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Growth Differentiation Factor-15 (GDF-15)
is a Biological Marker in Heart Failure

Pesiome

CeppeyHas HeJ0CTaTOYHOCTb ABACTCA BaXKHOW MeMLMHCKOW, COLManbHOM N SKOHOMMYeCcKoi npobaemoli Bo BceM Mupe. B nocnesHune roapi 6bi
M3y4eH pAj ANarHOCTUYECKUX U MPOrHOCTMHECKMX 6MONI0rMYeCKNX MapKepoB KPOBW MNpU CepAeYHO-COCYANCTbIX 3aboneBannax. MaeHTudukaums
HOBBIX 6/10/10rMYeCKMX MapKepOB, aHaNN3 X NaTOGU3NONOrNYECKMX aCNeKTOB N U3MEHEHNA KOHLLEHTPaLK Mo/, AeiCTBMEM Pa3/IMtHbIX BAPUAHTOB
NeyeHus, NO3BO/IAIOT MOHATL MHOFMe NaToreHeTMYeCKne 0CO6eHHOCTY Pa3BUTUA 1 TeYeHUA CepAeHHON He0CTaTo4HOCTW. [locneaHue gecATuneTUA
B K/IMHUYECKYIO NPaKTUKY BHeApeHbl HaTpUilypeTuyeckne nenTuAbl, WIMPOKO UCMO/b3yeMble B Ka4eCTBe HaJeXHbIX 6oMapKepoB ANA ANarHoOCTU-
4YeCKOM 1 MPOrHocTnYecKom oueHkn. Paktop anddepeHLMpPOBKM pocTa-15 — LUTOKMH, NPUHAA/NeXaLLNIA K CeMeNCTBY TpaHCGOpMUMpYoWnX dak-
TOPOB POCTa, aKTUBHOCTb KOTOPOrO 3Ha4YMMO MOBbILIAETCA CTPecce U BOCManeHUn. Y NaLUeHTOB C XPOHUYECKON CepAeyHOM HeJ0CTaTOYHOCTbIO
KOHLLeHTpaLMA AaHHOTO 6ioMapKepa CBA3aHa C MOBbILEHHbIM PUCKOM 06LLel N1eTaNbHOCTU U HebAaronpUATHLIMU CepAeHHO-COCYANCTBIMM COBbI-
TUAMM; Y NALMEHTOB C CepAeYHON He0CTaTOYHOCTbIO C COXPaHHOM ¢ppaKLmelt BbIGpoca 1IeBOrO Xe/ly04Ka NCrob30BaHMe 61uoMapKepa nokasasno
MPOrHOCTUYECKYIO U ANAarHOCTUYECKYIO 3HAYNMOCTb. [laHHble PpaMUHreMCKOro UCCe0BaHMA cepjla Nnokasann, H4To ¢pakTop aAnddepeHLNpOBKY
pocTta-15 6bIn eANHCTBEHHBIM 6MOMapKepOM B MHOro$aKTOPHOM aHa/in3e, KOTOPbIN NPOAEMOHCTPUPOBA/ CTaTUCTUHECKN 3HAUUMYHO CBA3b CO BCEMU
Heb61aronpuATHLIMU CepAeYHO-COCYANCTLIMU COBLITUAMM. B 8 nccneaoBaHMAX NOKa3aHo, YTO U36LITOYHAA IKCnpeccus pakTopa AndpepeHLNpPOBKH
pocTta-15 6blna CBA3aHa C NOBbILIEHHbIM PUCKOM CMEPTHOCTU Y NaLMEHTOB C CePAEYHON He0CTaTOYHOCTbI0. Fokasaro,«To PakTop AnddepeHLm-
POBKM pocTa-15 Kak NPOrHocTnyecknii GuomMapKep y nalMeHToB C OCTPOI Cep/e4HOM He0CTaTOYHOCTbIO He YCTynaeT npe/ALecTBeHHNKY MO3rOBOro
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Abstract

Heart failure is an important medical, social and economic problem around the world. In recent years, a number of diagnostic and prognostic
biological markers of blood in cardiovascular diseases have been studied. Identification of new biological markers, analysis of their pathophysiological
aspects and changes in concentration under the influence of various treatment options, allow us to understand many pathogenetic features of the
development and course of heart failure. In recent decades, natriuretic peptides have been introduced into clinical practice, which are widely used
as reliable markers for diagnostic and prognostic assessment. Growth differentiation factor-15 is a cytokine belonging to the family of transforming
growth factors, the activity of which is significantly increased under stress and inflammation. In patients with chronic heart failure, the concentration
of this marker is associated with an increased risk of overall mortality and adverse cardiovascular events; in patients with heart failure with preserved
left ventricular ejection fraction, the use of the marker showed prognostic and diagnostic significance. Data from the Framingham Heart Study
showed that growth differentiation factor-15 was the only marker in multivariate analysis that showed a statistically significant association with all
adverse cardiovascular events. Eight studies showed that overexpression of growth differentiation factor-15 was associated with an increased risk of
mortality in patients with heart failure. It was shown that growth differentiation factor-15 as a prognostic marker in patients with acute heart failure
is not inferior to the brain natriuretic peptide precursor. To confirm the value of this marker in blood in patients with heart failure, it is necessary to
conduct extensive prospective randomized clinical trials.

Key words: chronic heart failure, left ventricular ejection fraction, biological markers, growth differentiation factor-15
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Introduction
understanding many pathogenetic aspects of the devel-

Heart failure (HF) is one of the world’s pressurizing
medical, social and economic problems [1]. The preva-
lence of HF in the adult population of developed coun-
tries is about 2-3 %. The risk of developing chronic heart
failure (CHF) in patients over the age of 60 is more than
10% [1]. According to EPOKHA-AG and EPOKHA-
CHEF studies, the prevalence of CHF in Russia approxi-
mates 7 % [2].

Identification of new biological markers, as well as
the analysis of their pathophysiological role and changes
in their levels under various treatment options allowed

opment and course of HF [3]. Currently, the assessment
of the level of brain natriuretic peptide (BNP) and its
N-terminal precursor (NT-proBNP) is a kind of “gold
standard” for diagnosing HF and predicting its course,
however, limitations due to the impact of many factors,
the ambiguity of threshold values, and sufficiently low
information value in cases of CHF with preserved left ven-
tricular ejection fraction (LVEF) contribute to the need
for further search for highly sensitive and specific labo-
ratory biomarkers [3, 4]. New biological markers such
as fibrosis marker galectin-3 (Gal-3), peptide hormone
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adrenomedullin, stimulating growth factor ST2, chemo-
kine CX3CL1, vasopressin surrogate marker, and others
are increasingly used in real clinical practice [3, 4].
A multibiomarker approach is also important for diag-
nosis of CHF, stratification of its risk, and evaluation of
the effectiveness of the treatment prescribed [3, 4].

It is commonly known that inflammation is a
common response of a living organism to various dam-
aging factors and is aimed at restoring tissue integrity
and minimizing cell death. An active role in inflamma-
tory response is played by pro-inflammatory cytokines,
particularly, interleukins (IL-1, IL-2, IL-6, IL-8), tumor
necrosis factor-a (TNF-a), chemokines and their recep-
tors, cell adhesion molecules, as well as the acute-phase
proteins (C-reactive protein (CRP) and pentraxin 3
(PTX3)). Pro-inflammatory cytokines activate fibro-
blasts and cardiomyocytes in the area of inflammation.
The activated cells then produce cytokines and growth
factors that function as powerful chemotactic mole-
cules that enhance inflammatory response. Neutrophils
and monocytes secrete transforming growth factor-p
(TGF beta), as well as growth differentiation factorl5
(GDEF-15) that inhibits macrophage response and the
synthesis of proteolytic enzymes. Inflammatory reac-
tions in CHF result in the damage to cardiomyocytes,
their apoptosis, and activation of neurohumoral systems
that trigger reactions of myocardial hibernation and its
remodeling [5].

The objective of this review is to consider GDF-15 as
a diagnostic and prognostic marker in HF.

Sourcing Methodology

This article presents the review of publications over
the recent 10 years. The analysis of literature sources
was carried out using PubMed, RSCI, MedLine, Google
Scholar, Science Direct databases. The authors reviewed
both foreign and Russian papers. The search was carried
out using the following keywords: biomarkers, heart fail-
ure, growth factor of differentiation 15.

Structure and Functions

of GDF-15

GDF-15 is a cytokine that belongs to the family of
transforming growth factor beta (TGF-8) [6]. Under
physiological conditions, the concentration of this bio-
marker in blood plasma and most tissues of the body is
minor. GDF-15 was discovered more than twenty years
ago; it was previously called macrophage inhibitory cyto-
kine-1 (MIC-1) due to its possible role of the antagonist
of macrophage activation by inflammatory cytokines
(interleukins and tumor necrosis factors). The detailed

mechanism of functioning of this biomarker in human
body has not been fully established. GDF-15 receptor, its
signaling pathways and biological aspects are not actually
understood. Cytokine expression is activated by stress or
tissue damage and is associated with inflammatory con-
ditions of different organs, including myocardium [7, 8].

In animal models, GDF-15 was originally described
as a cardioprotective protein that prevents cell death.
The elevated expression of this biomarker is observed
in response to harmful stimuli such as pressure over-
load or tissue ischemia. Activation of the enzyme nitric
oxide synthase (NOS-2) in stressful situations leads to
the increased production of GDF-15 [6]. The results of
experimental studies of genetically modified rats with
GDF-15 deficiency established its protective role in
myocardial damage [6]. Th elevated cytokine level in the
cardiomyocytes of rats with decreased activity of growth
hormone was also demonstrated; this fact indicates its
the involvement of GDF-15 in signaling pathways acti-
vated by growth hormone [6].

The human GDF-15 locus was mapped by fluores-
cence in-situ hybridization (FISH) to chromosome
19p12.1-13.1; it was shown that the gene contained a
single intron [6]. The human GDF-15 promoter has
binding sites for several transcription factors, including
the cell cycle regulatory transcription factor p53 protein,
early growth response protein 1 (Egrl), cyclic adenos-
ine monophosphate response element-binding protein
(CREB), transcription factor Sp1, cyclicadenosine mono-
phosphate-dependent transcription factor (ATF-3),
C/EBP homologous protein (CHOP). GDF-15 expres-
sion is increased by peroxisome proliferator-activated
receptor (PPAR) y-ligands. Several polymorphisms in
the GDF-15 gene were identified. GDF-15 is synthesized
as a precursor protein (pro-GDF-15) with the weight of
~40 kDa that subsequently undergoes disulfide dimer-
ization. The unprocessed translated form of GDE-15
(pre-pro-GDF-15) has the length of 308 amino acid
residues including a signal sequence (29 amino acids),
a propeptide (167 amino acids), and a mature protein
(112 amino acids) with a cystine knot that is typical for
TGEF-B. The mature protein is secreted as a homodimer
bound by disulfide bonds and is released from the pro-
peptide after intracellular cleavage [7].

Method for Determination
of GDF-15 in Blood

The level of this biological marker is determined
using the immunoradiometric assay to determine the
amount of radioactively labeled antigen-antibody com-
plex by enzymes or luminescence (chemiluminescence).
The detection range is 400-20,000 ng/L; at good accu-
racy and reproducibility, the error is less than 10 % [8, 9].
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GDF-15 and Heart Failure

The elevated cytokine concentration is associated
with cancer, insulin resistance, type 2 diabetes mellitus,
renal dysfunction, cardiac diseases, and overall mortal-
ity; moreover, the level of this biomarker increases with
age [10-15]. Examination of children with congeni-
tal heart diseases and HF revealed significantly higher
GDF-15 blood concentrations compared to healthy chil-
dren [15].

In a number of studies, the levels of GDF-15 and
BNP/NT-proBNP in different groups of patients with
CHF were evaluated. The authors concluded that NT-
proBNP levels were higher in HF patients with reduced
LVEF (HFrEF) compared with patients with preserved
LVEF (HFpEF); however, GDF-15 concentration was
elevated in patients with both systolic and diastolic LV
dysfunction. Moreover, GDF-15 was found to be an
important biomarker of adverse cardiovascular events
and mortality and independent on LV contractility and
NT-proBNP concentration [17-21]. The evaluation of
GDF-15 level at different CHF stages revealed that the
cytokine is a biomarker indicating the progression of
the disease; its concentration increases at an exponen-
tial rate with an increase in the functional class (FC) of
CHEF (according to New York Heart Association (NYHA)
classification) and the severity of LV remodeling. An ele-
vated level of the biomarker was observed at the preclini-
cal stage of heart failure [22].

According to H. Du et al. (2020), the results of the
examination of 300 patients with ischemic HF revealed the
level of GDF-15 that amounted to (582.6 + 104.4) pg/mL
in patients with HF FC IV and (408.4 £ 94.8) pg/mL in
patients with NYHA functional class I HF [23].

First major study on the predictive value of GDF-15 in
CHEFnEF was carried out on the basis of Valsartan Heart
Failure Trial (Val-HeFT) protocol (a study of using val-
sartan in the patients with CHF). GDF-15 levels were
assessed at baseline and after 12 months of follow-up;
85 % of patients had elevated levels of GDF-15 biomarker
(> 1,200 ng/mL). The results of a multivariate statistical
analysis that included clinical parameters, BNP, tropo-
nin, and CRP levels revealed that high concentrations of
this biomarker were independently associated with the
elevated risk of all-cause mortality (OR 1.007; 95% CI:
1.001-1.014; p = 0.02), but not with subsequent adverse
events (OR 1.003; 95% CI: 0.997-1.008; p = 0.34) such
as sudden death, acute HF, and the need for inotropic
support. After 1 year of follow-up, a comparable increase
in GDF-15 level was observed in the placebo group and
in the group of patients treated with valsartan. The levels
of this biological marker were independently associated
with all-cause mortality and with first adverse cardiovas-
cular event. There was no change in GDF-15 level due to
HF treatment [15].

In the PARADIGM-HF study (sacubitril/valsar-
tan compared with enalapril in patients with HFnEF),
GDF-15 levels were determined in 1,935 patients. Its
baseline values, as well as values after 1 month and
8 months of treatment were associated with the elevated
risk of overall mortality, adverse cardiovascular events
(CVS), and with cardiovascular mortality or hospitaliza-
tion for decompensated CHF. There was no change in
GDF-15 concentration associated with drug administra-
tion [24].

P. Foley et al. (2009) in their study evaluated
GDEF-15 level during cardiac resynchronization therapy.
72 % of 158 patients had a good response to treatment;
however, the patients with serum GDF-15 level above
2,720 ng/L demonstrated a significantly higher risk of
cardiovascular mortality and rehospitalization due to HF
decompensation in 30 months [25].

The study of D. Lok et al. (2013) included the analysis
of the levels of NT-proBNP, GDF-15, Gal-3 and troponin
in patients with FC III CHF (NYHA). The authors sum-
marized that the GDF-15 biomarker is an indicator with
better predictive value compared to NT-proBNP and
other analyzed biomarkers [26].

In 2012, Dutch researchers analyzed GDF-15 con-
centration in the myocardial tissue of patients with
non-ischemic dilated cardiomyopathy (DCM). Tissue
samples were obtained during implantation of devices
that support the left ventricle function or during heart
transplantation. A strong statistically significant corre-
lation was found between GDEF-15 level and the severity
of myocardial fibrosis [27]. One month after implan-
tation of the device, GDF-15 levels were significantly
reduced compared to the pre-implantation period; this
fact indicates a relationship between the level of the
analyzed biomarker and the severity of myocardial dys-
function [27].

O. M. Drapkina (2013) in her study with the partici-
pation of 55 patients with HF established a relationship
between the GDF-15 biomarker and LV diastolic dys-
function (DD) parameters — peak E/A ratio (accord-
ing to echocardiography (ECHO-CG)) (r = -0.26);
this may represent an additional rationale for the
use of GDF-15 as a laboratory diagnostic instrument
for HFnEE. The data on a lower concentration of the
GDF-15 biomarker in the patients treated with angio-
tensin II receptor blockers [28] can serve as indirect
evidence of the involvement of this biological marker
in HFpEF pathogenesis.

According to Ye. V. Bazaeva (2017), the levels of NT-
proBNP, GDF-15, Gal-3 and PTX3 have statistically sig-
nificant diagnostic value only in patients with NYHA FC
I-1I CHF with reduced LV contractility [29].

We should mention the work performed by Russian
researchers that included the analysis of the relationship
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of GDEF-15 level in blood with ECHO-CG parameters in
34 CHF patients of comparable age with intermediate EF
of LV (HFpEF) depending on the presence of myocardial
infarction (MI) in their history. In patients without MI,
there was a moderate negative correlation between LVEF
and GDEF-15 concentration (r = —0.51, p = 0.050), as well
as a strong inverse relationship with LV stroke volume
(r = -0.722, p = 0.002). Post-MI patients demonstrated
no association between GDF-15 levels and the degree of
systolic dysfunction [30].

According to V. D. Sivolap and Ya. V. Zemlyany
(2014), the most significant prognostic potential in
patients with HFpEF who developed adverse cardiovas-
cular events belonged to the levels of GDF-15 and NT-
proBNP, as well as to E/E’ value according to ECHO-CG
results. In patients with asymptomatic LV diastolic
dysfunction, only GDF-15 had the highest prognostic
value. In both groups, the combination of these two bio-
logical markers increased the predictive value of each of
them [31].

In 2018, J. Li et al. (2018) examined 219 HF patients
admitted to the Cardiology Department of Tianjin
Medical Center and 32 healthy volunteers. Levels of
circulating GDF-15, NT-proBNP, pro-collagen type I
C-terminal propeptide (PICP) and pro-collagen type
IIT N-terminal propeptide (PIIINP) were determined.
All patients were followed up during 12 months. Plasma
GDEF-15 levels in HF patients were higher than in the
control group (p < 0.05) and elevated with the progres-
sion of the disease (p < 0.05). Patients with HFnEF had
higher GDF-15 levels compared to patients with HFpEF
(p < 0.05). GDEF-15 level demonstrated positive correla-
tion with LV mass index (LVMI) (r = 0.433, p < 0.05),
PICP (r = 0.378, p < 0.001), and PIIINP (r = 0.382,
p < 0.001). When plotting ROC curves, the combina-
tion of GDF-15 and NT-proBNP (AUC = 0.905, 95%
CI: 0.868-0.942, p < 0.001) was superior to NT-proBNP
(AUC = 0.869, 95% CI: 0.825-0.913, p < 0.001) in
the diagnosis of HE. Thus, GDF-15 in combination with
NT-proBNP significantly improves the accuracy of diag-
nosing HF [32].

The research performed by American scientists
N. Nair and E. B. Gongora is also of interest (2018):
they examined 24 patients with DCM and 8 healthy
volunteers. Coronary angiography revealed intact cor-
onary arteries in all patients with DCM. Plasma levels
of GDF-15, matrix metalloproteinase-2 (MMP2),
MMP3, MMP9, tissue inhibitor of MMP 1 (TIMP1),
ST2, and BNP were determined. The results of statisti-
cal analysis revealed a strong correlation of GDF-15 with
TIMPI (r = 0.83, p < 0.0001), a weaker one with MMP3
(r =0.41, p = 0.011) and MMP2 (r = 0.47, p = 0.003).
MMP9 also demonstrated a weak correlation with
GDEF-15 (r = 0.3036, p = 0.046). GDF-15 had negative

correlation with the MMP2/TIMP1 ratio (r = -0.47,
p = 0.006); strong correlation of ST2 with GDF-15 was
observed (r = 0.7, p < 0.0001). GDF-15 level correlated
negatively with LVEF (r = —-0.49, p = 0.004) and posi-
tively with LV end-diastolic size (r = 0.58, p = 0.0006).
GDF-15 demonstrated a significant direct relationship
with HF FC (NYHA) (r = 0.71, p < 0.00001) and BNP
concentration (r = 0.86, p < 0.00001) [33].

A year later, the employees of the Department of
Cardiology of the Institute of Clinical and Experimen-
tal Medicine-IKEM (Czech Republic) evaluated the role
of GDF-15 in patients with heart failure and chronic
kidney disease who had estimated glomerular filtration
rate (eGFR) < 60 mL/min/1.73 m?. As a part of the study,
358 patients with stable systolic HF were followed up
for 1,121 days. The authors concluded that GDF-15 in
this category of patients had stronger association with
adverse outcomes than BNP [34]. Similar evidence was
obtained by C. Tuegel et al. (2018) (University of Wash-
ington School of Medicine) [35].

A number of studies revealed increased GDF-15 levels
in patients with decompensated heart failure (NT-
proBNP above 1,200 ng/L); patients with higher levels
of the GDF-15 biomarker on admission to the hospital
and with its high increase during hospitalization had a
high risk of readmissions and mortality after discharge
[36, 37].

In a study conducted by M. Boulogne et al. (2017)
with the participation of 55 patients with HFnEF, serial
measurements of several biomarkers were carried out at
the beginning of hospitalization for disease decompensa-
tion and after 1 month. Similar trends in the changes of
GDF-15 and BNP levels were observed. In this study, a
rapid drop in GDF-15 levels was accompanied by appar-
ent clinical improvement in patients. Moreover, the
models with the combination of GDF-15 with known
and well-studied biological markers such as troponin
and BNP have demonstrated that the addition of this
parameter increased the predictive value of laboratory
biomarkers [38].

In 2020, Tomsk researchers examined 87 patients
with nonvalvular atrial fibrillation (AF). All patients
underwent general clinical examination, echocardiog-
raphy, and laboratory tests including fasting blood
glucose, creatinine, eGFR, NT-proBNP, highly sensi-
tive CRP, and GDF-15. According to the results of the
study, elevated GDEF-15 concentrations were associ-
ated with age, HF severity and arterial hypertension,
increased risk of thromboembolic complications accord-
ing to the CHA2DS2-VASc scale, impaired carbohydrate
metabolism, increased CRP and NT-proBNP levels,
increased size of both atria, signs of diastolic LV dys-
function and its remodeling in the form of eccentric
hypertrophy [39].
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The same year, Austrian physicians conducted a
study to investigate the correlation of serum levels of
soluble urokinase-type plasminogen activator recep-
tor (suPAR), GDF-15, heart-type fatty acid-binding
protein (H-FABP), and ST2 with LVEF in 361 patients
with ischemic HE. There was a statistically significant
negative correlation between suPAR, GDF-15, H-FABP,
and ST2 levels with LVEE. A multiple logistic regression
model demonstrated independent relationship between
GDEF-15 (p = 0.009) and NT-proBNP (p = 0.003) and
LVEE The authors concluded that in addition to NT-
proBNP that is a well-known marker for risk predicting,
GDF-15 may be an additional laboratory instrument
for the diagnosis and clinical follow-up of patients with
HF [40].

Researchers at the University of Bergen conducted
a study of a panel of 37 biomarkers to predict adverse
cardiovascular events in post-MI patients. The proto-
col included the analysis of GDF-15, proadrenomedul-
lin (MR-proADM), soluble tumor necrosis factor
receptor (sTNFR), C-terminal proendothelin-1 (CT-
pro-ET-1), C-terminal telopeptide of type 1 collagen
(ICTP), C-terminal provasopressin (CT-proAVP), uric
acid, chromogranin A (CGA), and procollagen type III
N-terminal propeptide (PIIINP). This group of bio-
markers proved to have the strongest predictive value
of all-cause mortality and mortality from cardiovas-
cular diseases including that from HF. In multivariate
statistical analysis, incremental capacity of laboratory
biomarkers was observed even after adjusting for sev-
eral clinical covariates [41].

In 2021, P. Lourenco et al. examined patients with
acute HF and concluded that patients with GDEF-15
levels > 3,500 ng/mL on admission to the hospital
and > 3,000 ng/mL on discharge were at high risk of
death within 1 year [42].

The results obtained by German researchers
(K. Nolte et al., 2015) demonstrated that in patients
with asymptomatic LV diastolic dysfunction, plasma
concentrations of GDF-15, MR-proADM and CT-pro-
AVP were significantly higher compared to the control
group. In contrast, the levels of NT-proBNP, MR-pro-
ANP, and CT-proET1 showed no statistically signifi-
cant difference [43].

Ischemic/reperfusion (I/R) injury that inevitably
develops during heart transplantation is a major factor
leading to organ failure and transplant rejection.
To develop novel treatment to prevent I/R injury, both
a murine heart transplantation model with 24-hour
cold I/R and an in vitro cell culture system were used
to determine whether GDF-15 is a protective factor
in preventing I/R injury during heart transplanta-
tion. Cold I/R was found to cause severe damage to
endocardium, epicardium, and myocardium in heart

transplants from wild-type C57BL/6 mice, while
transplants from GDF-15 transgenic mice showed
less damage, as demonstrated by decreased cell apop-
tosis/death, decreased neutrophil infiltration, and
preservation of the normal structure of heart. Over-
expression of GDF-15 reduced the expression of the
phosphorylated transcription factor RelA p65 and
pro-apoptotic genes, while it enhanced the phos-
phorylation of the Foxo3a gene in vitro and in vivo.
Overexpression of GDEF-15 inhibited cell apoptosis
and reduced neutrophil infiltration. This study first
demonstrated that GDF-15 was a promising target
for preventing cold I/R injury in heart transplanta-
tion. It also demonstrated that the resulting protective
effects were mediated by Foxo3 and NF-«xB signaling
pathways [44].

Conclusion

According to the Framingham study, five-year sur-
vival after the onset of clinical HF symptoms is only
25% and 38% in male and female patients, respec-
tively [1]. CHF clinical manifestations are not specific
enough, and ECHO-CG does not always reveal diag-
nostically significant changes, so, if CHF is suspected,
biological markers in blood can be used as an alterna-
tive non-invasive diagnostic instrument. New markers,
such as fibroblast growth factor 23, adrenomedullin,
fibrosis marker Gal-3, stimulating growth factor ST2,
chemokine CX3CLI1, vasopressin surrogate marker,
and others, are increasingly being used in real clini-
cal practice. Currently, we have advanced technologies
for identifying new biomarkers. The next step will be
the development of a multi-biomarker model that will
require the improvement of bioinformational technolo-
gies used for a large database analysis. The potential of
this field is enormous not only for the discovery of new
diagnostic biological markers, however, also for the
improvement of HF treatment.

GDF-15 is a serum biological marker that is
expressed due to stress, tissue damage, and inflamma-
tion [45]. Unlike other markers of necrosis that have
cycles of rise and fall, GDF-15 is relatively stable and
causes no particular difficulties in its implementa-
tion in clinical practice [46]. GDF-15 concentration in
patients with CHF is associated with an increased risk
of overall mortality and adverse cardiovascular events;
GDF-15 demonstrated prognostic and diagnostic value
in patients with HFpEF (Figure 1).

Data from the Framingham Heart Study that
included evaluation of 85 biomarkers in 3,523 par-
ticipants over 14-year follow-up, demonstrated that
GDF-15 was the only biomarker in multivariate anal-
ysis that was statistically significantly associated with
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all adverse cardiovascular events [7]. Pooled data from
eight studies including 4,126 patients demonstrated
that overexpression of GDF-15 was associated with an
increased risk of mortality in patients with HF [47].
In 2019, Chinese researchers reported that GDF-15 was
not inferior to NT-proBNP as a prognostic biomarker
in patients with acute HF [48].
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Figure 1. Relation of GDF-15 to clinical aspects in heart failure

GDEF-15 meets the criteria defined by R. S. Vasan
(2006) as a biological marker of increased cardiovas-
cular risk [49]. Table 1 presents the results of the most
significant studies of the effect of GDF-15 on CVDs and
their outcomes. To confirm the value of determination
of blood GDF-15 in patients with HF, additional studies
are required.

Legend: HF — heart failure; IHD- ischemic heart disease; HFrEF — heart failure with reduced LV EF; HFnEF — heart failure with normal LV EF; NYHA — New York Heart

Association Functional Classification
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Table 1. The most significant studies on the impact of GDF-15 on CVD and their outcomes

| Researchers | Markers | Members

Results

Khan S.Q. GDF-15, o
etal. [13] NT-proBNP

1142 patients with acute myocardial
infarction: 509 with ST elevation myocardial
infarction; 633 with non-ST elevation
myocardial infarction).

* Age 67 (IQR: 24-97) years.

Anand L.S. GDF-15 .

etal. [14]

1734 patients from the Val-HeFT study
(the efficacy of Valsartan in patients with
heart failure)

* Age 67 (IQR: 24-97) years

* NYHAIIland IV FC —43%

Xie S.
etal. [16]

GDF-15 Metaanalysis:

* 31 studies (53706 subjects with 7020 adverse
outcomes (MI, HF, death).

* Follow-up for at least 3 months.

* Average age ranged from 42 to 79 years

sST2,

GDF-15,
NT-proBNP e
CPb .

Sinning C.
etal. [18]

5,000 people from the Grutenberg Population
Health Study (randomly selected):

2460 women (mean age 55 years

2540 men (mean age 56)

Bouabdallaoui N.
etal. [24]

GDEF-15 * 1935 patients with NYHA II-IV HF, elevated
BNP or NT-proBNP, SDLV (EF<40 %) from
the PARADIGM-HEF study (RCT on the effect
of ARNI on CVD death and hospitalization
for HF).

* Mean age 67 + 10 years

Bonaca M. GDEF-15 .

et al. [46]

3501 post-ACS patients (~day 7) from the
PROVE IT-TIMI 22 trial to investigate the

efficacy of standard or intensive statin therapy.

* GDF-15 increased with increasing Killip class (p <0,001)
and correlated with NT-proBNP (r=0,47, p < 0,001).

* AUROC for predicting death and HF: GDF-15 — 0,73,
NT-proBNP — 0.76, combination of biomarkers — 0,81.

An increase in GDF-15 of 100 ng/L over 12 months has been
associated with an increased risk of:

* death by 1.7% (HR: 1,017; 95 % CI 1,014 — 1,019; p <0.001)
e the first pathological event (CPR, hospitalization for heart
failure, inotropic support) by 2,0 % (HR: 1,020; 95 % CI

1,017 — 1,023; p <0,001)

As GDF-15 increased, the risk of adverse events increased:
e CVD mortality (HR: 2,11; 95% CI, 1,57-2,66),

e all-cause mortality (HR: 2,70; 95% CI, 2,29-3,12),

e adverse outcome (RR: 1.96; 95% CI 1.64-2.29).

* AUROC for the diagnosis of CHF -GDF-15 — 0,79, NT-
proBNP — 0,77, CRP — 0,66, sST2 — 0,62

* inaddition to NT-proBNP improved detection of HF
(OR: 1,4, 95% CI: 1,1-1,7)

* The best biomarkers for predicting all-cause mortality
were NT-proBNP (HR: 1,9, 95 % CI: 1,6-2,2; p <0.001) and
GDF-15 (HR: 1.7, 95% CI: 1,6-1,9, p <0,001)

An increase in GDF-15 at each point (baseline, 1 and
8 months later) of 20 % was associated with a higher risk of:
* mortality (HR: 1,13, 95% CI 1,08-1,18, p <0.001),
* hospitalizations for heart failure and cardiovascular
events (HR: 1,09, 95% CI 1,05-1,14, p <0,001),
¢ death from heart failure (HR: 1,16, 95% CI 1,05-1,28,
p <0,001)

e At established thresholds, GDF-15 (<1200, 1200-1800, and
>1800 ng/L) were associated with a 2-year risk of death or
MI (5,7 %, 8,1 %, and 15,1 %, respectively; p <0,001)

* Follow-up period 2 years.
* Mean age 58,1 + 11.1 years

* GDF-15 was associated with risk of death or MI (adjusted
RR per unit increase in GDF-15: 2,1, 95% CI, 1,6-2,9;
p <0,001)

Legend: ACS — acute coronary syndrome ARNI — angiotensin receptor and neprilysin inhibitor; AUROC — area under the ROC curve; BNP — brain natriuretic peptide; CI —
confidence interval; CPR — cardiopulmonary resuscitation; CRP, C-reactive protein; CVD — cardiovascular diseases; CVE — cardiovascular events; EF — ejection fraction; GDF-15,
growth differentiation factor 15; HF — heart failure; HR — Hazard ratio; MI STEMI — myocardial infarction with ST segment elevation; ; SDLV — systolic dysfunction of the left
ventricle; NT-proBNP — N-terminal pro-brain natriuretic peptide; STEMI — myocardial infarction without ST segment elevation; sST2 — soluble tumorigenicity suppression receptor
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