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Introduction
According to WHO [1], 17.9 million people died from diabetes in 2019, accounting for 32% of all deaths worldwide. In Kazakhstan, this figure was 25.9% [2]. Over the past few decades, the incidence and prevalence of diabetes has been steadily increasing. The prevalence of diabetes in the Republic of Kazakhstan increased by 44% from 2004 to 2017, and in 2015 amounted to 305,160 people [6,9]. Given such a rapid growth rate, the number of patients with diabetes by 2024 will be approximately 500,000 people. According to the International Diabetes Federation, in 2017, about 425 million adults worldwide had diabetes, compared to 108 million in 1980 [10]. In addition to the high incidence of diabetes, another 352.1 million people worldwide have prediabetes or impaired carbohydrate metabolism, manifested as impaired glucose tolerance. Health professionals expect that by 2045, the number of people with prediabetes will increase to 531.6 million [10]. This epidemiological situation has arisen as a result of the increase in modifiable risk factors for T2DM, such as overweight or obesity, malnutrition, and low physical activity. In 2016, 1.6 million people died from T2DM worldwide. Hyperglycemia caused an additional 2.2 million deaths, increasing the risk of cardiovascular and other diseases [10].
The modern priority strategic direction of healthcare is to strengthen public health, increase life expectancy, through the implementation of the State Program for the Development of Healthcare of the Republic of Kazakhstan for 2020-2025. Concern and increased attention to non-communicable diseases (NCDs), primarily to the problem of increasing incidence of cardiovascular diseases (CVD), diabetes mellitus (DM), is one of the characteristic features of healthcare in all developed countries of the world. There is a tendency for an increase in the incidence of CVD, type 2 DM, which has reached quite high rates and will increase in the foreseeable future. In this regard, the main objectives of these healthcare development programs are to improve screening programs for the early detection of socially significant NCDs, including CVD, type 2 DM, as well as the implementation of NCD management programs [7]. 
Prediabetes is a condition preceding type 2 diabetes mellitus, manifested by a disorder of carbohydrate metabolism in the form of fasting hyperglycemia, impaired glucose tolerance and euglycemic insulin resistance. In addition to the fact that this condition contributes to the development of type 2 diabetes, prediabetes increases the risk of development and progression of cardiovascular diseases, and a level of glycated hemoglobin of more than 6% was considered a risk of diabetes and a high risk of cardiovascular diseases [13]. According to a number of studies, an increased risk of cardiovascular complications and mortality from them has been shown already at the stage of initial disorders of carbohydrate metabolism. According to a study by Huang et al. [14], the development of endothelial dysfunction and macrovascular complications in the form of cardiovascular events can develop at the stage of prediabetes. In a comparative study conducted by Nielsen in the Malmö project, it was found that patients with IGT had a higher risk of death from all causes compared to the control group without IGT. It was shown that the disturbance of postprandial blood glucose level was a more reliable predictor than the level of fasting glycemia, and the level of postprandial glycemia was also a predictor of total mortality, mortality from cardiovascular diseases [15]. Currently, there are few studies devoted to the study of the effects of carbohydrate metabolism disorders, IR on the risk of cardiovascular events in patients with both prediabetes and high risk of type 2 diabetes. 
Identification of patients at risk of developing type 2 diabetes is possible at the prediabetes stage and preventable at the stage of absence of complications. By influencing the modifiable risk factors of type 2 diabetes, which include overweight or obesity, poor nutrition, low physical activity, it is possible to influence or completely reverse the development of type 2 diabetes at the prediabetes stage. Prevention of the development of type 2 diabetes, as one of the leading risk factors for cardiovascular diseases, is accompanied by a significant reduction in fatal and non-fatal cardiovascular events. [16-21]. The fundamental, prospective 20-year Framingham Heart Study showed the importance of the association between diabetes and cardiovascular pathology, in particular, diabetes mellitus is one of the risk factors for the development of cardiovascular events, also type 2 diabetes increases the age-related risk of cardiovascular diseases by 2 times in men and 3 times in women [17].
The starting point for high-quality diabetes control is early diagnostics - the longer a person lives without verification of diabetes in the absence of its treatment, the worse, most likely, will be complications and mortality from this disease. Diabetes mellitus, in particular type 2, can be asymptomatic, manifesting as diabetic macroangiopathies, causing cardiovascular risk and mortality from cardiovascular diseases, in the development of which endothelial dysfunction is of great importance. In addition to routine methods for determining prediabetes, type 2 diabetes, we chose a scale for assessing the risk of developing type 2 diabetes (FINDRISC). This scale allows you to assess the 10-year risk of type 2 diabetes, including asymptomatic diabetes and impaired glucose tolerance (IGT), with 85% accuracy. This scale is validated, adapted to our population (taking into account the nature of nutrition, physical activity), low-cost and easy to use.
Existing scales for determining the risk of cardiovascular events do not reflect the detection of early endothelial dysfunction, carbohydrate metabolism disorders and cannot reliably predict the risk of cardiovascular diseases and accidents, especially at the prediabetes stage. The proposed scales for calculating the risk of cardiovascular events (ACC / AHA, ASCVD - American Diabetes Association) include the duration of diabetes, while as a rule, the true onset of type 2 diabetes and endothelial dysfunction is extremely difficult to establish. In this regard, the search for the most sensitive, reliable biomarkers that simultaneously determine the risk of diabetes and endothelial dysfunction continues. Some of the reliable biomarkers reflecting the presence of endothelial dysfunction and type 2 diabetes are endothelial dysfunction markers Endocan, Fatty Acid Binding Protein 4 (FABP4), Plasminogen Activator Ingibitor -1 (PAI-1), which have a high specificity of 88% and a sensitivity of 80%. The role of these biomarkers has been studied sufficiently in patients with cardiovascular diseases, arterial hypertension [22-30], and little studied in patients with the risk of developing type 2 diabetes mellitus, prediabetes. It remains unclear to the end the association of these markers with the violation of carbohydrate, lipid metabolism, reflecting the damage to the vascular bed already at the stage of prediabetes, determining the increase in the risk of developing cardiovascular events. 
The research interest for the planned doctoral dissertation is the study of endothelial dysfunction in patients with risk of developing type 2 diabetes and prediabetes, the significance of the participation of endothelial dysfunction markers in the development of cardiovascular events in patients with prediabetes/risk of type 2 diabetes; development of a scale (formula) to determine the risk of cardiovascular events in patients with risk of type 2 diabetes and prediabetes. 
[bookmark: _GoBack]The goal: The association of markers of endothelial dysfunction and indicators of carbohydrate and lipid metabolism to study in the risk of developing cardiovascular events in patients with high diabetes risk and prediabetes. 
Objectives of the study:
1. To determine the features of carbohydrate and lipid metabolism disorders in patients with high risk of type 2 diabetes and prediabetes with or without a cardiovascular event.
2. To assess the level of endothelial dysfunction markers (Endocan, FABP4, PAI-1) and intima media thickness in patients with high risk of type 2 diabetes and prediabetes with or without a cardiovascular event.
3. To assess the relationship between endothelial dysfunction markers, the level of lipid and carbohydrate metabolism disorders in the risk of developing cardiovascular events in patients with high risk of type 2 diabetes and prediabetes.
4. To assess the indicators of carbohydrate, lipid metabolism, endothelial dysfunction markers, intima media thickness as prognostic factors for the development of cardiovascular events (linear regression model).
5. To develop models (linear regression equation) to assess the odds of cardiovascular events and the probability of endothelial dysfunction (increased biomarkers) in patients with prediabetes and high risk of type 2 diabetes.
Thesis submitted for defense:
1. In patients with high risk of type 2 diabetes and in patients with prediabetes, the presence of IR (increased C-peptide, insulin, HOMA IR), increased VLDL-C and C-reactive protein was established. In patients with CVS and high risk of type 2 diabetes and prediabetes, changes in these indicators are more pronounced (increased by 40%) relative to event-free patients.
2. The presence of endothelial dysfunction was established in patients with high risk of type 2 diabetes and in patients with prediabetes by increased concentrations of Endocan, FABP4, PAI-1 biomarkers and by the intima-media thickness of the common carotid artery, the value of which corresponded to the criteria of subclinical atherosclerosis. The presence of a cardiovascular event determines an even more pronounced increase in endothelial dysfunction biomarkers - Endocan by 30% and PAI-1 by 10% in both study groups.
3. Statistically significant direct correlations (strong and moderate) of biochemical parameters were established - an increase in the level of glycated hemoglobin, fasting glycemia, C-peptide, VLDL-C, glucagon with an increase in the concentration of all three biomarkers of endothelial dysfunction (Endocan, FABP4, PAI-1) in patients with a high risk of type 2 diabetes and prediabetes with or without a cardiovascular event.
4. It was established that in patients with high risk of type 2 diabetes, the following have prognostic significance in the development of CVS: increased WC, BMI, an increase in the concentration of the Endocan biomarker by 1.8 times (p = 0.001), FABP4 by 1.5 times (p = 0.001) and PAI-1 by 1.3 times (p = 0.001). In patients with prediabetes, the following have prognostic significance in the development of CVS: fasting hyperglycemia and insulin resistance, increased LDL-C, an increase in the concentration of the Endocan biomarker by 3.5 times (p = 0.006), FABP4 by 3.8 times (p ≤ 0.001) and PAI-1 by 3.3 times (p = 0.008). The risk of subclinical atherosclerosis increases with a high risk of type 2 diabetes by 1.3 times (p = 0.05), with prediabetes - 3.4 times (p≤0.001), with an increase in the levels of Endocan - 2.8 times (p = 0.01), PAI-1 - 2.7 times (p = 0.02), FABP4 - 2.3 times (p = 0.02). 5. The developed new models for assessing the odds of cardiovascular events make it possible to predict the probability of endothelial dysfunction (the estimated accuracy for Endocan 77%, for FABP4 82%, for PAI-1 80%) in patients with a high risk of type 2 diabetes and prediabetes.
Scientific novelty.
1. For the first time, the influence of the level of endothelial dysfunction markers Endocan, FABP4, PAI-1 in patients with a high risk of developing type 2 diabetes mellitus and with prediabetes on the development of a cardiovascular event was assessed.
2. For the first time, the association of the intima-media thickness of the common carotid artery and the level of endothelial dysfunction markers Endocan, FABP4, PAI-1 in patients with a high risk of developing type 2 diabetes mellitus and with prediabetes was studied.
3. For the first time, the prognostic significance of factors and biomarkers of endothelial dysfunction on the chance of developing CVS and subclinical atherosclerosis in patients with V.R. was studied. and prediabetes (Certificates of registration of rights to the object of copyright No. 56758 dated 09/01/2024 "Model for predicting the chances of the onset of cardiovascular events in patients with a high risk of type 2 diabetes", No. 56991 dated 09/20/2024 "Model for predicting the chances of the onset of cardiovascular events in patients with prediabetes", No. 57170 "Model for predicting the chances of developing subclinical atherosclerosis in patients with a high risk of type 2 diabetes and prediabetes." (Appendix C,D,E). 4. New models (linear regression equation) have been developed to assess the probability of endothelial dysfunction and the risk of developing cardiovascular events in patients with a high risk of type 2 diabetes and prediabetes (Certificates of registration of rights to the object of copyright No. 14821 dated 02.02.2021 "Model for assessing the probability of endothelial dysfunction in patients with a high risk of type 2 diabetes mellitus", No. 19125 dated 01.07.2021 "Model for assessing the risk of cardiovascular events in patients with prediabetes". (Appendix A, B).

Practical significance
The fundamental significance of the study has been demonstrated: the prognostic significance of markers of endothelial dysfunction in the risk of developing a cardiovascular event at the early stages of carbohydrate metabolism disorders has been determined, which determines the basis for further development of preventive measures in this target group of patients.
The developed new models for predicting cardiovascular events and the presence of endothelial dysfunction in patients at high risk of type 2 diabetes and prediabetes and the calculators created on their basis are a simple, accessible, informative tool for practical assessment of the risk of vascular catastrophes in patients with early carbohydrate metabolism disorders.
Implementation into practice
The developed models (calculators) have been implemented into polyclinics of the Karaganda city, such as practice at the city primary health care center, Jusan Med Polyclinic, Polyclinic of  Hippocrates (Appendix E).

Relationship of the dissertation with other research works
The work was carried out within the framework of the scientific and technical program O.0769 "Development of scientific foundations for the formation of a preventive environment in order to maintain public health" of the Ministry of Health of the Republic of Kazakhstan (program-targeted financing 2017-2019, Ministry of Health of Kazakhstan) in the "Karaganda State Medical University" for the period from September 2018 to December 2019.

Approbation of results:
Performances:
1. Partisipation to The 13th International Conference on Advanced Technologies & Treatments for Diabetes (ATTD 2020), 19-22th of February 2020, Мадрид, Испания, poster session, titled: «The relationship between the level of PAI-1, insulin resistance indicators and the cardiovascular risk in patients with prediabetes».
2. Partisipation to The 18th Annual World Congress Insulin Resistance Diabetes & Cardiovascular Disease, 3-6th of december 2020, Los-Angeles, USA, E-poster, titled: «Association of Plasminogen Activator Inhibitor-1, intima media thickness, and insulin resistance indicators in patients with the risk of type 2 diabetes». Live, Interactive, Online.
3. Partisipation to The 14th International Conference on Advanced Technologies & Treatments for Diabetes (ATTD 2021), 2-5 th 2021, Paris, France, poster session, titled: «Relationships between the Endocan-1 level, insulin resistance indicators and intima media thickness in patients with prediabetes».Virtual.
4. At the extended meeting of the Institute of Life Sciences of the NJSC KMU (protocol  No. 5, dated 12/27/2024).

Publication information: Based on the materials of the dissertation, 2 articles were published in a journal indexed by the Scopus database, 5 articles in publications recommended by the Committee for Control of Education and Science, 6 abstracts in the materials of international conferences.

Materials and methods: A case-control study without pair matching was conducted among the population of Karaganda city among 671 respondents, 319 (47.5%) men and 352 (52.4%) women, the age of the subjects ranged from 18 to 65 years. The median (Me) age of the subjects was 54 years. Group 1 - patients with high risk (HR) of type 2 diabetes with the presence of a cardiovascular event (CVE) n=45 (1a) and no CVE - n=78 (1b), Group 2 - patients with prediabetes with the presence of CVE - n=55 (2a) and no CVE n=92 (2b), Group 3 - negative control, patients with CVE without carbohydrate metabolism disorders, n=71, Group 4 - respondents at low risk (LR) of type 2 diabetes - n=310, control group n=20 respondents without any chronic diseases. Groups were formed with and without CVE, special groups consisted of patients with high risk of type 2 diabetes. The study protocol was approved by the local bioethics committee of KSMU, Karaganda, protocol No. 47 dated 18.06.2018 in accordance with the ethical principles of scientific research provided by the World Medical Association in the Declaration of Helsinki. Informed consent was obtained from all patients before the study.
The study was conducted at the inpatient and outpatient levels.
Inpatient level. It was implemented on the basis of the cardiocenter "Multidisciplinary Hospital No. 2 of Karaganda region". Patients admitted with CVE for the first time with signs of ACS, both with and without ST segment elevation, n = 171 patients.
Outpatient level. Patients were recruited randomly from Outpatient PolyClinic No. 1 of Karaganda city. The study included patients without established or anamnestic signs of CVE (ACS), patients only with risk factors for CVD and type 2 diabetes: these are overweight or obesity of varying degrees, low physical activity, the presence of bad habits in patients, poor nutrition, a history of increased blood pressure.
Patients were selected according to the following criteria.
Inclusion criteria for patients in the study: Respondents from 18 to 65 years of age of both sexes with risk factors for CVD and type 2 diabetes: these are overweight or obesity of varying degrees, low physical activity, the presence of bad habits, poor nutrition, a history of elevated blood pressure and the absence of CVD, CVE, type 2 diabetes.
To The study did not include (exclusion criteria):
- patients with newly or previously diagnosed type 2 diabetes using an oral glucose tolerance test, or patients with fasting plasma glucose at a level of 11.1 mmol / l or higher (200 mg / dl);
- patients with a previous history of acute and decompensated heart disease, acute myocardial infarction, cerebral stroke confirmed by coronary angiography and computed tomography; - persons with uncontrolled hypertension (BP above 190/100 mmHg);
- presence of chronic kidney disease and renal dysfunction, identified on the basis of glomerular filtration rate (GFR/CKD-EPI) ≤90 ml/min/1.73m2 or creatinine greater than 179 μmol/l;
- presence of liver dysfunction: more than two-fold increase in transaminase levels;
- severe mental (including alcohol and drug addiction) and oncological diseases;
- pregnant women;
- verified chronic infectious diseases and exacerbation of chronic diseases;
- previously taking lipid-lowering drugs, immunosuppressants, postmenopausal hormone replacement drugs;
- patients with inflammatory joint diseases, systemic lupus erythematosus. 
The study included a questionnaire, a general clinical part (measurement of blood pressure, BMI, WC), standard and specific biochemical studies (biomarkers of endothelial dysfunction), and intima media thickness according to ultrasound examination data.
Determination of the level of endothelial dysfunction markers
Determination of the concentration of biomarkers Endocan, FABP4, PAI-1 in blood plasma was carried out using a multiplex enzyme immunoassay based on magnetic particles (magnetic beats) using XMap technology and a standard set of reagents Milliplex map Human Cardiovascular Disease Magnetic Bead Panel 1 (Millipore) with fluorescence detection using Bioplex 3D equipment (Luminex software). 
Statistical analysis
Data entry was performed using Microsoft Office Excel (Microsoft Corporation). Statistical analysis was performed using IBM SPSS Statistics, 22.0. Results were considered statistically significant at p < 0.05.
Data were tested for normal distribution using the Kolmogorov-Smirnov test, the distribution was different from normal (not Gaussian).
Statistical significance of differences between groups (Groups 1 and 2) was assessed using the nonparametric Mann-Whitney U test, differences were considered statistically significant at p < 0.05. Data are presented as Me (Q1-Q3). Differences between the 3 groups were performed using the Kruskal-Wallis test. The relationship between Endocan, FABP4, PAI-1 biomarkers and insulin resistance indicators, lipid profile parameters, IR-HOMA index, intima media thickness, and CVR on the SCORE scale was assessed using the Spearman correlation coefficient.
The associations between Endocan, FABP4, and PAI-1 with a cardiovascular event were calculated using a binary logistic regression model. Before building the model, the data were normalized (the dependent variable is whether there is/is not a cardiovascular event in patients with a high risk of diabetes/prediabetes). The biomarkers were tested in the adjusted model. Binary logistic regression analysis was also used to assess factors influencing intima media thickness, and the dependent variable is the presence/absence of atherosclerosis. In both cases, adjustment was made for gender, age, and the presence of arterial hypertension. Linear regression analysis was used to construct a linear regression equation to assess the risk of cardiovascular events and the probability of endothelial dysfunction in patients with prediabetes and a high risk of developing type 2 diabetes.
Conclusions:
1. In patients with high risk of type 2 diabetes and in patients with prediabetes, the following metabolic features were revealed: signs of insulin resistance (increased C-peptide and insulin, HOMA index), increased levels of glucagon, triglycerides, VLDL-CH and HDL-CH above 1.13 mmol/l (Q1; Q3- 0.5; 1.20; p=0.05), C-reactive protein.
In patients with CVE, both in the high risk group of type 2 diabetes and in the prediabetes group, insulin resistance indicators are increased by an average of 40%, and the level of VLDL-CH is increased by 2 and 2.3 times, respectively, compared to patients without CVE.
2. In patients with a high risk of type 2 diabetes and in patients with prediabetes, the presence of endothelial dysfunction was established by a statistically significant increase in the level of all three biomarkers: Endocan by 2 and 2.5 times, FABP4 - by 5.8 and 5.2 times, PAI-1 - by 1.3 and 1.4 times, respectively, compared with the L.R. group; subclinical atherosclerosis was detected by the intima-media thickness (IMT) of the common carotid artery (CCA) of more than 0.9 mm (p = 0.01). A cardiovascular event in patients with high risk of type 2 diabetes is accompanied by a statistically significant increase in Endocan by 35% and PAI-1 by 10%, in patients with prediabetes and CVE, the Endocan level is increased by 30%, FABP4 - by 11%, PAI-1 - by 7% compared with the group without events.
3. Correlation analysis in patients with high risk of type 2 diabetes and in patients with prediabetes, regardless of the presence of CVE, established positive (strong and moderate) relationships between an increase in the intima-media thickness of the common carotid artery and biochemical parameters (glycated hemoglobin, fasting glycemia, C-peptide, VLDL-CH) on an increase in the concentration of all three biomarkers of endothelial dysfunction (Endocan, FABP4, PAI-1), and hyperinsulinemia, a high HOMA index and hypertriglyceridemia are associated with an increase in the level of Endocan and FABP4 in these patients. 
4. In patients with high risk of type 2 diabetes, the following have prognostic significance in the development of CVE: increased WC, BMI, an increase in the concentration of the Endocan biomarker by 1.8 times (p = 0.001), FABP4 by 1.5 times (p = 0.001) and PAI-1 by 1.3 times (p = 0.001). In patients with prediabetes, the following have prognostic significance in the development of CVE: fasting hyperglycemia and insulin resistance, increased LDL-CH, an increase in the concentration of the Endocan biomarker by 3.5 times (p = 0.006), FABP4 by 3.8 times (p ≤ 0.001) and PAI-1 by 3.3 times (p = 0.008). The risk of developing subclinical atherosclerosis increases with a high risk of type 2 diabetes by 1.3 times (p=0.05), with prediabetes - by 3.4 times (p≤0.001), with an increase in the levels of Endocan - by 2.8 times (p=0.01), PAI-1 - by 2.7 times (p=0.02), FABP4 - by 2.3 times (p=0.02).
The high prognostic value of Endocan (sensitivity 88.6%, specificity 66.5%), FABP4 (sensitivity 82.9%, specificity 64.3%), PAI-1 (sensitivity 63.4%, specificity 61.8%) was determined for assessing the chances of the onset of CVE in patients with type 2 diabetes and prediabetes. 
5. The developed new regression models for assessing the odds of cardiovascular events make it possible to predict the probability of endothelial dysfunction (estimated accuracy for Endocan 77%, for FABP4 82%, for PAI-1 80%) in patients with a high risk of type 2 diabetes and prediabetes.
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Introduction

According to WHO [1], 17.9 million people died from diabetes in 2019, accounting for 32% of all deaths worldwide. In Kazakhstan, this figure was 25.9% [2]. Over the past few decades, the incidence and prevalence of diabetes has been steadily increasing. The prevalence of diabetes in the Republic of Kazakhstan increased by 44% from 2004 to 2017, and in 2015 amounted to 305,160 people [6,9]. Given such a rapid growth rate, the number of patients with diabetes by 2024 will be approximately 500,000 people. According to the International Diabetes Federation, in 2017, about 425 million adults worldwide had diabetes, compared to 108 million in 1980 [10]. In addition to the high incidence of diabetes, another 352.1 million people worldwide have prediabetes or impaired carbohydrate metabolism, manifested as impaired glucose tolerance. Health professionals expect that by 2045, the number of people with prediabetes will increase to 531.6 million [10]. This epidemiological situation has arisen as a result of the increase in modifiable risk factors for T2DM, such as overweight or obesity, malnutrition, and low physical activity. In 2016, 1.6 million people died from T2DM worldwide. Hyperglycemia caused an additional 2.2 million deaths, increasing the risk of cardiovascular and other diseases [10].

The modern priority strategic direction of healthcare is to strengthen public health, increase life expectancy, through the implementation of the State Program for the Development of Healthcare of the Republic of Kazakhstan for 2020-2025. Concern and increased attention to non-communicable diseases (NCDs), primarily to the problem of increasing incidence of cardiovascular diseases (CVD), diabetes mellitus (DM), is one of the characteristic features of healthcare in all developed countries of the world. There is a tendency for an increase in the incidence of CVD, type 2 DM, which has reached quite high rates and will increase in the foreseeable future. In this regard, the main objectives of these healthcare development programs are to improve screening programs for the early detection of socially significant NCDs, including CVD, type 2 DM, as well as the implementation of NCD management programs [7]. 

Prediabetes is a condition preceding type 2 diabetes mellitus, manifested by a disorder of carbohydrate metabolism in the form of fasting hyperglycemia, impaired glucose tolerance and euglycemic insulin resistance. In addition to the fact that this condition contributes to the development of type 2 diabetes, prediabetes increases the risk of development and progression of cardiovascular diseases, and a level of glycated hemoglobin of more than 6% was considered a risk of diabetes and a high risk of cardiovascular diseases [13]. According to a number of studies, an increased risk of cardiovascular complications and mortality from them has been shown already at the stage of initial disorders of carbohydrate metabolism. According to a study by Huang et al. [14], the development of endothelial dysfunction and macrovascular complications in the form of cardiovascular events can develop at the stage of prediabetes. In a comparative study conducted by Nielsen in the Malmö project, it was found that patients with IGT had a higher risk of death from all causes compared to the control group without IGT. It was shown that the disturbance of postprandial blood glucose level was a more reliable predictor than the level of fasting glycemia, and the level of postprandial glycemia was also a predictor of total mortality, mortality from cardiovascular diseases [15]. Currently, there are few studies devoted to the study of the effects of carbohydrate metabolism disorders, IR on the risk of cardiovascular events in patients with both prediabetes and high risk of type 2 diabetes. 

Identification of patients at risk of developing type 2 diabetes is possible at the prediabetes stage and preventable at the stage of absence of complications. By influencing the modifiable risk factors of type 2 diabetes, which include overweight or obesity, poor nutrition, low physical activity, it is possible to influence or completely reverse the development of type 2 diabetes at the prediabetes stage. Prevention of the development of type 2 diabetes, as one of the leading risk factors for cardiovascular diseases, is accompanied by a significant reduction in fatal and non-fatal cardiovascular events. [16-21]. The fundamental, prospective 20-year Framingham Heart Study showed the importance of the association between diabetes and cardiovascular pathology, in particular, diabetes mellitus is one of the risk factors for the development of cardiovascular events, also type 2 diabetes increases the age-related risk of cardiovascular diseases by 2 times in men and 3 times in women [17].

The starting point for high-quality diabetes control is early diagnostics - the longer a person lives without verification of diabetes in the absence of its treatment, the worse, most likely, will be complications and mortality from this disease. Diabetes mellitus, in particular type 2, can be asymptomatic, manifesting as diabetic macroangiopathies, causing cardiovascular risk and mortality from cardiovascular diseases, in the development of which endothelial dysfunction is of great importance. In addition to routine methods for determining prediabetes, type 2 diabetes, we chose a scale for assessing the risk of developing type 2 diabetes (FINDRISC). This scale allows you to assess the 10-year risk of type 2 diabetes, including asymptomatic diabetes and impaired glucose tolerance (IGT), with 85% accuracy. This scale is validated, adapted to our population (taking into account the nature of nutrition, physical activity), low-cost and easy to use.

Existing scales for determining the risk of cardiovascular events do not reflect the detection of early endothelial dysfunction, carbohydrate metabolism disorders and cannot reliably predict the risk of cardiovascular diseases and accidents, especially at the prediabetes stage. The proposed scales for calculating the risk of cardiovascular events (ACC / AHA, ASCVD - American Diabetes Association) include the duration of diabetes, while as a rule, the true onset of type 2 diabetes and endothelial dysfunction is extremely difficult to establish. In this regard, the search for the most sensitive, reliable biomarkers that simultaneously determine the risk of diabetes and endothelial dysfunction continues. Some of the reliable biomarkers reflecting the presence of endothelial dysfunction and type 2 diabetes are endothelial dysfunction markers Endocan, Fatty Acid Binding Protein 4 (FABP4), Plasminogen Activator Ingibitor -1 (PAI-1), which have a high specificity of 88% and a sensitivity of 80%. The role of these biomarkers has been studied sufficiently in patients with cardiovascular diseases, arterial hypertension [22-30], and little studied in patients with the risk of developing type 2 diabetes mellitus, prediabetes. It remains unclear to the end the association of these markers with the violation of carbohydrate, lipid metabolism, reflecting the damage to the vascular bed already at the stage of prediabetes, determining the increase in the risk of developing cardiovascular events. 

The research interest for the planned doctoral dissertation is the study of endothelial dysfunction in patients with risk of developing type 2 diabetes and prediabetes, the significance of the participation of endothelial dysfunction markers in the development of cardiovascular events in patients with prediabetes/risk of type 2 diabetes; development of a scale (formula) to determine the risk of cardiovascular events in patients with risk of type 2 diabetes and prediabetes. 

The goal: The association of markers of endothelial dysfunction and indicators of carbohydrate and lipid metabolism to study in the risk of developing cardiovascular events in patients with various carbohydrate metabolism disorders. 

Objectives of the study:

1. To determine the features of carbohydrate and lipid metabolism disorders in patients with high risk of type 2 diabetes and prediabetes with or without a cardiovascular event.

2. To assess the level of endothelial dysfunction markers (Endocan, FABP4, PAI-1) and intima media thickness in patients with high risk of type 2 diabetes and prediabetes with or without a cardiovascular event.

3. To assess the relationship between endothelial dysfunction markers, the level of lipid and carbohydrate metabolism disorders in the risk of developing cardiovascular events in patients with high risk of type 2 diabetes and prediabetes.

4. To assess the indicators of carbohydrate, lipid metabolism, endothelial dysfunction markers, intima media thickness as prognostic factors for the development of cardiovascular events (linear regression model).

5. To develop models (linear regression equation) to assess the odds of cardiovascular events and the probability of endothelial dysfunction (increased biomarkers) in patients with prediabetes and high risk of type 2 diabetes.

Thesis submitted for defense:

1. In patients with high risk of type 2 diabetes and in patients with prediabetes, the presence of IR (increased C-peptide, insulin, HOMA IR), increased VLDL-C and C-reactive protein was established. In patients with CVS and high risk of type 2 diabetes and prediabetes, changes in these indicators are more pronounced (increased by 40%) relative to event-free patients.

2. The presence of endothelial dysfunction was established in patients with high risk of type 2 diabetes and in patients with prediabetes by increased concentrations of Endocan, FABP4, PAI-1 biomarkers and by the intima-media thickness of the common carotid artery, the value of which corresponded to the criteria of subclinical atherosclerosis. The presence of a cardiovascular event determines an even more pronounced increase in endothelial dysfunction biomarkers - Endocan by 30% and PAI-1 by 10% in both study groups.

3. Statistically significant direct correlations (strong and moderate) of biochemical parameters were established - an increase in the level of glycated hemoglobin, fasting glycemia, C-peptide, VLDL-C, glucagon with an increase in the concentration of all three biomarkers of endothelial dysfunction (Endocan, FABP4, PAI-1) in patients with a high risk of type 2 diabetes and prediabetes with or without a cardiovascular event.

4. It was established that in patients with high risk of type 2 diabetes, the following have prognostic significance in the development of CVS: increased WC, BMI, an increase in the concentration of the Endocan biomarker by 1.8 times (p = 0.001), FABP4 by 1.5 times (p = 0.001) and PAI-1 by 1.3 times (p = 0.001). In patients with prediabetes, the following have prognostic significance in the development of CVS: fasting hyperglycemia and insulin resistance, increased LDL-C, an increase in the concentration of the Endocan biomarker by 3.5 times (p = 0.006), FABP4 by 3.8 times (p ≤ 0.001) and PAI-1 by 3.3 times (p = 0.008). The risk of subclinical atherosclerosis increases with a high risk of type 2 diabetes by 1.3 times (p = 0.05), with prediabetes - 3.4 times (p≤0.001), with an increase in the levels of Endocan - 2.8 times (p = 0.01), PAI-1 - 2.7 times (p = 0.02), FABP4 - 2.3 times (p = 0.02). 5. The developed new models for assessing the odds of cardiovascular events make it possible to predict the probability of endothelial dysfunction (the estimated accuracy for Endocan 77%, for FABP4 82%, for PAI-1 80%) in patients with a high risk of type 2 diabetes and prediabetes.

Scientific novelty.

1. For the first time, the influence of the level of endothelial dysfunction markers Endocan, FABP4, PAI-1 in patients with a high risk of developing type 2 diabetes mellitus and with prediabetes on the development of a cardiovascular event was assessed.

2. For the first time, the association of the intima-media thickness of the common carotid artery and the level of endothelial dysfunction markers Endocan, FABP4, PAI-1 in patients with a high risk of developing type 2 diabetes mellitus and with prediabetes was studied.

3. For the first time, the prognostic significance of factors and biomarkers of endothelial dysfunction on the chance of developing CVS and subclinical atherosclerosis in patients with V.R. was studied. and prediabetes (Certificates of registration of rights to the object of copyright No. 56758 dated 09/01/2024 "Model for predicting the chances of the onset of cardiovascular events in patients with a high risk of type 2 diabetes", No. 56991 dated 09/20/2024 "Model for predicting the chances of the onset of cardiovascular events in patients with prediabetes", No. 57170 "Model for predicting the chances of developing subclinical atherosclerosis in patients with a high risk of type 2 diabetes and prediabetes." (Appendix C,D,E). 4. New models (linear regression equation) have been developed to assess the probability of endothelial dysfunction and the risk of developing cardiovascular events in patients with a high risk of type 2 diabetes and prediabetes (Certificates of registration of rights to the object of copyright No. 14821 dated 02.02.2021 "Model for assessing the probability of endothelial dysfunction in patients with a high risk of type 2 diabetes mellitus", No. 19125 dated 01.07.2021 "Model for assessing the risk of cardiovascular events in patients with prediabetes". (Appendix A, B).



Practical significance

The fundamental significance of the study has been demonstrated: the prognostic significance of markers of endothelial dysfunction in the risk of developing a cardiovascular event at the early stages of carbohydrate metabolism disorders has been determined, which determines the basis for further development of preventive measures in this target group of patients.

The developed new models for predicting cardiovascular events and the presence of endothelial dysfunction in patients at high risk of type 2 diabetes and prediabetes and the calculators created on their basis are a simple, accessible, informative tool for practical assessment of the risk of vascular catastrophes in patients with early carbohydrate metabolism disorders.

Implementation into practice

The developed models (calculators) have been implemented into polyclinics of the Karaganda city, such as practice at the city primary health care center, Jusan Med Polyclinic, Polyclinic of  Hippocrates (Appendix E).



Relationship of the dissertation with other research works

The work was carried out within the framework of the scientific and technical program O.0769 "Development of scientific foundations for the formation of a preventive environment in order to maintain public health" of the Ministry of Health of the Republic of Kazakhstan (program-targeted financing 2017-2019, Ministry of Health of Kazakhstan) in the "Karaganda State Medical University" for the period from September 2018 to December 2019.



Approbation of results:

Performances:

1. Partisipation to The 13th International Conference on Advanced Technologies & Treatments for Diabetes (ATTD 2020), 19-22th of February 2020, Мадрид, Испания, poster session, titled: «The relationship between the level of PAI-1, insulin resistance indicators and the cardiovascular risk in patients with prediabetes».

2. Partisipation to The 18th Annual World Congress Insulin Resistance Diabetes & Cardiovascular Disease, 3-6th of december 2020, Los-Angeles, USA, E-poster, titled: «Association of Plasminogen Activator Inhibitor-1, intima media thickness, and insulin resistance indicators in patients with the risk of type 2 diabetes». Live, Interactive, Online.

3. Partisipation to The 14th International Conference on Advanced Technologies & Treatments for Diabetes (ATTD 2021), 2-5 th 2021, Paris, France, poster session, titled: «Relationships between the Endocan-1 level, insulin resistance indicators and intima media thickness in patients with prediabetes».Virtual.

4. At the extended meeting of the Institute of Life Sciences of the NJSC KMU (protocol  No. 5, dated 12/27/2024).



Publication information: Based on the materials of the dissertation, 2 articles were published in a journal indexed by the Scopus database, 5 articles in publications recommended by the Committee for Control of Education and Science, 6 abstracts in the materials of international conferences.



Materials and methods: A case-control study without pair matching was conducted among the population of Karaganda city among 671 respondents, 319 (47.5%) men and 352 (52.4%) women, the age of the subjects ranged from 18 to 65 years. The median (Me) age of the subjects was 54 years. Group 1 - patients with high risk (HR) of type 2 diabetes with the presence of a cardiovascular event (CVE) n=45 (1a) and no CVE - n=78 (1b), Group 2 - patients with prediabetes with the presence of CVE - n=55 (2a) and no CVE n=92 (2b), Group 3 - negative control, patients with CVE without carbohydrate metabolism disorders, n=71, Group 4 - respondents at low risk (LR) of type 2 diabetes - n=310, control group n=20 respondents without any chronic diseases. Groups were formed with and without CVE, special groups consisted of patients with high risk of type 2 diabetes. The study protocol was approved by the local bioethics committee of KSMU, Karaganda, protocol No. 47 dated 18.06.2018 in accordance with the ethical principles of scientific research provided by the World Medical Association in the Declaration of Helsinki. Informed consent was obtained from all patients before the study.

The study was conducted at the inpatient and outpatient levels.

Inpatient level. It was implemented on the basis of the cardiocenter "Multidisciplinary Hospital No. 2 of Karaganda region". Patients admitted with CVE for the first time with signs of ACS, both with and without ST segment elevation, n = 171 patients.

Outpatient level. Patients were recruited randomly from Outpatient PolyClinic No. 1 of Karaganda city. The study included patients without established or anamnestic signs of CVE (ACS), patients only with risk factors for CVD and type 2 diabetes: these are overweight or obesity of varying degrees, low physical activity, the presence of bad habits in patients, poor nutrition, a history of increased blood pressure.

Patients were selected according to the following criteria.

Inclusion criteria for patients in the study: Respondents from 18 to 65 years of age of both sexes with risk factors for CVD and type 2 diabetes: these are overweight or obesity of varying degrees, low physical activity, the presence of bad habits, poor nutrition, a history of elevated blood pressure and the absence of CVD, CVE, type 2 diabetes.

To The study did not include (exclusion criteria):

- patients with newly or previously diagnosed type 2 diabetes using an oral glucose tolerance test, or patients with fasting plasma glucose at a level of 11.1 mmol / l or higher (200 mg / dl);

- patients with a previous history of acute and decompensated heart disease, acute myocardial infarction, cerebral stroke confirmed by coronary angiography and computed tomography; - persons with uncontrolled hypertension (BP above 190/100 mmHg);

- presence of chronic kidney disease and renal dysfunction, identified on the basis of glomerular filtration rate (GFR/CKD-EPI) ≤90 ml/min/1.73m2 or creatinine greater than 179 μmol/l;

- presence of liver dysfunction: more than two-fold increase in transaminase levels;

- severe mental (including alcohol and drug addiction) and oncological diseases;

- pregnant women;

- verified chronic infectious diseases and exacerbation of chronic diseases;

- previously taking lipid-lowering drugs, immunosuppressants, postmenopausal hormone replacement drugs;

- patients with inflammatory joint diseases, systemic lupus erythematosus. 

The study included a questionnaire, a general clinical part (measurement of blood pressure, BMI, WC), standard and specific biochemical studies (biomarkers of endothelial dysfunction), and intima media thickness according to ultrasound examination data.

Determination of the level of endothelial dysfunction markers

Determination of the concentration of biomarkers Endocan, FABP4, PAI-1 in blood plasma was carried out using a multiplex enzyme immunoassay based on magnetic particles (magnetic beats) using XMap technology and a standard set of reagents Milliplex map Human Cardiovascular Disease Magnetic Bead Panel 1 (Millipore) with fluorescence detection using Bioplex 3D equipment (Luminex software). 

Statistical analysis

Data entry was performed using Microsoft Office Excel (Microsoft Corporation). Statistical analysis was performed using IBM SPSS Statistics, 22.0. Results were considered statistically significant at p < 0.05.

Data were tested for normal distribution using the Kolmogorov-Smirnov test, the distribution was different from normal (not Gaussian).

Statistical significance of differences between groups (Groups 1 and 2) was assessed using the nonparametric Mann-Whitney U test, differences were considered statistically significant at p < 0.05. Data are presented as Me (Q1-Q3). Differences between the 3 groups were performed using the Kruskal-Wallis test. The relationship between Endocan, FABP4, PAI-1 biomarkers and insulin resistance indicators, lipid profile parameters, IR-HOMA index, intima media thickness, and CVR on the SCORE scale was assessed using the Spearman correlation coefficient.

The associations between Endocan, FABP4, and PAI-1 with a cardiovascular event were calculated using a binary logistic regression model. Before building the model, the data were normalized (the dependent variable is whether there is/is not a cardiovascular event in patients with a high risk of diabetes/prediabetes). The biomarkers were tested in the adjusted model. Binary logistic regression analysis was also used to assess factors influencing intima media thickness, and the dependent variable is the presence/absence of atherosclerosis. In both cases, adjustment was made for gender, age, and the presence of arterial hypertension. Linear regression analysis was used to construct a linear regression equation to assess the risk of cardiovascular events and the probability of endothelial dysfunction in patients with prediabetes and a high risk of developing type 2 diabetes.

Conclusions:

1. In patients with high risk of type 2 diabetes and in patients with prediabetes, the following metabolic features were revealed: signs of insulin resistance (increased C-peptide and insulin, HOMA index), increased levels of glucagon, triglycerides, VLDL-CH and HDL-CH above 1.13 mmol/l (Q1; Q3- 0.5; 1.20; p=0.05), C-reactive protein.

In patients with CVE, both in the high risk group of type 2 diabetes and in the prediabetes group, insulin resistance indicators are increased by an average of 40%, and the level of VLDL-CH is increased by 2 and 2.3 times, respectively, compared to patients without CVE.

2. In patients with a high risk of type 2 diabetes and in patients with prediabetes, the presence of endothelial dysfunction was established by a statistically significant increase in the level of all three biomarkers: Endocan by 2 and 2.5 times, FABP4 - by 5.8 and 5.2 times, PAI-1 - by 1.3 and 1.4 times, respectively, compared with the L.R. group; subclinical atherosclerosis was detected by the intima-media thickness (IMT) of the common carotid artery (CCA) of more than 0.9 mm (p = 0.01). A cardiovascular event in patients with high risk of type 2 diabetes is accompanied by a statistically significant increase in Endocan by 35% and PAI-1 by 10%, in patients with prediabetes and CVE, the Endocan level is increased by 30%, FABP4 - by 11%, PAI-1 - by 7% compared with the group without events.

3. Correlation analysis in patients with high risk of type 2 diabetes and in patients with prediabetes, regardless of the presence of CVE, established positive (strong and moderate) relationships between an increase in the intima-media thickness of the common carotid artery and biochemical parameters (glycated hemoglobin, fasting glycemia, C-peptide, VLDL-CH) on an increase in the concentration of all three biomarkers of endothelial dysfunction (Endocan, FABP4, PAI-1), and hyperinsulinemia, a high HOMA index and hypertriglyceridemia are associated with an increase in the level of Endocan and FABP4 in these patients. 

4. In patients with high risk of type 2 diabetes, the following have prognostic significance in the development of CVE: increased WC, BMI, an increase in the concentration of the Endocan biomarker by 1.8 times (p = 0.001), FABP4 by 1.5 times (p = 0.001) and PAI-1 by 1.3 times (p = 0.001). In patients with prediabetes, the following have prognostic significance in the development of CVE: fasting hyperglycemia and insulin resistance, increased LDL-CH, an increase in the concentration of the Endocan biomarker by 3.5 times (p = 0.006), FABP4 by 3.8 times (p ≤ 0.001) and PAI-1 by 3.3 times (p = 0.008). The risk of developing subclinical atherosclerosis increases with a high risk of type 2 diabetes by 1.3 times (p=0.05), with prediabetes - by 3.4 times (p≤0.001), with an increase in the levels of Endocan - by 2.8 times (p=0.01), PAI-1 - by 2.7 times (p=0.02), FABP4 - by 2.3 times (p=0.02).

The high prognostic value of Endocan (sensitivity 88.6%, specificity 66.5%), FABP4 (sensitivity 82.9%, specificity 64.3%), PAI-1 (sensitivity 63.4%, specificity 61.8%) was determined for assessing the chances of the onset of CVE in patients with type 2 diabetes and prediabetes. 

5. The developed new regression models for assessing the odds of cardiovascular events make it possible to predict the probability of endothelial dysfunction (estimated accuracy for Endocan 77%, for FABP4 82%, for PAI-1 80%) in patients with a high risk of type 2 diabetes and prediabetes.
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