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Abstract

Introduction. In recent years, there has been a growing number of studies aimed at identifying and evaluating novel
biomarkers of cardiovascular diseases, particularly heart failure. This trend is driven by the need to enhance diagnostic
accuracy, risk stratification, and personalized treatment approaches. Among these biomarkers, special attention is given to
the soluble form of the ST2 receptor (sST2), which has demonstrated significant prognostic value across various forms of
heart failure. This review focuses on the analysis of current data regarding the clinical relevance of sST2 and the prospects
for its implementation in routine medical practice.

Aim. Analysis of literature data on the biomarker sST2 as a predictor of adverse clinical outcomes in patients with heart
failure.

Search Strategy. A literature search was conducted using the scientific databases PubMed, Web of Science, and
Google Scholar, as well as electronic scientific libraries eLibrary and CyberLeninka. The search covered a five-year period
(2019-2024) and focused on cardiorenal biomarkers as predictors of adverse outcomes in cardiovascular diseases.

Results. This literature review analyzes studies on the prognostic significance of the sST2 biomarker in patients with
heart failure. The findings indicate that sST2 reflects key pathophysiological processes, including myocardial fibrosis and
systemic inflammation. Evidence from the literature suggests that the integration of sST2 into clinical assessment improves
early identification of patients at risk, refines prognostic accuracy, and facilitates ongoing patient monitoring. The integration
of this biomarker into clinical practice offers opportunities for more precise risk stratification and a personalized approach to
treatment.

Conclusions. A review of contemporary literature on clinical and laboratory predictors of heart failure demonstrates that
the biomarker sST2 has high diagnostic and prognostic significance. It reflects myocardial fibrosis and systemic
inflammation—processes closely associated with the progression of heart failure. Further research is needed to determine
optimal threshold values, validate assessment methodologies, and integrate sST2 into standardized clinical algorithms.
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Beepenue. B nocnegHve rogbl HabnpaeTcs pocT uucna MCCredoBaHUi, HAaMpaBneHHbIX Ha BbISBMEHUE U OLIEHKY
HOBbIX BUOMapKEPOB CEpAEYHO-COCYANCTbIX 3abOneBaHNin, B YaCTHOCTU CEPAEYHOIN HEQOCTaTOMHOCTW. Takas TeHaeHuns
obycnoBneHa HeOOXOAMMOCTBIO MOBLILLEHNS! TOYHOCTW AUArHOCTUKW, CTpaTUdMKaLMW prcCka 1 NepcoHanu3aumuy Tepanuu.
Cpean BromapkepoB ocobbli MHTEPEC Bbi3biBaeT pacTeopumasi popma peuentopa ST2 (sST2), AeMOHCTpupyioLas
BbICOKYH0 MPOTHOCTMYECKYH0 LIEHHOCTb NpY PasnnyHbiX (hopmax CepaeyHon HeA0CTaTOMHOCTM. HacTosAwumin 0630p NOCBALLEH
aHanuay akTyanbHbIX AaHHBIX O KIMHWUYECKOW ponn SST2 1 NepenekTBam ero NPUMEHEHUS B PYTUHHOW NPaKTHKe.

Llenb. AHanus nutepaTypHbIX JaHHbIX 0 Bromapkepe sST2 kak npeankTope HebnaronpuUsTHbIX KITMHUYECKUX MCXOOOB Y
NaLMeHTOB C CepAeYHOIA HEAOCTATOYHOCTHIO.

Crpaterna noucka. IpoBedeH mouck HayuHbIX nybnvkauwmii B nouckosbix cuctemax PubMed, Web of Science, Google
Scholar, B anekTpoHHbIX Hay4HbIx GrbnnoTekax eLibrary, CyberlLeninka. MmybuHa noucka 5 net (2019-2024). Mowck uHgopmaLmm
0 KapavOopeHanbHbIX Mapkepax kak npeavKTopax HebnaronpusaTHbIX UCXOA0B NPW CEPLEYHO-COCYAMCTLIX 3aboneBaHusX.

Pesynbtatbl. B Hactosiwem nutepatypHom 0630pe  NpoaHanW3vMpoBaHbl - MCCNELOBaHWs, NOCBALLEHHbIE
MPOrHOCTMYECKON 3HauMMocTn Guomapkepa sST2 y MaUMEHTOB C CepAeYHON HedoCTaTOuMHOCTb. [okasaHo, uto SST2
OTpaxaeT KIoYeBblE NaTodnanonorMyeckne npoLeccl, Bkoyas ¢ubpos Muokapaa U cUCTeMHOe Bocnanexue. [aHHble
nuTepaTypbl MOATBEPXKAAIOT, YTO NpUMeHeHne sST2 B OWarHoCTUKe M NPOrHO3MPOBaHMM HEONAroNpUATHBIX KIMHUYECKNX
ncxogos cnocobeTyeT Gonee paHHEMY BbISIBMIEHUIO PUCKA, YTOYHEHMIO MPOrHO3a M AMHaMUYeckomy HabniogeHuio 3a
nauneHTamu. BHegpeHne aToro Guomapkepa B KIMHWYECKYK MPaKTUKY OTKPbIBAET BO3MOXHOCTM Ans 6ornee TOYHOW
cTpaTudmKaLmm pucka 1 NepcoHan3MpoBaHHOTO NOAX0AA K NIEYEHMIO.

BbiBoabl. 0630p COBpEMEHHOM NUTepaTypbl MO KIMHWUKO-NABbopaTopHbIM MPEAUKTOpaM CEepaeYHON HEROCTaTOYHOCTH
nokasbiBaeT, 4o Gromapkep sST2 obnagaeT BbICOKOH JUArHOCTUYECKONA 1 MPOTHOCTUYECKOM 3HAUMMOCTbI0. OH oTpaxaeT
npowecchl M1okapamansHoro mbposa 1 CUCTEMHOMO BOCMANEHMs, accoLuMpoBaHHble C MPOrpecCMpoBaHUEM CepaeyHON
HeJoCTaTouHOCTH. [lanbHeliwne uccnegoBaHus Heobxogumbl Ans YTOUHEHWUS MOPOTOBLIX 3HAYEHWI, BanugaLum METOLOB
OL|eHKM W uHTerpaumumn sST2 B CTaHAAPTU3MPOBAHHbIE aNrOPUTMbI KITMHUYECKOH MPAKTUKK.

Knroyeenie cnoea: cepdeyHo-cocyducmslie 3abonesaHusi; KinUHUKO-nabopamopHele npedukmopsl; SST2; npo2Ho3;
OuagHocmuka.
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Kipicne. Corfbl Xbinaapbl Xypek-KaH Tamblp aypynapblHbiH, aCipece Kypek XeTKiNiKCiaairiHiv, xaHa duomapkepnepiH
aHblkTay xoHe Oaranayra OafblTTanFaH 3epTTeynepdid, CaHbl apThin kenedi. MyHoaih ypaic AuarHo3 KowablH, AanAiriH,
Kayin-katepai  ctpaTudvkaumsnaygbl ksHe empaeydid,  AepbecTeHZipinreH TacCingepiH KeTingipy  KaxeTTinirimeH
Gainanbictbl. Ocbl Guomapkepnepgin, iwiHae ST2 peuenTopbiHbiH, epiri dopMackl (SST2) epeklle Kbi3blFYLUbITbIK,
TyabIpbin OTbIp, Cebebi on Kypek XeTKiNiKCI3AiriHiK, Typni TypnepiHae Xofapbl NPOrHOCTUKAMNbIK KyHAbINbIK, kepceTTi. byn
wony SST2-HiH, KMWHWKAMNbIK ~ MaHbI3ObIMbIFbIHA  XOHE OHbl  KyHOENKTI  MeauuuMHanbik — Taxipubere — eHriay
nepcrnekT1BanapbiHa apHansaH

Makcart. XKypek xeTkinikciagiri 6ap HaykacTapaa XafbIMCbI3 KMMHUKAMNbIK HTUXENEPZiH, NpeaukTopbl petiHge sST2
Bromapkepi Typanbl agebu gepektepai Tangay.

Isgey ctpatermsacbl. foinbiMm Makananap PubMed, Web of Science, Google Scholar isgey xyitenepiHge, eLibrary
xaHe CyberLeninka anekTpoHAbIK, FbINbIMK KiTanxaHanapblHaa isgengi. 13gey tepenairi — 5 xbin (2019-2024). [3gey xypek-
KAHTaMmblp aypynapbl Ke3iHOeri XarbIMCbl3 KMMHUKaNbIK HITWKENepaiH, NpeaukTopnapbl peTiHae KapauopeHanbai
MapKepnepre KaTtbiCTbl aknapaTTbl KAMTbIAb.

Hatnxenep. Ocbl apebu wonyga xypek xeTkinikciagiri 6ap Haykactapga sST2 GuomapkepiHiH, MPOrHOCTUKArbIK,
MaHbI3AbINbIFbIHA apHanFaH 3epTTeynep Tangaqabl. 3epTTey HaTwxenepi bonbiHwa sST2 muokaps dhrubposbl MeH xyrenik
KabblHy CUSIKTBI Heriari maTocduanonorusnelk, yaepictepai 6enHenenni. oaedu aepektep SST2-Hi XarbIMCbI3 KIMHMKAMbIK
HOTWXENEPAi AuarHocTukanay xaHe Bomxay ylWiH KONAaHy Toyekeni epTe aHblkTayra, Bomkamabl HakTbinayra XoHe
HayKkacTapfbl AMHaMUKanbIK 6akbinaysa MyMKiHOIK GepeTiHiH pacTanabl. byn 6uomapkepai KNHWKanbiK NpakTUKasa eHrisy
Tayekenai ganipek cTpatudukaLmsanayra xaHe emaeyain, AepbecTenaipinreH Tacinaepi xy3aere acblpysa xon awagsbl.

KopbITbiHAbL. XKypek KeTKINiKCI3AiriHiH, KNUMHWKambIK, XaHe 3epTxaHarblk, npeaukTopnapbl BomMblHWA  Kasipri
apebvettepai wony sST2 GuomapkepiHiH, Xorapbl AUArHOCTUKArbIK XaHe NPOrHOCTUKANbIK MaHbl3Fa Ue eKEHIH KepceTesi.
Byn 6uomapkep Kypek KeTKinikciagiriHiv, yaeyiHe Tikeneit 6GainaHbICTbl Muokaph ubposbl MeH xyienik kabblHy
yaepicTepiH 6eiiHenenai. sST2 yLwiH LWeKTi MaHAepAi HakThinay, baranay aficTepiH BanumaLusanay xoHe OHbl KIMHUKAIbIK,
TaXipnbere eHridy MakcaTblHAa KOChIMLLA 3epTTeYNep KaxeT.

Tyliin ce30ep: Xypek-kaHmambip aypynapbl; KIUHUKamblK XaHe 3epmxaHanbik npedukmopnap, SST2; bomkam;
OuagHocmuka.
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Introduction

Heart failure is a rapidly escalating public health
concern associated with reduced quality of life and
increased mortality, affecting approximately 64.3 million
individuals worldwide (1). A meta-analysis reported that the
1-year, 2-year, 5-year, and 10-year survival rates for heart
failure were 86.5%, 72.6%, 56.7%, and 34.9%, respectively
(2). Since 2002, there has been an estimated 25% increase
in the prevalence of heart failure, a rise primarily driven by
population aging, improved post-coronary event survival,
and the escalating prevalence of major risk factors,
including hypertension and atrial fibrillation (3). In addition,
the rates of both heart failure and obesity are escalating
rapidly, representing a growing public health concern.
Obesity is present in nearly one out of every three
individuals with heart failure and is especially prevalent in
cases of heart failure with preserved ejection fraction
(HFpEF) (4) (5). In asymptomatic individuals, obesity has
been linked to reduced concentrations of brain natriuretic
peptide (BNP), while the degradation of natriuretic peptides
by adipose tissue has been linked to increased aldosterone
activity, plasma volume expansion, and reduced ventricular
compliance —key factors in the pathophysiology of HfpEF
(6). Currently, the most robust evidence supports the use of
natriuretic peptides and cardiac troponins as key

biomarkers for prognostic assessment in patients with heart
failure (7) (8). Nevertheless, natriuretic peptide has limited
informativeness in patients with obesity, as its levels are
reduced due to degradation by adipose tissue. This
reduction diminishes its diagnostic and prognostic value,
particularly in HFpEF, where key pathophysiological factors
include increased aldosterone activity, plasma volume
expansion, and reduced ventricular compliance (6). The
simultaneous evaluation of several biomarkers may offer
superior prognostic accuracy for both risk stratification and
outcome prediction in individuals with heart failure,
compared to the use of a single biomarker (9) (10) (11).
sST2 serves as a biomarker of inflammatory and
hemodynamic stress and, to some extent, reflects the
degree of myocardial strain. Moreover, soluble ST2 (sST2)
is critically involved in the process of ventricular remodeling
and has been linked to higher mortality rates among
patients with established heart failure (15).

Aim. Analysis of literature data on the biomarker sST2
as a predictor of adverse clinical outcomes in patients with
heart failure.

Search Strategy. A search for scientific publications
was conducted using the databases PubMed, Web of
Science, and Google Scholar, as well as the electronic
scientific libraries eLibrary and CyberLeninka. The search
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covered a five-year period (2019-2024). The focus was
placed on biomarkers of adverse outcomes in
cardiovascular diseases, with particular emphasis on sST2.

Inclusion criteria: Original studies focusing on the
diagnostic and prognostic significance of the specified
biomarkers, as well as peer-reviewed full-text publications.

Exclusion criteria:  Abstracts, reviews, publication
summaries, informational letters, and letters to the editor.

Search queries: English: «cardiovascular diseasesy,
«heart failure», «biomarkers», «sST2», «cardiovascular
prognosisy, «risk stratification.

Russian language: "cardiovascular diseases”, "heart
failure”, "biomarkers", "sST2", "cardiovascular prognosis,”
"risk stratification”.

In the initial search phase, 3,395 articles were identified.
After applying the inclusion criteria, 198 full-text publications
were analyzed, of which 59 were included in the review.
The distribution of sources was as follows: PubMed (30),
Web of Science (15), Google Scholar (7), CyberLeninka (7).
Additionally, data from international clinical guidelines and
statistical reports were considered.

{ Identification of studies via databases and registers }
N
. - . Records removed before
< Records identified from*: screening:
2 PubMed (n = 2643) Duplicate records removed
E ‘Web of Science (n = 1009) (n=1278)
!.E. Google Scholar (n = 97) bRecords marked e:s i(neli%;)le
] : - y automation tools (n =
SYDeLLemnxa (n =
2 Cxberkeninka. (n = 67) Records removed for other
reasons (n = 289)
A4
Records screened » | Records excluded™*
(n=2249) (n=1967)

(=]
e
£ l
o
1}
@ Reports excluded:

Reports assessed for eligibility Studies not related to reconstruction (n = 149)

(n=282) No qualitative and quantitative data about effectiveness (n = 56)

l Studies unclear methodology and insufficient data (n = 18)

°
3
S Studies included in review
2| =59

Figure 1. PRISMA flowchart: literature search and study selection.

Results and Discussion

In 1989, the ST2 receptor was first identified by two
independent research groups studying fibroblasts activated
by growth factors. The name “suppression of tumorigenicity”
originated from the hypothesis that ST2 could restrict
uncontrolled cell proliferation. Additionally, researcher Shin-
ichi Tominaga had previously described another protein,
later designated as ST1 (19). However, the functional
significance of this protein remained undefined for several
years. In 2002, Weinberg et al. conducted a gene
expression  analysis involving 7,000 genes in
cardiomyocytes subjected to mechanical stress and
observed a significant upregulation of ST2 in response to
the stimulus (20). ST2 is classified within the interleukin-1
receptor superfamily and is encoded by a gene found at
chromosome 2q12, within the interleukin-1 (IL1) gene locus
(21). The IL-1 receptor comprises two main isoforms—
soluble ST2 (sST2) and transmembrane ST2 (ST2L)—
which are largely expressed in cardiomyocytes. In addition
to indicating ventricular wall stress, these isoforms
contribute to the regulation of immune and inflammatory
pathways (22). Cardiac fibroblasts synthesize interleukin-33

(IL-33), an endogenous ligand of the ST2 receptor, while
stromal cells release it in both cardiac and extracardiac
tissues. The immunological role of IL-33 varies depending
on the cellular environment, exhibiting either pro- or anti-
inflammatory effects. In the heart, IL-33 interacts with the
membrane-bound ST2L isoform, triggering a protective
signaling cascade that counteracts cardiomyocyte
hypertrophy, limits programmed cell death, and suppresses
the development of myocardial fibrosis, thereby contributing
to the preservation of cardiac structure and function (23).
The binding of IL-33 to the transmembrane ST2L receptor
mediates cardioprotective effects by limiting myocardial
hypertrophy and preventing fibrotic remodeling. In contrast,
the soluble form of ST2 (sST2) acts as a decoy receptor,
capturing circulating 1L-33 and blocking its beneficial
signaling pathways, which contributes to the advancement
of cardiac hypertrophy, fibrosis, and impaired ventricular
function (24). The cardioprotective effect is mediated
exclusively through the ST2L receptor and is not associated
with the action of the soluble receptor form (25). Several
hypotheses have been proposed to explain the functional
role of sST2 in the pathogenesis of various diseases. In line
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with the inflammatory hypothesis of atherosclerosis, sST2
binds to IL-33, amplifying inflammatory responses that
contribute to plaque instability and elevate the risk of
adverse cardiovascular events. Circulating levels of sST2
are regarded as a prognostic indicator of plaque instability,
especially in individuals presenting with acute coronary
syndrome (26). In oncology, sST2 is considered a key
regulator of tumor growth, counteracting the tumorigenic
effects of the IL-33/ST2 pathway. It may serve as a
diagnostic and prognostic marker, as well as a tool for
treatment monitoring. The membrane-bound receptor ST2L
is linked to Th2-driven immune responses and serves a
pivotal role in modulating immune regulation. The IL-
33/ST2L signaling pathway is involved in the development
of numerous inflammatory, autoimmune, and fibrotic
diseases, including asthma, rheumatoid arthritis, pulmonary
fibrosis, and ulcerative colitis (27). n liver diseases, the IL-
33/ST2L signaling pathway has been shown to promote
fibrotic processes, whereas elevated levels of sST2 have
been observed in conditons such as cirrhosis,
hepatocellular carcinoma, and hepatitis B infection—
potentially reflecting a compensatory response aimed at
resolving inflammation or limiting disease progression (28).
Thus, sST2 plays a pivotal role in the pathogenesis of
various  diseases, including  cardiovascular  and
inflammatory conditions, serving as a valuable prognostic
and diagnostic marker. In cardiology, BNP and NT-proBNP
are the principal biomarkers of heart failure (HF), as they
reflect transmural myocardial wall stress and provide critical
prognostic information. However, the clinical applicability of
these biomarkers is limited by confounding factors,
including comorbidities such as atrial fibrillation, renal
impairment, and obesity, along with variations related to
age and sex. Furthermore, BNP and NT-proBNP capture
only specific aspects of the complex pathophysiology of HF
(29). This underscores the necessity of expanding the
biomarker panel to include sST2 to enhance diagnosis, risk
stratification, and treatment monitoring. The prognostic
relevance of sST2 was initially established in 2003. A
subgroup analysis of the PRAISE-2 trial (Prospective
Randomized Amlodipine Survival Evaluation-2), involving
161 patients with advanced heart failure (NYHA class IIl or
IV), demonstrated a positive correlation between baseline
sST2 levels and concentrations of natriuretic peptides.
Moreover, changes in sST2 levels over two weeks emerged
as an independent predictor of all-cause mortality and the
need for heart transplantation, irrespective of natriuretic
peptide concentrations (30). The strong prognostic
significance of sST2, independent of NT-proBNP, was
identified in a cohort of 593 patients presenting to the
emergency department with acute dyspnea. This
association was further validated in a cohort of 209 patients
with a confirmed diagnosis of heart failure (31). Similar
results were reported by Miiller et al., who found that higher
sST2 concentrations at the time of admission in patients
with acute heart failure were associated with a greater risk
of mortality over the follow-up period (32). According to
Pascual-Figal et al., an sST2 level of 65 ng/mL serves as a
critical cutoff point for identifying patients with acute heart
failure who are at increased risk for adverse clinical events
(33). Additionally, studies have shown that sST2 levels
above 22 ng/mL are associated with a significantly

increased risk of reaching the primary endpoint, which may
be attributed to the inclusion of a wider array of predictive
factors in the analysis (34). The prognostic utility of serial
sST2 measurements in the context of acute heart failure
has been explored in multiple studies. Aimo et al. showed
that sST2 levels have significant prognostic value for all-
cause mortality, cardiovascular death, and a combined
endpoint including both death and heart failure-related
hospitalizations in patients with acute decompensated heart
failure. Importantly, sST2 concentrations measured at both
admission and discharge were found to be predictive of the
risk of rehospitalization due to heart failure (35). In a cohort
of 150 patients who provided daily blood samples for sST2
measurement, the percentage change in this biomarker was
found to be a strong predictor of 90-day mortality. Among
patients who exhibited a reduction in sST2 levels of 15.5%
or greater during the observation period, the observed
mortality rate was 7%. In contrast, for patients with an sST2
reduction of less than 15.5%, the mortality risk reached
33%. The prognostic relevance of dynamic fluctuations in
sST2 levels remained independent of concurrent changes
in NT-proBNP concentrations (36). A multicenter study from
the Netherlands involving 496 patients with acute heart
failure reported that elevated baseline sST2 levels were
significantly correlated with an increased risk of all-cause
mortality and heart failure-related rehospitalization (hazard
ratio [HR] per one standard deviation increase in log,-sST2:
1.30; 95% confidence interval [CI]: 1.08-1.56; p = 0.005).
When evaluating repeated sST2 measurements over time,
the HR increased to 1.85 (95% CI: 1.02-3.33; p = 0.044). A
sub-analysis of the PIONEER-HF trial revealed that
baseline sST2 concentrations held prognostic value for
predicing  both  cardiovascular ~ mortality  and
rehospitalization due to heart failure. Patients receiving
sacubitril/valsartan exhibited a more pronounced reduction
in sST2 levels as early as one week compared to those
receiving enalapril, which correlated with improved clinical
outcomes. The reduction in sST2 (6.4%) was less
pronounced than that observed for hs-TnT (15.8%) and NT-
proBNP (29.4%), likely reflecting the lower dependence of
sST2 on decongestion (37). Januzzi et al. proposed an
algorithm incorporating sST2 measurements to aid in the
differential diagnosis of dyspnea. An sST2 threshold of =35
ng/mL was identified as a marker for both the presence of
acute heart failure (AHF) and a heightened risk of adverse
outcomes. Among patients presenting with dyspnea and
elevated natriuretic peptide concentrations, sST2 levels
allow for stratification into three distinct prognostic
categories:

® sST2 concentrations below 35 ng/mL are observed in
less than 10% of patients presenting to the emergency
department with suspected AHF, strongly indicating the
absence of the condition and aiding in its exclusion as a
potential diagnosis.

© sST2 values in the range of 35-70 ng/mL require an
assessment of the effectiveness of diuretic therapy in the
emergency department; if clinical improvement is observed,
the decision regarding the need for hospitalization is made
accordingly.

© sST2 values >70 ng/mL are indicative of a high
likelihood of AHF and provide strong justification for hospital
admission and further clinical management (38).
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sST2 levels above approximately 70 ng/mL have been
linked to a heightened risk of mortality, both in the early
phase (within 30 days) and during extended follow-up
periods of up to one year (39). Recent findings indicate that
implementing an sST2-guided strategy in patients arriving
at the emergency department with dyspnea and elevated
natriuretic peptides may improve diagnostic clarity, refine
risk assessment, and assist in optimizing treatment
decisions (40). Alongside established biomarkers like BNP
and NT-proBNP, sST2 offers distinct prognostic value for
predicting clinical outcomes. In a study by Gaggin et al.,
sST2 demonstrated strong predictive power for mortality in
both acute and chronic heart failure, underscoring its utility
in assessing risk over both short-term and long-term follow-
up (41). Research carried out at the Poznan University of
Medical Sciences during 2016-2017 identified sST2 as an
independent marker associated with all-cause mortality in
patients diagnosed with heart failure with reduced ejection
fraction (HFrEF). Deceased patients had significantly higher
baseline sST2 levels (60.5 + 53.3 pg/mL vs. 38.8 + 32.0
pg/mL; p = 0.0029). An sST2 level > 45.8 pg/mL was
associated with an increased risk of mortality (50% vs.
21.6%; p = 0.0025) (42). A meta-analysis involving over
4,000 patients confirmed that sST2 levels independently
predict both all-cause and cardiovascular mortality, and also
serve as a standalone risk factor for heart failure-related
hospitalizations. Moreover, elevated sST2 levels were
associated with increased concentrations of inflammatory
markers, highlighting a potential relationship between
inflammation and a heightened risk of adverse clinical
outcomes (43). Dupuy et al. showed that simultaneous
elevations in C-reactive protein (CRP) above 6.4 mg/L and
sST2 levels above 47.6 ng/mL were strongly linked to
increased mortality risk in patients with chronic heart failure.
Importantly, incorporating NT-proBNP into the assessment
did not provide additional prognostic benefit in this context
(44). A heart failure study carried out in Pennsylvania with
1,141 patients suffering from chronic heart failure with
reduced ejection fraction found that sST2 serves as a
robust and dependable prognostic indicator. When
combined with traditional biomarkers like BNP and pro-atrial
natriuretic peptide, sST2 provided a modest improvement in
risk stratification. Elevated sST2 concentrations were
strongly linked to an increased risk of all-cause mortality or
the need for heart transplantation, with this association
being particularly pronounced among patients with non-
ischemic heart failure (45). Furthermore, Emdin et al.
showed that sST2 possesses significant prognostic value
for the prediction of all-cause mortality, cardiovascular
death, and heart failure-related events. Importantly,
incorporating sST2 into existing risk prediction models
improved risk reclassification beyond that achieved with
traditional biomarkers such as NT-proBNP and high-
sensitivity troponin T (hs-TnT) (46). The incorporation of
sST2 alongside other biomarkers yielded a more precise
prognostic evaluation in patients with renal impairment than
in the general population (47). Gruson et al. established the
prognostic significance of sST2 for cardiovascular mortality
over a median follow-up period of 4.2 years. Among several
prognostic indicators—such as natriuretic peptides, age, left
ventricular ejection fraction, and glomerular filtration rate
(GFR)—sST2 exhibited the most robust association with

cardiovascular mortality (48). sST2 levels have been
identified as an independent predictor of atrial fibrillation
among patients with heart failure (49), likely reflecting
underlying mechanisms related to aging and structural
remodeling of the atria that contribute to the development of
this arrhythmia (50). Increased sST2 concentrations have
been associated with a greater risk of atrial fibrillation
recurrence  after radiofrequency catheter ablation,
suggesting its potential role as a predictive biomarker for
evaluating the likelihood of arrhythmia recurrence prior to
the procedure (51). In 2011, Ky et al. (52) conducted a
meta-analysis assessing the prognostic significance of
sST2 in chronic heart failure outcomes across three
cohorts. These findings were subsequently validated by the
HF-ACTION trial (Heart Failure: A Controlled Trial
Investigating Outcomes of Exercise Training) (53), which
contributed to the approval of sST2 for clinical use by
regulatory authorities in the United States. In 2016, a
comprehensive meta-analysis was conducted, integrating
pooled data from seven studies encompassing 6,372
patients. The results indicated that sST2 levels, even
without adjustment for other variables, are a significant
predictor of both all-cause and cardiovascular mortality in
individuals with chronic heart failure (54). An extensive
analysis involving 4,268 patients across 11 cohorts
demonstrated a clear exponential relationship between
elevated sST2 levels and the risks of all-cause mortality,
cardiovascular death, and hospitalizations related to heart
failure. A threshold of 28 ng/mL was identified as the
optimal cutoff for predicting all three outcomes. Patients
with median sST2 levels of 27 ng/mL or higher were found
to have twice the risk of all-cause mortality, a 50% increase
in the risk of cardiovascular death, and a 10% higher
likelihood of hospitalization compared to those with lower
levels. Furthermore, individuals with median values of all
three biomarkers—sST2, NT-proBNP, and hs-TnT—above
their respective thresholds experienced dramatic increases
in risk: 850% for all-cause mortality, 640% for
cardiovascular death, and 590% for hospitalization.
Importantly, the prognostic value of sST2 was shown to be
independent of NT-proBNP, high-sensitivity troponin T, and
other clinical parameters, with no significant association
observed between sST2 levels and baseline characteristics
such as age, sex, body mass index, or renal function (55).
In individuals with chronic heart failure, elevated sST2
concentrations have been recognized as a predictor of
sudden cardiac death, offering prognostic information that
complements and extends beyond the insights provided by
NT-proBNP (56). In the context of acute coronary
syndromes, both initial and repeated measurements of
sST2 levels have demonstrated high predictive value for
future cardiovascular events (57). Elevated serum sST2
concentrations assessed one week after ST-segment
elevation myocardial infarction (STEMI) have been
independently linked to unfavorable left ventricular
remodeling observed at six-month follow-up (58). Moreover,
increasing sST2 concentrations have been associated with
disease progression and clinical worsening in heart failure
patients, underscoring its value as a dynamic biomarker for
continuous monitoring and guiding treatment decisions (59).
Taken together, current evidence supports the strong
potential of sST2 as a tool for risk stratification and for
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lowering the likelihood of rehospitalization in patients with
heart failure. However, achieving these objectives
necessitates further investigation. Future research should
aim to refine threshold values, elucidate the mechanistic
role of sST2 in clinical outcomes, and assess its integration
into established clinical algorithms. These advancements
would facilitate the effective implementation of sST2 in
optimizing therapeutic strategies and enhancing long-term
patient outcomes.

Conclusion.

The biomarker sST2 exhibits high diagnostic and
prognostic value in assessing cardiovascular risk. sST2
demonstrates significant promise in stratifying risk and
forecasting adverse outcomes in individuals with heart
failure. Nevertheless, its routine clinical application requires
further investigation to establish optimal threshold values
and support its integration into standardized clinical
decision-making algorithms.  Continued research s
essential to validate its utility and enhance its
implementation in everyday medical practice.
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