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ABSTRAC T

Background: Growth differentiation factor-15 (GDF-15) is a hormone that regulates inflammatory
responses, tissue repair, and cardiac remodeling, the three key processes underlying the development
and progression of heart failure (HF). Furthermore, GDF-15 integrates information from cardiac and
extracardiac disease pathways that are linked to multiorgan dysfunction in advanced stages of HF.

Aims: This study aimed to determine which factors are associated with one-year mortality in patients
with end-stage HF, with particular emphasis on GDF-15.

Methods: We prospectively analyzed 315 consecutive hospitalized patients with end-stage HF who
underwent heart transplantation evaluation between 2018 and 2022. The endpoint was all-cause
mortality during one-year follow-up. We measured routine laboratory parameters and the serum
GDF-15 concentration using a sandwich enzyme-linked immunosorbent assay (ELISA) (SunRedBio
Technology Co, Ltd, Shanghai, China).

Results: The median age of the patients was 57 (50-62) years. During follow-up, 97 patients died.
Higher serum concentrations of GDF-15 (hazard ratio [HR], 1.119; 95% Cl, 1.095-1.144; P <0.001),
high-sensitivity C-reactive protein (HR, 1.140; 95% Cl, 1.037-1.253; P = 0.006), fibrinogen (HR, 1.003;
95% Cl, 1.001-1.005; P = 0.003), bilirubin (HR, 1.055; 95% Cl, 1.027-1.084; P <0.001), N-terminal
pro-B-type natriuretic peptide (HR, 1.342; 95% Cl, 1.206-1.493; P <0.001), and gamma-glutamyl
transpeptidase (HR, 1.007; 95% Cl, 1.002-1.012; P = 0.003) were independently associated with
one-year mortality.

Conclusions: Higher GDF-15, high-sensitivity C-reactive protein, fibrinogen, bilirubin, gamma-glu-
tamyl transpeptidase, and N-terminal pro-B-type natriuretic peptide concentrations were inde-
pendently associated with worse survival in patients with end-stage HF.
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INTRODUCTION

pathways involved in HF development and

Patients with end-stage heart failure (HF)
constitute an etiologically and functionally
heterogeneous group, which makes it difficult
to optimize their management and assess
their outcomes [1, 2]. Physicians routinely
use biomarkers reflecting pathophysiological

progression for diagnosis, risk stratification,
and management of HF patients [3, 4]. Candi-
date biomarkers for risk stratification are still
being investigated because their type and
prognostic value have changed over time
as a result of medical progress, as reflected
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WHAT'S NEW?

In this single-center study, we found that noninvasive and simple indicators are associated with worse prognosis in patients with
end-stage heart failure. Our study demonstrated that an elevated growth differentiation factor-15 serum level, along with the
routinely used laboratory parameters — fibrinogen, bilirubin, gamma-glutamyl transpeptidase, N-terminal pro-B-type natriu-
retic peptide, and high-sensitivity C-reactive protein are strongly associated with one-year mortality in patients with end-stage

heart failure.

by modifications in the guidelines for HF management.
The most useful stratification tools in daily clinical practice
are those that explore the main disease pathways, such
as activation of neurohormonal systems, inflammation,
oxidative stress, dysfunctional calcium handling, impaired
energy utilization, mitochondrial dysfunction, cardiac
fibrosis, and matrix remodeling, and impaired endothelial
function [5, 6]. They should also be accurately and precisely
measurable, their results should be easily interpretable and
quickly available, their biological variation and reference
limits should be defined, and possible sources of error
should be well known [5-71.

A promising new HF biomarker is growth differentiation
factor-15 (GDF-15), which has not yet been adopted in the
guidelines or routine clinical care for HF patients [6, 7]. GDF-
-15is emerging as a biomarker that integrates information
from cardiac and extracardiac disease pathways and is
linked to the incidence, progression, and prognosis of HF.
Given that end-stage HF affects multiple organ systems,
GDF-15 may provide adequate prognostic information in
this population [3, 6, 71.

As a member of the transforming growth factor-beta
superfamily, GDF-15 is a newly studied heart-derived en-
docrine hormone that regulates inflammatory response,
tissue repair, and cardiac remodeling [3, 6, 71. The effects of
GDF-15 on the heart seem to be linked to its spectrum
of autocrine/paracrine properties, including anti-inflamma-
tory, antifibrotic, antihypertrophic, antioxidant, and antia-
poptotic effects [5-7]. GDF-15 is expressed and secreted by
numerous cell types, including smooth and endothelial mus-
cle cells and cardiomyocytes, in response to cellular stress,
inflammation, and mitochondrial dysfunction, i.e. processes
closely related to HF [6]. GDF-15 is also involved in coordi-
nating endothelial function by regulating vasoconstriction
and relaxation and the release of nitric oxide [7]. Given the
associations of biomarkers with the complex pathogenesis
of HF, we aimed to determine the potential risk factors
associated with the one-year mortality rate in patients with
end-stage HF, with particular emphasis on GDF-15.

METHODS
We prospectively analyzed 404 consecutive patients with
end-stage HF who were hospitalized in the cardiology
department and underwent heart transplantation evalu-
ation between 2018 and 2022. The flowchart of the study
design with the inclusion and exclusion criteria is presented
in Figure 1.

At the time of enrollment, a panel of laboratory tests,
an ergospirometric exercise test, echocardiography, and
right heart catheterization were performed on all pa-
tients. Blood samples of peripheral venous blood were
drawn after 12 hours of fasting at the time of enrollment.
The hematologic parameters were measured with auto-
mated blood cell counters (Sysmex XS1000i and XE2100,
Sysmex Corporation, Kobe, Japan), which had intra-assay
and interassay coefficients of variation of 5% and 4.5%,
respectively. The biochemical parameters of the blood
samples were determined with a COBAS Integra 800 ana-
lyzer (Roche Instrument Center AG, Rotkreuz, Switzerland).
Fibrinogen levels were measured using a modified Clauss
method (Dade Behring) in a Sysmex CA-6000 automated
coagulation analyzer. The plasma high-sensitivity C-reac-
tive protein (hs-CRP) concentration was determined with
a COBAS Integra 70 analyzer (Roche Diagnostics, Ltd.,
Mannheim, Germany). The detection limit of hs-CRP was
0.0175 mg/dl. Plasma N-terminal pro-B-type natriuretic
peptide (NT-proBNP) was measured by a commercially
available kit from Roche Diagnostics (Mannheim, Germany)
on an Elecsys 2010 analyzer with an analytical sensitivity
of <5 pg/ml. In addition, 10 ml of peripheral blood was
collected to measure the serum GDF-15 concentration.
Human GDF-15 was measured by sandwich enzyme-linked
immunosorbent assay (ELISA) with acommercially available
kit (Human GDF-15 ELISA, SunRedBio Technology Co,, Ltd.,
Shanghai, China). This ELISA was performed using a BioTek
EIx50 reader (BioTek Instruments Inc., Tecan Group, Switzer-
land). The concentration of GDF-15 was expressed as pg/ml.

Information on survival data during long-term fol-
low-up was obtained from the official registry of the
National Health Fund or during protocol visits at our
institution. The endpoint was defined as all-cause mor-
tality within 12 months of the index hospitalization.
The Medical University of Silesia’s local Institutional
Review Board approved the study protocol, and all
patients provided informed consent (specific ethics
codes — KNW/0022/KB1/53/18, PCN/0022/KB1/69/1/19,
PCN/0022/KB/159/20, PCN/CBN/0052/KB1/20/11/21/22).
The study was performed in accordance with the ethical
standards of the 1964 Declaration of Helsinki and its later
amendments.

Statistical analysis
Statistical analysis was performed with SAS software
version 9.4. Continuous variables were expressed as the
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Inclusion criteria:

« advanced HF in NYHA Ill or IV classes

» INTERMACS profiles 4 to 6

404 analyzed patients

315 patients

218 patients survived (60%)

Exclusion criteria (89 patients):
- inflammatory and muscoskeletal disorders (n = 9)
- recent infection (n = 5)
. connective tissue disease (n = 3)
« kidney disease (n=11)
- malignancies (n = 4)

- cerebrovascular accidents (n = 2)

- operations or invasive procedures in the last year
(n=5)

« heart transplantation during follow-up (n =31)

- mechanical circulatory support during follow-up
(n=19)

97 patients died (40%)

Figure 1. Flow chart of the study design for the inclusion and exclusion criteria

Abbreviations: HF, heart failure; INTERMACS, Interagency Registry for Mechanically Assisted Circulatory Support; NYHA, New York Heart

Association

mean (standard deviation) or, if not normally distributed,
median (first-third quartiles). Differences in continuous
variables were compared using Student’s t-test for normally
distributed variables and the Mann-Whitney U test for
nonnormally distributed variables. Categorical variables
were expressed as numbers and percentages and were
compared by the x* test. Cox’s univariable proportional
hazard analysis was used to select potential independent
predictive factors of death for inclusion in the multivariable
analysis. The examined covariates included age, male sex,
ischemic etiology of HF, history of arterial hypertension and
dyslipidemia, body mass index, maximal oxygen uptake,
cardiac index, and echocardiography parameters (left atri-
um, left ventricular end-diastolic diameter, right ventricular,
and left ventricular ejection fraction), as well as laboratory
parameters (bilirubin, aloumin, glomerular filtration rate,
gamma-glutamyl transpeptidase [GGTP], alkaline phospha-
tase [ALP], hs-CRP, fibrinogen, NT-proBNP, and uric acid). The
relationships between explanatory variables were calculat-
ed by the Spearman rank correlation coefficient, and mul-
ticollinearity was evaluated using tolerance and variance

inflation factors. Since several covariates were highly cor-
related (e.g., the correlation was 0.74 for GDF-15 with dys-
lipidemia, 0.51 for ALP with GGTP, and 0.41 for NT-proBNP
with ALP), those covariates that provided a better fit for
the model were selected for further analysis. Univariable
predictors of death with a P-value of 0.05 or less, which did
not correlate significantly, were entered into the multivari-
able Cox proportional hazards model. Schoenfeld residuals
were used to check the proportional hazards assumption.
The proportional hazards assumption was not met, so
weighted Cox regression analysis was conducted using
the SAS macro language [8, 9]. The results were presented
as hazard ratios with 95% confidence intervals. A P-value
of <0.05 was considered significant.

RESULTS
The final study group consisted of 315 patients with end-
-stage HF who underwent heart transplantation evalu-
ation classified into New York Heart Association (NYHA)
functional classes Illand IV (79.7% and 20.3%, respectively)
and profiles 4 to 6 according to the Interagency Registry
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Table 1. Baseline characteristics of the study population

All included patients Survival Nonsurvival
n=315 n=218 n=97

Age, years 57.0 (50.0-62.0)
Male, n (%) 288 (91.4)
Ischemic etiology of HF (%), n (%) 186 (59.0)
BMI, kg/m? 26.7 (24.1-30.0)
Hypertension, n (%) 188 (59.7)
Type 2 diabetes, n (%) 127 (40.3)
Dyslipidemia, n (%) 215 (68.3)
Persistent AF, n (%) 154 (49.0)
GDF-15, pg/ml 601.6 (445.4-1346.3)
WBC, x 10%/1 7.4 (6.1-8.7)
Hemoglobin, mmol/I 8.9(0.9)
GFR, ml/min/1.73 m? 65.5 (54.2-74.2)
Total bilirubin, pmol/I 16.3(12.3-20.4)
Albumin, g/I 43.0 (40.0-46.0)
Uric acid, umol/I 426.0 (360.0-496.0)
Urea, umol/I 7.8(5.9-11.2)
Fibrinogen, mg/dI 377.0(310.0-453.0)
AST, U/l 26.0 (20.0-31.0)
ALT, U/I 23.0(17.0-33.0)
ALP, U/I 77.0 (62.0-100.0)
GGTP, U/I 76.0 (35.0-134.0)
Cholesterol, mmol/I 4.0(0.9
hsCRP, mg/I 4.3(2.3-5.5)
Sodium, mmol/I 139.0 (137.0-140.0)
NT-proBNP, pg/ml 3480.0 (2370.0-5863.0)
VO,max, ml/kg/min 11.3(10.2-12.2)
mPAP, mm Hg 25.0(19.0-32.0)
Cl, I/min/m? 1.9(1.8-2.0)
TPG, mm Hg 9.0 (7.0-12.0)
PVR, Wood units 1.8(1.5-2.2)
Echocardiographic parameters
LA, mm 50.0 (47.0-57.0)
RVEDd, mm 39.00 (35.0-40.0)
LVEDd, mm 71.0 (65.0-80.0)
LVEF, % 18.0 (15.0-20.0)
Cardiac medication on admission, n (%)
B-blockers 312(99)
ACEI/ARB 313(99.4)
Loop diuretics 315 (100)
MRA 315(100)
Flozins 70(22.2)
ICD/CRT-D 315 (100)

56.0 (50.0-61.0) 59.0 (54.0-62.0) 0.05
195 (89.4) 93 (95.9) 0.08
112(51.4) 74(76.3) <0.001

26.9 (24.4-30.5) 26.4(23.4-28.8) 0.02
123 (56.4) 65 (67.0) 0.08
83(38.1) 44 (45.4) 0.22

120 (55) 95(97.9) <0.001
111(50.9) 43 (44.3) 0.28

505.1(380.3-634.8) 1617.9 (1381.1-1934.7) <0.001
7.2 (6.1-8.5) 7.7 (6.1-8.9) 0.11
8.8(0.8) 8.9(1.1) 0.7

67.1(61.3-75.9) 56.7 (45.3-69.1) <0.001

15.6 (12.3-19.4) 19.1(12.3-23.0) 0.002

44.0 (41.0-47.0) 42.0(38.0-44.0) <0.001

413.0 (351.0- 470.0) 456.0 (389.0-520.0) 0.004
7.8(5.9-10.1) 7.4(6.3-16.3) 0.03
345.0 (302.0-414.00) 450.0 (381.0-536.0) <0.001

26.0 (20.0-32.0) 27.0(20.0-31.0) 0.74

23.0(18.0-33.0) 23.0(15.0-35.0) 0.87

73.0 (60.0-97.0) 90.0 (65.0-105.0) 0.008

73.0(33.0-130.0) 82.0 (49.0-147.0) 0.02
4.04(0.9) 3.95(1.1) 0.46

3.8(2.1-5.1) 5.5(4.1-7.7) <0.001
139.5(138.0-141.0) 137.0(135.0-139.0) <0.001
2685.0 (2300.0-4500.0) 5600.0 (3798.0-7089.0) <0.001
11.8(10.8-12.3) 10.4(9.1-11.5) <0.001

25.0(19.0-30.0) 26.0(19.0-36.0) 0.17

2.0(1.8-2.1) 1.9(1.7-2.0) <0.001
9.0(7.0-12.0) 9.0(7.0-12.0) 0.45
1.8(1.4-2.2) 2.0(1.5-24) 0.06

50.0 (46.0-56.0) 54.0 (49.0-57.0) 0.02

38.0 (34.0-40.0) 40.0 (37.0-43.0) <0.001

71.0 (65.0-80.0) 75.0 (66.0-80.0) 0.21

18.0 (15.0-20.0) 15.0 (15.0-18.0) <0.001
215(98.6) 97 (100) 0.55
216 (99.1) 97 (100) 0.34
218(100) 97 (100) 1.00
218 (100) 97 (100) 1.00
56 (25.7) 14 (14.4) 0.03
218 (100) 97 (100) 1.00

The data are presented as medians (25""-75" percentiles), mean (SD) or numbers (percentages) of patients

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
ARB, angiotensin receptor blocker; BMI, body mass index; Cl, cardiac index; CRT-D, cardiac resynchronization therapy-defibrillator; GGTP, gamma-glutamyl transpeptidase;

HF, heart failure; hsCRP, high-sensitivity C-reactive protein; ICD, implantable cardioverter-defibrillator; LA, left atrium; LVEDd, left ventricular end-diastolic dimension;

LVEF, left ventricular ejection fraction; mPAP, mean pulmonary artery pressure; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-B-type natriuretic
peptide; NYHA, New York Heart Association; PVR, pulmonary vascular resistance; RVEDd, right ventricular end-diastolic dimension; TPG, transpulmonary gradient; VOZmax,

maximal oxygen uptake; WBC, white blood cells

for Mechanically Assisted Circulatory Support classification.
During the one-year follow-up, the mortality rate was 31%
(n = 97). The demographic and clinical characteristics of
the patients in the whole population and in the survival
and nonsurvival groups are presented in Table 1. The
multivariable Cox proportional hazards analysis demon-
strated that an elevated GDF-15 concentration, along
with the routinely used laboratory parameters fibrinogen,
bilirubin, GGTP, N-terminal pro-B-type natriuretic peptide,

and high-sensitivity C-reactive protein, was strongly asso-
ciated with one-year mortality in patients with end-stage
HF. The univariable and multivariable Cox proportional
hazards analyses for the prediction of one-year mortality
are shown in Table 2.

DISCUSSION
Our single-center prospective study showed that higher
GDF-15, hs-CRP, fibrinogen, GGTP, bilirubin, and NT-proBNP
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Table 2. Univariable and multivariable analysis of predictors associated with one-year mortality (weighted Cox regression)

_ Univariable analysis Multivariable analysis

Bilirubin® 1.058 (1.030-1.087)
Albumin® 1.129 (1.074-1.186)
GDF-15° 1.132(1.113-1.152)
GFR® 1.052 (1.035-1.070)
CRP® 1.321(1.243-1.404)
Fibrinogen® 1.006 (1.004-1.008)
NT-proBNP® 1.366 (1.269-1.204)

BMIO 1.073 (1.021-1.126)

GGTP® 1.004 (1.000-1.007)
Uric acid® 1.003 (1.001-1.008)
VO,max" 1.242(1.143-1.287)
RV 1.065 (1.031-1.100]
LA® 1.023 (1.008-1.048)
LVEDD® 1.016 (0.996-1.037)
EF© 1.124 (1.062-1.189)
Cardiac index® 6.711 (2.564-17.544)
Age‘“ 1.020 (0.955-1.045)

2.441(0.897_6.640)
2.470 (1.547-3.945)
1.397 (0.915-2.133)

Male sex
Ischemic etiology of HF
Hypertension

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.005
0.04 1.007 (1.002-1.012) 0.003
0.02
<0.001
<0.001
0.054
0.12
<0.001
<0.001
0.1
0.08
<0.001
0.12

1.055(1.029-1.081) <0.001

1.142(1.109-1.177) <0.001
1.186 (1.092-1.289)
1.004 (1.002-1.006)
1.342 (1.206-1.493)

<0.001
<0.001
<0.001

Abbreviations: Cl, confidence interval; HR, hazard ratio; other — see Table 1
©) per one unit decrease; “’ per one unit increase

2Per 100-unit increase. °Per 1000-unit increase

were associated with one-year outcomes in patients with
end-stage HF. From a pathophysiological point of view,
the most interesting finding of our study was the strong
association between higher GDF-15 levels and worse
prognosis. Our results highlight the continuing impor-
tance of elevated GDF-15 levels in the risk stratification
of patients with end-stage HF treated according to the
current HF guidelines.

GDF-15 is a pleiotropic protein indicating several
pathological processes associated with HF, but its mecha-
nism of action is still unclear [6, 7, 10]. GDF-15 expression
is controlled by various transcriptional pathways and is
present nonpathologically only in placental and prostate
tissue while in other tissues, its expression is very low. Its
expression increases strongly in response to stress stimuli
that activate several signaling pathways. Cardiac myo-
cytes produce and secrete GDF-15 in response to injury,
such as inflammation, ischemia, pressure, and volume
overload, possibly through proinflammatory cytokines
and oxidative stress-dependent signaling pathways [6, 7,
10-12]. Additionally, GDF-15 plays an important role in
the development of endothelial dysfunction, a key feature
in the onset and progression of HF [11]. GDF-15 directly
modulates vascular contraction and relaxation responses
in the endothelium by reducing nitric oxide release [11].
GDF-15 is not specific to cardiac myocytes. Other cellular
sources of GDF-15 include macrophages, vascular smooth
muscle cells, endothelial cells, and adipocytes in organs
such as the kidney and liver [6, 7, 10, 11]. Thus, GDF-15,
a noncardiospecific marker, may indicate both myocardial

stress and related systemic abnormalities. This allows GDF-
-15 to integrate information from cardiac and extracardiac
disease pathways that are linked to multiorgan dysfunction
in the advanced stages of the disease. Elevated GDF-15 may
reflect additional inflammatory and oxidative stress in HF
beyond hemodynamic wall stress [13].

GDF-15 might have a limited role in the diagnosis of
HF, but it may provide incremental prognostic information
on HF morbidity and mortality [11]. Clinical studies have
shown that initial and repeat measurements of GDF-15 can
predict worse outcomes in different populations of HF
patients [7, 10, 11, 14]. However, most of these studies
followed earlier guidelines for HF management before
modern medical therapy and devices came into use. Anand
et al. [10], in a post hoc analysis of patients from the Val-
-Heft Trial (Valsartan in Heart Failure Trial), reported that
baseline circulating GDF-15 was associated with adverse
outcomes independent of established clinical, echocardi-
ographic, and biochemical markers. We must emphasize
that patients from Val-Hefts were randomized 20 years
ago, and the study population differed significantly from
ours, especially in terms of pharmacological treatment for
HF. Only 33% of patients were treated with beta-blockers,
2% with spironolactone, and none with flozins.

In a meta-analysis by Luo et al. [14], the relationship
between GDF-15 and all-cause mortality was studied in
more than 6000 stable HF patients randomized between
2007 and 2017 [15]. The authors found that GDF-15 was
strongly associated with all-cause mortality among chronic
ischemic HF patients, while no such association was found

www.journals.viamedica.pl/polish_heart_journal 745



POLISH HEART JOURNAL

among chronic nonischemic HF patients [15]. Another
meta-analysis of 8 studies with over 4000 stable NYHA
II-1Il HF patients randomized before 2017 also indicated an
association between elevated GDF-15 and a greater risk of
mortality in this population [15]. These results should be
interpreted with caution due to the substantial hetero-
geneity and publication bias among the studies included
in the meta-analyses. Some studies reported that both
initial and repeat measurements of GDF-15 have greater
prognostic utility than NT-proBNP, which is considered the
gold-standard biomarker in HF [10, 16].

Other factors associated with the one-year mortality
rate in the analyzed group of patients were markers of
systemic inflammation, such as hs-CRP and fibrinogen.
Hs-CRP is considered the most important single marker of
low-grade inflammatory processes in HF. It is synthesized
by hepatocytes in response to cytokines, and it is part of
theimmune response [16]. Fibrinogen, a nonspecificacute-
phase reactant, is also a component of the inflammatory
cascade increasingly implicated in the pathogenesis of HF
[17]. Thereis strong evidence thatinflammation contributes
to the pathogenesis, progression, and complications of HF
through various pathways [18]. Proinflammatory cytokines,
which are components of the immune response that medi-
ate inflammation and arise from the gastrointestinal tract,
spleen, and adipose tissue, induce low-grade inflammation
that promotes ventricular systolic and diastolic dysfunction
and contributes to endothelial dysfunction, cardiomyocyte
apoptosis, cardiac fibrosis, and cardiac remodeling [19].

There is growing evidence that one of the important
causes of inflammation in HF patients is translocation of
bacterial endotoxin through edematous bowel walls. The
activation of angiotensin Il and mineralocorticoid receptors
may cause vascular inflammation by promoting the pro-
duction of reactive oxygen species and adhesion molecules
and the polarization of macrophages toward a proinflam-
matory phenotype [19, 20]. The hs-CRP level is associated
with cardiac decompensation, myocardial tissue and other
organ damage, low cardiac output, and venous congestion,
as well as the presence of muscle wasting, anemia, renal
dysfunction, and other common comorbidities in HF [21].
There is also evidence to suggest that CRP itself is toxic
to the myocardium, suggesting a mechanism by which
inflammation may continue to damage the heart [17, 22].

In turn, fibrinogen is a major coagulation protein in the
blood and is an important determinant of thrombogenicity,
blood viscosity, and platelet aggregation [23]. Fibrinogen
regulates the function of intercellular adhesion molecules
that enhance monocyte and leukocyte adhesion to en-
dothelial cells [23, 24]. It also stimulates mononuclear cells
to express pro-inflammatory cytokines, which induce nitric
oxide-mediated negative inotropic effects and cardiac myo-
cyte apoptosis in experimental animal models [18, 23, 24].
Upon binding to endothelial cells, fibrinogen also causes
the release of vasoactive mediators, promotes smooth
muscle cell proliferation, and modulates endothelial cell

permeability and migration [25]. Fibrinogen augments
platelet reactivity, aggregation, and degranulation and
promotes microthrombus formation [25-27]. The results of
platelet hyperreactivity, hypercoagulability from enhanced
thrombogenicity, and impaired fibrinolysis predispose a pa-
tient to microvascular thrombosis. The association between
fibrinogen and myocardial function suggests that the pos-
tulated pathogenetic mechanisms of procoagulation and
inflammation may contribute to subclinical impairment of
myocardial function independently of altered ventricular
filling dynamics. It has also been suggested that fibrinogen
contributes directly to the onset of arrhythmias, which
often lead to sudden cardiac death [27]. The involvement
of fibrinogen in arrhythmogenesis has been attributed to
pathways associated with the inflammatory cascade and
hemodynamic alterations [27].

Our study also demonstrated that two liver function pa-
rameters, GGTP and bilirubin, were strongly associated with
worse prognosis in patients with end-stage HF. End-stage
HF is characterized by a prevalent cholestatic profile pattern
characterized by increased bilirubin, GGTP, and ALP, where-
as transaminase levels (hepatitis profile) usually remain
within the normal range [28]. These abnormalities reflect
the pathophysiology of liver function abnormalities in end-
stage HF, which is associated with reduced cardiac output
and the transmission of elevated central venous pressure
to the hepatic venous system, leading to passive hepatic
congestion [29, 30]. Another theory suggests that cardiac
cirrhosis is not a simple reaction to chronic pressure and
stasis but is associated with high-grade vascular occlusion
due to intrahepatic thrombosis [29-32]. In individuals with
cholestasis secondary to HF, GGTP is increased because of
increased synthesis of the enzyme protein, and this increase
is usually accompanied by an elevated bilirubin level [33].
Furthermore, GGTP, which is less specific for hepatobiliary
injury than bilirubin, may not only reflect disease severity
and hemodynamic perturbations but also be associated
with systemic inflammation and oxidative stress [28]. In
turn, anincrease in total bilirubin in HF is also caused by im-
paired uptake of indirect bilirubin from blood, conjugation
in hepatocytes, and secretion of direct bilirubin into bile.
Moreover, hemolysis secondary to lung congestion may
indirectly contribute to an increase in bilirubin levels [34].

In concordance with other studies, our findings
demonstrated that elevated NT-proBNP concentrations
were associated with worse prognosis in patients with
end-stage HF [35-38]. NT-proBNP is a useful biomarker that
supports diagnosing or ruling out HF as well as identifying
patients with worsening HF [35-37]. Natriuretic peptides
play an important role in HF by counteracting the effects
of excessive stimulation of the sympathetic nervous sys-
tem, renin-angiotensin-aldosterone system, and arginine-
-vasopressin system [39]. Moreover, natriuretic peptides
influence cardiac remodeling through antihypertrophic
and antifibrotic effects, including the inhibition of cardiac
fibroblast proliferation, macrophage infiltration, and the
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secretion of proinflammatory factors. In the early stages of
HF, natriuretic peptides play a protective role in maintaining
homeostasis. However, as cardiac function deteriorates,
the effectiveness of natriuretic peptides decreases due to
decreased availability, increased removal, enzymatic deg-
radation by neprilysin, or an increase in the proportion of
inactive proBNP secreted from the heart [36, 39].

Limitations

Several limitations must be noted. This single-center study
was limited to patients with HF of NYHA classes Il and IV.
Theinclusion and exclusion criteria applied may have limi-
ted the generalizability of our findings. Furthermore, blood
samples were obtained only at the time of enroliment,
but serial assessment of parameters during follow-up is
required to accurately assess the prognostic value of the
analyzed markers. A further limitation of the study is
the lack of an independent validation cohort that would
support our results. Although the cohort was relatively
large for a single-center study, it can be considered small
compared with the epidemiological scale of HF.

In conclusion, this study evaluated noninvasive and
simple indicators associated with poor prognosis in
patients with end-stage HF. Although limited to a single
center, our study demonstrated that an elevated GDF-
-15 concentration, along with routinely used laboratory
parameters such as fibrinogen, bilirubin, GGTP, NT-proBNP,
and hs-CRP, is strongly associated with one-year mortality
in patients with end-stage HF.
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