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  The relevance of research.
	  The relevance of hypertensive disorders in pregnant women is due to their high prevalence and the conflicting data regarding the causes and mechanisms of this condition during pregnancy. The issue is important both for practical obstetrics and for science. Hypertensive disorders complicate 5 to 30% of all pregnancies. In Kazakhstan, preeclampsia ranks second in the structure of maternal mortality causes (Bureau of National Statistics of the Republic of Kazakhstan, 2024).
Hypertensive disorders during pregnancy represent a heterogeneous concept that includes several nosological forms. Currently, the classification of hypertensive disorders according to the American College of Obstetricians and Gynecologists (ACOG) is relevant and operational. This classification identifies four types of hypertensive disorders during pregnancy: chronic hypertension (pre-existing), gestational hypertension (temporary hypertension detected in the second half of pregnancy), preeclampsia and eclampsia, and preeclampsia superimposed on chronic hypertension. The National High Blood Pressure Education Program (NHBPEP) refrains from using the terms "mild" or "severe" hypertension, emphasizing that the degree of hypertension does not correlate with the likelihood of serious complications, including eclampsia.
   However, despite the existence of a universally accepted clinical classification of hypertensive disorders, there are currently many unresolved issues: there is no unified terminology (late toxicosis of pregnancy, OPG-gestosis, pregnancy hypertension, edema of pregnancy, nephropathy, pure and combined gestosis); various classifications of hypertensive disorders are used in practice; and different criteria are applied to assess the severity of arterial hypertension and preeclampsia. Moreover, in obstetric practice, specialists often face difficulties in the differential diagnosis of arterial hypertension in pregnant women and in determining its genesis. These diagnostic difficulties may be due to the lack of blood pressure control by women before and during pregnancy, the masking effect of physiological hypotension characteristic of the first and second trimesters of pregnancy, blood pressure levels adjusted by antihypertensive therapy in women with chronic arterial hypertension, or the subtle, atypical, or mild course of preeclampsia, especially when it is superimposed on pre-existing hypertension.
   Timely diagnosis and determination of the nature of the detected pathology can have a decisive impact on the management of pregnant women, the timely initiation of treatment, pregnancy outcomes, and the health status of newborns.
   Scientific Hypotheses:
   The levels of oxidative stress markers, extracellular nucleic acids, purine intermediates, erythrocyte microvesicles, and beta-2-microglobulin are reliable predictors of the risk of developing preeclampsia in pregnant women both without hypertensive disorders and in those with chronic arterial hypertension.
Aim of the Research: To construct a predictive model for the development of preeclampsia in pregnant women without hypertensive disorders and in pregnant women with chronic arterial hypertension.
Objectives of Stage I of the Research:
Stage I: Predictive model for the development of preeclampsia in pregnant women without hypertensive disorders (without chronic arterial hypertension).
1. To assess the levels of oxidative stress markers, purine intermediates, extracellular nucleic acids, beta-2-microglobulin, and erythrocyte vesicles in the blood of pregnant women without hypertensive disorders.
2. To develop a predictive model for the development of preeclampsia in pregnant women without hypertensive disorders.
Objectives of Stage II of the Research:
Stage II: Predictive model for the development of preeclampsia in pregnant women with severe chronic arterial hypertension.
3. To assess the levels of oxidative stress markers, purine intermediates, extracellular nucleic acids, beta-2-microglobulin, and erythrocyte vesicles in the blood of pregnant women with severe chronic arterial hypertension.
4. To develop a predictive model for the development of preeclampsia in pregnant women with severe chronic arterial hypertension.
		Theoretical and Practical Significance of the Dissertation:
1. The study deepens the understanding of the role of oxidative stress and purine metabolism in the development of preeclampsia in pregnant women. The conducted research confirms significant changes at the cellular metabolism level, including oxidative protein modification and purine intermediates, contributing to the understanding of the mechanisms behind this condition.
2. New markers such as erythrocyte microvesicles and extracellular nucleic acids were identified, which have high diagnostic significance for predicting the development of preeclampsia. This opens new horizons for further research in the field of diagnostics and prediction of this condition.
3. The developed predictive model based on ROC analysis allows for more accurate prediction of preeclampsia development in pregnant women without hypertensive conditions. This enhances the understanding of factors influencing pregnancy complications and lays the foundation for future research on predictive models.
4. The work provides the opportunity to implement such markers as erythrocyte microvesicles and extracellular nucleic acid indicators in clinical practice for the early diagnosis and monitoring of preeclampsia. This may allow for timely adjustments to the management of pregnant women and reduce the risk of complications.
5. The research results can be used to develop new clinical guidelines for managing pregnant women at risk of developing preeclampsia, contributing to improved healthcare and reduced maternal and perinatal morbidity.
Scientific Novelty of the Research Results:
1. For the first time, markers such as erythrocyte microvesicles, extracellular nucleic acids, oxidatively modified proteins, and purine intermediates (guanine, hypoxanthine) have been identified and proposed for clinical use. These markers have demonstrated high sensitivity and specificity in predicting the risk of preeclampsia in both pregnant women without hypertensive conditions and those with chronic arterial hypertension (CAH).
2. For the first time, predictive models have been developed for the early identification of preeclampsia risk in pregnant women without hypertensive disorders and pregnant women with CAH. These models are based on a comprehensive assessment of biomarkers using ROC analysis, allowing for highly accurate prediction of preeclampsia development and optimization of pregnancy management strategies.
3. Significant changes in the levels of purine intermediates (guanine, hypoxanthine) in plasma and erythrocytes of pregnant women with preeclampsia have been demonstrated for the first time, indicating the key role of purine metabolism in the pathogenesis of the disease. These findings may be used to develop new approaches to diagnosing and treating preeclampsia.
4. Markers such as guanine, hypoxanthine, and extracellular nucleic acids, which can be used to predict the progression of chronic arterial hypertension into preeclampsia, have been identified for the first time. This opens up new possibilities for early intervention and prevention of severe forms of the disease.
   Key Propositions for Defense:
1. The development of severe preeclampsia is accompanied by a significant increase in oxidative stress markers, such as oxidatively modified proteins, methylglyoxal, and AOPPs in erythrocytes, as well as elevated levels of extracellular nucleic acids (DNA and cfDNA in plasma and erythrocytes). Additionally, there is an increase in purine intermediates in erythrocytes (guanine, hypoxanthine, uric acid) and plasma (guanine, hypoxanthine, adenine, uric acid), enhanced erythrocyte vesiculogenesis, and elevated beta-2-microglobulin levels.
2. Critical values of oxidative stress markers, such as AOPPs, extracellular nucleic acids (plasma RNA), and erythrocyte microvesicles, have been identified, allowing the prediction of preeclampsia risk in pregnant women without hypertensive disorders.
3. In the development of severe preeclampsia in pregnant women with chronic arterial hypertension, there is a significant increase in oxidative stress markers, including OMP and MG in erythrocytes, as well as elevated levels of methylglyoxal and AOPPs. There is an increase in extracellular nucleic acids (cfDNA and DNA in erythrocytes, RNA and DNA in plasma), as well as purine intermediates in erythrocytes (guanine, hypoxanthine) and plasma (guanine, hypoxanthine, uric acid), along with elevated beta-2-microglobulin levels and erythrocyte microvesicles.
4. Critical values of oxidative stress markers, such as erythrocyte methylglyoxal, MSG, erythrocyte microvesicles, beta-2-microglobulin, and purine intermediates (guanine, uric acid in plasma), have been identified, allowing for accurate prediction of preeclampsia risk in pregnant women with severe chronic arterial hypertension.
Work Approval
The research topic was approved by the Bioethics Committee of the NCJSC Karaganda Medical University (KMU), protocol No. 23 dated 03.01.2018. The main provisions of the dissertation were presented at an extended meeting of the Institute of Life Sciences at Karaganda Medical University.
           The results of the research were presented at the following scientific and practical conferences:
1. International Scientific and Practical Conference "Second National Congress of Nephrologists" (Burabay, 2018), laureate for the best abstract of the congress;
2. International Scientific and Practical Conference "Modern Molecular Biochemical Markers in Clinical and Experimental Medicine" (Prague, 2018);
3. International Scientific and Practical Conference "SFRRE" (Ferrara, 2019).
            Publications
A total of 10 scientific papers were published on the topic of the dissertation, including:
- 5 papers in journals recommended by the Committee for Control in the Sphere of Education and Science of the Ministry of Education and Science of the Republic of Kazakhstan (3 in Medicine and Ecology, 1 in Bulletin of AGIUV, 1 in Reproductive Medicine);
- 2 in journals indexed in the Scopus database;
- 3 abstracts published in the materials of international conferences;
- 5 copyright registration certificates included in the state registry of rights to objects protected by copyright (Appendix A).
Materials and Methods of the Research
The study included 131 pregnant women at gestational ages from 28 to 42 weeks, examined at the bases of the Department of Obstetrics, Gynecology, and Perinatology of the NCJSC "Karaganda Medical University" — "Regional Clinical Hospital" maternity ward in Karaganda, and the Regional Perinatal Center (currently Perinatal Center No. 1, Regional Clinical Hospital). The age of the pregnant women ranged from 18 to 48 years. Laboratory studies were conducted at the laboratories of Karaganda Medical University, the Department of Biomedicine, and the Regional Clinical Hospital in Karaganda. All pregnant women were consulted and examined upon admission to the obstetric hospital.
Ethical approval for the research was provided by the Bioethics Committee of Karaganda State Medical University, protocol No. 23 dated 03.01.2018. All participants were informed about the aims of the study and provided written informed consent.
Subjects of the Study. The subjects were pregnant women residing in the Karaganda region, aged 18-48, with singleton pregnancies, no diabetes, autoimmune or oncological diseases, non-smokers, non-alcohol and drug users, and with a BMI of less than 30 kg/m².
Research Focus. The focus of the study was on laboratory indicators of oxidative stress, extracellular nucleic acids, purine intermediates, catabolites, beta-2-microglobulin, and erythrocyte microvesicles in the blood plasma and erythrocytes of pregnant women in the third trimester. The groups included pregnant women without hypertensive disorders, those with severe chronic arterial hypertension (CAH), those with severe preeclampsia, and those with severe preeclampsia on the background of CAH.
   The research was based on an analytical cross-sectional study of 131 pregnant women.
   The study was divided into two stages.
Stage I: Diagnostic markers of preeclampsia in pregnant women without hypertensive disorders and with uncomplicated pregnancies were assessed.
Group 1: 29 pregnant women without signs of hypertensive disorders and with uncomplicated pregnancies at the time of examination.
Group 2: 35 pregnant women with severe preeclampsia. Inclusion criteria: women with hypertension occurring after the 20th week of pregnancy, combined with proteinuria (0.3 g/L or more in a random urine sample or 0.3 g or more in a 24-hour urine sample). Systolic blood pressure of 160 mmHg or higher, diastolic pressure of 110 mmHg or higher, with biochemical and/or hematological abnormalities. Pregnant women with HELLP syndrome or eclampsia were excluded.
Stage II: Diagnostic markers of preeclampsia in pregnant women with severe CAH and preeclampsia superimposed on severe CAH were examined.
Group 1: 32 pregnant women with severe chronic arterial hypertension (pre-existing arterial hypertension). Inclusion criteria: hypertension with systolic blood pressure of 160 mmHg or higher, diastolic blood pressure of 110 mmHg or higher, diagnosed before pregnancy or before the 20th week of pregnancy.
Group 2: 35 women with severe CAH complicated by preeclampsia (preeclampsia superimposed on severe CAH). Inclusion criteria: pre-existing hypertension and new-onset proteinuria after 20 weeks of pregnancy (0.3 g/L or more protein in a random urine sample, or 0.3 g or more in 24-hour urine, or a protein-creatinine ratio of 0.3 mg/dL or more), systolic blood pressure of 160 mmHg or higher, diastolic blood pressure of 110 mmHg or higher, biochemical and/or hematological abnormalities (thrombocytopenia, DIC, hemolysis), or signs of organ dysfunction (creatinine above 90 µmol/L, ALT or AST above 40 IU/L, pain in the right upper quadrant or epigastric region), neurological disorders (altered mental status, stroke, clonus, blindness, severe headaches, persistent visual symptoms), or placental dysfunction (fetal growth restriction, abnormal umbilical artery analysis, stillbirth).
Patient selection for the study was conducted according to the inclusion and exclusion criteria presented in Table 1.

Table 1. Inclusion and exclusion criteria
	Inclusion criteria
	Exclusion criteria

	Pregnant women at 28-42 weeks gestation with severe preeclampsia
	Pregnant women at less than 28 weeks of gestation

	Pregnant women at 28-42 weeks gestation with chronic arterial hypertension
	Pregnant women with pregnancies induced by assisted reproductive technologies


	Maternal age: 18 - 48 years
	Pregnant women with HELLP syndrome or acute fatty liver of pregnancy

	Pregnancy occurring in a natural menstrual cycle
Primigravida and multigravida women (including multiparous women)
	Pregnant women with acute or exacerbated chronic inflammatory diseases at the time of examination, allergic reactions at the time of examination, malignant tumors of various locations, systemic connective tissue diseases, or organ failure

	Pregnant women who signed informed consent
	



	The distribution into groups was conducted following the homogeneity criteria of the sample by age, taking into account the inclusion and exclusion criteria.
The clinical examination of the patients was carried out using standard methodology with the completion of primary documentation, which included patients' passport data, detailed history collection, physical examination, and laboratory-instrumental methods of investigation (complete blood count, urinalysis, biochemical blood test, coagulogram), conducted in accordance with the established diagnosis and clinical protocols for diagnosis and treatment from the Ministry of Health of the Republic of Kazakhstan.
All pregnant women underwent an examination, which included: collection of anamnesis data; general clinical (physical) examination; external and internal obstetric examination; laboratory tests (complete blood count, urinalysis, daily protein loss, biochemical blood analysis, hemostasiogram); instrumental examinations (electrocardiography, 24-hour blood pressure monitoring). Monitoring of fetal condition was conducted using cardiotocography, ultrasound scanning, and Doppler study of blood flow in the uterine vessels, umbilical artery, and middle cerebral artery of the fetus.
Clinical-laboratory examination: Pregnant women without hypertensive disorders were examined on an outpatient basis. For the purposes of the study, special biochemical tests were performed on 131 pregnant women.
	Special Biochemical Research Methods:
- Beta-2-microglobulin was determined by enzyme-linked immunosorbent assay (ELISA).
- Oxidative stress markers: AOPP in blood plasma was measured using the method of Witko-Sarsat V. et al., with results expressed in nmol/ml. OMP was determined using the well-established method of Levine R.L. et al., with units expressed in nmol/ml. Methylglyoxal (MG) was measured using the modified Racker method.
- Extracellular nucleic acids were measured in erythrocytes and blood plasma, and the levels of cfDNA, cfRNA, and cfDNA fragments were registered using the method of L.I. Markusheva, with units expressed in µg/ml.
- Purine intermediates and catabolites: The levels of free purine bases (adenine and guanine) and their catabolism intermediates (hypoxanthine, xanthine, and uric acid) were determined in plasma and erythrocytes. The determination was carried out by direct spectrophotometry using the method of Oreshnikova E.V. et al. Purine base concentrations were expressed in extinction units (ext.units), and uric acid (UA) in µmol/L.
- Erythrocyte microvesicles were determined cytometrically according to the method described by Sukhareva E.G. et al., with units of measurement in arbitrary units (a.u.).
Statistical Data Processing: Statistical analysis was performed using SPSS Statistics (version 22). For quantitative variables, non-parametric tests were applied: the Mann-Whitney test (for two-group comparisons) and the Kruskal-Wallis test (for multiple comparisons). For qualitative data, Pearson's chi-square test and Fisher's exact test were used. Correlations were evaluated using Spearman's correlation coefficient. ROC analysis was conducted to determine threshold values of preeclampsia markers, with the calculation of Youden's J-index, using the MedCalc software.
Conclusions:
1. Based on the obtained data, there was a significant increase in oxidative stress markers in pregnant women with severe preeclampsia compared to pregnant women without hypertensive disorders. The level of oxidatively modified proteins increased by more than 100%, methylglyoxal in erythrocytes by 50%, and AOPP by 40% (p≤0.05), indicating enhanced oxidative processes in the development of preeclampsia. Additionally, a twofold increase in extracellular nucleic acids was observed in women with severe preeclampsia, with cfDNA and cfRNA concentrations in erythrocytes increasing 2.5 times (p≤0.05). Plasma also showed a tendency for increased cfDNA, cfRNA, and cfDNA fragment levels, indicating cell death, the release of extracellular nucleic acids, and increased oxidative stress leading to tissue damage and disruption of cellular integrity. Purine intermediates and catabolites in erythrocytes of pregnant women with severe preeclampsia increased more than threefold (hypoxanthine, guanine, adenine, uric acid, p≤0.05), while plasma levels increased by 50-70% (p≤0.05). These changes are associated with the breakdown of cellular components under oxidative stress conditions and the activation of systemic inflammatory responses, affecting purine metabolism and activating the immune system. The increase in beta-2-microglobulin levels by 1.5 times in pregnant women with severe preeclampsia compared to those without hypertensive disorders (p≤0.05) indicates kidney damage and impaired filtration function, leading to higher levels of this marker in the blood. The more than threefold increase in erythrocyte microvesicles is associated with systemic inflammation, endothelial dysfunction, and increased oxidative stress.
2. Risk analysis of developing severe preeclampsia in pregnant women without hypertensive disorders showed that the markers of severe preeclampsia have high predictive significance. For instance, an erythrocyte microvesicle level above 33 a.u. increases the likelihood of preeclampsia by 9 times, an AOPP level over 0.227 nmol/ml by 47 times, and plasma RNA levels above 0.006 mg/ml by 4 times. Together, these markers allow for a 50-fold increased prediction of preeclampsia risk in pregnant women without hypertensive disorders.
3. There is a significant increase in oxidative stress markers, particularly in pregnant women with combined pathology—preeclampsia on the background of severe chronic arterial hypertension (CAH). The level of oxidatively modified proteins in erythrocytes increased by more than 30%, methylglyoxal by 40%, and AOPP by 100% (p≤0.05), indicating enhanced oxidative processes. The highest levels of extracellular nucleic acids in erythrocytes were found in pregnant women with preeclampsia on the background of severe CAH: cfDNA levels increased 8-fold, RNA by 5-fold, and DNA by 4-fold (p≤0.05). This indicates pronounced cell death, the release of extracellular nucleic acids, oxidative stress, and tissue damage, leading to disruption of cellular membranes and the release of intracellular components. Purine intermediates and catabolites, such as hypoxanthine, guanine, and uric acid, increased more than twofold in erythrocytes of pregnant women with preeclampsia on the background of severe CAH (p≤0.05), while plasma uric acid levels increased by 100% (p≤0.05). These changes are linked to enhanced oxidative stress, which causes cellular breakdown and raises purine metabolite concentrations. The increase in beta-2-microglobulin levels in pregnant women with preeclampsia on the background of severe CAH was 40% higher compared to pregnant women with CAH alone (p≤0.05), indicating more significant kidney damage and impaired filtration function, resulting in higher beta-2-microglobulin concentrations in the blood.
4. By calculating critical values for oxidative stress markers, it was found that methylglyoxal levels in erythrocytes above 0.537 ng/ml increase the likelihood of preeclampsia by 3.9 times. The critical value for purine catabolites, such as plasma uric acid at levels above 321 extinction units, increases the likelihood of preeclampsia by 5.9 times, while uric acid levels in erythrocytes above 115 extinction units increase the likelihood by 19.8 times. Beta-2-microglobulin (B2M) levels above 2.88 ng/ml increase the risk of preeclampsia in pregnant women with severe CAH by 18 times, while erythrocyte microvesicle levels above 51 a.u. increase the risk by 11 times. Collectively, these prognostically significant markers allow for the prediction of preeclampsia development in pregnant women with severe chronic arterial hypertension with a 90-fold increased risk.



