
numerous factors, i.e. age, sex, comorbidities, treatment regime and 
phenotypes of HF. Additionally, not all of these biomarkers except 
natriuretic peptides were best fitted to guided therapy of HF and 
consequently serial measures of them did not warrant improving of 
predictive value in follow-up especially in patients with preserved left 
ventricular ejection fraction. Growth-differentiation factor-15 (GDF-
15) belongs to the transforming growth factor-β superfamily that 
regulates mitochondrial function of wide range of cells that involve in 
inflammation, oxidative stress, apoptosis, immune reaction, fibrosis, 
reparation and malignancy. This editorial is depicted the possibilities 
to extrapolate the predictive capabilities of GDF-15 from metabolic 
and tumor diseases to CV diseases including HF.

Key words: Heart failure; Cardiovascular disease; Biomarkers; 
Growth-differentiation factor-15; Prognosis; Clinical outcomes; 
Predictive value
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INTRODUCTION
Heart failure is a leading cause of premature death in patients with 
established cardiovascular (CV) disease[1]. The prevalence of chronic 
HF regardless of left ventricular (LV) pump function increases 
worldwide that leads to shape hard economic burden of medical care 
of health systems in different countries[2]. In the developed countries 
the prevalence of chronic HF with reduced LV ejection fraction (EF) 
< 40% (HFrEF) especially due to ischemic and inflammatory reasons 
demonstrates a steadily decrease, while the prevalence of HF with 
preserved LVEF = 50-59% (HFpEF) in general population continues 
to progressively rise[3]. In contrast, in the developing countries 
new diagnosed cases of both phenotypes of chronic HF reveal a 
tendency to growth and associate with an increased risk of all-cause 
mortality and CV mortality[4]. The clinical presentation of chronic 
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ABSTRACT
Heart failure (HF) is a major factor contributing to premature death 
in patients with established cardiovascular (CV) disease. There is a 
large body of evidence that biological markers presumably natriuretic 
peptides, galectin-3, soluble ST2 and cardiac troponins could be 
the best tool for prediction of poor clinical outcomes in general 
population as well as in individuals with suspected or established CV 
diseases including HF. However, recent clinical trials have shown 
that abilities of these biomarkers regarding identification of morbidity 
and mortality risks distinguished in wide range and depended on 
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HF appears to be distinguished depending on age and a prevalence 
of the etiology causes including coronary artery disease (CAD), 
cardiomyopathies, myocarditis, diabetes mellitus, hypertension, 
chronic obstructive pulmonary disease etc.[5]. Although clinical 
entity of chronic HF with reduced LV ejection fraction (EF) < 40% 
(HFrEF) and preserved LVEF = 50-59% (HFpEF) respectively 
has defined, there is not completely clear whether HF (HFmrEF) 
related to mid-range LVEF=40-49% could associate with clinical 
outcomes and prognosis similar other phenotypes of chronic HF[6]. 
The analysis of the TIME-CHF (Trial of Intensified versus standard 
Medical therapy in Elderly patients with Congestive Heart Failure) 
trail yielded that clinical status, profile of comorbidities including 
CAD and impaired quality of life of individuals with HFmrEF were 
comparable to patients with HFrEF, but these patients were not similar 
HFpEF in these fields[7]. In the Swedish Heart Failure Registry a 
higher adjusted risk of all-cause death and CV death in patients with 
HFmrEF and HFrEF versus HFpEF was defined[8]. Interestingly, 
there is overlapping in clinical and biomarker-based prediction of 
outcomes in different HF phenotypes[9,10]. Indeed, natriuretic peptides 
(NPs) and cardiac troponins strongly predicted HFrEF and HFmrEF, 
but not HFpEF, although galectin-3 and soluble ST2 yielded much 
accurate predictive values for newly diagnosed HFpEF / HFmrEF 
and HFrEF-related admission to the hospital[7,9]. Recent clinical 
trial has shown that biomarker-guided therapy based on serial 
measure of N-terminal pro-B-type NP (NT-proBNP) in comparison 
with standard HF therapy resulted in improved survival free of 
chronic HF admissions in HFrEF and HFmrEF, but not in HFpEF[7]. 
Therefore, there are several limitations regarding biomarkers’ 
interpretation in chronic HF patients with older age, comorbidities 
and valsartan / sucubitrile use added to conventional HF therapy[11,12]. 
Thus, novel biomarkers are required to be implemented to the 
clinical score aimed improving of predictive value of entire score 
system. Although growth-differentiation factor-15 (GDF15) is an 
established biomarker of inflammation, fibrosis and apoptosis, it took 
close discussion within recent several years as promising candidate 
to identify individuals at high risk of poor clinical outcomes. This 
editorial is depicted the possibilities to extrapolate the predictive 
capabilities of GDF-15 from metabolic and tumor diseases to CV 
diseases including HF.

GROWTH-DIFFERENTIATION FACTOR-15: 
BIOLOGICAL ROLE AND FUNCTION
GDF-15 (also known as macrophage inhibitory cytokine-1 - MIC-1, 
placental bone morphogenetic protein, nonsteroidal anti-inflammatory 
drug-activated protein-1, placental transforming growth factor-beta, 
prostate derived factor) belongs to the transforming growth factor-β 
superfamily and was found an important regulator of mitochondrial 
function of wide range of cells that involve in the pathogenesis of 
immune reaction, inflammation, oxidative stress, fibrosis, reparation 
and malignancy[13]. In physiological and pathological conditions 
GDF-15 exhibited anti-inflammatory properties, which are produced 
by binding of this molecule with a currently unknown receptor[14]. 
There is evidence that GDF15 may specifically bind to an orphan 
member of the GDNF family receptor α-like (GFRAL) and that 
intracellular signaling promoted by GDF15-GFRAL cooperation 
involve in the regulation of food intake by a central mechanism[15]. 
Over-expression of GDF-15 is up-regulated by several Th2-
depended cytokines [interleukin (IL)-13, IL-4] via the Janus kinase-
activated STAT6 pathway and metabolites (impaired fasting glucose, 
free radicals) through p53 and FoxM1-related intracellular signal 

system[16]. Thus, Th2-depended cytokines, which produced in white 
adipose tissue and perivascular adipose tissue, may regulate intra-
adipose and systemic lipid and glucose metabolism via GDF-15 
expression[17]. It has found that over-expression of GDF-15 leaded 
to lowered production of pro-inflammatory cytokines [IL-1beta, IL-
6, IL-10, tumor necrosis factor (TNF)-alpha], various growth factors 
(fibroblast growth factor, insulin-like growth factor), active molecules 
(ICAM-1), as well as fibrotic mediators through a prevention of 
activation of Th1 cells. This effect is mediated by the Foxo3 and 
NFκB signaling pathways. Additionally, over-expression of GDF-15 
reduced expression of phosphorylated RelA p65, pre-inflammatory 
and pro-apoptotic genes and thereby inhibited cell apoptosis and 
necrosis, as well as reduced mononuclear infiltration of tissues due to 
injury. Taking into consideration the fact regarding elevation of serum 
level of GDF-15 in various inflammatory and metabolic diseases 
they are considered GDF-15 could synthesize and secrete as a result 
in an adaptation to stress and inflammation via signaling pathways 
activated by mitochondrial stress[18].
    Interestingly, there is evidence that the circulating GDF-15 
produced by cardiac myocytes in turn acts on the liver cells to inhibit 
growth hormone signaling and thereby coordinates a cardiac function 
and growth / development of body that may have an important value 
in pediatric population with concomitant heart disease and failure to 
thrive[19]. Probably, GDF-15 could be a central autocrine/paracrine 
factor that plays a pivotal role in intercellular communication within 
the myocardium aimed preventing stress-induced, ischemia-induced 
and inflammatory-related cardiac diseases. 
    The essential role of GDF-15 in neovascularization and 
angiogenesis was confirmed in animal investigations and regarded 
an ability of the cytokine to promote the proliferation of human 
umbilical vein endothelial cells and remarkably improved vascular 
reparation[20]. In fact, GDF-15 acting as an angiogenic cytokine 
promoted tissue reparation in the healing and injury. In contrast, in 
cancer GDF-15 acted as a promotor of antitumour immunity and 
revealed anti-inflammatory and immunosuppressive properties[16,18]. 
The role of angiogenic ability of GDF-15 in metastatic malignancy is 
under investigation and requires to be scrutinized in details. Overall, 
GDF-15 appears to be a pleotropic cytokine, the role of which in 
pathogenesis of CV, metabolic and inflammatory disease requires to 
be investigated in details. 

GROWTH-DIFFERENTIATION FACTOR-15 IN 
INFLAMMATORY AND METABOLIC DISEASES
Initially, GDF-15 is considered as an anti-inflammatory factor with 
reparative ability. Indeed, in diabetes mellitus, obesity and metabolic 
syndrome fasting serum levels of GDF-15 associated positively with 
some metabolic parameters (fasting glucose, glycated hemoglobin, 
HOMA index) and body mass index, age and men sex. In in 
nondiabetic patients GDF-15 correlated well with impaired fasting 
glucose and predicted an insulin resistance in general population[16]. 
Noted, GDF-15 is able to delay gastric emptying, modify a 
food preference, and regulate body energy intake and improve 
metabolic status through direct activation of central neurons in area 
postrema[18,21]. The XENDOS (Xenical in the Prevention of Diabetes 
in Obese Subjects) trial was shown the interrelationship between 
the high levels of GDF15 in obese individuals and the risk of type 
2 diabetes mellitus manifestation for 4 year follow-up period[22]. 
All these data clarify that GDF-15 could be a promising therapeutic 
target for the treatment of various diseases including obesity, diabetes 
mellitus and probably malignancy. 
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and traditional biomarkers including high sensitive troponin T, 
galectin-3, soluble ST2 and NT-proBNP[35,36]. In contrast, in HFrEF / 
HFmrEF diagnostic accuracy of GDF-15 was not inferior as that of 
NT-proBNP and combining both biomarkers may improve diagnostic 
discrimination[36,37]. Probably, multiple biomarkers including GDF-
15 (i.e., high sensitive C-reactive protein + soluble ST2 ± galectin-3 / 
NT-proBNP) added to novel score could predict HFpEF and improve 
discriminate HFpEF from HFrEF / HEmrEF in diagnostic and 
prognostic manner.
    In chronic HF 8 month ivabradine therapy induced a reducing 
of GDF-15 levels by compared to baseline levels of the biomarker 
that associated with a significant reduction in the progress of LV 
remodeling[38]. Monitoring of serum levels of GDF-15 for follow-
up period in HF individuals who are under treatment with strategy 
based on valsartan / sacubitril is not investigated. Therefore, GDF-
15 is independently associated with major bleeding in HF patients 
with atrial fibrillation receiving antithrombotic / antiplatelet therapies 
and this biomarker has included in novel bleeding risk score aimed 
improving decision making for risk stratification of the patients[39].
    In conclusion: GDF-15 is elevated in numerous CV and metabolic 
diseases appearing to be a multifactorial cytokines with pro-
angiogenic, anti-inflammatory and regenerative capacities. It is 
useful biomarker to stratify patients at highest CV risk and all-cause 
mortality risk. Additionally, elevated levels of GDF-15 may provide 
most robust prognostic information regarding distinguish of HFrEF / 
HFmrEF from HFpEF in addition to galectin-3 / soluble ST2 and / or 
NT-proBNP. The role of serial measured levels of GDF-15 in guided 
therapy of HF is not completely clear and requires to be investigated 
in large clinical trials.
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