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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 congentrations Of Endocan, PAI-1, and intima
media thickness (IMT) in patients with high diabetes risk. This st@idy aimsyto)investigate the relationships
between endothelial dysfunction biomarkers: Endocan, PlasminogenActivator Inhibitor-1(PAI-1), insulin
resistance (IR) indicators, and IMT of the common carotid/farteryip(CCA) in patients with risk of type 2
diabetes mellitus (T2DM). A case-control study wastheld,“including}184 individuals, aged from 18 to 65
years. According to FINDRISC scale, patients were divided int@)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 th€ 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 betwieen\Endocan, PAI-1, and IMT CCA have been determined by
correlation analysis. These findifigs indicate that in patients with high diabetes risk the elevations of the
Endocan, PAI-1 is associated with a subglinical 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 IMBfand IR injpatients 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 (EVE){leading to the progress of endothelial dysfunction (ED), and subsequently to mortality from
macrovaseular 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 onlyjpimpaired 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‘demonsfrated that
patients with the high diabetes risk contemporaneously have the high cardiovascular Tisk ‘om the SCORE
scale.

There is only one study examining IMT in patients with T2DM risk. The résults ofistiidy [10] show that
patients with a high risk of T2DM and prediabetes have all ultrasound signswef subclinical atherosclerosis.
However, no studies have been conducted to assess the ratio of the leyels) of the Endocan, PAI-1
(plasminogen activator inhibitor), and IMT, and effect of biomarkers on‘the' M T in patients with T2DM risk.

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

Thus, the scientific novelty and research issue of our studyais the assessment of endothelial function by
measuring the IMT in conjunction with the measurement of the Bndocan, PAI-1 biomarkers concentrations
in patients with T2DM risk, as well as the effect of IRyon“ED, as"a result the development of subclinical
atherosclerosis in these patients.

The paper aims to study the association of IRjEndocan 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 tofDeceémber 2019, in polyclinic of the city. The study involved 184
respondents. There were 73 (3%6£%6) malesiand 111 (60.4 %) females.

The respondents were divided, intoi2sgroups:

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

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

Sample size.

Sample size was,caleulated using the Kelsey method, EPI info software for case-control studies without
matching. The twi@ssided 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 riskwas 46 people (case), patients without or low diabetes risk (control) — 92 people.

Assessment risk of T2DM on the FINDRISC scale.

TheQuisk 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 [5]. 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 Bthical @emmittee
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‘¢ircumference
(WC), calculation of body mass index (BMI), measurement of blood pressufe (BP), determination of
biochemical parameters: glycated hemoglobin (HbAlc,%), C-peptide, Insulin, fastiig capillary blood
glucose, lipid profile: low density lipoprotein (LDL), high density lipopzotein, (HDL), triglycerides, total
cholesterol, Endocan and PAI-1 biomarkers, IR-HOMA index was calculated.

The survey included questions of socio-demographic characteristigs, hecedity, 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 prelifiinaryjgest period of at least 10 minutes. The
smallest of three consecutive measurements was takengfor ealculations.

Height and weight were measured using a digitaliweighted stadiometer (TBEC RS-232). Body mass
index (BMI) was calculated using the formulag 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 thegtop 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. Abdominalyobesity 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 werestored at -70 degrees Celsius for no more than 3 months. Determination of
fasting lipid profile blood tést (Potali€holesterol 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 refléetometry using the Nyco-Card test system. Determination of insulin, glucagon,
C-peptide was carricdyouitibygmultiplex immunological analysis using xMap technology on Bioplex 3D.

Measurementiof endothelial dysfunction biomarkers: Endocan, PAI-1.

The_method ofimagnetic bead-based multiplex immunoassay using xMap technology was used for
Endogan and PAl:l4The standard Milliplex map Human Cardiovascular Disease Magnetic Bead Panel 1
(Millipore) kithwas used to determine concentration of listed metabolites in accordance with “Override
protocol® instruiction 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/1) 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.“Thé distribution was
abnormal. Variables with an abnormal distribution were transformed to normal distribution. Thefstatistical
significance of the differences between the groups (high / low diabetes risks) was agsessed byythe Student's
t-test; the differences were considered statistically significant at p<0.05. Data werggpresénted as Mean + SD.

Evaluation of the relationship between the parameters of IMT, Endocan, ®Al-1, biochemical,
anthropometric parameters, blood pressure with the risk of diabetes, athereselerosis, 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-H@M Ayindex, SCORE, C-peptide, Insulin, total
cholesterol, triglycerides).

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

Statistical analysis was performed using IBM SPSS Statisties, 22.0.

Results

Table 1 presents the characteristics of théirespondents.

Table 1
Characteristicsof 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 mencury 117.3+18.9 131.6+15.2 0.05
Diastolic BP, mm ofimercury 76.8+11.6 83.32+10.4 0.06
Fasting glucos¢;, mmol/l 5.59+0.7 5.86+0.9 0.05
HbA 1ef% 5.59+0.74 5.76+0.32 0.05
Insulin, mU/I 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/iml 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 1.22+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 1698.2+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 ¢m; 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#s1sk¥E2DM 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 ofsfCCA'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 (subclimigal 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 indicatofs, such as’(BMI, WC, Systolic BP,
Diastolic BP, total cholesterol, HDL, triglycerides), was found ¢o bg,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), insulimg(r <0.36; p=10.03), IR-HOMA (r=0.47;
p = 0.05), Endocan (r = 0.86; p < 0.001), and PAI-1 leyel (= 0.399p =0.05), (Fig. 1 and 2).

Correlation analysis has established factors affeeting ‘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, hyperglyeemia, hyperinsulinemia, increasing IR-HOMA index,
increasing concentrations of C-peptide and LDL. A subcliical 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%sgale.

Table 2

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

HIMT>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 tisk T2DM) 0.41 0.05 0.51 <0.001 0.31 0.05
BMI, k§/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
SystoliedBP, mm of mercury 0.88 0.004 0.36 0.03 0.09 0.1
Diastolic BP,4iim 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 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 —

Erioean ° 2836  0.458-3.446  0.01
PAI-1 & 2,711 0.423-20.933 0.02

IR L 4
1.3 0.127-7.893 0.05

0 1 2 3 4 5 6
Odds ratios

Figure 3. Binary regression analysis. Effect of hyperglycemia, IR, Endocan, PAI-1 concenfrationSion iitima media
thickness (development of a subclinical atherosclerosis) in patients at high diabetes risk. Dependent yariable 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 presencefofshypertension has revealed
the following. Hyperglycemia by 3.4-fold (p<0.001) elevation con€entrations’ of Endocan by 2.8-fold
(p=0.01), and elevation of PAI-1 by 2.9-fold (p=0.02), Insulinaesistanceby 1.3-fold (p=0.05) affect the risk
of development of a subclinical atherosclerosis. The results are Presentedyas the Odd Ratio (OR). 95 % of
confidence is interval for each OR.

Discussions.

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

Assessment of the endothelial dysfunctiom\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 — Plasminogefi agtivaterfinhibitor-1 (PAI-1) is a vascular factor [13], a fast-acting inhibitor
of fibrinolysis, is considered’@stone ofithe risk factors triggering atherosclerosis [14] and, as a result, the risk
of CHD. Endocan is an eatly biomarker of ED, which is influenced by insulin resistance, various disorders of
carbohydrate metabolisim, including hyperglycemia and impaired glucose tolerance [15].

PAI-1 biomarkeg isseensidered 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, gendes, age). Diabetes developed in 140 (16.6 %) of 843 people after a 5-year follow-up
periodd[16]. Theyquestion 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].

Theére is d single study examining IMT in patients at risk of T2DM [10]. In the study, Kiss et al. found
an increasedfchance 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, respectigely, and
subclinical atherosclerosis in patients with T2DM [19]. Probably, the high level of Endocan was a‘tesult of
the accomplished endothelial dysfunction in this category of patients with T2DM. Pathogenetic mechanisms
of the relationship between the Endocan biomarker and impaired carbohydrate metabolismtn patients not
only with prediabetes but also with T2DM are still not fully understood. Thus, the main questiom@s 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 Iével, andwblood 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 wotsening 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 jand increased the likelihood of
development subclinical atherosclerosis in this category ofgpatiénts by 2.9-fold. This determines the
importance of studying this marker at the stage of diabetesaisk orearlier to prevent the development of both
T2DM and cardiovascular events, and targeting the factoxs thagaffect the increase in this biomarker.

Further monitoring of the identified high-rigsk group ‘of T2DM is necessary to track the development of
both T2DM and vascular events, and future changes, of con¢entrations Endocan and PAI-1. It is necessary to
conduct further prospective observation of the study“parti€ipants to assess the development of ED, T2DM,
and cardiovascular events in the studied group:

Conclusions

The presence of IR and disordefs of‘¢arbohydrate 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 concentrationin thissstudy group of high risk of T2DM.

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

The high lewels of Endocan and PAI-1 biomarkers in those examined with a high diabetes risk
determines the importanee.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. Ilapaxuna, E. dlapymmna, O TlonamapeBa

Kaunt nua6eri kayni :xxorapbinaykacrapaa Endocan, PAI-1
JKOHe HHTUMAa—MeIUACHIHBIH KAJbIHABIFbl apachIHAAFbl 0aiJIaHbIC

Kanr quabertiHin namy Kayni sxorapspHaykactapaa Endocan, PAI-1 6uomapkepiiepiHiH KOHICHTpALHSIAPDI
MeH uHTHMa-Meaua KanelHAbEE (MMK) apaceiamarsl Oaitmanbic Typanel oneOHeTTepae IepeKTep
JKeTKiTiKei3. Makcar: sHxoreanit gucdyHKiuschiHbH Onomapkepiiepi: Endocan, PAI-1 xoHe nnTHMa—Menua
KQJIBIHJIBIFBI, 2 TUNTI KaH® QMaOCTiHiHfTaMy KayIli >KOFapbl HayKacTapAarbl JKaNbl YHKbl apTepUsIChIHBIH
HHCYIHMHTe TO3IMIUNTLEA]) HHACKCTEpi apachHAArsl OalIaHBICTHI 3epTTey. bakbuiay-Karaaiisl oxiciMer 18
OeH 65 xac apanbirsiHIags! 184 ‘amam 3eprrenai. FINDRISC mikanacs! GoHbIHIIA peCIOHACHTTEP 2 TOIMKA
6emningi: 1-ton (n = 138)— K12 xayni Temen (<12 6amn) sxone 2-Ton (n =46) — KJ/I2 kaymni >xorapsr (>12
6amr). UMK OolbHmaR0:9 Mm-nen sxorapsl UMK arepockiepo3nblH O0Jybl peTiHIE KapacTHIPBLIIHL.
Endocan, PAl:l. Ounomapkepnepiniy AeHreitin 3eprrey kesinge omdapapiH KJ2  kaymi  sxorapbl
pecrioHaeHITepAIH TOObIHAAa OackiM OONybIMEH aiTapiblKTail albIpMAlIbUIBIKTAap aHbIKTaas;; Endocan
koHueHTpanusicel (Mean + SD) 1698,2 + 576,2 ur/mi; p = 0,01; PAI-1 -32307,15£19947,12 nr/mn; KA2
ToMEHRKayil TOObIMEH cajiplcThipy yurH p = 0,05. ConbiMen kartap, K/I2 sxorapbl Kayinm TOObIHA KaTaThIH
pecrioraenTIepne UMK oprama moHzepi 6ackiM OOJIbl skoHE MBIHAaHBI Kypaabel: oH xak UMK CCA —
0,90+0,15 Mm; p = 0,05, con xxaxk UMK OCA-0,9140,14 mm; p =0,02. Endocan, PAI-1 xone CCA UMK
JICHredl apachIHIaFbl OailIaHBIC KOPPEJSIMSUIBIK TaJAyAbl KOJJAaHY AapKbUIBI OPHATBULIBL. AJIBIHFaH
HOTWKeNep 2 TUNTI KaHT JuaOeTiHiH >KoFaphl Kaymi Oap Haykactapga Endocan, PAI-1 Guomapkepiiepiin
JIGHT eiliHiH JKOFapbLIaybl CyOKITMHUKAJIBIK aTepOCKIIepo30eH OaitmanpicThl ekeHiH kopceTTi. COHbIMEH Katap,
exi Endocan 6uomapkepiepi, PAI-1 uncynuamen, IR-HOMA wunnekcimen, C-nentuaimen, HbAlc xone 2
TUNTI KaHT Auaberi Kayr JKorapbl HayKacTapAa ail KapblHFa IJI0K03a ACHreii MaHbI3Ibl KOPPEISLHUsIHbI
KOpCeTKeH. 2 TunTi KaHT auaberi Kaymi skorapbl Haykactapaad]ll Oumomapkepnepi men UMK sxone NP
apachlHIa MaHBIBIBI Oaimanbic aHbIKTANABL. bi3 MPEndocan xone PAI-1 neHreiinepiHiH KOFapbUiayblHa,
CYOKJIIMHHKAIBIK aTepOCKIEpPO3Fa oKeJel Jien OoipkaiiMbl3, ochulaiimma Oy HaykacTapiaa DJ1 KoHe JKypek-
KaH TaMBIPJIapbl KAyIiH apTTHIPajbL.

Kinm cesoep: Endocan, PAI-1, sanorenuanabsl quchyHKONsS, HHTUMAa-MeIa KaJIBIHABIFEL, KaHT ANaOCTiHIH
JKOFapBI KayTi.

Cepus «Bbuonorusi. MeauuuHa. Meorpacusi». Ne 2(106)/2022 143



V. Parakhina, Y. Laryushina, O. Ponamareva

B. ITapaxuna, E. Jlapymuna, O. [lonamapeBa

Accounanus mexxay Endocan, PAI-1 u To/ImuHOM HHTHUMBI MeHa
y HALMEHTOB ¢ BLICOKMM PUCKOM AuadeTa

B nmureparype HexoCcTaTOYHO NAHHBIX O COOTHOIICHWH KOHIEHTparuii 6nomapkepoB Endocan, PAI-1 u ton-
bl uHTUMBI-Meaua (TYIM) y nauueHToB ¢ BRICOKUM PHCKOM pa3BHUTHs caxapHoro quabera. Llenb — u3y-
YHUTh B3aUMOCBSI3b MEXIy OHOMapkepamu 3HpoTenuansHoi aucdynkuun: Endocan, PAI-1 u TomuuHbl nH-
TUMBI-ME/INa, MoKa3aTensIMu uHcynuHopesucteHTHocTd (UP) u TUM oOweit connoii aptepuu (OCA) y na-
LMEHTOB C BBICOKMM PHCKOM pa3BuTHs caxapHoro auadera 2 tuma (C[2). [IpoBexeHo uccineqoBaHue THIa
«CITy4ali—KOHTpOJbY, BKIodatomiee 184 denoBeka B Bo3pacte oT 18 mo 65 ner. ITo mkane FINDRISC pe-
CIIOHJEHTHI OB pa3fieeHsl Ha 2-e Tpynmsl: 1-s rpynma (n = 138) — musknit puck CL12 (<12 6amnos) u 2-
— (n=46) — Beicokwmii puck C/12 (>12 6amwio). TUM 6omnee 0,9 MM, mo nanabsM Y3, pacieHNBaIoCh, Kak
HaJIM4IHe aTepockiepo3a. JlocToBepHbIe pa3iIHdys BBISIBICHBI TP W3yYSHUH yPOBHS GHOMapKepo
PAI-1 ¢ mpeobnaganueM UX B IpyIe PECHOHISHTOB ¢ BRICOKUM puckoM CJI12; KOHIIeHTpaI_II/I‘En
craBm (Mean £ SD) 1698,2 + 576,2 nir/mi; p = 0,01; PAI-1 -32307,15+£19947,12 nr/mui; p=0,

HeHus ¢ rpynnoii Huzkoro pucka C/12. Kpome toro, cpennue 3nauenus THUM npeoOnamanu y pec

rpynmnsl Beicokoro pucka CI2 u cocrasmsum: mpasas TUM OCA — 0,90+0,15 MM, p= M
OCA-0,91£0,14 mm, p=0,02. B3aumocss3p mexay ypoBaem Endocan, PAI-1 u TUM JICHA C
MOMOILBI0 KOPPEIALUOHHOrO aHanu3a. [lomydeHHble pe3ysbTaThl IPOAEMOHCTPUPOBAIH, €HTOB C
BeIcokuM puckoM CJI 2 Tuna nosbimenue ypoBHs 6nomapkepoB Endocan, PAI-1 ac HpPOBATOCH C CyO-
KIIMHIYECKUM arepockiiepo3oM. Kpome Toro, oba 6momapkepaEndocan, PAI-1 pOBaJld 10CTO-
BEPHYIO KOppeISLuio ¢ HHCYIuHOM, nHIekcoM IR-HOMA, C-nientunom, Hb €M TJIIOKO3BI HaTo-

IIaK y MAIMEHTOB C BbICOKUM puckoM CJ/I 2 tuma. bruia HaiineHna 3HaunMa
THUM u UP y nanumentos ¢ BeicokuM puckoM CJI 2 Tuna. Mel npezamnosnarae
Huto ypoBus Endocan u PAI-1, cyOrnnHHuecKOMY aTepocmepO?& ¢
COCYIMCTBIIl PUCK Y JAHHBIX NAIIUEHTOB.

3auMOCBs13b Onomapkepos D/ ¢
9T HPUBOJMT K MOBBILIE-
BennurBas D/ u cepaedHo-

Kniouesvie crosa: Endocan, PAI-1, sunotenmmanshast guchyH S0 a UHTUMBI-ME/IMa, BBICOKUI PUCK
caxapHOro auadera.
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