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© Bci astopu, 2025 Pe3ynbTaTu. Y nauieHTiB 3 rinepTpodieto MiBOro LWAyHOUKa
- BUABJIEHI NiaBULEHI piBHI SST2 i ranekTnHy-3. MNpsama Kopensauis
npocTexyBanacb M 3HadeHHaAMU IMMIJILL Ta sST2 (r=0.6397;
p=0.000) i ranektnHy-3 (r=0.5113; p=0.001). O6buaBa 6iomapkepu KopentoBaan 3 Pi3HUMMU
cepueBMMU NapaMeTpamm, BKJIFOUHO 3 TOBLUMHOK MIKLLTYHOUYKOBOI NEperopoaku B KiHUi AiacTtonu,
AiaMeTpoM NiBOro nepeacepas, KiHUeBUM AiaCTONIYHUM AiaMeTpOM JfliBOro LWiyHOYKa Ta TOBLUMHOK
3a4HbOI CTiHKM B KiHUi giactonn (ocobnmneo 3 sST2). 3 obpaHnUM 3HayeHHsAM sST2 17.0 Hr/mn gia-
FHOCTUYHMIA MeToA 3acBigumB 88.33% TouHicTb, 92.59% cneundidHictb, 93.33% NO3UTUBHY MNpPO-
FHOCTUYHY LiHHICTb i 83.33% HeraTMBHY MPOrHOCTUYHY LiHHICTb Ans rineptpodii. Mpu obpaHomy
piBHi ranekTnHy-3 29.0 Hr/M 3anponoHOBaHUN MeToA A0CATHYB 72.22% To4HOCTI, 73.68% uyTnn-
BocTi, 70.59% cneumndiyHocTi, 73.68% NO3UTUBHOI NPOrHOCTUYHOI LiHHOCTI i 70.59% HeraTueHOI
NPOrHOCTUYHOI LIIHHOCTI.

BucHoBOK. BuMiptoBaHHa 6iomMapkepiB sST2 i ranekTuHy-3 nonerwye ouiHky rineptpodii niso-
ro WAyHoYKa, CAyrywdn AOAATKOBMM iHCTPYMEHTOM ANS OUIHIOBAHHSA cepueBoi ANCOHYHKLUIT Ta
BKA3YOUM Ha Pi3HOMAHITHI WAAXM iT pO3BUTKY.

KnrouoBi cnoBa: sST2, ranektnH-3, iHAEKC Macu MioKapAa NiBoro wWayHo4ka, rineprtpodis ni-
BOro LWJyHouka, ¢ibpos.
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Introduction. Soluble suppression of tumorigenicity 2
(sST2) and galectin-3 are considered markers of myocardial
hypertrophy and fibrosis. Changes in their concentrations
are observed in cardiovascular diseases, including arterial
hypertension.

The aim. To determine threshold values of hypertrophy and
fibrosis biomarkers, namely sST2 and galectin-3, in patients
with arterial hypertension.

Materials and methods. A prospective study was conducted
on 82 patients with arterial hypertension (AH). Patients were
stratified into two groups based on left ventricular mass index
(LVMI) values: Group 1 with left ventricular hypertrophy (LVMI
> 115 g/m2 for men and 90 g/m2 for women, n=33) and Group
2 with normal LVMI values (n=27).

Results. Patients with left ventricular hypertrophy exhibited
significantly elevated sST2 and galectin-3 levels. Direct
correlations were observed between LVMI and sST2 values
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(r=0.6397; p=0.000) and galectin-3 (r=0.5113; p=0.001). Both biomarkers correlated with
various cardiac parameters, including interventricular septal thickness at end-diastole, left atrial
diameter, left ventricular end-diastolic diameter, and posterior wall thickness at end-diastole
(specifically with sST2). With a selected sST2 value of 17.0 ng/ml, the diagnostic method
demonstrated 88.33% accuracy, 92.59% specificity, 93.3% positive predictive value, and 83.33%
negative predictive value for hypertrophy. At the chosen galectin-3 level of 29.0 ng/ml, the
proposed method achieved 72.22% accuracy, 73.68% sensitivity, 70.59% specificity, 73.68%
positive predictive value, and 70.59% negative predictive value.

In conclusion, measuring sST2 and galectin-3 biomarkers facilitates the evaluation of left
ventricular hypertrophy, serving as an additional tool in assessing cardiac dysfunction and
indicating diverse developmental pathways.

Keywords: sST2, galectin-3, left ventricular mass index, left ventricular hypertrophy, fibrosis.
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BcTtyn

ApTepiasibHa TrinepTeHsid 3a/IMWAETbCA OC-
HOBHWM YMHHWUKOM PO3BUTKY CeEPLIEBO-CYAUNH-
HWX 3axXBOPKHOBaHb Ta CMepTi Y BCbOMY CBITI
[1]. Pe3ynbTtaToOM UMX 3MiH reMogMHaMIKn €
po3BUTOK rineptpodii nisoro wnyHouka (ML)
i noganbLwoi cepueBoi HepgocTaTHocTi (CH) [2].

AyTONCINHI AOCNigXXEeHHS Mnokasanu, Wwo nig-
BULLEHEe BiAKNAAEHHA KONareHy B rineprtpo-
doBaHMX KapaioMiouMTax 3YCTPIYAETLCH BXe
Ha NOYaTKOBUX CTAAiAX NEpPEBAHTAXEHHS TUC-
KoM. lMpn 6inbl Cepno3HOMY NepeBaHTaXeHHiI
TUCKOM MNpOTAroM TpMBanoro nepiogy Haamip-
He HaKOMMUYEeHHS KOonareHy npmM3BoauTb A0 i-
6po3y [3;4]. Lle HeratmBHO 3MiHIOE NogaTnu-
BiCTb MiOoKapAa, WO 3peLwTo Npu3BoAuUTb A0
36inbLlUEeHHS XOPCTKOCTI Miokapaa. OTxe, di-
6p03 MOXe HeraTMBHO BMIMBATU Ha CepLEeBUN
MeTaboniam i yHKLI0 LWIYHOUKIB.

[nsa KNiHILMCTIB yKpal BaXJIMBO BYACHO AiarHo-
CTyBaTW nepexia rineptpodivyHoro deHoTmny
cepus y CTaH, XapakTepHUA PO3BUTKOM Y HbOMY
Npodibpo3HMX 3MiH. 3aBYyacHe po3rni3HaBaHHS
UMX 3MiH Ta BMU3HA4YE€HHS MOPOroBMX 3HAYEHb
b6ioMmapkepiB MaloTb BMpillanbHe 3HAYeHHA Ans
nikapie. Takuii NMpoakTMBHWI Niaxia AaBaTuMme
MOXJ/IMBICTb iHTEpPNpeTyBaTU Ui 3MiHW 33414 iH-
TeHcudikauii 3axoaiB, CpsiMOBaHMX Ha 3anobi-
raHHS BUHUKHEHHIO ibpo3HMX 3MiH [4].

PosunHHa dopma nentuay suppression of
tumorgenicity 2 (sST2) € HOBUM LMPKY/THOOYNM
6ioMapkepoM AN paHHbOr0 BUSIB/IEHHS NaLi€H-
TiB 3 Al', pu3ukom po3sutky LU, ineHTndikauii
nauieHTiB 3 Al' y noegHaHHi 3 CH [5]. biomexa-
HiYHEe Hanpy>XeHHs iHAYKYE BuMpobneHHs sST2
y cepueBux ¢ibpobnacrax, kapaiomiounTtax Ta
eHgoTeniounTax CyavH, e BiH KOHKYpPYE 3 TpaH-
cMeMbpaHHuM peuentopoMm ST (ST2L) 3a 3B'a-
3yBaHHS 3 iHTepnenkiHoMm 33 (IL-33) [5]. Aditoun
K peuenTop-npuMaHioBay, sST2 cTae He3anex-
HUM aKTOpOM pu3nKy roctpoi CH i geMoHCTpye
NPOrHOCTUYHI MOXJIMBOCTI, OCKI/IbKW 34aTHUM
nepenbaynT HECNPUATANBUIA NPOrHo3 [6; 7].

ManektnH-3 (Gal-3) € 6inkoM 3 HanbinbLOo
aKTMBaUi€ y TBapuHHiIn mogeni MW ta CH
[8]. Gal-3 Bigirpae Baxxnnsy ponb y natodisio-
norii CH, 3okpema, 4yepe3 Noro y4yacTtb y peMo-
AentoBaHHi WNYyHOUKIB cepusa [9-11]. Y micui
NoLWKOAXKEHHSA niaBuweHi piBHi Gal-3 cnpwu-
A0Tb akTuBauii (Mio)dibpobnacTtiB gk uyepes
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TGF-B-He3anexHui, Tak i yepe3 TGF-B-3anex-
HUA wnaxu. Kpim Toro, Gal-3 moxe BnnueaTtu
Ha QIBpOTUYHMI WNAX, IHOYKYHOUYM anbTepHa-
TUBHY akTueauito (M2) makpodaris [8-10].

MeTa pochnig)XeHHA — BMBYEHHSA [BOX E€KBi-
BaJleHTHUX MapkepiB rinepTpodii Ta ¢ibpo3y,
a caMe sST2 Ta ranekTuHy-3, y nauieHTiB 3 Al'.

MaTepianu Ta meTtoamn

[MpoBeAeHe MpOCMEeKTMBHE AOC/IAXEHHA 3a
y4yacTio 82 nauieHTiB 3 Al 1-2 cragii (Lo BOHM
6ynn obcrexeHi B 1 TMO 3 pgiarHo3om Al 1-2
ctaaii). MNMepen obcTexxeHHAM BCi ocobun Haganm
A06pOoBINbHY MMCBMOBY 3roAy Ha yyacTb y AOCHi-
IoKeHHi. KputepiaMmu 3anyyeHHs 40 AOCNigXeH-
HA 6ynu BiK NauieHTiB — Bia4 18 pokiB i crapuui,
niaTesepaXxeHun piarHo3 Al BianoBigHO A0 pe-
koMeHgaui ESC (2018) Ta BiacyTHICTb ycknaa-
HeHb 3 60Ky opraHiB-MilleHel, TaknX K rocTpui
iHbapKkT Miokapaa abo nepeHeceHMn iHdapKT
Miokapga, HectabinbHa CTeHoKapgis, HWpKOoBa
He[OCTaTHICTb, MOPYLUEHHS CEepPLIEBOro puUTMY.
KpuTepii Buny4YeHHs 3aCToCOBaHi A0 CTaHiB, AKi
mMornn 6 BMAMBATM Ha KOHUEHTpaUilo cMpoBat-
KoBMX GioMapKepiB, BKJIHOYHO i3 3amnaneHHsMU
pi3HOI nokanizauil, MOTOYHUMU OHKOSOMYHUMU
npouecamm, TSXKKOK MEeYiHKOBOK Ta HUPKO-
BOKO HEAOCTaTHICTIO, BTOPUHHOKO apTepiasibHOH
rinepTeHsieto, iwemiyHo XxBopobow cepus,
BPOAXKEeHUMMN Ta HabyTMMu Bajamu cepus, Le-
pebpoBacKyNSpHUMIN 3aXBOPIOBAHHAMM, Kapaio-
MionaTieto, roctpoto TpomboeMbonieo nereHeBoi
apTepii, 3aXBOPOBAHHAMW CMOSTYYHOI TKAHWHW,
po3/agamMn HEpBOBOI Ta iIMyHHOI cucteMn. Kpim
TOro, 3 AOCNIAXEHHS Bynun BUAyYeHi NauieHTu i3
3aXBOPIOBAHHAMM, LLO M XapakTepHa HaaMipHa
akTmBauisa dibpo3HMX NpoueciB, TaKMMK SK XPO-
Hi4YHi OBCTPYKTMBHI 3aXBOPIOBAHHS fereHb, Lu-
po3 neuviHku, ¢ibpo3HUI anbBeonitT, NHeBMOdi-
6po3, Hedpockepos i LykpoBuii giabert.

Ycim nauieHTam nposoaunn ExoKI obcTtexxeHHs
napameTpis cepus y M- Ta B-pexumax cTaH-
OApTHMM CNOCcO6OM i3 BMKOPWUCTAHHAM Yib-
TpacoHorpadiyHoro anapaty «Acuson S3000»
dipmu «Siemens» (HiMeuunHa). O6CTEXEHHS
OXOMJIIOBas0 BU3HAYEHHS PIi3HMX MOKa3HUKIB,
30KpeMa: KiHUeBWI AiaCcToNiyHMn po3Mip niBoro
nepeacepas (KAP J1M), KiHUeBMIA aiacTonivyHUi
po3Mip nisoro wnyHouka (KAP JILW), kiHueBwui
AiacTtoniyHmin po3mip npasoro wnyHouka (KAP
ML), TOBLWMHY 3aAHbOI CTIHKW NiBOro LUIYyHOY-
ka B aiactony (T3CJ/IWA), TOBWMWHY MiKLIIY-
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Introduction

Arterial hypertension stands as the primary
factor contributing to the global prevalence of
cardiovascular diseases and mortality [1]. The
resultant changes in hemodynamics lead to the
development of left ventricular hypertrophy
(LVH) and subsequent heart failure (HF) [2].

Autopsy studies have revealed an elevated

collagen deposition in hypertrophied
cardiomyocytes, manifesting early in the
initial stages of pressure overload. With

sustained and more severe pressure overload
over an extended period, excessive collagen
accumulation leads to fibrosis [3;4]. This
alteration adversely impacts myocardial
compliance, ultimately resulting in increased
myocardial stiffness. Consequently, fibrosis
can have detrimental effects on cardiac
metabolism and ventricular function.

Clinicians must discern the transition from
the heart’s hypertrophic phenotype to a state
characterized by the development of profibrotic
changes. Recognizing these changes in
advance and identifying biomarker threshold
values are crucial for clinicians. This proactive
approach enables the interpretation of fibrotic
changes, facilitating the intensification of
measures to prevent the onset of fibrotic
alterations [4].

The soluble form of the peptide “suppression
of tumorigenicity 2” (sST2) emerges as a
novel circulating biomarker with potential
applications in the early detection of AH,
assessing the risk of developing LVH, and
identifying patients with AH in conjunction
with HF [5]. Biomechanical stress induces
the production of sST2 in cardiac fibroblasts,
cardiomyocytes, and vascular endotheliocytes,
where it competes with the ST transmembrane
receptor (ST2L) for binding to interleukin 33
(IL-33) [5]. By acting as a decoy receptor, sST2
becomes an independent risk factor for acute
HF and demonstrates prognostic capabilities,
predicting an unfavorable outcome [6; 7].

Galectin-3 (Gal-3) emerges as the highly
activated protein in an animal model of LVH
and HF [8]. Gal-3 plays a crucial role in the
pathophysiology of HF, particularly through its
involvement in ventricular remodeling [9; 10;
11]. At the site of injury, elevated levels of Gal-
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3 facilitate the activation of (myo)fibroblasts
through both TGF-B-independent and TGF-f3-
dependent pathways. Additionally, Gal-3 can
influence the fibrotic pathway by inducing
alternative activation (M2) in macrophages
[8-10].

The objective of our study was to investigate
two equivalent markers of hypertrophy and
fibrosis, namely sST2 and Gal-3, in patients
with AH.

Materials and methods

A prospective study involving 82 patients
with stage 1-2 AH was conducted (who
were examined in 1 TMO with a diagnosis
of stage 1-2 AH). Before the examination,
all individuals signed a voluntary consent
form to participate in the study. Inclusion
criteria comprised individuals aged over 18
years, a confirmed diagnosis of AH following
ESC guidelines (2018), and the absence of
complications from target organs such as
acute myocardial infarction or a prior heart
attack, unstable angina, renal failure, and
heart rhythm disorders. Exclusion criteria were
applied to conditions that could influence the
concentration of serum biomarkers, including
inflammation at various sites, ongoing
oncological processes, severe liver and kidney
failure, secondary hypertension, coronary heart
disease, congenital and acquired heart defects,
cerebrovascular diseases, cardiomyopathies,
acute pulmonary embolism, connective
tissue diseases, nervous and immune system
disorders. Additionally, patients with diseases
characterized by excessive activation of
fibrotic processes, such as chronic obstructive
pulmonary diseases, liver cirrhosis, fibrosing
alveolitis, pneumofibrosis, nephrosclerosis,
and diabetes mellitus, were excluded from the
study.

All  patients underwent a comprehensive
echocardiographic examination to assess
heart parameters in M- and B-modes,
following standard procedures using the
ultrasonographic  Acuson S3000 device
manufactured by Siemens (Germany). The
examination encompassed the determination
of various indicators, including Left Atrial
Diameter (LAD), Left Ventricular End Diastolic
Diameter (LVEDD), Right Ventricular End
Diastolic  Diameter (RVEDD), Posterior
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HOUYKOBOI NepeTunHKK B giactony (MLUMA), macy
Miokapga nisoro wnyHodka (MMIJILW), iHaekc
Macu Miokapaa niBoro wnyHodka (IMMJILW) i
dpakuito BUKMAy niBoro wnyHouka (OB J1LL).

IMMJILL po3spaxoByBasu i3 3aCTOCYyBaHHAM Ta-
Knx dopmyn:

IMMJILL = MMJILL / nuToma raolya Tina

MMJ1LW
Devereux:

MMJILL (r) = 0.8¢1.04[([KAP JILL +
+T3C/lLg + MLUMA]J? - KAPJILLP)]} + 0.6.

3anexHo Big oTpMMaHoro nokasHuka IMMIIL
nauieHTiB cTtpatudikysanm Ha rpynu: 1-a — 3
rAw (36inbwenHs IMMALW noHag 115 r/m2
Ansa 4vonosikiB i 90 r/M2 ang XiHOK) i 2-a — 3
HOpManbHUMK 3HayYyeHHaMn IMMIJIW. OTxe, y
JOCNiAXEeHHI B34aM yyacTb 33 nauieHtn 3 Al
Ta MW i 27 nauieHTis i3 Al 6e3 J1LL.

po3paxoByBanM  3a  (HopMyot

3pa3kn BEHO3HOI KpOBi Yy nauieHTiB Bigbupa-
M Ha 5-7-1 peHb nicnga rocnitanisauii, ueH-
Tpudyrysanm Ta BiAOKPEMOBaAM CUMPOBATKY
KpOBi A/19 NpoBeAeHHA AO0CNiAXeHHS. BusHa-
YeHHSs piBHIB SST2 Ta rasekTuHy-3 nMpoBoAMU-
M iIMyHO(MEPMEHTHMM METOAOM Ha aHanisa-
TOopi Presage® ST2 Assay 3 BMKOPUCTaHHSM
TecT-cuctem ELISA (Abcam, Kembpuax, Benn-
ka bpuTtanisa) [12].

Original research: Clinical sciences

CratuctnuHy 06pobKy OTpUMaHUX pe3ynbTa-
TiB BUMKOHYBaNM Ha MepcoHasibHOMY Komn'tloTe-
pi 3 BUKOPUCTAHHSAM MakeTy MilueH3inHMX npo-
rpam «Statistica® 18.0» komnanii StatSoft Inc.
(CLWA). KinbkicHi faHi HaBeaeHi sik cepenHe
3Ha4YeHHs Ta CcTaHaapTHe BiaxuneHHa (M£SD)
abo sk mepiaHa Ta 25 i 75 npoueHtunis (IQR;
QR3-QR1). MopiBHAHHA rpyn ana 6e3nepeps-
HUX 3MiIHHMX NPOBOAW/IN i3 3aCTOCYBAHHAM He3a-
JIEXXHOIro rpynoBoro t-kputepito 4na HopMasbHO
po3noAineHnx AaHuX, B iHWKNX BUNAAKax 3acTo-
CcoByBanu KpuTepii MaHHa-BiTHi. [Onsa ouiHku
AiarHOCTMYHOI UiHHOCTIi Mapkepa CH 6yayBa-
nn KpuBy pobo4voi XapakTepucTtuku npuriMada
(ROC) Ta po3paxoByBanu nNAOWy Mig KpWBOKO
(AUC). KopenauiiHuii aHanis Mixk 3MiHHUMK Mic-
TMB Kopensauito [llipcoHa Anga HopMasbHO pPO3-
nogineHmnx 6e3nepepBHUX 3MIHHUX | KOpensyito
CnipMeHa Ansa 3MiHHMX, WO He BiAgMoBiAalTb
KpUTEpiAM HOpMasibHOro po3noAiny. barato-
BMMipHa MoAesib YMOBHOI JIOMCTUYHOI perpecii
6yna nobyaoBaHa 3 BUKOPUCTAHHSAM 3HAUYLLMX
3MiHHMX, BM3HAYE€HUX B OAHOBMMIPHOMY aHani-
3i. MHOXWHHI NOpiBHAHHA 6ynn npoaHanizoBaHi
3a gonomoroto ANOVA. Beaxxanocs, o ABOCTO-
pPOHHE 3HayeHHA p<0.05 cBiguMTbL Mpo BiAMIH-
HOCTi CTaTUCTUYHOI 3HAYYLLIOCTI B YCiX aHai3ax.

Pesynbtatn po6oTtmn
OCHOBHI XapaKTepUCTUKWN MNaALIEHTIB HaBeneHi
B Tabnuui 1.

Tabanys 1
OCHOBHi XapaKTEpPUCTUKMN XBOpUX Ha Al

MapameTpu Al 3 MW (n=33) Al 6e3 1L (n=27) p-value
Bik, poku 69.52+2.13 57.37+19.3 0.0043
CraTtb von. % 19 (57.6%) 17 (63.0%) 0.6710
Tpusanictb All, poku 5.0(4.0;5.0) 2.0(0;5.0) 0.0030
KypiHHS1, % 7(21.2%) 5(18.5%) 0.7947
SCORE 2 / SCORE OP, % 11.00(7.10;12.00) 7.5(7.00;12.00) 0.1069
KpeaTuHiH, MMOnb/N 105.00(79.0;124.0) 93.0(84.0;112.0) 0.1647
CucToniyHmin apTtepianbHuini Tuck (CAT), MM.pT.CT 140.0(140.0;140.0) 140.0(140.0;150.0) 0.4397
[LiactoniyHunii aptepianbHnii Tuck AT (OAT), MM.pT.CT 80.0(70.0;90.0) 80.0(80.0;90.0) 0.3687
IHpekc macu Tina (IMT), kr/m? 26.8(25.1;34.1) 28.4(21.3;37.1) 0.4803
sST2, HI/Mn 23.35+7.77 10.11(8.12;10.96) 0.0000
[anekTnH-3, Hr/Mn 36.42+13.25 26.46+£13.35 0.0315
KAP M, cm 4.3(4.0;4.7) 3,3(3,0;4,0) 0.0000
KAOP N, cm 5.65+0.72 4.2(4.0;4.5) 0.0000
T3CNWwa, cm 1.2(1.0;1.2) 0.93+0.14 0.0000
MLLUMA, cM 1.2(1.1;1.3) 1.0(0.9;1.1) 0.0001
KOP N, cm 2.3(2.2;2.5) 2.2(1.9;2.3) 0.0525
®B N1, % 54.7+1.31 60(50.0;63.0) 0.1787
IMMANLW, r/m? 148.1+4.36 77.6(68.0;82.14) 0.0000
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Wall thickness at end-diastole (PWd),
InterVentricular Septal thickness at end-
diastole (IVSd), Left Ventricular Mass (LVM),
Left Ventricular Mass Index (LVMI) and Left
Ventricular Ejection Fraction (LVEF).

LVMI was calculated using the following
equations:

LVMI=LVM / body surface area
LVM was calculated by the Devereux formula:

LVM (g)= 0.8{1.04[([LVEDD + IVSd +
+ PWd]3 - LVEDD3)]} + 0.6.

Patients were stratified into two groups
based on the LVMI: the first group exhibited
LVH (LVMI exceeding 115 g/m2 for men
and 90 g/m2 for women), and the second
group demonstrated normal LVMI values.
Consequently, the study included 33 patients
with AH and LVH, as well as 27 patients with
AH without LVH.

Venous blood samples from patients were
taken on the 5-7th day after hospitalization,
centrifuged, and blood serum was separated
for experiments. sST2 and Gal-3 levels were
determined using the immunoenzymatic
method on the Presage® ST2 Assay analyzer,
employing ELISA test systems (Abcam,
Cambridge, UK) [12].

Original research: Clinical sciences

Statistical analysis of the obtained results
was performed using the licensed software
Statistica® 18.0 from StatSoft Inc. (USA).
Quantitative data are presented as mean and
standard deviation (M*SD) or the median
and 25 and 75 percentiles (IQR; QR3-
QR1). Group comparisons for continuous
variables were made using independent
group t-tests for normally distributed data;
otherwise, the Mann-Whitney test was
applied. To assess the diagnostic value
of the HF marker, a receiver operating
characteristic (ROC) curve was generated,
and the area under the curve (AUC) was
calculated. Correlation analysis between
variables involved Pearson’s correlation for
normally distributed continuous variables
and Spearman’s correlation for variables
not meeting normal distribution criteria. A
multivariate conditional logistic regression
model was constructed using significant
variables identified in univariate analysis.
Multiple comparisons were analyzed by
ANOVA. For all analyses, a two-tailed P
value of <0,05 was considered indicative of
statistically significant differences.

Results
Baseline characteristics of patient groups are
presented in Table 1.

Table 1
Baseline characteristics of study patients with AH

Variables AH and LVH (n=33) AH without LVH (n=27) p-value
Age, yrs 69.52+2.13 57.37+19.3 0.0043
Sex, male, % 19 (57.6%) 17 (63.0%) 0.6710
Duration of AH, yrs 5.0(4.0;5.0) 2.0(0;5.0) 0.0030
Smoking tobacco, % 7(21.2%) 5 (18.5%) 0.7947
SCORE 2/SCORE OP, % 11.00 (7.10;12.00) 7.5 (7.00;12.00) 0.1069
Creatinine, ymol/L 105.00 (79.0;124.0) 93.0 (84.0;112.0) 0.1647
Systolic blood pressure (SBP), mmHg 140.0 (140.0;140.0) 140.0 (140.0;150.0) 0.4397
Diastolic blood pressure (DBP), mmHg 80.0 (70.0;90.0) 80.0 (80.0;90.0) 0.3687
Body mass index (BMI), kg/m? 26.8 (25.1;34.1) 28.4 (21.3;37.1) 0.4803
sST2, ng/ml 23.66 (17.90;30.01) 10.11(8.12;10.96) 0.0000
Gal-3, ng/ml 36.42+13.25 26.46+13.35 0.0315
LAD, cm 4.3 (4.0;4.7) 3.3 (3.0;4.0) 0.0000
LVEDD, cm 5.65+0.72 4.2 (4.0;4.5) 0.0000
PWd, cm 1.2 (1.0;1.2) 1.0 (0.8;1.0) 0.0000
IVSd, cm 1.2 (1.1;1.3) 1.0 (0.9;1.1) 0.0001
RVEDD, cm 2.3 (2.2;2.5) 2.2 (1.9;2.3) 0.0525
LVEF, % 54.7+£1.31 60 (50.0;63.0) 0.1787
LVMI, g/m? 148.1+4.36 77.6 (68.0;82.14) 0.0000
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MauieHTn 3 giarHoctoBaHoto [J1W 6ynn cyT-
TeBo ctapuwi (p=0.0043) i manu 6inbwy Tpu-
Banicte Al (p=0.0030). Y HUX BUSABNEHO Bi-
porigHo BuWMA piBeHb sST2 (p=0.0000) Ta
npodibpoTmMyHoro mapkepa Gal-3 (p=0,0315).
lMauieHTV He BiApi3HANUCA 3a piBHEM KpeaTu-
HiHY | 6yM 3 OQHAKOBOK 4YaCTOTOK KypusMU
ToTIOHY. CepLeBO-CyANHHWNI PU3UK, pO3paxo-
BaHMI 3a 6anbHOW wWKanot, B 060x rpynax
TAKOX BipOriAHO He BiApi3HABCA.

Y XoAi KopensiuinHoro aHanisy BUsIBIEHO nps-
MU KopensuinHmin 38’a30K Mixx IMMIJILL 3i 3Ha-
yeHHsaMK sST2 (r=0.6397; p=0.000) i Gal-3 y
cuposaTui kposi (r=0.5113; p=0,001), puc. 1.

CniBBIAHOLWEHHA TakKMX reoMeTpuyHuUX napa-
MeTpiB cepus, ak T3CJ1Wa, MWMNg ta KAP J1M,
KAP JIL TakoX NOMipHO KopestoBanun 3i 3Ha-
YyeHHAMM SST2 Ta rasiekTUHy-3 Yy MnauieHTiB 3
Al'. 3oKkpeMa, BUABAEHO Kopenauii Mk piB-

260
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HeM sST2 Ta T3CJ1Wa (r=0.5086; p=0.000),
MWNg (r=0.5329; p=0.000), KAP 1N
(r=0.4636; p=0.000) i KAP N (r=0.5165;
p=0.000). Takox BuABMEHi npsMi kKopens-
LinHI 3B'A3kK Mix piBHeM Gal-3 Ta KAP JIM
(r=0.4430; p=0.007), KAP /W (r=0.3514;
p=0.036), MWMNa (r=0.3596; p=0.031). He
6yno BusiBNeHo kopensuii Mix piBHem Gal-3
Ta T3C/IWAa (r=0.3007; p=0.19). MNMoka3sHu-
kn CAT i OAT, a TakoX KpeaTUHIHY He Kope-
NtoBanu 3 nokasHMkKamm sST2 i ranekTuHy-3.
BoaHouac BusBAeHO cneund@ivyHy 3anexHicTb
BiA4 Biky (Tabn. 2).

3a gonomoroto agmncnepcinHoro aHanizy ANOVA
6yno npoaHanizoBaHo BM/MB AeKibKoX dak-
TopiB, a came BiKy Ta [JILU, Ha 3Ha4YeHHA no-
Ka3HMKIiB po34nmHHOro ST2 Ta Gal-3. Bnnus
060x dakTopiB Ha 3anexHy 3MiHHY 6yB BUSAB-
nenun ana sST2 (p=0.0000), ane He ans ra-
nektnHy-3 (p=0.1989), puc. 2.
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PucyHok 1. Matpuui kopensuinHoro 38’a3ky IMMJILL 3i 3HayeHHaMKM sST2 i Gal-3 y nauieHTis 3 Al

Tabauysa 2

Kopensauii kniHiuHnx/exokappaiorpadiuyHmx nokasHuKIB i3 piBHAMM sST2 i Gal-3

[MokasHuKKN r, sSST2, Hr/Mn p-value r, Gal-3, Hr/mn p-value
Bik, pokun 0.4424 0.0000 0.3847 0.006
CAT, MM.pT.CT -0.1490 0.193 0.0443 0.762
OAT, MM.pT.CT -0.0521 0.651 0.1473 0.313
IMT, kr/m? 0.1900 0.142 0.2258 0.075
KpeaTuHiH, MMOnb/n 0.1414 0.189 0.008 0.995
KAOP 1M, cm 0.4636 0.0000 0.4430 0.007
KAOP NLW, cm 0.5165 0.0000 0.3514 0.036
T3C/Wa, cm 0.5086 0.0000 0.3007 0.19
MWNAa, cm 0.5329 0.0000 0.3596 0.031
KAOP ML, cm 0.2884 0.025 0.1102 0.525
IMMALW, g/m2 0.6397 0.0000 0.5113 0.001
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Patients diagnosed with LVH were significantly
older (p=0.0043) and presented a longer
duration of AH (p=0.0030). They marked
substantially higher levels of sST2 (p=0.0000)
and profibrosis marker Gal-3 (p=0.0315).
Patients did not differ in creatinine level
and were tobacco smokers with the same
frequency. The cardiovascular risk calculated
by the score scale in both groups was also not
significantly different.

During the correlation analysis, a direct
correlation of LVMI with the values of sST2
(r=0.6397; p=0.000) and Gal-3 in blood
serum (r=0.5113; p=0.001) was revealed

(Fig. 1).

Ratios of cardiac geometric parameters such
as PWd, 1IVSd, and LAD, LVEDD were also
moderately correlated with sST2 and Gal-3
values in hypertensive patients. In particular,

Original research: Clinical sciences

correlations were found between the level
of sST2 and PWd (r=0.5086; p=0.000),
IVSd (r=0.5329; p=0.000), LAD (r=0.4636;
p=0.000) and LVEDD (r =0.5165; p=0.000).
Direct correlations were also found between
Gal-3 level and LAD (r=0.4430; p=0.007),
LVEDD (r=0.3514; p=0.036), IVSd (r=0.3596;
p=0.031). There was no correlation between
Gal-3 level and PWd (r=0.3007; p=0.19). DBP,
SBP, and creatinine values did not correlate
with the values of sST2 and Gal-3. At the
same time, a specific dependence on age was
revealed (Table 2).

Using ANOVA analysis of variance, the impact
of several factors, namely age and LVH, on
the values of soluble ST2 and Gal-3 indicators
was analyzed. The influence of both factors
on the dependent variable was found for sST2
(p=0.0000) but not for Gal-3 (p=0.1989)

(Fig. 2).
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Figure 1. Correlation matrices of LVMI with sST2 and Gal-3 levels in patients with arterial hypertension

Table 2

Correlation of clinical/echocardiographic parameters with sST2 and Gal-3 level

Variables r, sST2, ng/ml p-value r, Gal-3, ng/ml p-value
Age, yr 0.4424 0.0000 0.3847 0.006
SBP, mmHg -0.1490 0.193 0.0443 0.762
DBP, mmHg -0.0521 0.651 0.1473 0.313
BMI, kg/m? 0.1900 0.142 0.2258 0.075
Creatinine 0.1414 0.189 0.008 0.995
LAD, cm 0.4636 0.0000 0.4430 0.007
LVEDD, cm 0.5165 0.0000 0.3514 0.036
PWd, cm 0.5086 0.0000 0.3007 0.19
IVSd, cm 0.5329 0.0000 0.3596 0.031
RVEDD, cm 0.2884 0.025 0.1102 0.525
LVMI, g/m2 0.6397 0.0000 0.5113 0.001
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Onsa po3paxyHky nsowi nig kpusoto (AUC)
Ta OUIHKW AiarHOCTMYHOI UiHHOCTI SST2 B Ai-
arHoctuui MW 6yna nobyaosaHa ROC-kpuBa
(puc. 3). NMpun obpaHoMy piBHI SST2 17.0 Hr/mMn
TOYHICTb 3aNPONOHOBAHOro METOAY CTaHOBMAA
88.33%, uyTtnueictb - 84.85%, cneuundiu-
HicTb — 92.59%, MN3 (no3uTMBHE MpoOrHoc-
TWUYHe 3HayeHHs) — 93.33%, HM3 (HeratmBHe
NPOrHOCTUYHE 3HaveHHs) — 83.33%.

Mpn obpaHoMy piBHeBi Gal-3 29.0 Hr/mMn TO4-
HiICTb 3anpoOnoOHOBAHOro MeTody CTaHOBMAA
72.22%, yyTnueictb — 73.68%, cneumdivHicTb —
70.59%, NMN3 — 73.68%, HM3 - 70.59%.

O6roBopeHHSA
CborogHi BKpav Bax/JMBOK npobnemol rpo-
MaZACbKOro 3[0pOB’S € MPOrHO3yBaHHSA Ta

Plot of Means and Conf. Intervals (95,00 %)
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CBO€YacHa paHHsa agiarHoctuka CH Ha oCHOBI
ManOiHBA3UBHUX | AOCTYMHUX MPOrHOCTUYHUX
b6iomapkepiB. PO3umMHHUI ST2 pa3oM i3 ranek-
TUHOM-3 € NnapaMeTpamMu, BU3HAYEHMMU aMe-
PUKAHCbKMMK eKkcnepTaMn sk 6araToHaginHi
Mapkepu, BWKOPUCTOBYBaHi A/9 MNPOrHO3y-
BaHH4 rocnitanisauii Ta cmepTi nauieHTis i3 CH
[12].

36inblweHHA piBHA SST2 y cupoBaTui Kpo-
Bi 6yno niaTBepAXeHe HM3KOK AO0C/iAXKEHb
3a y4acTio nauieHTiB i3 oyeBnaHorw CH, xoua
KOHKPETHi 3HayeHHA UubOro roKasHuKa 414
NnporHo3yeaHHA Ta gdiarHoctuku CH MOXyTb
pi3HUTUCHA. MeTa-aHani3, nposegeHul Tianyi
Zhang, wo oxonntoBas 16 gocnigxeHb, 3acsia-
UMB BipoOrigHM 3B’A30K MiX piBHeM sST2 i CH.
Onsa cuposaTkoBoro sST2 3 MOpPOroBMM 3Ha-
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PucyHok 2. [liarpamn cepeaHix 3Ha4yeHb Ta A0BipYMX iHTepBaniB. IHTepBanu ansa napametpis sST2 (niBopydy), Gal-3 (npaBso-
py4) Ta Biky (1 = Bik < 45, 2 = Bik 45 - 74, 3 = Bik > 75), [J1LU (4yepBoHuit = 3 [J1LL, cuHin = 6e3 1) y nauieHTiB 3 Al

ROC Curve
o—
o
o
Z e
.; =}
2
2
&7
AUC = 0.897
é.| p <0.003
o
p=f
= T T T T T T
00 02 04 06 08 1.0
1 - Specificity

ROC Curve
o_.
w_.
o
> ©_|
=0
>
£
w
§
“ AUC =0.71
- p=0.027
(-]
O_
(=]
T T T T T T
00 0.2 04 06 08 10
1 - Specificity
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A ROC-curve was drawn to calculate the area
under the curve (AUC) and assess the diagnostic
value of sST2 in the diagnosis of LVH (Fig. 3).
At the selected sST2 level of 17.0 ng/ml, the
accuracy of the proposed method was 88.33%,
sensitivity 84.85%, specificity - 92.59%, PPV
(positive prognostic value - 93.33%, NPV
(negative prognostic value) - 83.33%.

The ROC curve for calculating AUC to estimate
the GAL-3 diagnostic value in LVH diagnostics
is shown in Figure 3.

At the selected Gal-3 level of 29.0 ng/ml, the
accuracy of the proposed method was 72.22%,
sensitivity 73.68%, specificity 70.59%, PPV
73.68%, and NPV - 70.59%.
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Discussion

Predicting and timely diagnosing HF, relying on
minimally invasive and readily available prog-
nostic biomarkers, constitutes a critical chal-
lenge in public health today. American experts
identify soluble ST2 and Gal-3 as promising
markers with potential utility in predicting hos-
pitalization and mortality in HF patients [12].

An elevation in the blood serum level of sST2 has
been consistently observed in various studies
involving patients with overt HF. However,
specific values of this indicator for predicting
and diagnosing HF may vary. A meta-analysis
conducted by Tianyi Zhang, incorporating 16
studies, demonstrated a significant association
between sST2 levels and HF. For serum sST2
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Figure 2. Diagrams of mean values and confidence intervals. Intervals are shown for sST2 (left), Gal-3 (right), and age
categories (1 = age < 45, 2 = age 45-74, 3 = age > 75); left ventricular hypertrophy (red = with LVH, blue = without
LVH) in patients with arterial hypertension
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Figure 3. ROC curves evaluating the diagnostic value of sST2 (left) and Gal-3 (right) in the detection of left ventricular
hypertrophy
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YeHHaM 27.4742 ur/mn AUC ctaHosuna 0.963
(p=0.000, 95% A1=0.947-0.979) 3 UyTAMBICTIO
0.946 i cneyundiynicTio 1.000 [13]. B iHwomMy
pocnigxeHHi (PRIDE) nNporHOCTUMYHO 3HauvyLia
TouKa BiAcikaHHS ansa ST2 6yna BM3Ha4veHa Ha
piBHi 0.20 Hr/mn [14]. Y pocnigXeHHi 3a y4acTio
1141 nauieHTa 3 XpoHiyHoto CH nigBuLLeHW pi-
BeHb SST2 35 Hr/mn B aMbynaTopHUX NauieHTIB
6yB TiCHO MOB’A3aHWIA 3 MOKA3HWUKAMMU TAXKKOI
CH [15; 16]. Y kinbkox gocnigXeHHsx 6ys BuU-
SABNEHUNA 3B'A30K MiX piBHEM SST2 i CTpyKTyp-
HMMW 3MiHaMun B cepui. PiBeHb sSST2 KopentoBaB
3 OBJILW, po3paxyHKOBUM CUCTONIIYHUM TUCKOM
npaBoro wyHouyka, rinokiHesom JILL, acouito-
BaBCS 3 NMOKAa3HMKaMu AiacToNivHOI AnchyHKLUIT
[17], pemogentoBaHHAM NiBOro wiyHouka [18].
Kpim Toro, y koropti 3 210 oci6 3 rinepTeHsi€to
YYTAMBICTb PO34YMHHOro ST2 y aAndepeHuiauii
KOHLEHTPUYHOI rinepTpodii BiA HOpManbHOI re-
omeTpii ctaHoBuIa 68.2%, a cneundidHicTb —
88.2% npwu noporoBoMy piBHi 17.4 Hr/mn [19].

Pe3ynbTaT HAWOro AOCAIMXKEHHS AYyXEe CXOXi
Ha pe3ysbTaTh HWKUX TakuX AOCNIOAXEeHb, Lo
BMBYaNIM B3AEMO3B’'A30K MiX nabopaTtopHMMU
Mapkepamu Ta I ana posumHHoro ST2. Oa-
HaK Ue He CTOCYBasloCA 3HayeHb ranexkTuHy-3.
B3aemo3B’sa30k Mix Gal-3 i napameTpamun cep-
ueBoi MYHKLUIT 3anMWAETLCSA  CynepeysiMBuM.
AHanoriyHo, y KoropTi 3 232 nauieHTiB 3i CTa-
6inbHOO XpoHivuHO CH piBeHb Gal-3 nna3smu
6yB TiCHO MOB’A3aHWUN i3 HECNPUATIUBUMMK MO-
piamun. AHaniz ROC-kpuBoi Bussme AUC 0.612
(0.538-0.685), p=0.004 onsa ranektTuHy-3 npu
piBHi 17.72 Hr/mn [20]. docnigxeHHs Diast-CHF
Hagano CyTTeEBY iHMOpPMaLito WoA0 poni ranek-
TWUHY-3 B AiarHoctuui Ta nporHo3ysaHHi CH 3i
36epexeHoo OB (HFpEF). Y nopiBHAIbHOMY
aHanisi Gal-3 i NT-proBNP 6yno BusBneHo, Lo
piBeHb ranektnHy-3 =13.4 Hr/mMn nepeBepllye
piBeHb NT-proBNP >220/660 nr/mn 3 4nctum
noninweHHaM knacudoikauii (NRI) 0.22 (z=3.96,
p<0.001) ansa giarHoctukn HFpEF Ha noyaTko-
BoMy eTani. KpimM Toro, nig yac croctepexeHHs
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y nauieHTiB 6e3 HFpEF Ha noyaTkoBOMY piBHi Ta
3 BMicToM Gal-3 =213.4 Hr/mn Bunagkosa HFpEF
pO3BMBanacs 3Ha4YHO vacTille, HXX Yy NaLieHTIB 3
piBHeM ranektmHy-3 <13.4 (p<0001) [11].

Mpw BIAHOCHO HU3bKUX PiBHAX SST2 MU criocTe-
piranu cyTTeBO BuLi piBHI Gal-3 y Tnx cammx
nauieHTiB. Taka pi3HMLUSA MOXe 6yTK NoB’sa3aHa 3
TUM, Wo sST2 i Gal-3 3anyyeHi 4o pi3HUX nNaTo-
JIOriYHMX NpoueciB peMoaentoBaHHA Miokapaa.
Ha Hawy AymKy, BM3Ha4yeHHs 060X MapKepiB €
AiarHOCTMYHO LiHHUM | Bigobpaxkae pi3Hi acnek-
TV naToreHesy nNaTosIoriyHOro peMoAentoBaHHA
cepusi. SST2 6nokye aHTUrinepTpodivHi edek-
™ IL-33, Aitoumn 9K pO3UMHHUIA peuenTop-npu-
MaHoBa4y. TMM 4YacoM rasieKTuH-3 NpoAyKY€ETb-
cs pibpobnacTtamum Ta Makpodaramu B AinstHKax
dibpo3y Miokapaa. BaxnMBo TakoX 3a3Ha4ynTy,
Lo MU NpoBOAMAU Lie AOCNIOXEHHSA B MOCTKO-
BiAHMM nepioa, Konu 6inblicTb NauieHTIB oay-
Xanu BiA4 KOPOHaBipyCHOI XBOpobu i uen dakT
TeX BApTO BpaxoByBaTW Mpwu iHTepripeTauii rno-
Ka3HuKiB MapkepiB dibpo3y.

Y BUCHOBKaX: BMMiptoBaHHs 6iomapkepiB sST2
Ta rafekTnHy-3 Aa€ MOXJ/IMBICTb OLHUTW rinep-
Tpodito NiBOro WyHoOYKa Ta CNyrye AoAaTKo-
BWM iHCTPYMEHTOM B OLiHLI cepLeBoi ANChYyHK-
LiT, BKasylo4n Ha pi3Hi Hanpamun ii po3BUTKY.

MepcnekTuBM MabyTHIX pocnig>keHb.
MepcrnekTMBHUM HAaNpAMOM € AOCNIAXEHHS HO-
BUX MOJSIEKYJS, 30KpeMa sST2 Ta rasnektuHy-3,
AKI € MapKepaMu ypaxXKeHHs cepueBO-CYAWH-
HOT cnctemn. OfHaK Ha iX KOHUEeHTpauito Moxe
BNAMBaATM HM3Ka dakTopiB, SKi noTpebytoTb
noganblwmx AOCIAXEHD.
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with an ST2 cutoff of 27.4742 ng/ml, the AUC
was 0.963 (p=0.000, 95% CI=0.947-0.979)
with a sensitivity of 0.946 and a specificity
of 1.000 [13]. In another study (PRIDE), the
prognostically significant cutoff point for ST2
was determined to be 0.20 ng/ml [14]. In a
study involving 1,141 patients with chronic HF,
an elevated sST2 level of 35 ng/mlin outpatients
was strongly associated with indicators of severe
HF [15; 16]. Several studies highlighted the
association between sST2 levels and structural
changes in the heart. sST2 levels correlated
with LVEF, estimated right ventricular systolic
pressure, LV hypokinesis, associated with
indicators of diastolic dysfunction [17], and
left ventricular remodeling [18]. Furthermore,
in a cohort of 210 hypertensive subjects, the
sensitivity of soluble ST2 in differentiating
concentric hypertrophy from normal geometry
was 68.2%, and the specificity was 88.2% at a
threshold level of 17.4 ng/ml [19].

The results of our study are very similar to the
findings of other similar studies examining the
relationship between laboratory markers and
LVH for soluble ST2. However, this did not apply
to the values of Gal-3. The relationship between
Gal-3 and the parameters of cardiac function
remains controversial. Similarly, in a cohort of
232 patients with stable chronic HF, plasma Gal-
3 levels were strongly associated with adverse
events. ROC curve analysis revealed an AUC of
0.612[0.538-0.685], p=0.004 for Gal-3 at levels
of 17.72 ng/ml [20]. The Diast-CHF study has
contributed substantial information regarding
the role of Gal-3 in the diagnosis and prognosis
of HFpEF. In a head-to-head comparison
between Gal-3 and NT-proBNP, a Gal-3 level of
>13.4 ng/ml was found to be superior to NT-
proBNP levels of >220/660 pg/ml with a Net
Reclassification Improvement (NRI) of 0.22
(z=3.96, p<0.001) for the diagnosis of HFpEF
at baseline. Furthermore, during follow-up,
patients without HFpEF at baseline and a Gal-
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3 level 213.4 ng/ml developed incident HFpEF
significantly more frequently than patients with
Gal-3 <13.4 (p<0.001) [11].

At relatively low levels of sST2, we observed
significantly higher Gal-3 levels in the same
patients. This difference may be related to the
fact that sST2 and Gal-3 are involved in distinct
pathological processes of myocardial remodeling.
Determining both markers is diagnostically
valuable and reflects different aspects of the
pathogenesis of pathological cardiac remodeling.
sST2 blocks the antihypertrophic effects of
IL-33 by acting as a soluble decoy receptor.
Meanwhile, Gal-3 is produced by fibroblasts and
macrophages in areas of myocardial fibrosis.
It is also essential to consider that our study
was conducted in the post-COVID period when
most patients had recovered from coronavirus
disease, which should be considered when
interpreting fibrosis markers.

In conclusion: The measurement of sST2 and
galectin-3 biomarkers enables the assessment
of left ventricular hypertrophy and serves
as an additional tool in evaluating cardiac
dysfunction, indicating different directions of
its development.

Prospects for further research. The
study of new molecules, particularly sST2
and galectin-3, which act as markers of
cardiovascular system damage, is a promising
direction. However, the concentration of these
markers can be influenced by a number of
factors that require further research.
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