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We examined 60 patients with stage II hypertension (HT), grade 2, mean age 54.7+3.8 years. The first group consisted
of 30 patients with hypertension of the II stage, the second group included 30 patients with HT with comorbid moderate,
subcompensated type 2 diabetes mellitus (DM). The control group consisted of 20 healthy individuals. All subjects underwent
clinical and laboratory examination including the level of soluble growth-stimulating receptor expressed by gene 2 (sST2) in serum,
echocardiography with an assessment of mitral Doppler blood flow. It was determined that the serum level of sST2 was
significantly (p<0.05) higher in patients with comorbidity of HT and DM compared with HT without DM. Significant (p<0.05)
positive correlations were found between sST2 level and regurgitation rate on tricuspid valve, E/e ', E/A ratio. The significant
(p<0.05) negative relationships were found between sST2 and values of e's, e'l, e'avg. Therefore, an increased level of the sST2
biomarker is associated with the progression of left ventricular diastolic dysfunction in case of comorbidity of HT and type 2 DM.
The results of the study suggest sST2 as one of the possible serum markers of diastolic left ventricular dysfunction in comorbid
patients with HT and DM.

Key words: comorbidity of hypertension and type 2 diabetes mellitus, diastolic dysfunction, soluble growth-stimulating
receptor expressed by gene 2.
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PO3YMHHUM PEIENITOP CTUMY.JIIOIOYNI YAHHUK 3POCTAHHS,
O EKCIIPECYETBHCA I'EHOM 2, B SIKOCTI MOKJINBOI'O CHPOBATKOBOI'O
MAPKEPY JIACTOJIIYHOI JUCO®YHKIIIT Y MAIIEHTIB 3 TTNEPTOHIYHOIO
XBOPOBOIO TA HYKPOBUM JIABETOM 2 TUITY

O6crexxeno 60 xBopux Ha rineproHiuHy xBopoOy II craxii (I'X II), 2 crynens, cepenniit Bik 54.7+3.8 poxkis. [lepury
rpymy cknanu 30 mamieHTiB 3 TinepToHiYHOIO XBopoboro 11 cr., 1o xpyroi ysiiimum 30 xBopux Ha ['X II 3 koMOpOiTHEM ITyKpOBHM
niaberoM 2 Ty (CepelHbOro CTYIEHIO TSHKKOCTI, cTajis cyokommencaii). KonrponsHy rpymy ckianu 20 npakTHIHO 3J0POBHX
oci6. Ycim obcTexxeHHM 0cobaM MPOBEACHO KIiHIKO-TabopaTopHe OOCTe)KEHHs, BH3HAYCHHS PIBHS PO3UHHHOIO PELENTOpY
CTHMYJIIOIOUOTO YMHHHUKA 3pPOCTaHHs, L0 ekchpecyeThes reHoM 2 (sST2) B cupoBarii kpoBi, exokapaiorpadis 3 OLIHKOIO
TPaHCMUTPAIBLHOTO JOILICPIBCBKOrO KPOBOTOKY. Bu3HaueHo, mio cupoBaTkoBuii piBeHb sST2 moctoBipHO (p<0,05) BuIIE y
naiieHTiB 3 komopOimHicTio ['X Ta I/ 2 tumy nopiBHsHO 3 xBoprMHu Ha ['X 0e3 miabGery. BeranoBneni mocroBipai (p<0,05)
MO3UTHBHI KOpeNsmiiHi 3B's3km MK piBHeM sST2 1 mBuikicTio perypritamii Ha TpuKycmigaabHOMy KiamaHi, E/e,
chiBBigHOmeHHsIM E/A Ta HeratuBHi moctoBipHi (p<0,05) 3B's13ku Mix piBHsmu sST2 i 3HaueHHsME e'c, e'n, e'cp. OTxe,
IiABUIIECHHS piBHA OioMapkepy sST2 acomilo€ThCs 3 PO3BUTKOM i IIPOrpECyBaHHSAM AiaCTOMIYHOI TUCGYHKIIT TIBOTO NITyHOUYKa
pyU  KOMOPOigHOCTI TinmepToHiuHOI XBOpoOHM Ta ILyKpoBoro niadery 2 tumy. OTpuMaHi B XOIi IOCHIIKEHHS pPe3yJbTaTh
JI03BOJLIIOTH 3alPOIOHYBATH MOKa3HUK SST2 B SKOCTI OZHOTO 3 MOXJIMBHX CHPOBAaTKOBHX MapKepiB HAsBHOCTI AiacTOMIYHIN
nuchYHKIIT JIIBOrO HUTYHOYKa y KOMOPOIAHMX XBOPUX HA TIHEPTOHIUHY XBOPOOY Ta LyKpOBHI aiabeT 2 TUITy.

KurouoBi ciioBa: KoMOpOiqHICTh TilmepTOHIYHOT XBOPOOM Ta LyKpPOBOro Hiabery 2 TuIy, AiacTonidHa AUCQYHKIIS,
PO3YMHHUIT PEeNTOp CTUMYJIIOIOUNI YHHHUK 3pOCTAHHS, IO EKCIIPECYEThCS TEHOM 2.

The work is a fragment of the research project “Development of methods for early diagnosis and drug prevention
of fibrosing processes in patients with comorbid pathology (hypertension and type 2 diabetes mellitus) based on the assessment
of cardiohemodynamics and renal function”, state registration No. 0120U102062.

One of the most important medical and social problems today is the problem of comorbidity of
arterial hypertension (AH) and type 2 diabetes mellitus (DM), which is preconditioned by the increasing
number of patients with both HT and DM [1, 2, 3]. Hemodynamic disorders together with metabolic
disturbances in case of the comorbidity of HT and type 2 DM lead to the damage of target organs and early
development of cardiovascular complications with macro- and microangiopathy. Therefore, untoward
changes in the heart and kidneys are known to worsen the prognosis of patients with HT and type 2 DM
significantly, as well as to increase the risk of cardiovascular complications [4]. For that reason, the study
of target organ damage in patients with HT and type 2 DM is important for optimization of the prognosis
and individualization of treatment strategies for this cohort of patients.

© O.M. Bilovol, LI. Knyazkova, 2022 )5



ISSN 2079-8334. Ceim meoununu ma 6ionocii. 2022. Ne 1 (79)

Based on the latest scientific data, the progression of comorbid pathology may be based on the
progression of fibrotic changes in the heart. These processes can be a trigger for the development of heart
remodelling, specifically the development of diastolic dysfunction.

A number of biomarkers have been verified to study the processes of fibrosis in modern medical
science. From a significant number of fibrosis markers, we selected the following probable markers that
may reflect the processes of cardiac and renal fibrosis, especially: soluble gene-expressed stimulating
growth factor receptor 2 (sST2), cystatin C, the terminal fragment of the prohormone brain natriuretic
peptide (NT-proBNP), neutrophil gelatinase-associated lipocalin (NGAL).

Currently, among the biomarkers of myocardial fibrosis the soluble gene-expressed stimulating
growth factor receptor 2 (sST2) is being actively studied, but the information on the possibility of its use
as a predictor of diastolic dysfunction in patients with HT and type 2 DM was not found. The study of sST2
relationship with clinical and instrumental and other biochemical parameters in case of HT in combination
with type 2 DM is a promising direction in the management strategy of this cohort of patients.

The purpose of the study was to provide a comparative analysis of the level of soluble gene-
expressed stimulating growth factor receptor 2 in patients with hypertension and type 2 diabetes mellitus
as well as without it, and also the search of correlations between sST2 and structural-functional indicators
of the myocardium.

Materials and methods. The study included 60 patients over 35 years old with stage II grade 2
HT, who matched the following inclusion criteria: presence of type 2 DM (medium severity,
subcompensation stage) — group 1 (n = 30), or without DM — group 2 (n = 30).

Main clinical-anamnestic data are presented in table 1.

Table 1
Clinical characteristics of patients
Index Group 1 (n=30) Group 2 (n=30)
Age, years 54.5+3.4 54.9+3.7
Hypertensive disease, n (%) 30 (100 %) 30 (100 %)
Arterial pressure (mm Hg) 162/102 164/102
Duration of HT (years) 8 10
Type 2 Diabetes Mellitus, n (%) 30 (100 %) 0
Body mass index (kg/m?) 259 259

The standard method of patient examination included clinical and laboratory-instrumental
examination in accordance with the recommendations of the European Society of AH/European Society of
Cardiology (ESH/ESC) 2019, the American Diabetes Association (ADA) 2019 and the International
Diabetes Federation (IDF) 2018. All patients signed informed consent to participate in the study.

The study did not include pregnant women; patients with resistant and symptomatic AH; with a
high functional class of chronic heart failure (CHF) (NYHA functional class III-IV); type 1 DM, acute or
chronic inflammatory diseases; patients with a history of alcohol abuse, mental illnesses; as well as the
patients with a high probability of the study protocol violation.

Patients enrolled in the study had not received regular antihypertensive and/or hypolipidemic
therapy until the work started. The control group included 20 healthy individuals comparable by age.

All examined individuals underwent general clinical examination, measurement of office blood
pressure (BP), heart rate (HR), determination of fasting serum glucose, glycosylated hemoglobin level (HbAlc)
in whole blood, insulin, indicators of lipid profile; insulin resistance was assessed by the HOMA-IR index.

According to the results of standard clinical and laboratory blood tests, statistically, significant
differences were found only in the indicators of carbohydrate metabolism. The blood glucose index was
7.8 mmol/l in group 1 against 5.15 mmol/l in group 2 (p<0.01). Similarly, the level of HbAlc was also
higher in group 1 — 7.5 % against 5.5 % (p<0.01). No other statistically significant differences, including
the showings of lipid spectrum, were observed.

Enzyme immunoassay kits were used to measure the concentration of fibrosis marker in blood
serum and hemodynamic overload of the myocardium — soluble gene-expressed stimulating growth factor
receptor 2 (sST2, Critical Diagnostics, USA).

Structural and functional parameters of the heart were determined by echocardiography using the
diagnostic system “GE Medical Systems” (Germany) by phase sensor with a modulated frequency of 2.25-
3 MHz in M- and B-modes according to the recommendations of the American Society of
Echocardiography (ASE, 2016).

Mathematical computer processing of the study results was performed using the software package
“Statistica 9.0” (Statsoft Inc, USA). Mean (M), variance, standard deviation, median (m), reliability and
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significance level (p) were calculated. Differences were considered significant at the level of statistical
significance p<0.05. The method of correlation analysis with the calculation of the Pearson's correlation
coefficients (with normal distribution) and Spearman's (with a distribution that differs from normal) were
used to assess the relationship between the indices.

Results of the study and their discussion. Statistically significant differences of sST2 levels in
the groups of examined patients were established. This index was significantly lower in the patients of
group 2. Figure 1 shows the difference in sST?2 levels in the examined persons.

Thus, in patients with stage II hypertension, a significant increase in sST2 levels was found
compared to controls. It was noticed that the level of sST2 in the group of patients with comorbidity of HT
and DM significantly exceeded the corresponding values in patients with HT without concomitant DM.
Taking into account that sST2 is one of the known markers of fibrosis, the data may indicate more
pronounced fibrotic changes in the myocardium of patients with diabetes compared with patients with
essential hypertension without impaired carbohydrate metabolism.

Echocardiography in patients with comorbid HT stage II and type 2 diabetes revealed the highest
values of left ventricular myocardial mass (LVMM) and left ventricular myocardial mass index (LVMMI)
compared to other groups (p <0.05 for all groups), which clearly shown in fig. 2 and 3.
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Fig. 1. Blood serum sST2 levels in the examined patients Fig. 2. Comparison of left ventricular myocardial mass in
the examined patients.

The value of LVM in patients with stage II HT and concomitant DM not only significantly (p
<0.05) exceeded the corresponding values of the control group, but was also significantly (p<0.05) greater
than in patients with HT without comorbid DM. It creates conditions for progression of various
cardiovascular complications and, in turn, increases cardiovascular risk.
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LVMI, g/m severe progression of the disease and the increase

in cardiovascular risk, including the development
of heart failure in this category of patients.
Fig. 3. Compa}rison of left ventricular myocardial mass index According to Doppler echocardiography of
(LVMI) in the examined patients. intracardiac hemodynamics in patients with HT
both with type 2 DM and without DM, a decrease in the rate of early and late LV diastolic filling was
observed. Moreover, in group 1, these indicators were reduced more significantly in comparison with those
in group 2 and control group (p<0.05). Similar tendency was observed for LV (E/A) (0.92+ 0.02, 0.88+0.02
and 1.14+0.01, respectively; p<0.05).

Diastolic dysfunction (DD) was found in 63.3 % of patients with HT without DM (group 2), which
was represented only by initial changes in transmitral blood flow (TMF), that is relaxation disorders. In
patients of group 1 and group 2, the percentage of patients with diagnosed TMF disorders was
approximately the same (66.7 and 63.3 %, respectively). At the same time, 16.7 % of comorbid patients
with DM (group 1) had a pseudonormal type of DD, which was not found in patients without DM (group
2). Thus, more pronounced diastolic dysfunction was revealed in patients with comorbidity of HT and type
2 DM in comparison to the patients with HT without diabetes. It may worsen the prognosis of disease
progression and increase the cardiovascular risk of the initially severe disease.
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The analysis of correlations of sST2 with geometrical indices of the myocardium of a left ventricle
has been done. There was a significant positive relationship between sST2 and tricuspid valve regurgitation
rate (r=0.46; p<0.05) and E/e' (r=0.48; p<0.05). A negative significant relationship was observed between
the levels of sST2 and the values of e's, e'l, e'avg (respectively r=0.52, r = 0.50 and r=0.51; all p<0.05). A
weak positive relationship was found between sST2, on the one hand, and the E/A ratio on the other hand
(r=0.29; p<0.05). The correlation between sST2 levels and the progression of diastolic myocardial
dysfunction indicates the feasibility to use sST2 as a biomarker of LV diastolic dysfunction in patients with
comorbid HT and type 2 DM.

Metabolic disorders caused by hyperglycemia lead to persistent structural and functional changes
in internal organs, including the myocardium. A distinctive form of heart disease in case of diabetes is
diabetic cardiomyopathy (DC), which is characterized by accelerated development and progression of heart
failure [5, 6]. Today there are no clear diagnostic criteria for DC [7]. Left ventricular diastolic dysfunction
is the earliest preclinical manifestation of diabetic myocardial disease [8]. It is known that myocardial
fibrosis is the main mechanism of the development of diabetic cardiomyopathy [9]. However, to date, the
diagnosis of myocardial fibrosis has been associated with certain difficulties.

Among the biomarkers of myocardial fibrosis, soluble gene-expressed stimulating growth factor
receptor 2 (sST2) is being actively studied [10]. The study of the relationship of this biomarker with clinical
and instrumental and other biochemical indicators, as well as their prognostic value is a promising direction
in the management strategy of such patients.

In the present study, at the first stage, the analysis of routine examinations and standard
echocardiography have been made. It was observed that patients in group 1 had significantly higher
dimensions of left ventricular myocardium. To confirm the suggestion that the above changes may be
associated with myocardial fibrosis, the patients were tested for sST2. It turned out to be significantly
higher in patients of group 1. To confirm the relationship between sST2 levels and possible fibrotic heart
disease, a correlation analysis was performed between myocardial mass and serum fibrosis marker. The
obtained results, confirming the presence of a correlation between sST2 and the main indicators
characterizing the presence and severity of LVDD, suggest that changes in the biomarker of myocardial
stress and sST?2 fibrosis are associated with the development of progression of LV diastolic dysfunction.

T Km0

1. It was found that more pronounced diastolic dysfunction was revealed in patients with
comorbidity of HT and type 2 DM compared to the patients with HT without diabetes.

2. Increase of the levels of soluble gene-expressed stimulating growth factor receptor 2 (sST2) in
blood serum of the patients with HT and type 2 DM compared to the HT patients without diabetes is
associated with left ventricular diastolic dysfunction.

T2 Rsesences,

1. Kovalenko VM, Lutai MI, Sirenko YuM, Suchov OS. Serdtsevo-sudynni zakhvoruvannyia. Klasyfikatsiya, standarty
diahnostyky ta likuvannya. Vseukr. asots. kardiolohiv; 4te vyd., pererobl. i dopov. Kyiv: Morion, 2020; 240. [in Ukrainian]

2. Mankovskyi B. Insulinoterapia: doza maye znachennya. Diabet. Ozhyrinnia. Metabolichnyi syndrome. 2020; 2 (9): 27-32.
[in Ukrainian]

3. Treumova SI, Trybrat TA, Shut SV, Redchyts IV, Kazakov YuM. Ekhokardiohrafichni pokaznyky systolichnoyi ta
diastolichnoyi funktsiyi livoho shlunochka u khvorykh pokhyloho viku na khronichne leheneve sertse bronkholehenevoho genezu
u poyednanni z ishemichnoyu khvoroboyu sertsya. Visnyk problem biolohiyi i medytsyny. 2020; 1 (155): 208-211. [in Ukrainian]
4. Barakat GM, Nuwayri-Salti N, Kadi LN, Bitar KM, Al-Jaroudi WA, Bikhazi AB. Role of glucagon-like peptide-1 and its
agonists on early prevention of cardiac remodeling in type 1 diabetic rat hearts. Gen Physiol Biophys. 2011; 30 (1): 34—44. DOI
10.4149/gpb_2011_01_34 Web of Science Id WOS:000288888600005

5. Gilca GE, Stefanescu G, Badulescu O, Tanase DM, Bararu I, Ciocoiu M. Diabetic Cardiomyopathy: Current Approach and
Potential Diagnostic and Therapeutic Targets. J Diabetes Res. 2017; 2017:1310265. DOI: 10.1155/2017/1310265

6. Ian H. de Boer, Bangalore S, Benetos A, Davis AM, Michos ED, Muntner P. et al. Diabetes and Hypertension: A Position
Statement by the American Diabetes Association. Diabetes Care. 2017; 40: 1273-84. DOI:10.2337/dci17-0026

7. Joaquin C, Alonso N, Lupon J, Marta de Antonio, Domingo M, Moliner P, et al. Mini Nutritional Assessment Short Form is a
morbi-mortality predictor in outpatients with heart failure and mid-range left ventricular ejection fraction. Clin Nutr. 2020; 39 (11):
3395-3401. DOI: 10.1016/j.cInu.2020.02.031

8. Lee WS, Kim J. Diabetic cardiomyopathy: where we are and where we are going. Korean J Intern Med. 2017; 32 (3): 404—421.
DOI: 10.3904/kjim.2016.208

9. Prior DL, Somaratne JB, Jenkins AJ, Yii M., Newcomb AE, Schalkwijk CG, et al. Calibrated integrated backscatter and
myocardial fibrosis in patients undergoing cardiac surgery. Open Heart. 2015; 2 (1): €000278. doi: 10.1136/openhrt-2015-000278.
http://dx.doi.org/10.1136/openhrt-2015-000278

10. Wallner M, Eaton DM, Berretta RM, Liesinger L, Schittmayer M, Gindlhuber J, et al. HDAC inhibition improves
cardiopulmonary function in a feline model of diastolic dysfunction. Sci Transl Med. 2020; 12 (525): eaay7205. DOI
10.1126/scitranslmed.aay7205 Web of Science Id WOS:000507499600006

Cratta Haniinuia 28.02.2021 p.

28



