01 0.47 0.003
C-peptide, pg/ml 0.17 0.04 0.23 0.02 0.39 0.01
Total cholesterol, mmol/l 0.36 0.05 0.07 0.5 0.05 0.9
LDL, mmol/l 0.54 0.04 0.37 0.03 0.27 0.01
HDL, mmol/l —0.05 0.8 0.06 0.3 —0.03 0.7
Triglycerides, mmol/l 0.41 0.03 0.27 0.03 0.05 0.4
SCORE,% 0.69 0.001 0.57 <0.001 0.45 0.05
Right CCAIMT, mm - - 0.62 <0.001 0.23 0.05
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Continuation of Table 2

1 2 3 4 5 6 7
Left CCA IMT, mm - - 0.85 <0.001 0.39 0.05
Ath., (yes/no) - - 0.85 <0.001 0.39 0.01
PAI-1, pg/ml 0.39 0.05 - - - -
Endocan, pg/ml 0.85 <0.001 - -

* Ath. — atherosclerosis, BMI — body mass index; WC — waist circumference; BP — blood pressure; HOMA — IR:
homeostasis model for insulin resistance; LDL — low density lipoproteins; HDL — high density lipoprotein; SCORE:
cardiovascular risk; CCA IMT — common carotid artery intima media thickness
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Figure 1. Relationships between intima media thickness and concentrations of Endocan
in patients with high diabetes risk
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Figure 2. Relationships between intima media thickness and concentrations of PAI-1
in patients with high diabetes risk

Figure 3 illustrates the results of binary regression analysis.
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Odds 95%Cl p-level
. 3.431 2.505-4.7 <0.001
hyperglycemia —
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Figure 3. Binary regression analysis. Effect of hyperglycemia, IR, Endocan, PAI-1 concentrations on intima media
thickness (development of a subclinical atherosclerosis) in patients at high diabetes risk. Dependent variable presence /
absence of an atherosclerosis. The adjustment was done for gender, age, and the presence of hypertension

Binary regression analysis with correction for sex, age, and the presence of hypertension has revealed
the following. Hyperglycemia by 3.4-fold (p<0.001) elevation concentrations of Endocan by 2.8-fold
(p=0.01), and elevation of PAI-1 by 2.9-fold (p=0.02), Insulin resistance by 1.3-fold (p=0.05) affect the risk
of development of a subclinical atherosclerosis. The results are presented as the Odd Ratio (OR). 95 % of
confidence is interval for each OR.

Discussions

The results of our study showed that patients with high diabetes risk have a high CVR due to the
presence of insulin resistance, subclinical atherosclerosis, as well as the presence of endothelial dysfunction,
which is simultaneously confirmed by high levels of the Endocan and PAI-1 biomarkers and their effect on
IMT in patients of the studied group.

Assessment of the endothelial dysfunction biomarkers such as Endocan and PAI-1 in patients at risk of
T2DM using the FINDRISC scale has not been performed. Moreover, the simultaneous assessment of the
Ratio of IMT and levels of Endocan, PAI-1 biomarkers in patients with diabetes risk has also not been
studied previously.

Biomarker — Plasminogen activator inhibitor-1 (PAI-1) is a vascular factor [13], a fast-acting inhibitor
of fibrinolysis, is considered as one of the risk factors triggering atherosclerosis [14] and, as a result, the risk
of CHD. Endocan is an early biomarker of ED, which is influenced by insulin resistance, various disorders of
carbohydrate metabolism, including hyperglycemia and impaired glucose tolerance [15].

PAI-1 biomarker is considered a predictor of T2DM. According to the study [16], the PAI-1 biomarker
predicted the development of T2DM, regardless of IR and other known risk factors (body mass index, waist
circumference, gender, age). Diabetes developed in 140 (16.6 %) of 843 people after a 5-year follow-up
period [16]. The question whether the endothelial dysfunction affects the increase in diabetes is not fully
clarified examined despite many scientists studied Endocan only in patients with the verified T2DM [17-19].

There is a single study examining IMT in patients at risk of T2DM [10]. In the study, Kiss et al. found
an increased chance of developing subclinical atherosclerosis in patients at high risk T2DM. These findings
are also consistent with the results of our study.

The effect of PAI-1 level on IMT was studied in separate studies in patients without carbohydrate
metabolic disorders. Thus, a study by Marchesi et al. [20] established the effect of PAI-1 on IMT in patients
with hypertension. Carratala et al. [21] established the effect of PAI-1 on IMT in patients with
hyperlipidemia. Also, Endocan has been studied in patients without impaired carbohydrate metabolism; in
CVD, such as ischemic heart disease, [22, 23] acute myocardial infarction [24-26], and arterial hypertension
[27]. Our study reveled the relationship between the levels of PAI-1, Endocan, and IMT CCA, the impact of
carbohydrate metabolism disorders, IR on the development of ED, and as a result, the development of
subclinical atherosclerosis.
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Furthermore, as the PAI-1 biomarker is a vascular factor [28], one of the risk factors triggering
atherosclerosis [14], PAI-1 is produced by various cells of adipose tissue, including preadipocyte, mature
adipocytes, macrophages, endothelial, and smooth muscle cells [29].

Besides, hyperglycemia can affect the PAI-1 level. Maiello et al. [30] identified that high glucose level
reduced the fibrinolytic capacity of endothelial cells. In an experimental study on rats, Chen et al. [31]
demonstrated that hyperglycemia stimulated the activation of the PAI-1 gene promoter in vascular smooth
muscle cells.

There is no study on the assessment of the relationships between the Endocan biomarker level and CCA
IMT in patients with diabetes risk or prediabetes. However, there are similar studies on patients with T2DM,
with varying degrees of compensation for hyperglycaemia [15, 18], where the level Endocan was increased.
Thus, a positive association was determined between the level of Endocan and IMT, respectively, and
subclinical atherosclerosis in patients with T2DM [19]. Probably, the high level of Endocan was a result of
the accomplished endothelial dysfunction in this category of patients with T2DM. Pathogenetic mechanisms
of the relationship between the Endocan biomarker and impaired carbohydrate metabolism in patients not
only with prediabetes but also with T2DM are still not fully understood. Thus, the main question as follows:
Is the elevation of Endocan in patients with T2DM evidence of angiopathy, or a manifestation of incipient
endothelial dysfunction, aggravated by impaired carbohydrate metabolism (hyperglycemia)?

In our study, we obtained correlations between the Endocan, PAI-1 level, and blood glucose, IR
indicators. This also highlights the contribution of impaired carbohydrate metabolism to the development of
ED in patients with high diabetes risk.

The study [32] revealed the simultaneous presence of IR and worsening insulin sensitivity in patients
with ED and without diabetes. PAI-1 levels were higher in patients with ED [33]. In our study, the PAI-1
level was higher in the group of patients with a high risk of T2DM and increased the likelihood of
development subclinical atherosclerosis in this category of patients by 2.9-fold. This determines the
importance of studying this marker at the stage of diabetes risk or earlier to prevent the development of both
T2DM and cardiovascular events, and targeting the factors that affect the increase in this biomarker.

Further monitoring of the identified high-risk group of T2DM is necessary to track the development of
both T2DM and vascular events, and future changes of concentrations Endocan and PAI-1. It is necessary to
conduct further prospective observation of the study participants to assess the development of ED, T2DM,
and cardiovascular events in the studied group.

Conclusions

The presence of IR and disorders of carbohydrate metabolism was found in patients with a high risk of
T2DM. Endothelial dysfunction was established in the form of a subclinical atherosclerosis and an increase
of Endocan, PAI-1 concentration, in this study group of high risk of T2DM.

An elevation of biomarkers endothelial dysfunction, Endocan and PAI-1 increases the likelihood of the
development of a subclinical atherosclerosis in patients with a high diabetes risk.

The high levels of Endocan and PAI-1 biomarkers in those examined with a high diabetes risk
determines the importance of planning a clinical strategy for the timely identification of this category of
patients and conducting targeted therapeutic interventions, which will prevent both the development of
T2DM and endothelial dysfunction, and reduce further cardiovascular risk.
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B. IlapaxuHna, E. Jlapymmuna, O. Ilonamapesa

Kaunt nua6eri kayni :xxorapsl HaykacTapaa Endocan, PAI-1
JKOHe HHTUMAa—MeIUACBIHBIH KAJbIHAbIFbI apachbIHAaFbl 0aiJIaHbIC

Kanr quabertinin namy Kaymi sxorapbl Haykactapaa Endocan, PAI-1 6uomapkepriepiHiH KOHICHTpALHUSIAPbI
MeH HHTHMa-Meaua KanelHAbFel (MMK) apaceiHmarsl Oaitmanbic Typanel oneOHeTTepAe IepeKTep
JKeTKiTiKei3. Makcar: sunorenuii aucdyHKiuschiHbH Onomapkepiiepi: Endocan, PAI-1 xoHe nnTHMa—Menua
KaJIbIHABIFEI, 2 TUNTI KaHT AWMAOCTiHIH JaMy KayIi >KOrapbl HayKacTapAarbl XaJIbl YHAKbI apTepHACHIHBIH
nHcymmHre To3imuuniri (UT) nunngekcrepi apacsiHIarsl OaimaHBICTHI 3epTTey. bakbuiay-xaraaiisl oxiciMer 18
OeH 65 xac apanbiFsiHAars! 184 amam 3eprrenai. FINDRISC mikanmacs! GoHbIHIIA peCIOHASHTTEP 2 TOMKA
6emingi: 1-ton (n = 138) — K/I2 xayni Temen (<12 6an) sxone 2-Ton (n =46) — KJ/I2 kaymi >xorapsr (>12
6amr). UMK Oottsrama 0,9 Mm-nen sxorapsl UMK arepockieposnbH OONybl peTiHIE KapacTHIPHLIIHL.
Endocan, PAI-1 Ouomapkepnepiniy AeHreitin 3eprrey kesinge omapapiH KJ2  kaymi  xoFapbl
PECIOHICHTTEpAIH TOObIHAA OackiM OONybIMEH alTapiblKTail alblpMalIbUIBIKTAap aHbIKTalas;; Endocan
koHuentpauusicel (Mean + SD) 1698,2 + 576,2 ur/mi; p = 0,01; PAI-1 -32307,15£19947,12 nr/mn; KA2
TOMeH Kayil ToObIMeH cajblcThipy yuriH p = 0,05. ConbiMen kartap, K/I2 sxorapbl Kayinm TOObIHA jKaTaThIH
pectiornentrepae UMK oprama moHzepi 6ackiM OObl skoHE MBIHaHBI Kypaabel: oH xak UMK CCA —
0,90+0,15 mm; p = 0,05, con xxaxk UMK OCA-0,91+0,14 mwm; p =0,02. Endocan, PAI-1 xone CCA UMK
JeHreii apachlHIarbl OaiJIaHBIC KOPPEJSIMSUIBIK TaJAAyAbl KOJJAaHY AapKbUIBI OPHATBULIBI. AJIBIHFaH
HOTIDKeNep 2 TUNTI KaHT JuabeTiHiH >koraphl Kaymi Oap Haykactapaa Endocan, PAI-1 Guomapkepiiepinin
JCHIeiiHIH JKOFapbUIaybl CyOKITMHUKAJIBIK aTepOCKiiepo30eH OaitmanpicThl ekeHiH kopceTTi. COHbIMEH Katap,
exi Endocan 6uomapkepiepi, PAI-1 uncynuamen, IR-HOMA wunnekcimen, C-nentunimen, HbAlc xone 2
THINTI KaHT quaberTi Kaymi >Korapbl HayKacTapia all KapblHFa IJIIOKO3a JCHIeHi MaHBI3/Ibl KOPPEIALMIHBI
KOpCeTKeH. 2 TunTi KaHT auaberi kaymi skorapsl Haykactapaad]ll Oumomapkepnepi men UMK sxone NP
apacblHIa MaHBBIBI Oaimanbic aHbIKTANABL. bi3 MPEndocan xone PAI-1 nmeHreiinepiHiH KOFapbUlaybIHa,
CyOKJIMHHKAIBIK aTepOCKIepPO3Fa oKeJel Jien OoipkaiiMbl3, ochulaiimma Oy HaykacTapaa D]l KoHe JKypek-
KaH TaMBIpJIapbl KAayIiH apTTHIPabL.

Kinm cesoep: Endocan, PAI-1, sHnorenuanasl quchyHKINS, HHTUMAa-MeIa KaJIBIHABIFEL, KaHT AUaOCTiHIH
JKOFapBI KayTi.
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B. IlapaxuHna, E. Jlapymmuna, O. Ilonamapesa

Accounanus mexxay Endocan, PAI-1 1 To/ImuHON HHTUMBI MeIHAa
y HALMEHTOB ¢ BLICOKMM PUCKOM AuadeTa

B nmureparype HexocTaTOYHO NAHHBIX O COOTHOIICHHWH KOHIEHTparuii 6nomapkepoB Endocan, PAI-1 u ton-
muHbl uHTUMBI-Meaua (TYM) y manueHToB ¢ BBICOKMM PHCKOM pa3BUTHUS caxapHoro auabeta. Llens — usy-
YHUTh B3aUMOCBSI3b MEXIy OHOMapkepamu 3HpoTenuansHoi aucdynkuun: Endocan, PAI-1 u TomuuHbl nH-
TUMBI-ME/INa, MoKa3aTensIMu uHcynuHope3ucteHTHocTd (UP) u TUM ofmeit connoii aptepuu (OCA) y na-
LIIEHTOB C BBICOKUM PUCKOM pPa3BUTHA caxapHoro auabera 2 tuma (C/2). IIpoBeneno uccienoBanue tuna
«CIy4ali—KOHTpOJIbY», BKItouarolee 184 yenoseka B Bozpacte oT 18 no 65 ner. Ilo mkane FINDRISC pe-
CIIOHJEHTHI OB pa3JieieHsl Ha 2-e Tpynmnsl: 1-s rpynma (n = 138) — musknit puck CJ12 (<12 6aytos) u 2-s
— (n =46) — BoIcokuii puck CJI2 (>12 6amnos). TUIM 6oxnee 0,9 MM, o nanusM Y3U, paciieHnBanock, Kak
HaJIM4YHe aTepockiepo3a. JlocToBepHbIe pa3iHdysl BRIIBICHHI NP M3ydeHUH ypoBHs Onomapkepos Endocan,
PAI-1 ¢ mpeo6naganueM UX B IpyIe PEeCHOHISHTOB ¢ BRICOKUM puckoM CJ/I2; xonnentpanuu Endocan co-
craiwan (Mean + SD) 1698,2 + 576,2 nr/mu; p = 0,01; PAI-1 -32307,15£19947,12 ur/mi; p=0,05 st cpas-
HeHus ¢ rpynnoii Huskoro pucka C/12. Kpome toro, cpennue 3nauenus THM nmpeoOnaganu y pecrioHISHTOB
rpynmnsl Beicokoro pucka C2 u cocramsu: mpasas TUM OCA — 0,90+0,15 mm, p=0,05; nesass TUM
OCA-0,9140,14 mm, p=0,02. B3aumocss3p mexxay yposaem Endocan, PAI-1 1 TUM OCA ycraHoBIIeHa C
TIOMOIIBIO KOPPEISIMHOHHOT0 aHanu3a. [lomydeHHble pe3ynbTaThl IPOAEMOHCTPHPOBAIIH, UTO y TAI[UEHTOB C
BeICOKMM puckoM CJI 2 tuma moseimenue yposHst 6uomapkepos Endocan, PAI-1 accommupoBanocs ¢ cy0-
KIIMHIYECKUM arepockiiepo3oM. Kpome Toro, oba 6momapkepaEndocan, PAI-1nponemMoncTpupoBanmu nocro-
BEPHYIO KOppEIH0 ¢ HHCYIMHOM, HHAekcoM IR-HOMA, C-nientunom, HbAlc u ypoBHEM TIIFOKO3BI HATO-
IaK y MAIMEHTOB C BHICOKUM puckoM CJI 2 tuma. brula Halinena 3HauMMasi B3aUMOCBsI3b OnoMapkepoB D/] ¢
THUM u UP y nanmentoB ¢ BoicokuM puckoM CJI 2 tuna. Mel npeanonaraeM, yto VP npuBoauT Kk moBsliIe-
Huto ypoBHs Endocan u PAI-1, cyOKIMHHUECKOMY aTepOCKIepPO3y, TEM caMbIM yBenuuuBas D/ u cepaedHo-
COCYAUCTBIN PUCK y JJAHHBIX MALlUEHTOB.

Knioueswvie cnosa: Endocan, PAI-1, sanorenuanbaas qucyHKINS, TONIIHHA HHTUMBI-ME/IHA, BBICOKHI PHCK
caxapHoro juabera.
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