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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Heart failure (HF) poses a substantial burden
on healthcare systems and society, necessitating effective
diagnostic tools for enhanced patient management. The soluble
suppression of tumorigenesis 2 protein (Soluble Suppression of
Tumorigenesis 2 (sST2)) has emerged as a promising biomarker
linked to cardiac remodeling and fibrosis. This study investigates
Soluble Suppression of Tumorigenesis 2 (sST2)'s potential as
a diagnostic and prognostic marker for chronic heart failure
(CHF) and explores its clinical utility in predicting outcomes.

Aims and objectives: To evaluate the utility of Soluble
Suppression of Tumorigenesis 2 (sST2) as a predictive and
diagnostic marker in patients with heart failure with reduced
ejection fraction (HFrEF). The study aims to explore the
connection between Soluble Suppression of Tumorigenesis
2 (sST2) levels and cardiovascular (CV) mortality in patients
suffering from chronic heart failure (CHF), providing insights
into how Soluble Suppression of Tumorigenesis 2 (sST2) levels
correlate with patient outcomes. Additionally, it seeks to assess
the ability of Soluble Suppression of Tumorigenesis 2 (sST2) to
predict critical clinical events such as hospital readmissions and
adverse 02composite outcomes, offering a deeper understanding
of its potential role in disease management. Furthermore,
the research compares the prognostic accuracy of Soluble
Suppression of Tumorigenesis 2 (sST2) with NT-proBNP, a
well-established biomarker, to determine which marker is more
reliable and informative for predicting the progression and
severity of CHF.

Methods: This prospective cohort study included 111 CHF
patients enrolled from May 2020 to January 2022. Participants
were classified into two groups based on their Soluble
Suppression of Tumorigenesis 2 (sST2) concentrations (<35 ng/
mL and >35 ng/mL) and monitored over a year. Comprehensive
demographic, clinical, and echocardiographic data were
collected, alongside blood samples for Soluble Suppression
of Tumorigenesis 2 (sST2) and NT-proBNP analysis. Kaplan-
Meier survival analysis, Cox regression modeling, and chi-
square tests were employed, with statistical significance defined
as P <0.05.

Results: Patients with Soluble Suppression of Tumorigenesis
2 (sST2) levels above 35 ng/mL experienced a markedly
higher one-year cardiovascular (CV) mortality rate of 27.3%,
compared to just 2.2% in those with lower levels. Similarly,
elevated Soluble Suppression of Tumorigenesis 2 (sST2)
levels were strongly associated with an increased risk of
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hospital readmissions, as 27.3% of high-Soluble Suppression
of Tumorigenesis 2 (sST2) patients required multiple
hospitalizations within a year, compared to only 2.3% in the
low-Soluble Suppression of Tumorigenesis 2 (sST2) group. In
contrast to NT-proBNP, Soluble Suppression of Tumorigenesis
2 (sST2) levels were not affected by factors like age or kidney
function, making it a more reliable and consistent marker of
cardiac remodeling. Additionally, patients who did not show
a reduction in Soluble Suppression of Tumorigenesis 2 (sST2)
levels were significantly more likely to face adverse composite
outcomes, with 45.5% affected, compared to 12.4% among
those whose levels decreased.

Conclusion: Soluble Suppression of Tumorigenesis 2 (sST2)
has emerged as a valuable prognostic biomarker for CHF,
offering advantages over NT-proBNP due to its independence
from confounding factors such as renal function and atrial
rhythm. Elevated Soluble Suppression of Tumorigenesis 2
(sST2) levels are strongly correlated with increased mortality,
hospitalizations, and adverse outcomes. While baseline
Soluble Suppression of Tumorigenesis 2 (sST2) levels provide
meaningful insights into disease severity, short-term changes
are less indicative of prognosis. Integrating Soluble Suppression
of Tumorigenesis 2 (sST2) into routine clinical practice could
improve CHF management by enabling early identification of
high-risk patients and guiding personalized treatment strategies.

Key words. Soluble Suppression of Tumorigenesis 2 (sST2)
(Soluble Suppression of Tumorigenesis 2 Protein), NT-proBNP
(N-terminal pro-B-type Natriuretic Peptide), Heart Failure with
Reduced Ejection Fraction (HFrEF), prognostic indicators, and
CV mortality risk stratification.

Introduction.

Due to the impact of heart failure on medical systems and
society there is a big need to establish an efficient diagnostic
tool that can be used as predictive clinical tool. Therefore, it’s
crucial to find and apply biological markers to assess the actual
results of medication, as well as finding a freshly trustworthy
biological markers to research its important significance for the
improvement of heart failure care systems and the development
of medical care procedures.

Soluble suppression of tumorigenesis 2 protein (Soluble
Suppression of Tumorigenesis 2 (sST2)) is circulating as the
cell-surface receptor and is expressed by cardiomyocytes and
vascular endothelial cells, so when it’s attached with its ligand,
interleukin 33, during cardiovascular damage, This binding
of Interleukin-33 to Soluble Suppression of Tumorigenesis 2



(sST2) is anticipated to decrease unwanted cardiac remodeling
and plays an important role in preventing myocardial
hypertrophy and fibrosis [1,2].

So, whenever the Soluble Suppression of Tumorigenesis 2
(sST2) and ST2L compete with one another for binding with
interleukin-33, the cardiovascular preventive benefits of the
interleukin 33/ST2L interaction are probably lightened [1,2].

Therefore, there is an increasing interest in Soluble Suppression
of Tumorigenesis 2 (sST2) which is a possible tool to help
manage treatment and the approach for chronic heart failure
(CHF) and predict prognosis [3,4]. The interleukin-33/ST2L
axis in CHF is still unresolved yet at this time, nevertheless
Soluble Suppression of Tumorigenesis 2 (sST2) levels in
plasma have been found to be typically higher in CHF patients
compared with total healthy individuals [4,5].

In this manuscript, the role and significance of Soluble
Suppression of Tumorigenesis 2 (sST2) as an HF biomarker
will be explored with the particular emphasis on the analytical
issues covering Soluble Suppression of Tumorigenesis 2 (sST2)
measurement as well as the clinical applications of Soluble
Suppression of Tumorigenesis 2 (sST2) measurement for the
prognosis, diagnosis, and monitoring of chronic HF.

The primary results of this study have been published in
“quality in primary care’’” which is a peer review journal [6].

Aims and objectives.

Soluble suppression of tumorigenesis 2 protein (Soluble
Suppression of Tumorigenesis 2 (sST2)) is a part of interleukin- 1
receptor family, and it has been found that it’s elevated in
different cardiovascular conditions. Nevertheless, its usefulness
in predicting the severity of a disease or CV mortality rates is
still questionable, therefore we have conducted this study to
assess the prognostic and diagnostic value of this biological
marker (Soluble Suppression of Tumorigenesis 2 (sST2)) in
patients with a heart failure with reduced ejection fraction.

Study population.

A prospective cohort study was conducted on 111 CHF
patients who were enrolled between May 2020 and January
2022 of this research. They were divided into two subgroups
based on their Soluble Suppression of Tumorigenesis 2 (sST2)
concentration. N=65 for T1 (<35 ng/mL) and N=46 or T2 (>35
ng/mL). These patients were monitored for the emergence of
the primary endpoints 1 month and 1 year later. By making
use of the Cox proportional hazards model the prognostic
significance of Soluble Suppression of Tumorigenesis 2 (sST2)
for the clinical outcome was determined. The main purpose of
this cohort study was to analyze and establish the biomarkers
of heart failure in comprehensive detail. Patients with ejection
fraction less than 40% (EF<40%), diagnosed with heart failure
within the last year during either stationary (inpatient) or
ambulatory (outpatient) visits, Heart failure treatments were
managed 4 weeks prior to enrollment. Those with heart failure
who were referred to Vivamedi Clinic were chosen randomly
and placed into groups with suitable sampling techniques. Our
samples included patients over the age of eighteen diagnosed
with CHF. The current study has received approval from
Vivamedi’s local ethics committee. After enrollment, each

patient was managed with Optimal Medication Therapy (OMT)
with prescribed drugs and doses for at least the one month prior
to the screening, and adequate treatment of coexisting diseases.
The criteria for exclusion were: Age<l8 years, pregnancy,
a systolic blood pressure of less than 100 mmHg, glomerular
filtration rate<30 mL/min/1.73 m2, acute hospitalization owing
to ADHF in prior 4 weeks, congenital valve defects, severe
valvular stenosis any significant cardiovascular events within
the previous four weeks, such as resuscitation, acute myocardial
infarction, stroke, peripartum cardiomyopathies, Takotsubo
cardiomyopathy, end-stage and active cancer.

Demographic and clinical information, including age, gender,
and body mass index, were gathered. Vital signs (BP, HR,
RR, SPO2, t), anomalies on the 12-lead electrocardiogram,
echocardiography, and the following parameters were measured.
EF, LA dimension, IVS, LV end-diastolic dimensions,
comorbidities (CKD, CAD, Arterial Hypertension, Diabetes
Mellitus, atrial fibrillation, metabolic syndrome), medication
(ACEi/ARB, ARNI, MRA, Beta-blockers, SGLT2 inhibitors,
Diuretics, Ivabradine, Digoxin), device therapy, and KCCQ-
12 questions were assessed. The study included 111 patients
who provided blood samples for ST2 and NT-probing. The key
outcomes included cardiovascular mortality, rehospitalizations
for Acute Decompensated Heart Failure (ADHF), and the
composite rate of death from cardiovascular illness and
ADHF diagnoses. Blood samples were taken within an hour
of admission. Serum Soluble Suppression of Tumorigenesis
2 (sST2) levels were consistently measured using an enzyme-
linked immunosorbent assay (ELISA).

Collection of clinical and echocardiographic parameters:

Clinical and echocardiographic data were collected by
reviewing hospital records. Patients received follow-ups
through telephone calls or in-person visits. Follow-up lasted for
1 year from the time of enrollment.

Statistical analyses.

Continuous variables were reported as mean = SD or median
with IQR.

The chi-square test was used to compare categorical variables
(representation by percentage). Correlations were examined
using Pearson or Spearman rank coefficients. Survival curves
were estimated using the Kaplan-Meier technique, and group
comparisons were made using the log-rank test. Survival curves
were estimated and shown, with the log-rank test used for group
comparisons. The Hazard Ratio (HR) and 95% Confidence
Interval (CI) were used to show how the variables related to the
primary endpoint.

Analyzing Cox regression, Soluble Suppression of
Tumorigenesis 2 (sST2) and NT-probing data were log-
transformed because of their skewed distributions. The data was
analyzed using a significance level of P < 0.05.

Results.

Sst2 variations based on cardiac rhythm:

In the final analysis of sst2 levels in a fib and sinus rhythm
patients, while comparing to NT- pro BNP, sst2 is independent
of rhythm and sst2 can help in conditions where there are



limitations to NT-pro BNP, given the fact that NT-pro BNP is
higher in AF patients.

NT- pro BNP is mainly secreted from atrium and remodelling
in atrium in atrial fibrillation is much higher than in sinus
rhythm. The most important stimulus for release of NT-pro BNP
is increase in end diastolic wall stress due to volume overload
and it is less affected by cardiac homeostasis, and it can be used
for understanding if there is a response to medications. Atrial
dilation is main feature of left atrial remodelling which is due to
cardiac hemodynamic overload [11].

Soluble Suppression of Tumorigenesis 2 (sST2) act as a decoy
receptor in ST2L/IL-33 pathway promoting cardiac hyperplasia
and cardiac remodelling. Therefore, Soluble Suppression of
Tumorigenesis 2 (sST2) helps in risk stratification and disease
activity prediction of AF (Figure 1) [10].
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Figure 1. Analysis of sst2 levels in a fib and sinus rhythm patients.

Soluble Suppression of Tumorigenesis 2 (sST2) act as a decoy
receptor in ST2L/IL-33 pathway promoting cardiac hyperplasia
and cardiac remodelling. Therefore, Soluble Suppression of
Tumorigenesis 2 (sST2) helps in risk stratification and disease
activity prediction of AF [10].

Upon analysing the data of mean sst2 levels in patients with
a fib and sinus rhythm over period of screening, 1 month and
1 year. No significant difference was observed in SST2 levels
between sinus rhythm and AFB rhythm patients during both
the screening and follow-up phases. This implies that there is
no difference between sst2 values of a fib patients and sinus
rhythm patients till 1 year of follow up. Thus, concluding that
the combination of sst2 and NT-pro BNP can help us understand
the level of cardiac modelling thus helping us predict the
prognosis. Unlike NT- pro BNP, SST2 can be considered
rhythm-independent (P <0.01).

Relationship between Soluble Suppression of Tumorigenesis
2 (sST2) levels and primary outcomes in the main groups.

This study aimed to evaluate the CV mortality rate by analysing
two distinct groups. The study revealed a significant change in
the mortality rate within 1 year between the groups, in group
1(<35 ng/mL), the mortality rate is 2.2% and survival rate is
97.8% and in group 2(>35 ng/mL), the CV mortality rate was
increased significantly to 27.3% (Figures 2 and 3).

The result of the study indicates that the concentration of
SST2 can be used as a marker for predicting the mortality rate
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Figure 3. 1-year rehospitalizations in main groups.

and the no. of times patients need to get re-hospitalized. The
patients with more SST2 concentration were found to have a
more mortality rate and a rehospitalization necessity compared
to patients with less SST2 concentration. Therefore, it can be
concluded that SST2 concentration in heart failure patients is a
prognostic indicator (P<0.001).

Biomarkers variations in survivors and deceased patients.

We analyzed subgroup’s and assessed the Delta NT- pro BNP
at 1-month follow-up in two subgroups of Patients—Group
1 (Survived Patients) and Group 2 (Deceased Patients)—we
examined NT- pro BNP reductions in these groups. Typically,
elevated NT- pro BNP levels are associated with worse
outcomes and higher mortality. However, NT- pro BNP levels
might decrease significantly in deceased patients compared to
survivors: These are several factors that can influence NT- pro
BNP concentration. Typically, NT- pro BNP levels are lower
among acute decompensated heart failure (ADHF) patients
with obesity or preserved Left Ventricular Ejection Fraction
(LVEF) and it affects the outcomes [7]. Certain treatments or
medications like diuretics and other heart failure medications
can significantly lower NT- pro BNP levels even If a patient
dies shortly after the treatment [8]. If NT- pro BNP levels are
measured at the initial treatment, the recorded values might be
lower even in patients with a poor outcome/ End-Stage heart
failure: Brain natriuretic peptide NT- pro BNP is a hormone
secreted by cardiomyocytes in the heart ventricles in response
to stretching caused by increased ventricular blood volume. In
heart failure, the heart chambers are stressed causing them to
produce and release extra NT- pro BNP, which pours into the
bloodstream. Advanced heart failure may lead to a significant



myocardial damage and dysfunction, which can impair the
heart’s ability to produce and secrete NT- pro BNP. As the heart
fails, its ability to respond to stress by producing NT- pro BNP
may be diminished and NT- pro BNP levels might not rise as
expected. This could lead to lower NT- pro BNP levels at the
time of death [9].

Study revealed a significant difference between these two
groups. In Group 1 (N=103), the mean NT-PROBN reduction
was -464.38. In contrast, Group 2 (N=8) exhibited a mean
NT- proBNP reduction of -2115.56. This indicates that the
NT- proBNP reduction was substantially greater in group 2
(Deceased Patients), and this result is statistically Significant.
While these factors can be considered for reducing NT- proBNP
levels, we propose that in the end-stage heart failure patients, a
reduction in NT- proBNP levels may not serve as a predictive
value for Heart failure (HF) prognosis (Figure 4).

5000.

3750.

2500. 2115.56

M Death

1250. M Survival

0. -

-1250.

Changes of NT- proBNP levels

Figure 4. Delta NT- pro BNP at 1-month follow-up in within Survived
and Deceased Patients.

Means of Changes of NT-probing levels.

In the analysis of data focusing on delta s ST2 levels at 1
month follow up in two groups of patients group 1 (n = 103)
survivors and group 2 (n=8) non survivors, results do not reveal
a significant difference for the change in s ST2. In group 1, the
mean reduction was — 1.99 and group 2 it was -4.84. That test
= 0.92 and p = 0.362 which implies that the rate of decrease
of sst2 in survivors does not differ significantly from rate of
decrease of sst2 in deceased.

In conclusion of data regarding delta sst2 levels in survivors
and non survivors, it can be seen that during 1 month follow up
there is no significant difference that in turn implies that there is
no requirement of serial measurements of sst2 at 1 month follow
up and one initial measurement of sst2 can be of prognostic
value. Since sst2 is an indicator of myocardial fibrosis and
remodelling, no notable change in sst2 indicate might take more
time to reduce sst2, thus decreasing effect of deltas sst2 as a
prognostic indicator (Figure 5).

Biomarkers Reduction at one month follow up in main groups.

The assessment of mean biomarkers at the one-month follow-
up reveals notable differences between the main groups. As
depicted in Graph N6, Group 1(sst2<35ng/mL) had an average
screening NT-pro BNP level of 844.17 ng/mL, whereas Group
2(sst2> 35ng/mL) exhibited a significantly higher level of
2396.03 ng/mL. Similarly, Graph N7 highlights that the mean
screening Soluble Suppression of Tumorigenesis 2 (sST2) level
was 20.46 ng/mL in Group 1, compared to 51.75 ng/mL in
Group 2 (Figures 6 and 7).

9

15.75

105

5.25

B Death
W Survival

-5.25

-10.5

Changes of s5t2 levels

Figure 5. Means of Changes of sSt2 levels.

The average screening NT-

proBNPlevel (hg/ml)
3000.
2396.03
2400.
1800.
1200. 844.17

0.
B Group 1 sst2 < 35 ng/ml
M Group 2 sst2 > 35 ng/ml

Figure 6. An average screening NT-pro BNP levels in main groups.

The mean sST2 level (ng/ml)

60. 51.75

45.

30. 20.46
0.

20.46

B Group 1 sst2 < 35ng/m
B Group 2 sst2 > 35 ng/ ml

Figure 7. An average screening SSt2 in main groups.

2812.5

1875.

133p.19

9375 T mGroup 1
581.73 B Group 2

-937.5

Changes of NT- proBNP levels

Figure 8. Mean NT-pro BNP levels - 1 month follow-up in main groups.




The mean NT-pro BNP levels at the 1-month follow-up are
significantly higher in Group 2 (SST2 < 35 ng/mL, n=46n =
46, mean = 1339.19) compared to Group 1 (SST2 > 35 ng/mL,
n=65n= 65, mean = 581.73; t=4.61, p<0.001t=4.61, p < 0.001)
(Figure 8).

The second chart depicts the mean Soluble Suppression of
Tumorigenesis 2 (sST2) levels after a one-month follow-up. It
clearly shows that in Group 1 (n=65, Soluble Suppression of
Tumorigenesis 2 (sST2) concentration > 35 ng/mL), the mean
is 20.35 ng/mL, whereas in Group 2 (n=46, Soluble Suppression
of Tumorigenesis 2 (sST2) concentration < 35 ng/mL), there is
reduction, but it is still high -46.88 ng/mL. Therefore, the mean
Soluble Suppression of Tumorigenesis 2 (sST2) levels after the
one-month follow-up are higher in Group 2 (Figure 9).

Limitations of Soluble Suppression of Tumorigenesis 2
(sST2) as a short-term prognostic marker.

In a separate analysis focusing on the Delta sSt2 levels at
1-month follow-up in two groups of patients: Group 1 (<35 ng/
mL) and Group 2 (>35 ng/mL). The objective was to evaluate
the reductions in sSt2 levels within these groups. Results
revealed a notable sSt2 levels reduction in group 2. In Group 1
(N=65), the mean sSt2 reduction was -0.30. In contrast, Group
2 (N=46) exhibited a mean sSt2 reduction of -4.87 (Figure 10).

Soluble Suppression of Tumorigenesis 2 (sST2) is a new
biomarker associated with heart failure and other cardiovascular
conditions, and it is typically high in the patients with those
diseases. Patients with Soluble Suppression of Tumorigenesis
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Figure 9. Mean sSt2 levels - 1 month follow-up in main groups
(t-test=9.68, p<0.001).
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Figure 10. Delta sSt2 levels at 1-month follow-up in main groups.
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2 (sST2) concentrations >35 ng/mL might experience more
significant reductions in Soluble Suppression of Tumorigenesis
2 (sST2) levels compared to those with Soluble Suppression of
Tumorigenesis 2 (sST2) concentrations <35 ng/mL and that is
because of the treatment response to an intensive intervention.
Patients with higher Soluble Suppression of Tumorigenesis
2 (sST2) levels (>35 ng/mL) typically have more severe
heart failure and they undergo more intensive treatment
strategies. Therefore, the reduction in Soluble Suppression of
Tumorigenesis 2 (sST2) levels in these patients might be more
significant than patients with lower Soluble Suppression of
Tumorigenesis 2 (sST2) levels (<35 ng/mL), whose levels are
already closer to normal or less impacted by the intervention.

In our study, patients had been managing heart failure for at
least one month prior to screening, which demonstrated a strong
correlation between treatment intervention and reduction in
sSt2 levels. Our observations indicated that, patients with blood
pressure <130 mmHg experienced less reduction in sSt2 levels
compared to patients with blood pressure >130 mmHg who
were receiving intensified medication (P<0.001).

Primary outcome analysis in the subgroups of the deceased or
surviving patients.

We also assessed cardiovascular (CV) mortality,
rehospitalization rates, and their composite outcomes between
the two subgroups, Group 1 with whom SST2 and NT- proBNP
decreased (89 patients) and group 2 with whom SST2 and NT-
proBNP did not decrease (22 patients). In the table 1 we analyzed
the rehospitalization within 1 year for these 2 groups. In group
1(total 89 patients), 78 patients needed no rehospitalization, 9
patients needed a 1-time rehospitalization and 2 patients needed
a 2 times rehospitalization.

In group 2 (total -22 patients), 14 patients needed no
rehospitalization, 2 patients needed a 1-time rehospitalization
and 6 patients needed a 2-time rehospitalization.

Patients with no reduction in SST2 had a significantly higher
frequency of hospitalization. (chi2=16.57, p<0.001) (Tables 2 and 3).

Correlation between NYHA classification and Soluble
Suppression of Tumorigenesis 2 (sST2) levels.

We also discovered a correlation between the reduction in
Soluble Suppression of Tumorigenesis 2 (sST2) levels and a
decrease in the NYHA (New York Heart Association) functional
classification score. This suggests that as Soluble Suppression
of Tumorigenesis 2 (sST2) levels decrease, patients experience
an improvement in their heart failure symptoms and functional
status, as indicated by a lower NYHA classification (P< 0.01)
(Figure 11).

Higher Soluble Suppression of Tumorigenesis 2 (sST2) levels
are associated with increased hospitalizations rates.

The scatter plot reveals a positive correlation between
Soluble Suppression of Tumorigenesis 2 (sST2) levels after
one year and rehospitalization cases, suggesting that patients
with elevated Soluble Suppression of Tumorigenesis 2 (sST2)
levels are more likely to experience rehospitalization within
the follow-up period. This indicates Soluble Suppression of
Tumorigenesis 2 (sST2) levels may serve as a potential predictor
for rehospitalization risk (Figure 12).
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Table 1. Patients with no reduction in SST2 had a significantly higher
frequency of hospitalization. (chi2=16.57, p<0.001).

Rehospitalization

Group 1 Group 2 Total
1 year
0 78 (87.6%) 14 (63.6%) 92 (82.9%)
1 9 (10.1%) 2 (9.1%) 11 (9.9%)
2 2 (2.3%) 6 (27.3%) 8 (7.2%)
Total 89 (100.0%) 22 (100.0%) 111 (100.0%)

Table 2. Patients with no reduction in SST2 had a significantly higher
rate of CV mortality . (chi2=16.57, p<0.001) (chi2=12.18, p=0.001).

MORS 1 year Group 1 Group 2 Total

Yes 0 (0.0%) 8 (36%) 8(7.2%)

No 89(100.0%) 14 (63,6%) 103 (92.8%)
Total 89 (100.0%) 122 (100.0%) 111 (100.0%)

Table 3. Patients with no reduction in SST2 had a significantly higher
rate of composite outcomes (chi2=12.60, p=0.002).

Composite 1 year Group 1 Group 2 Total

Yes 11 (12.4%) 10 (45.5%) 21 (18.9%)
No 78 (87.6%) 12 (54.5%) 90 (81.1%)
Total 89 (100.0%) 22 (100.0%) 111 (100.0%)
Discussion.

Biomarkers are essential tools in the management of chronic
heart failure (CHF), providing valuable insights into the
underlying pathophysiological processes, disease severity, and
patient prognosis. Clinicians use biomarkers in making decisions
about diagnosis, risk stratification, therapeutic interventions, and
monitoring disease progression. Among the array of biomarkers
used in CHF, sST2 has garnered significant attention due to its
ability to reflect cardiac remodelling and fibrosis, processes that
are central to the prognosis of heart failure.
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Elevated levels of sST2 signify heightened cardiac stress and
fibrosis, distinguishing it as a direct marker of myocardial injury
and structural remodelling. Unlike traditional biomarkers such
as NT-proBNP, which primarily reflect hemodynamic stress
and neurohormonal activation, sST2 offers complementary
information by capturing the progressive fibrotic changes that
underlie chronic heart failure.

One of the most compelling advantages of sST2 is its relative
stability across a range of clinical conditions. Factors like
age, obesity, atrial fibrillation, and renal dysfunction, which
can significantly influence NT-proBNP levels and introduce
variability, do notaffect sST2 to the same extent. This makes sST2
a more reliable marker in patients with complex comorbidities.
For instance, in patients with chronic kidney disease, where NT-
proBNP levels may be elevated due to reduced clearance rather
than cardiac dysfunction, sST2 provides a clearer picture of the
cardiac-specific pathological processes.

Moreover, sST2 has demonstrated strong prognostic
capabilities. Elevated baseline sST2 levels have been
consistently associated with increased risks of cardiovascular
mortality, heart failure hospitalization, and composite outcomes.
These findings emphasize its utility not only in identifying
high-risk patients but also in tailoring management strategies.
Monitoring changes in sST2 levels over time can provide
additional insights, as persistently high levels may indicate
ongoing myocardial stress and a higher likelihood of poor
outcomes. This dynamic assessment sets sST2 apart from static
measurements of traditional biomarkers.

Integrating sST2 into clinical practice could revolutionize
the management of CHF by enabling earlier identification
of high-risk patients, guiding therapeutic adjustments, and
potentially improving long-term outcomes. Its complementary
role alongside NT-proBNP and other biomarkers enhances the
ability to provide a multidimensional evaluation of heart failure,
addressing both hemodynamic and structural aspects of the
disease. As evidence supporting its clinical utility continues to
grow, sST2 is poised to become a cornerstone biomarker in the
personalized management of CHF.

The findings of this study reinforce the growing recognition
of sST2 as a valuable biomarker in the management of heart
failure with reduced ejection fraction (HFrEF).

However, it is worth noting that while baseline sST2 levels were
strongly predictive of outcomes, short-term changes in sST2
were less indicative of prognosis. This finding aligns with the
understanding that sST2 reflects chronic processes like fibrosis
rather than acute hemodynamic changes. Future research could
explore optimal thresholds and intervals for measuring sST2 to
maximize its clinical utility. Furthermore, the combination of
Soluble Suppression of Tumorigenesis 2 (sST2) and NT-pro
BNP was shown to enhance predictive accuracy, as NT-pro
BNP is influenced by factors such as atrial fibrillation and renal
function, while Soluble Suppression of Tumorigenesis 2(sST2)
remains largely independent of these variables. When compared
to NT-proBNP, sST2 showed superior prognostic accuracy in
certain contexts. While NT-proBNP remains a cornerstone in
heart failure management, our findings suggest that integrating
sST2 into routine clinical practice could complement existing
biomarkers, providing a more comprehensive risk assessment
framework.



In conclusion, sST2 is a robust biomarker that enhances the
ability to predict adverse outcomes in CHF, particularly in
HFrEF patients. Its independence from confounding factors
and strong correlation with CV mortality and Heart failure
hospitalization risks make it a valuable addition to the biomarker
arsenal. Incorporating sST2 into clinical workflows may enable
more personalized and effective management strategies for heart
failure patients, ultimately improving outcomes and reducing
the healthcare burden.

Limitations and Future Directions.

Limitations of the study include the relatively small sample
size and the potential impact of inter-individual variability in
treatment regimens. Future studies should aim to validate these
findings in larger, more diverse cohorts.

Conclusion.

This study highlights the importance of Soluble Suppression
of Tumorigenesis 2 (sST2) as a powerful biomarker for
evaluating heart failure patients, especially those with reduced
ejection fraction. Higher Soluble Suppression of Tumorigenesis
2 (sST2) levels are closely linked to an increased risk of
death and rehospitalization, making it an essential tool for
identifying patients who need closer monitoring and more
aggressive treatment. While changes in Soluble Suppression of
Tumorigenesis 2 (sST2) levels over short periods may not carry as
much significance, baseline levels provide valuable insight into
how severe a patient's condition is and their long-term outlook.
By using Soluble Suppression of Tumorigenesis 2 (sST2) to
identify patients at higher risk, healthcare providers can make
more informed decisions about treatment and prioritize care
for those who need it most. Incorporating Soluble Suppression
of Tumorigenesis 2 (sST2) monitoring into everyday clinical
practice could greatly improve how heart failure is managed.
It can help doctors spot early warning signs of worsening
health, adjust treatments as needed, and track how well patients
respond to therapy. When combined with other markers like
NT-pro BNP, Soluble Suppression of Tumorigenesis 2 (sST2)
adds another layer of precision to care, offering a more tailored
approach to managing heart failure. Ultimately, this biomarker
has the potential to make a real difference in the lives of patients
by improving outcomes and providing more personalized care.
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