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AbstractIntroduction and aim. We previously found that diabetic angiopathy is accompanied by an increase in thelevel of desquamated endothelial cells (CECs) circulating in the blood, commensurate with its severity. In thisstudy, we set ourselves the aim of analyzing the level of CECs in patients with cardiovascular pathology andtheir relationship with the level of blood pressure and routine clinical indicators.Material and methods. The object of clinical observation were patients with stage II hypertension, whowere receiving outpatient treatment. Among them, 23 men (62.3±13.2 ys) and 39 women (65.1±10.6 ys).Concomitant ischemic heart disease was diagnosed in 16 men (70±10%) and 28 women (72±7%). The mainsubject of the study was blood pressure and the level of CECs. In addition, routine general blood analysis anddetermined metabolic parameters were performed.
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Results. Using the method of cluster analysis, the sample was divided into 4 homogeneous groups, differentfrom each other. It was found that in 18 patients of the first cluster, the youngest in the sample, the minimumlevel of hypertension for the sample occurs against the background of unchanged CECs levels and otherregistered parameters, instead, it is accompanied by moderate increased creatininemia and a significantlyincreased rate of erythrocyte sedimentation and a reduced level of hemoglobin and color index. In 18 patients ofthe second cluster, moderately elevated levels of terminally and markedly changed CECs were found incombination with minimally expressed signs of hyperchromic anemia. In the third cluster (n=16), the levels ofterminally and markedly changed CECs are significantly increased in combination with a reduced level of ureaand LP index against the background of moderate hyperchromic anemia. Finally, in 10 patients of the fourthcluster, the oldest in the sample, with maximally expressed hypertension, it is accompanied by maximallyelevated levels of all three types of СEСs against the background of moderate hyperchromic anemia.Conclusion. Desquamated plasma endothelial cells can be one of the criteria for the severity of hypertonicdisease.
Keywords: desquamated plasma endothelial cells, stage II hypertension, ischemic heartdisease.

IntroductionWe previously found that diabetic angiopathy is accompanied by an increase in the levelof desquamated endothelial cells (CECs) circulating in the blood, commensurate with itsseverity.1,2,3,4,5,6,7 In this study, we set ourselves the goal of analyzing the level of CECs inpatients with cardiovascular pathology and their relationship with the level of blood pressureand routine clinical indicators.Material and methodsEthics approvalTests in patients are conducted in accordance with positions of Helsinki Declaration1975, revised and complemented in 2002, and directive of National Committee on ethics ofscientific researches. During realization of tests from all parent of participants the informedconsent is got and used all measures for providing of anonymity of participants. For allauthors any conflict of interests is absent.ParticipantsThe object of clinical observation were patients with stage II hypertension, who werereceiving outpatient treatment at the Center for Primary Health Care No.3 (Odessa) in 2019.Among them, 23 men (62.3±13.2 ys) and 39 women (65.1±10.6 ys). Concomitant ischemicheart disease was diagnosed in 16 men (70±10%) and 28 women (72±7%).Study design and procedureThe main subject of the study was blood pressure and the level of desquamatedendothelial cells circulating in the plasma (CECs).CECs were determined by the method of J. Hladovek.8 To prepare platelet-rich plasma(PRP), centrifugation (with 1000 g for 10 min) was used. After adding 0.2 ml of Adenosine-Diphosphate to 1 ml of PRP, the mixture was shaken for 10 min using mechanical means. For10 min, 1000 g of centrifugation were used to remove platelet aggregates. Centrifuged at 3000g for 15 min, the supernatant's dense sediment was carefully suspended in 0.9% NaC1 in 0.1M stirring with glass rod. Cells were counted using phase contrast microscopy, whichinvolves filling two platforms in Goryaev's chamber from suspension and using a MicromedXS-3320 binocular microscope with a Plan 10 Ph/0.25 lens (10 fold) and eyepieces WF
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16X..8,9 Within the range of 30-50 m in diameter, the cells represent polygonal objects. Themargins are often folded or oiled, indicating an extreme thinness of less than 1 m. The ratiobetween the number of cells in platforms and the volume of Goriaev's chamber, suspensionsize (the liquid material), and blood plasma volume is used to determine the number of CECsin 1 ml of blood plasma.In addition, routine general blood analysis were performed and determined metabolicparameters in serum: triglycerides (by a certain meta-periodate method); total cholesterol (bya direct method after the classic reaction by Zlatkis-Zack) and content of him in compositionof α-lipoproteins (HDLP) (by the enzyme method after precipitation of notα-lipoproteins);pre-β-lipoproteins (VLDLP) (expected by the level of triglycerides); β-lipoproteins (LDLP)(expected by a difference between a total cholesterol and cholesterol in composition α-andpre-β-lipoproteins); creatinine (by Jaffe's color reaction by Popper's method); urea (ureasemethod by reaction with phenolhypochlorite); glucose (glucose-oxidase method).The analysis carried out according to instructions10 with the use of analyzers "Reflotron"(BRD) and "Pointe-180" (USA) and corresponding sets of reagents.Statistical analysisStatistical processing was performed using a software package “Microsoft Excell” and“Statistica 6.4 StatSoft Inc” (Tulsa, OK, USA).
Results
For the purpose of correct comparison, registered variables (V) expressed as Z-scorescalculated by formula:Z=(V/N – 1)/Cv, whereN is Mean of Normal (reference) Variable, Cv is Coefficient its variation.Reference values of routine variables, taking into account sex and age, are borrowedfrom the handbook.11 The norms of CECs are taken from the database of our laboratory.It turned out (Fig. 1) that most variables fluctuate in a wide range, which indicates theheterogeneity of the sample.
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Fig. 1. Profile of registered sample parameters as a whole
Within the range of 30-50 m in diameter, the cells represent polygonal objects. Use ofCluster analysis makes possible the simultaneous consideration of all the signs. Consideringthe totality of characteristics of persons undertaken in their relationship and conditionality ofsome of these (derivatives) other (main determinants) allows as to make a natural
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classification that reflects the nature of things, their essence. Clustering cohort of persons wasrealized by iterative k-means method. In this method, the object belongs to the classEuclidean distance to which is minimal. The main principle of the structural approach to theallocation of uniform groups consists in the fact that objects of same class are close butdifferent classes are distant. In other words, a cluster (the image) is an accumulation of pointsin n-dimensional geometric space in which average distance between points is less than theaverage distance from the data points to the rest points.12,13We have identified 4 clusters.Members of Cluster No 1 (Contains 18 cases) and Distances from Respective ClusterCenterC1 C2 C3 C4 C5 C7 C8 C9 C13 C16 C19 C28 C32 C35 C36 C38 C40 C60Distance61, 130, 137, 115, 41, 125, 172, 59, 86, 152, 43, 75, 79, 91, 60, 125, 94, 147Members of Cluster No 2 (Contains 18 cases) and Distances from Respective ClusterCenterC6 C10 C11 C12 C14 C17 C18 C20 C21 C23 C24 C25 C30 C37 C39 C41 C43 C50Distance149, 158, 195, 91, 214, 147, 94, 21, 101, 162, 111, 168, 129, 63, 113, 59, 104, 130Members of Cluster No 3 (Contains 16 cases) and Distances from Respective ClusterCenterC15 C27 C33 C34 C42 C45 C46 C49 C52 C53 C54 C55 C56 C57 C59 C62Distance133, 103, 89, 109, 108, 58, 55, 93, 123, 15, 99, 196, 88, 79, 134, 64Members of Cluster No 4 (Contains 10 cases) and Distances from Respective ClusterCenterC22 C26 C29 C31 C44 C47 C48 C51 C58 C61Distance184, 173, 178, 121, 131, 113, 180, 129, 102, 28

In the next stage carried Analysis of Variance and ranking variables for coefficient η2:
η2=Sb2/(Sb2+Sw2),R=η,F=[Sb2(n-k)]/[Sw2(k-1)], whereSb2 is Between Variance; Sw2 is Within Variance; n is number of persons (62); k isnumber of groups-clusters (4).
It was found (Table 1) that the most characteristic feature of clusters is the level ofMarkedly altered circulating endotheliocytes (ACEC). Terminally ACEC and systolic BP
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make much smaller but significant contributions to the distribution of the sample into clusters.Instead, the contribution of Initially ACEC is meager and diastolic BP is insignificant.
Table 1. Analysis of VarianceVariables BetweenSS WithinSS η2 R F signif.p
MarkedlyACEC 24633148 1817820 0,931 0,965 262 10-6

TerminallyACEC 814331 1536153 0,346 0,589 10,2 10-4

BPsystolic 2748 9916 0,217 0,466 5,36 ,003

InitiallyACEC 206824 1155111 0,152 0,390 3,46 ,022

BPdiastolic 135 11712 0,011 0,107 0,222 ,881

Clustering, by definition, minimized the variability of variables. It was found that in thepatients of the first cluster, the youngest in the sample, hypertension occurs against thebackground of unchanged CECs levels and other registered parameters, instead, it isaccompanied by moderate increased creatininemia and a significantly increased rate oferythrocyte sedimentation and a reduced level of hemoglobin and color index. In the patientsof the second cluster, moderately elevated levels of terminally and markedly changed CECswere found in combination with minimally expressed signs of hyperchromic anemia. In thethird cluster, the levels of terminally and markedly changed CECs are significantly increasedin combination with a reduced level of urea and LP index against the background of moderatehyperchromic anemia. Finally, in patients of the fourth cluster, the oldest in the sample, withmaximally expressed hypertension, it is accompanied by maximally elevated levels of allthree types of СEСs against the background of moderate hyperchromic anemia (Fig. 2).Further, the registered variables were condensed into 8 patterns (Fig. 3).
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Fig. 2. Profiles of registered parameters of CEC&BP cluster members. Y axis: Z±SE
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Fig. 3. Patterns of registered parameters of CEC&BP cluster members. Y axis: Z±SE
In order to identify among the registered parameters, those for which the ACEC&BPclusters differ from each other, a discriminant analysis was performed.14 The program forwardstepwise included in the discriminant model 8 parameters. In addition to CECs and systolicBP by default, the following variables were identified as characteristic: HDLP Cholesterol,Hemoglobin, Erythrocytes Sedimentation Rate, and Trombocytes level. The rest of thevariables were left out of the model, but some of them still carry identifying information(Tables 2 and 3).
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Table 2. Discriminant Function Analysis Summary for Variables, their actual levels(Mean±SE) for Clusters of Endotheliocytes & Blood Pressure as well as Reference levels andCoefficients of VariabilityVariablescurrentlyin the model
Clusters of ETC&BP (n) Parameters of Wilk’s StatisticsI(18) II(18) III(16) IV(10) WilksΛ Par-tialΛ

F- re -move p-le-vel
Tole-rancy Refe-rence(62)

Cv

Markedly altered en-dotheliocytes, c/mL 95646 158318 218126 274052 ,0351 ,121 123 10-6 ,988 71121 ,236
Terminally altered endotheliocytes, c/mL 21726 38916 48147 51059 ,0051 ,840 3,2 ,029 ,753 19416 ,647
Blood PressureSystolic, mmHg 1523.0 1581.4 1622.8 1734.2 ,0046 ,916 1,6 ,212 ,905 124.51.9 ,122
Initially altered endo-theliocytes, c/mL 17824 26715 20027 34062 ,0046 ,919 1,5 ,224 ,906 20015 ,594
HDLP Cholesterol,mM/L 1.600.08 1.790.07 1.530.06 1.620.09 ,0050 ,848 3,0 ,037 ,780 1.320.05 ,297
Hemoglobin,g/L 120.72.3 133.83.2 132.34.2 125.72.8 ,0050 ,860 2,8 ,050 ,946 136.71.0 ,057
Erythrocytes Sedime-ntation Rate, mm/h 14.62.0 10.20.4 13.82.3 14.20.8 ,0056 ,758 5,4 ,003 ,715 7.40.4 ,392
Trombocytes,109/L 2749 2573 28610 26914 ,0050 ,855 2,9 ,044 ,845 2504 ,140
Variablescurrently not inmodel

I(18) II(18) III(16) IV(10) Wilks’Λ
Par-tialΛ

F toenter p-le-vel
Tole-rancy Refe-rence(62)

Cv

Age,years 54.72.3 61.72.5 70.11.8 75.31.8 ,0042 ,977 ,39 ,761 ,799 64.01.5 ,181
Glucose,mM/L 5.410.22 5.790.23 5.780.17 5.940.19 ,0041 ,964 ,63 ,601 ,887 5.200,12 ,177
LPIndex 0.890.03 0.870.01 0.740.03 0.720.04 ,0041 ,962 ,67 ,576 ,928 0.900.01 ,111
ColourIndex 0.820.02 0.880.01 0.850.04 0.820.04 ,0041 ,952 ,85 ,470 ,780 0.9550.006 ,050
Urea,mM/L 5.180.39 5.580.50 4.810.23 4.950.29 ,0041 ,954 ,81 ,494 ,827 5.710.13 ,184
Leukocytes,109/L 6.280.31 7.200.13 7.200.46 6.820.35 ,0042 ,978 ,37 ,775 ,871 6.400.14 ,172
Blood PressureDiastolic, mmHg 102.83.3 102.21.3 105.03.2 106.05.5 ,0042 ,984 ,28 ,841 ,633 79.00.7 ,086
LDLP Cholesterol,mM/L 3.860.25 4.010.26 4.290.20 3.850.28 ,0041 ,971 ,50 ,687 ,856 3.800.09 ,193
VLDLP Cholesterol,mM/L 0.470.03 0.410.01 0.520.05 0.440.06 ,0277 1,00 ,00 1,00 0.590.04 ,577
Protrombine Index,% 99.31.9 98.00.7 104.53.4 100.93.1 ,0041 ,951 ,85 ,473 ,789 97.50.8 ,064
Erythrocytes,1012/L 4.440.10 4.640.14 4.760.17 4.650.18 ,0041 ,952 ,83 ,482 ,915 4.350.03 ,057
Sex Index(M=1; F=2) 1.670.11 1.610.12 1.560.13 1.700.18 ,0043 ,999 ,02 ,996 ,945 1.630.06 ,299
Creatinine,µM/L 1034 1011 925 947 ,0043 ,999 ,02 ,995 ,750 83.72.0 ,188
Entropy CECG 0.7010.023 0.6960.009 0.6070.024 0.6220.028 0.819
Entropy LPG 0,7460.018 0.7390.006 0.7310.017 0.7450.014 0.768
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Step 10, N of vars in model: 8; Grouping: 4 grs; Wilks' Λ: 0,00426; approx. F(24)=34,5; p<10-6

Table 3. Summary of Stepwise Analysis for Variables, ranked by criterion LambdaVariablescurrently in the model F toenter p-level Λ F-value p-valueMarkedly altered endotheliocytes, c/mL 262 10-6 ,069 262 10-6Hemoglobin, g/L 3,3 ,028 ,059 59 10-6HDLP Cholesterol, mM/L 2,1 ,116 ,053 36 10-6Erythrocytes Sedimentation Rate, mm/h 2,6 ,059 ,046 27 10-6Terminally altered endotheliocytes, c/mL 2,2 ,096 ,041 22 10-6Trombocytes, 109/L 2,7 ,052 ,036 19 10-6Initially altered endotheliocytes, c/mL 1,8 ,163 ,032 16 10-6Blood Pressure Systolic, mmHg 1,5 ,231 ,030 15 10-6
Next, the 8-dimensional space of discriminant variables transforms into 3-dimensionalspace of a canonical roots. For Root 1 r*=0,968 (Wilks' Λ=0,0297; χ2(24)=193; p<10-6), forRoot 2 r*=0,656 (Wilks' Λ=0,4770; χ2(14)=40,7; p=0,0002), for Root 3 r*=0,403 (Wilks'Λ=0,838; χ2(6)=9,7; p=0,136). The first root contains 94,1% of discriminative opportunities,the second 4,7%, the third 1,2% only.Table 4 presents raw and standardized coefficients for discriminant variables. Thecalculation of the discriminant root values for each person as the sum of the products of rawcoefficients to the individual values of discriminant variables together with the constantenables the visualization of each patient in the information space of the roots (Fig. 4).

Table 4. Standardized and Raw Coefficients and Constants for VariablesCoefficients Standardized RawVariables currently in the model Root 1 Root 2 Root 3 Root 1 Root 2 Root 3Markedly altered endotheliocytes, c/mL ,969 ,136 ,050 ,0055 ,0008 ,0003Terminally altered endotheliocytes, c/mL ,227 -,591 ,127 ,0014 -,0036 ,0008Blood Pressure Systolic, mmHg ,227 ,030 -,491 ,0174 ,0023 -,0376Initially altered endotheliocytes, c/mL ,107 -,321 -,584 ,0008 -,0023 -,0041HDLP Cholesterol, mM/L ,075 -,725 -,180 ,2438 -2,368 -,5895Hemoglobin, g/L ,073 -,434 ,615 ,0057 -,0335 ,0475Erythrocytes Sedimentation Rate, mm/h -,033 ,842 -,107 -,0047 ,1218 -,0154Trombocytes, 109/L -,014 ,535 ,243 -,0004 ,0138 ,0063Constants -13,98 3,078 -,446Eigenvalues 15,06 ,756 ,194Cumulative proportions 0,941 0,988 1

Table 5 shows the correlation coefficients of discriminant variables with canonicaldiscriminant roots; the cluster centroids of roots; and Z-scores of the discriminant variables. Italso includes variables that carry identifying information but were not included in thediscriminant model due to duplication/redundancy of information, such as a child's age almostunmistakably indicating his school class.
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Table 5. Correlations Variables-Canonical Roots, Means of Roots and Z-scores of VariablesVariablescurrently in the model CorrelationsVariables-Roots I(18) II(18) III(16) IV(10)Root 1 (94,1%) R 1 R 2 R 3 -4.77 -0.78 +2.54 +5.92Markedly altered endotheliocytes .948 .123 .026 +0.49 +1.43 +2.92 +4.03Terminally altered endotheliocytes .181 -.135 .353 +0.18 +1.55 +2.29 +2.52Blood Pressure Systolic .131 .009 -.305 +1.83 +2.21 +2.44 +3.16Initially altered endotheliocytes .075 -.220 -.544 -0.19 +0.56 0.00 +1.18Blood Pressure Diastolic +3.50 +3.42 +3.83 +3.97Glucose +0.23 +0.64 +0.63 +0.80Age -0.80 -0.20 +0.52 +0.98LP Index -0.11 -0.33 -1.56 -1.80Root 2 (4.7%) R 1 R 2 R 3 +0.68 -1.30 +0.49 +0.34HDLP Cholesterol -.018 -.366 -.231 +0.60 +1.18 +0.60 +0.90Hemoglobin .052 -.350 .573 -1.97 -0.40 -0.69 -1.23Color Index -2.76 -1.65 -2.22 -2.77Urea -0.31 -0.17 -0.94 -0.58Leukocytes -0.11 +0.70 +0.70 +0.38Erythrocytes Sedimentation Rate .002 .312 -.077 +2.48 +1.06 +2.46 +2.42Trombocytes .012 .285 .346 +0.69 +0.19 +1.03 +0.53Protrombine Index +0.29 +0.08 +0.73 +0.38VLDLP Cholesterol -0.28 -0.55 -0.25 -0.49
The localization along the first root axis in the extreme right (positive) zone (Fig. 4) ofthe patients of IV cluster reflects combination of maximum for sampling BP and CECs levelsas well as age and glycaemia with maximum decrease in LP index. At the opposite pole arelocalized patients of I cluster, the youngest in the sample, in whom the severity ofhypertension is minimal, the levels of markedly and terminally altered CECs are in the lowernormal zone, and initially altered CECs as well as glycemia are quite normal, that is, minimalfor the sample. Instead, the LP Index is quite normal, that is, the maximum for the sample.The intermediate positions of the members of the other two clusters reflect, as a rule, theintermediate levels of the listed variables.Additional demarcation of members of II cluster occurs along the axis of the second root.Their lowest position reflects the maximally increased levels of HDLP Cholesterol andLeukocytes and the minimally decreased levels of urea, erythrocytes, and the color index, i.e.,in general, the maximum for the sample. On the other hand, in these patients, the ErythrocytesSedimentation Rate is increased to the smallest extent, the levels of Thrombocytes andProthrombine Index are normal, and VLDLP Cholesterol is maximally reduced, that is, theseparameters are generally minimal for the sample.
In general, all clusters on the planes of two roots are clearly delineated, which isdocumented by calculating the Mahalanobis distances (Table 6).

Table 6. Squared Mahalanobis Distances between Clusters and F-values (df=8.5); p for all<10-6Clusters I(18) II(18) III(16) IV(10)I (18) 0 21 58 123II (18) 20 0 16 51III (16) 51 14 0 14IV (10) 79 33 9 0
The same discriminant parameters can be used to identify the belonging of one oranother person to one or another cluster. This purpose of discriminant analysis is realized with
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the help of classifying functions (Table 7). These functions are special linear combinationsthat maximize differences between groups and minimize dispersion within groups. An objectbelongs to a group with the maximum value of a function calculated by summing the productsof the values of the variables by the coefficients of the classifying functions plus the constant.In this case, we can retrospectively recognize patients with one mistake only (in II cluster).Overall classification accuracy is 98,4%.
Table 7. Coefficients and Constants for Classification Functions for ClustersEndotheliocytes&Blood Pressure Clusters I II III IVVariables currently in the model p=,290 p=,290 p=,258 p=,161Markedly changed endotheliocytes, c/mL ,0399 ,0603 ,0800 ,0980Hemoglobin, g/L ,6260 ,7247 ,7115 ,6744HDLP Cholesterol, mM/L 23,66 29,10 25,34 27,29Erythrocytes Sedimentation Rate, mm/h ,4861 ,2169 ,4129 ,3978Terminally changed endotheliocytes, c/mL ,0069 ,0199 ,0185 ,0227Trombocytes, 109/L ,1691 ,1402 ,1679 ,1564Initial changed endotheliocytes, c/mL ,0175 ,0241 ,0200 ,0283Blood Pressure Systolic, mmHg 1,009 1,068 1,107 1,214Constants -182,8 -234,0 -277,7 -339,6

Discussion
Desquamated endothelial cells (CECs) circulating in the blood have been identified as apotential indicator of the severity of hypertonic diseases, such as stage II hypertension andconcomitant cardiovascular pathologies like ischemic heart disease (Piepiora, 2020). A studyconducted on patients with stage II hypertension revealed distinct clusters based on the levelsof CECs and associated clinical parameters. The youngest cluster exhibited minimalhypertension levels alongside unchanged CECs levels but showed moderate increases increatininemia and erythrocyte sedimentation rate, and reduced hemoglobin levels. In contrast,the oldest cluster with the most severe hypertension displayed significantly elevated levels ofall types of CECs along with moderate hyperchromic anemia.15The findings suggest that desquamated plasma endothelial cells could serve as a criterionfor assessing the severity of hypertonic diseases, providing valuable insights into thepathophysiology of cardiovascular conditions. This study underscores the potential of CECsas a biomarker in monitoring and managing cardiovascular diseases, offering a novelperspective on disease progression and severity assessment.In conclusion, the presence and levels of desquamated endothelial cells in the blood mayoffer a valuable clinical parameter for evaluating the severity of hypertonic diseases,particularly in the context of cardiovascular pathologies like stage II hypertension andischemic heart disease. Further research in this area could enhance our understanding of therole of CECs in cardiovascular health and disease management.15The study on desquamated endothelial cells (CECs) in patients with stage II hypertensionand cardiovascular pathologies aligns with the research on molecular mechanisms andhumoral systems, such as the RAAS and TGF-beta system, which are implicated in renalfunction regulation.16 Additionally, the relationship between physical activity and chronicdiseases like hypertension, which was observed to reduce the risk of metabolic syndrome andhypertension, resonates with the investigation into CECs in the context of cardiovasculardiseases.17While the study did not directly involve immune parameters, the examination of immuneparameters in saliva and blood could potentially provide insights into the inflammatoryresponses associated with cardiovascular diseases and hypertension, complementing the
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investigation on CECs.18 Furthermore, the exploration of muscle dysfunction andrhabdomyolysis during physical activity sheds light on the physiological changes that mayimpact endothelial cell desquamation and cardiovascular health.19In conclusion, integrating findings from studies on molecular mechanisms, physicalactivity, immune parameters, and muscle dysfunction can contribute to a comprehensiveunderstanding of the role of desquamated plasma endothelial cells in cardiovascular diseaseslike stage II hypertension and ischemic heart disease.The study on desquamated endothelial cells (CECs) in patients with stage II hypertensionand cardiovascular pathologies adhered to ethical guidelines, obtaining informed consentfrom participants and ensuring anonymity. The research design involved patients from aspecific healthcare center, focusing on blood pressure and CEC levels determined using ameticulous method involving platelet-rich plasma preparation and phase contrast microscopy.Additionally, routine blood analyses and metabolic parameter assessments were conductedusing established methods and analyzers.18The statistical analysis employed cluster analysis to categorize patients intohomogeneous groups based on CECs and blood pressure parameters, revealing distinctclusters with varying characteristics. Discriminant analysis further identified key variablesdistinguishing these clusters, such as markedly altered endotheliocytes, hemoglobin, HDLPcholesterol, and erythrocyte sedimentation rate. The discriminant functions accuratelyclassified patients into clusters, highlighting the significance of these variables indifferentiating patient profiles. The results demonstrated that the severity of hypertension andCEC levels varied across clusters, with different metabolic and hematological parameterscontributing to these distinctions. The discriminant analysis provided insights into the uniquecharacteristics of each cluster, emphasizing the importance of CECs, blood pressure, andspecific metabolic markers in delineating patient subgroups (Petryshak et al., 2020).18Overall, the study's comprehensive approach shed light on the intricate relationshipsbetween CECs, blood pressure, and metabolic parameters in patients with stage IIhypertension and cardiovascular conditions.In this study, the researchers aimed to analyze the level of circulating endothelial cells(CECs) in patients with cardiovascular pathology and their relationship with blood pressureand routine clinical indicators. The study involved patients with stage II hypertension, andCECs were determined using a specific method involving the preparation of platelet-richplasma and subsequent centrifugation steps to isolate CECs. The researchers also performedroutine general blood analysis and determined metabolic parameters in serum using variousmethods.20The study identified four clusters based on the levels of altered circulatingendotheliocytes (ACEC), systolic blood pressure, and other variables. The clusters showeddistinct characteristics in terms of CEC levels, blood pressure, and other clinical parameters.Cluster analysis allowed for a natural classification of patients based on these variables,providing insights into the nature of hypertension in relation to CEC levels.21 Thediscriminant analysis further refined the differences between the clusters, highlightingspecific variables such as HDL cholesterol, hemoglobin, and erythrocyte sedimentation rateas characteristic of each cluster.22 The discriminant functions enabled the classification ofpatients into clusters with a high accuracy rate of 98.4%.Overall, the study demonstrated the utility of analyzing CEC levels in patients withhypertension to understand the relationship between CECs, blood pressure, and other clinicalparameters. The clustering and discriminant analyses provided valuable insights into theheterogeneity of patient samples and the associations between CEC levels and hypertensionseverity.23 The findings contribute to the understanding of endothelial cell dynamics in



12

cardiovascular pathology and highlight the potential of CEC analysis as a diagnostic andprognostic tool in such conditions.
Conclusions1. Diabetic angiopathy is associated with an increase in the level of desquamatedendothelial cells (CECs) circulating in the blood, and this increase is commensurate with theseverity of the condition.The study aimed to analyze the level of CECs in patients with cardiovascular pathologyand their relationship with the level of blood pressure and routine clinical indicators.The study involved patients with stage II hypertension who were receiving outpatienttreatment. Some of these patients also had a diagnosis of ischemic heart disease.Using cluster analysis, the patient sample was divided into four homogeneous groups.These groups differed in terms of the level of hypertension, the level of CECs, and otherregistered parameters such as creatininemia, erythrocyte sedimentation rate, hemoglobinlevel, and color index.The study found that desquamated plasma endothelial cells could serve as one of thecriteria for assessing the severity of hypertonic disease.2. The most characteristic feature of the clusters is the level of Markedly alteredcirculating endotheliocytes (ACEC). Terminally ACEC and systolic BP contribute less, butsignificantly, to the distribution of the sample into clusters. It is inferred that desquamatedendothelial blood cells can be one of the criteria for the severity of hypertensive disease. Toidentify the parameters that differentiate the ACEC&BP clusters from each other, adiscriminant analysis was performed. The forward stepwise program included 8 parameters inthe discriminant model. In addition to CECs and systolic BP by default, the followingvariables were identified as characteristic: HDLP Cholesterol, Hemoglobin, ErythrocyteSedimentation Rate, and Trombocyte level.3. The stepwise analysis for variables, ranked by criterion Lambda, identified eightvariables that significantly contribute to the model. These include markedly alteredendotheliocytes, hemoglobin, HDLP cholesterol, erythrocyte sedimentation rate, terminallyaltered endotheliocytes, thrombocytes, initially altered endotheliocytes, and systolic bloodpressure.The 8-dimensional space of discriminant variables was transformed into a 3-dimensionalspace of canonical roots. The first root contains 94.1% of discriminative opportunities, thesecond 4.7%, and the third only 1.2%.The discriminant variables were correlated with canonical discriminant roots, and thecluster centroids of roots and Z-scores of the discriminant variables were determined.The localization along the first root axis of the patients in the fourth cluster reflects acombination of maximum blood pressure and CECs levels, as well as age and glycaemia, witha maximum decrease in LP index.The Mahalanobis distances between clusters were calculated, showing clear delineationof all clusters on the planes of two roots.The same discriminant parameters can be used to identify the belonging of a person to aparticular cluster. This purpose of discriminant analysis is realized with the help of classifyingfunctions. The overall classification accuracy is 98.4%.Desquamated endothelial cells (CECs) circulating in the blood have been identified as apotential indicator of the severity of hypertonic diseases, such as stage II hypertension andconcomitant cardiovascular pathologies like ischemic heart disease.
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