
466

Introduction

Growth differentiation factor 15 (GDF-15), also known 
as PTGF-h, PLAB, GDF-15, PDF, NAG-1, and PL74, is a 
member of the transforming growth factor β (TGF-β) 
superfamily (Bootcov et  al. 1997). Normally, GDF-15 
expresses in only a few normal tissues such as the 
placenta and the central nervous system tissues, with 
lower levels in some other tissues such as colon, kid-
ney, and prostate. The expression can be significantly 
upregulated in injured organs such as liver, kidney, 
heart, and lung. GDF-15 participates in the develop-
ment of malignant diseases, especially prostate and 
rectocolonic tumors (Cheung et al. 2004; Xu et al. 2006; 
Bauskin et al. 2006; Karan et al. 2009), and is involved 
in the process of some benign diseases. It has been 
identified as a hepcidin-suppression factor expressed 
at high levels in patients with ineffective erythropoi-
esis (Ashby et  al. 2010). GDF-15 level was also found 
increased in systemic sclerosis-associated pulmonary 

arterial hypertension (Meadows et al. 2010). In recent 
years, increasing investigation has focused on the 
association of GDF-15 and cardiovascular diseases. 
GDF-15 is increasingly being found involved in many 
pathological cardiovascular disease processes such as 
ventricular remodeling in heart failure and coronary 
heart disease (CHD) and seems to play a role as a prog-
nostic indicator.

In this article, we review the recent approaches to 
study of GDF-15 in basic research and clinical trials to 
review the association of GDF-15 and cardiovascular dis-
eases. The data were obtained mainly from MedLine via 
PubMed and from our own investigations.

Basic research investigations of GDF-15
Basic information about GDF-15
GDF-15 is found on chromosome 19p12–13.1 and con-
sists of two exons and 1 intron. Exon I has 309 base pairs, 
including 71 base pairs of 58 untranslated sequences. 
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Exon II has 647 base pairs, including 244 base pairs of 38 
untranslated sequences. The exons are separated by an 
intron sequence of about 1800 base pairs (Böttner et al. 
1999).

GDF-15 is a secretory protein that becomes a mature 
production of the dimeric peptide of 224 amino acids 
after the cleavage of an RXXR motif in amino acids 
193–196 (Tetsuro et al. 2006). It is secreted as a 25-kDa 
dimeric protein produced from a 62-kDa intracel-
lular dimer. Interestingly, the pro-domain of GDF-15 
selectively binds to an extracellular matrix (Bauskin 
et  al. 2005). Therefore, both the mature domain and 

pro-domain likely play central roles in modulating the 
biological activity of GDF-15.

Regulatory mechanism of the synthesis of GDF-15
GDF-15 expresses in only a few tissues or organs under 
normal conditions. Its expression increases with induc-
tion by exogenous agents or stress. Several agents have 
been found to induce the expression of GDF-15 (Table 1) 
through different signaling pathways. Some agents, 
such as sulindac, milkvetch, conjugated linoleic acid, 
capsaicin and antitumor drug Celecoxib, etc, induce the 
expression of GDF-15 by activating GSK3β (Yamaguchi 
et  al. 2004; Lee et  al. 2006; Pang et  al. 2007; Lee et  al. 
2010). Sulindac may also induce the expression of 
GDF-15 by activating the extracellular signal-regulated 
kinase 1/2 (ERK1/2) and early growth response gene 
1 (EGR1) pathway. Other agents, such as the peroxi-
some proliferator-activated receptor agonist troglita-
zone, radix bupleuri, and quercetin, may activate the 
ERK1/2 and EGR1 pathways to induce the expression of 
GDF-15 (Baek et  al. 2004; Baek et  al. 2005; Chen et  al. 
2007; Lim et al. 2007). The expression of GDF-15 could 
also be induced by vitamin E, anisomycin, and trachy-
carpus by activating the p38-ATF3 pathway (Kim et al. 
2008b; Minsub et al. 2008). GDF-15 can be induced by 
berberine through the protein kinase C (PKC) pathway. 
However, some studies also showed that the inhibition 
of the PKC pathway by PKC antagonists can upregulate 
the expression of GDF-15 (Shim & Eling et  al. 2005; 
Piyanuch et al. 2007). In addition, p53 is considered an 
important way to induce GDF-15 expression. Hypoxia 
increases the secretion of GDF-15 through a p53 or HIF-
1-independent pathway (Albertoni et al. 2002). As one 
of the important downstream products of p53, GDF-15 
can be used as a marker of p53 activation (Yang et  al. 
2003).

Table 1.  Agents inducing GDF-15 expression. Selected from J 
Biochem Mol Biol 2006 39:649–655.
 Concentration (µM) NAG-1 expression
Cyclooxygenasc inhibitors
Aspirin 1000–10,000 ↑
Sulindac 10–40 +/−
Sulindac Sulfone 100–400 +/−
Indomethacin 10–100 ↑
Sulindac Sulfide 1–50 ↑↑
Piroxicam 200–1000 ↑
Diclofenac 50–200 ↑
Acetaminophen 10–100 +/−
lbuprofen 100–1000 ↑
Sodium salicylate 1000–5000 ↑
SC-5SI25 10–100 ↑
Cclccoxib* 0.01–0.1 Toxic

Dietary agents
Resveratrol 10–100 ↑
Capsaicin 10–100 ↑
EGCG 10–100 ↑
ECG 50 ↑
Indol lndol-3-carbinol 50 ↑
DIM 1–10 ↑
Genistein 10–100 ↑
DADS 50–100 ↑
Lycopene 10–100 +/−
Sulforaphane 10–100 +/−
Trail-10,cis-12 
conjugated linoleic 
acid

25 ↑

PPAR agonist
Troglitazone 5 ↑↑
15-Deoxy-Δ12,14-
prostaglandin J

2

1–10 ↑

MCC-555 5 ↑
AHPN 1–10 ↑
Anti-cancer drugs

5F-203† 0.01–5 ↑
*Treatment of mice increased NAG-1 expression in intestinal 
tissue.
†Treatment of mice inireased NAG-1 expression in breast 
tumors.
AHPN, mantyl)-4-hydroxyphenyl]-2-naphthalene carboxylic 
acid; DADS, diallyl disulfide; DIM, diindolylmethane; EGCG, 
epigallocatechin gallate; ECG, epicatechin 3-gallate; PPAR, 
peroxisome proliferator-activated receptors 

Figure 1.  Biological functions and signal transduction pathways 
of GDF-15.
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The biological functions and signal transduction pathways of 
GDF-15
The biological functions of GDF-15 are still unclear. The 
effect of GDF-15 in cell survival is like a double-edged 
sword—a two-way regulation mechanism. The basic bio-
logical functions and signal transduction pathways are 
summarized in Figure 1.

The pro-apoptosis role of GDF-15  Most of the cur-
rent evidence demonstrates that GDF-15 promotes 
apoptosis in cancer cells. Apoptosis was increased 
in GDF-15-overexpressing human colorectal cancer 
(HCT-116) cells (Kim et  al. 2002). GDF-15 expression 
was increased in the colonic surface epithelium where 
cells undergo apoptosis. The authors also observed an 
increased expression of GDF-15 in the normal surface 
epithelium than in that of most of the tumors, which 
indicates that GDF-15 might be a cancer suppressor in 
the normal human body. Another investigation dem-
onstrated that GDF-15 could make the prostate cancer 
cells DU-145 detach from their substrate and undergo 
caspase-dependent apoptosis (Liu et  al. 2003). The 
intensity of GDF-15 expression is inversely associated 
with tumor differentiation and T- and N-stage status 
(Park et  al. 2008), so GDF-15 is closely related to cell 
apoptosis in cancers with different genesis. Further 
studies demonstrated that GDF-15 plays a crucial role 
in cancer cell apoptosis induced by different agents 
with varied pathways.

In AMC-HN5 human sinonasal carcinoma cells, indo-
methacin, a member of the non-steroidal anti-inflamma-
tory drugs (NSAIDS), a potent GDF-15 inducer, caused 
GDF-15 expression in a time- and dose-dependent man-
ner (Kim et  al. 2008c). In intestinal neoplasia, sulindac 
chemoprotection activity, although potent in GDF-15+/+ 
mice was abolished in GDF-15−/− mice (Zimmer et  al. 
2009). Another investigation found GDF-15 expression 
strongly induced in GDF-15-cDNA—transfected gastric 
cancer cells, SNU601, which lack endogenous cyclooxy-
genase 2, by sulindac sulfide, and that this was closely 
related with increased apoptosis and decreased cell via-
bility. Forced GDF-15 expression significantly induced 
apoptosis and DR-4 and DR-5 expression (Jang et al. 2004). 
GDF-15 was also found to play a key role in apoptosis 
induced by sodium salicylate treatment in A549 human 
lung adenocarcinoma cells (Kim et al. 2008d). Therefore, 
GDF-15 plays a crucial role in NSAID-induced cancer cell 
apoptosis, with DR-4 and DR-5 a main pathway. We sum-
marize the main signaling pathways in Figure 1.

GDF-15 promotes apoptosis in other pathways such 
as the p38 mitogen-activated protein kinase (MAPK) 
pathway. GDF-15 inhibits urethane-induced lung tumor 
formation, probably by inhibiting phosphorylation of 
the p38 MAPK pathway (Cekanova et al. 2009). In colon 
cells, ribotoxic anisomycin induced GDF-15 expression 
via the p38-ATF3 pathway and subsequent apoptosis 
(Yang et al. 2009). Vitamin E succinate treatment in PC-3 
human prostate carcinoma cells resulted in greater than 

three-fold increase in the half-life of NAG-1 mRNA in a 
p38 kinase-dependent manner (Shim & Eling et al. 2008). 
GDF-15 expression was upregulated by 12-O-tetrade-
canoylphorbol-13-acetate in LNCaP cells through a PKC-
dependent pathway involving the activation of nuclear 
factor-κB and was independent of p38 MAPK (Shim & 
Eling et al. 2005).

Some evidence shows that Jun N-terminal kinase 
(JNK) activation is another probable pathway of GDF-15 
inducing apoptosis. Fenretinide-induced GDF-15 
upregulation occurs downstream of JNK activation and 
mediates the fenretinide-induced apoptosis (Appierto 
et al. 2009).

In cardiovascular diseases, the function of pro-apopto-
sis is mainly revealed in atheromatous plaque formation. 
GDF-15 participates in oxidized low-density lipoprotein 
(LDL)-mediated macrophage apoptosis in atheromatous 
plaque and in the formation of plaque (Schlittenhardt 
et al. 2004). Recently, GDF-15 deletion was found to have 
a beneficial effect both in early and later atherosclerosis 
by inhibiting CCR2-mediated chemotaxis and modulat-
ing cell death. Plaque stability seems to increase with 
hematopoietic GDF-15 deficiency in LDL receptor−/− 
mice (de Jager et al. 2011).

Anti-apoptosis and pro-proliferation role of GDF-15
GDF-15 participates in cell protection and proliferation in 
some other circumstances. The PI3K/Akt pathway seems 
essential for GDF-15 in protecting cells against apopto-
sis. In cerebellar granular neurons in mice, GDF-15 could 
activate glycogen synthase kinase and Akt by PI3K and 
in turn inhibit the hypokalemia-induced neuron apop-
tosis (Subramaniam et al. 2003). GDF-15−/− mice showed 
progressive postnatal loss of spinal, facial, and trigeminal 
motoneurons (Strelau et al. 2009). As well, GDF-15 could 
induce resistance to oxaliplatin, 5-fluorouracil and SN38 
in HCT-113 cells by activating the PI3K/Akt pathway 
(Huang et al. 2007).

GDF-15 overexpression could benefit metastasis of 
tumors. GDF-15 may lead to cytotactin recombination 
by activating the FAK-RhoA pathway in PC-3 and LNPCa 
cell lines, which may explain in part the relation between 
GDF-15 and increased invasiveness of tumor cells by pro-
moting the motility of these cells (Senapati et al. 2010). In 
the breast carcinoma cell line SK-BR-3, GDF-15 induced 
significant phosphorylation of epidermal growth fac-
tor receptor at Tyr845, ErbB2 at Tyr877, and ErbB3 at 
Tyr1289, as well as Akt, which increased the phosphory-
lation of Src at Tyr416 and induced invasiveness of those 
cells (Park et al. 2010).

Pro-angiogenesis could be another way for GDF-15 
to benefit tumor growth. The expression of GDF-15 in 
these cells led to the expression of hypoxia inducible 
factor 1a and its target genes such as vascular endothe-
lial growth factor (VEGF) by activating the mammalian 
target of rapamycin pathway, which led to increased 
angiogenesis (Kim et  al. 2008a). GDF-15 secreted from 
melanoma cells, together with VEGF, promoted vascular 
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development mediated by (V600E)B-Raf signaling (Huh 
et  al. 2010). The increased angiogenesis would retain 
the tumor growth. An opposite finding of the function 
of pro-angiogenesis was demonstrated by Ferrari et  al. 
(2005), whereby increased GDF-15 level during new ves-
sel growth was repressed by fenritimide.

In cardiovascular diseases, GDF-15 used to be con-
sidered a cardioprotective cytokine with functions of 
anti-inflammation, anti-apoptosis, and anti-myocardial 
remodeling. Findings of its role in myocardial hypertro-
phy are contradictory. GDF-15 mRNA and the precur-
sor protein levels were found increased in myocardial 
cells from ischemia-reperfusion mice models (Kempf 
et al. 2006). Furthermore, in vivo investigation revealed 
that the serum concentration of GDF-15 was related 
to the size of the myocardial infarction area and that 
the precursor of GDF-15 was increased in level in the 
infarction area. GDF-15−/− mice showed an increased 
infarcted area and increased myocardial apoptosis 
around the infarction. The survival-promoting effect of 
GDF-15 disappeared on treatment with an antagonist 
of PI3K or transfection with an Akt1 dominant-negative 
adenovirus. Thus, GDF-15 may have a crucial role in 
anti-apoptosis through the PI3K/Akt1 pathway (Kempf 
et  al. 2006). Also, GDF-15 was found to inhibit myo-
cardial hypertrophy through a Smad2/3 pathway in a 
pressure-induced hypertrophy model, whereas the 
activation of Smad6/7 led to an inverse effect (Xu et al. 
2006). Thus, the myocardial protective effect of GDF-15 
is by anti-apoptosis and anti-hypertrophy. Recently, 
a similar anti-apoptosis effect of GDF-15 was found 
in rat cardiomyocytes by the activation of Smad1. 
Interestingly, GDF-15 might promote hypertrophy 
(Heger et  al. 2010), which is opposite to the previous 
opinions. Therefore, different Smad pathways may lead 
to a different effect of GDF-15 on cardiomyocytes.

Data from our own investigations showed that some 
pro-fibrotic agents such as AngII, ET-1, NE, and TGF-β1 
might upregulate the GDF-15 expression in cultured 

mouse fibroblasts. High-dose rhGDF-15 (150 pg/mL)-
treated myocardial fibroblasts showed better growth 
than did the control group. As well, we found that GDF-15 
promotes collagen secretion in fibroblasts (Wang et  al. 
2010).

In conclusion, GDF-15 has different biological func-
tions by different pathways and functions in different 
circumstances (Figure 2). The expression of GDF-15 is 
decreased in tumors but increased with bodily stress such 
as inflammation and ischemia. The increased expression 
of GDF-15 is mostly beneficial to our body, for example, 
in cancer treatment and myocardial protection. However, 
GDF-15 also participates in the progress of some dis-
eases. The factor’s activity is like a double-edged sword in 
cell survival or apoptosis and in the human body. These 
novel mechanisms associates to varied function in car-
diovascular diseases, not only in myocardial protection, 
but also in myocardial hypertrophy, angiogenesis and 
fibrosis.

Clinical investigations of GDF-15 in cardiovascular 
diseases
The expression of GDF-15 in cardiovascular diseases
Clinical trials of GDF-15 in cardiovascular diseases are 
relatively recent (Table 2). Kempf et al. (2007) first linked 
GDF-15 to cardiovascular disease and found the mean 
expression of GDF-15 to be 762 ng/L in healthy elderly 
individuals as seen on radioimmunoassay; further inves-
tigation showed the concentration of GDF-15 significantly 
increased and positively associated with disease progres-
sion in patients with chronic heart failure, different types 
of CHD and acute chest pain (Kempt et al. 2007c). In the 
Prospective Investigation of the Vasculature in Uppsala 
Seniors (PIVUS) study, which mainly focused on people 
older than 70 years, the serum concentration of GDF-15 
was negatively associated with vascular endothelium 
function; function and end-diastolic diameter of the left 
ventricle; and media thickness of carotid arteries. The 
elevated level of GDF-15 was also related to several clini-
cal concomitant conditions such as diabetes mellitus, 
low glomerular filtration rate, smoking, elevated level 
of C-reactive protein, high LDL concentration and low 
high-density lipoprotein concentration. Adjusting for 
these concomitant conditions showed increasing levels 
of GDF-15 significantly related to previous angina pec-
toris, hospital-treated myocardial infarction, previous 
coronary revascularization, history of heart failure, and 
hospital-treated stroke (Lind et al. 2009).

In conclusion, the concentration of GDF-15 is elevated 
in patients with CHD or heart failure and is related to sev-
eral causative factors and clinical complications. Table 2 
describes the association of GDF-15 and individual heart 
diseases.

GDF-15 and CHD
GDF-15, a biomarker for risk stratification in CHD  Clinical 
trials show that serum concentration of GDF-15 is ele-
vated in patients with CHD. In a series of clinical trials Figure 2.  Biological function of GDF-15 in cardiovascular 

diseases.
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of patients with CHD, the concentration of GDF-15 was 
elevated significantly and was even higher in patients 
with ST-segment elevation myocardial infarction 
(STEMI). GDF-15 was independently associated with 
level of NT-proBNP (P < 0.001) and >0.1 µg/L cardiac 
troponin T(cTnT) level at presentation (P = 0.011) in 
STEMI patients. It was elevated in patients with non-
STEMI (NSTEMI) and stable angina pectoris (Wollert 
et al. 2007a; Kempf et al. 2007b; Wollert et al. 2007b; Khan 
et al. 2009). A summary of the mean level of GDF-15 at 
presentation in these trials (Figure 3) revealed the level 
related to severity of myocardial injury in acute coro-
nary syndrome (ACS). The GDF-15 level was positively 

related to mortality of STEMI patients at 24 h (Figure 4). 
GDF-15 remained elevated at 5 days and peaked at 
90 min after STEMI in patients with or without success-
ful reperfusion treatment. The remaining high level and 
peak level of GDF-15 may relate to reperfusion injury. 
Other studies revealed that GDF-15 could be induced 
by several inflammatory factors, and its concentration 
was positively associated with the number of abnormal 
coronary arteries. Further, GDF-15 was found to par-
ticipate in atheromatous plaque formation and its level 
was increased in severe arterial lesions and systemic 
inflammation (Sun et al. 2010). Increased GDF-15 level 
was also associated with many causative factors of CHD 

Table 2.  Clinical trials of GDF-15 in cardiovascular diseases.

Year Disease
Sample 
capacity Cut-off Result Trial name Reference

2007 CHF 455 >2729 ng/L Mortality of 1 year increases  Khan et al. 2009
2007 NSTEMI 2081 >1800 ng/L Mortality of 1 year increases (GUSTO)-IV Kim et al. 2002
2007 STEMI 741 >1800 ng/L Mortality of 1 year increases ASSENT-2 

ASSENT-plus
Kim et al. 2008a

2007 NSTEMI 2079 <1200 ng/L Cannot benefit from 
emergent PCI

FRISC-II Kim et al. 2008b

2008 Aortic valve stenosis (post-
valve replacement)

24 Increase Reverse ventricular 
remodeling

 Kim et al. 2008c

2009 >70 Years old 1004 Increase 1. diastolic functions of 
endothelial-related resistance 
vessel decreases

pivus Kim et al. 2008d

2. Increased plaque burden
3. Increase in the mass and 
hypertrophy of left venricular

2009 Dyspnea 124 >444.5 ng/L The sensitivity and specificity 
of cardiac dyspnea was 100 
and 89.3%

 Lankeit et al. 2008

2009 Primary hypertension 1524  Reverse ventricular 
remodeling

 Lee et al. 2006

2009 STEMI 1142 Increase Mortality of 1 year and the 
incidence of heart failure 
increase

 Lee et al. 2010

CHF, congestive heart failure; NSTEMI, non-ST-segment elevation myocardial infarction; STEMI, ST-segment elevation myocardial 
infarction; PCI, percutaneous transluminal coronary intervention; pivus, Prospective Investigation of the Vasculature in Uppsala Seniors 
study.

Figure 3.  Mean concentrations of GDF-15 of cardiovascular 
patients in random clinical test SAP stable angina; NSTEMI, 
non-ST segment elevation myocardial infarction; STEMI, 
ST-segment elevation acute myocardial infarction; pre-CRT, pre 
cardiac resynchronization therapy; IPA idiopathic pulmonary 
artery hypertension; PTE, pulmonary thromboembolism.

Figure 4.  The relation between prognosis and GDF-15 in acute 
ST-segment elevation acute myocardial infarction.
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such as obesity and diabetes mellitus (Dostálová et al. 
2009; Ding et al. 2009). GDF-15 seems associated with 
severity of CHD, especially in ACS. It may be linked to 
severe myocardial injury, increased plaque burden and 
intense inflammation.

GDF-15, a prognostic biomarker in CHD  GDF-15 may be 
a prognostic biomarker of CHD. Elevated GDF-15 level 
is related to poor long-term outcomes. Many clinical 
trials have investigated the prognostic value of GDF-15 
in CHD. In NSTEMI and acute STEMI, the increased 
serum concentration of GDF-15 was independently 
associated with poor prognosis. The cardiogenic and 
overall mortality at 1 year and 5 years and the inci-
dence of re-infarction 6 months after NSTEMI were 
significantly increased in cases with serum GDF-15 > 
1800 ng/L. After a follow-up of 3.6 years, on average, 
the readmission rate and mortality in patients with 
stable angina pectoris was also increased with base-
line level of GDF-15 > 1800 ng/L. Figures 4 and 5 show 
the prognostic value of GDF-15 for both stable angina 
pectoris and ACS indicating GDF-15’s link to long-
term outcomes of CHD and that it might be used as a 
prognostic biomarker (Wollert et al. 2007a; Kempf et al. 
2007b; Kempf et al. 2009a; Eggers et al. 2010).

GDF-15, a diagnostic biomarker?  Little evidence sup-
ports GDF-15 as a diagnostic biomarker. Investigators 
have attempted to use GDF-15 in the differential 
diagnosis of acute chest pain. The mean concentra-
tion of GDF-15 in patients with confirmed ACS and 
arrhythmia was significantly higher than in patients 
with atypical chest pain, and the sensitivity reached 
80%. However, the specificity was much lower with 
increasing GDF-15 level in many other diseases as well 
(Eggers et al. 2008). Although the risk stratification for 
ACS based on cTnT and NT-proBNP levels on admis-
sion was significantly improved by adding GDF-15, no 
study has compared the diagnostic value of GDF-15 
and cTnT in CHD or ACS.

GDF-15, a biomarker guiding treatment?  Few data sup-
port GDF-15 as a biomarker to guide treatment. The 
only study is from the FRISC-II trial, which revealed 
that emergent percutaneous transluminal coronary 
intervention (PCI) may reduce the mixed endpoint in 
NSTEMI patients with GDF-15 > 1200 ng/L but has no 
benefit for patients with GDF-15 < 1200 ng/L. This result 
adds more significance to cTnT level for emergent PCI 
treatment of NSTEMI (Wollert et al. 2007b).

GDF-15 and heart failure
GDF-15 as a diagnostic biomarker?  A clinical trial of 
GDF-15 as a diagnostic biomarker was conducted in 2009 
with 124 participants (Stejskal et al. 2009). The sensitivity 
and specificity in diagnosing cardiogenic dyspnea was 
100 and 89.3%, respectively, with 444.5 ng/L as the cut-off 
value. Thus, GDF-15 is a heart-specific biomarker in some 

situations and is less associated with pulmonary diseases. 
Unfortunately, the sample size of the study was small, 
and patients with severe pulmonary disease, infection or 
acid-base disturbance were not included. Therefore, the 
clinical significance is still uncertain. Nevertheless, these 
results still demonstrate a strong association of GDF-15 
and other factors in evaluating left ventricular function 
such as left ventricular ejection fraction (LVEF) and brain 
natriuretic peptide (BNP).

Our research evaluated concentrations of GDF-15 
at different stages of heart failure and its potential 
screening value. Patients were selected from the 
department of cardiology at the Peking University 
Third Hospital (Beijing, China) over the period July 
2007 to June 2010. Total 208 participants were divided 
into four groups which comprised different stages of 
heart failure. Plasma GDF-15 was measured by ELISA. 
Plasma GDF-15 was increased gradually from stage 
A (697.5 ± 324.3 ng/L), stage B (978.9 ± 278.5 ng/L) to 
stage C (1302.3 ± 324.4 ng/L) compared with control 
group (245.2 ± 101.7 ng/L), and had a significantly posi-
tive correlation (r = 0.802, P < 0.001). In distinguishing 
patients with stage B heart failure, the area under 
the receiver operating characteristic curve was 0.873 
(P < 0.001). Thus, GDF-15 concentration was elevated 
with increasing stage of heart failure and might have 
potential screening implications for stage B heart fail-
ure (Wang et al. 2010).

GDF-15 concentration was lower in patients with 
increased cardiac load of the right ventricle than with left 
ventricular failure. These data are from investigations of 
acute pulmonary thromboembolism and idiopathic pul-
monary hypertension (Kempf et  al. 2007c; Nickel et  al. 
2008; Kempf et al. 2009b).

GDF-15, a prognostic biomarker?  Increased serum 
GDF-15 concentration is associated with worse progno-
sis in heart failure. In an investigation of 455 participants 
(mean age 64 years, mean LVEF 32%), the mean concen-
tration of GDF-15 was 1949 ng/L, which was much higher 

Figure 5.  The relation between prognosis and GDF-15 in non-ST 
segment elevation myocardial infarction.
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than the first quartile limit of 1200 ng/L. The mortality at 
1 year and 2 and 4 years was 9.9, 16.5 and 24.6%, respec-
tively. The 2-year mortality increased with increasing 
GDF-15 concentration. With GDF-15 > 2729 ng/L as the 
cut-off, the sensitivity and specificity in predicting 1-year 
mortality were 75 and 70.9%, respectively (Kempf et  al. 
2007a). This cut-off is similar to the result from an inves-
tigation of the prognosis of cardiac resynchronization 
therapy (CRT) (2720 ng/L, mean follow-up 950 days) in 
which pre-implant GDF-15 was found a strong predic-
tor of mortality and morbidity after CRT, independent of 
NT pro-BNP level. The predictive value was enhanced by 
combined measurement (Foley et al. 2009). Thus, GDF-15 
has important prognostic value for heart failure patients. 
Elevated GDF-15 concentration at presentation mainly 
relates to worse long-term outcome.

Increased GDF-15 level may also lead to better out-
comes in some situations. In patients with aortic valve 
stenosis, early elevation of GDF-15 level after artificial 
metal valve replacement was associated with cardiac 
remodeling (Bjørnstad et  al. 2008). A study of 1527 
primary hypertension patients with three GDF-15 phe-
notypes revealed that with tag variation on 3148C > G 
(rs4808793), the elevated GDF-15 level had independent 
prognostic value on decreased end-diastolic diameter, 
end-systolic diameter and weight of the left ventricle 
(Wang et al. 2010).

GDF-15 and other biomarkers in heart failure  Serum 
concentration of GDF-15 is increased with decreased 
mean LVEF and New York Heart Association score in 
patients with left heart failure. In an investigation of 
outcomes of patients with cardiac resynchronization 
treatment, the mean LVEF of selected patients was 
23.1%, and the mean GDF-15 concentration reached 
3838.7 ng/L, which is the highest among investigations 
so far. This trial showed a negative relation between 
GDF-15 level and LVEF and indicated that GDF-15 level 
was related to ventricular pressure and cardiac remod-
eling (Kempf et al. 2007a; Foley et al. 2009). However, 
most patients with low LVEF are elderly. They have 
more clinical complications, which may also relate to 
higher GDF-15 concentration. This observation may 
explain in part why low LVEF level is associated with 
increased GDF-15 concentration. A recent investigation 
showed the serum concentration of GDF-15 elevated in 
heart failure patients with normal ejection fraction to 
a similar degree as in systolic heart failure (Raoul et al. 
2010), so the level of GDF-15 may be linked to systolic 
dysfunction and diastolic dysfunction.

Data also shows a tight relation between GDF-15 
level and other biomarkers such as NT-proBNP in 
heart failure patients. It has similar prognostic value 
to NT-proBNP for 1-year mortality in these patients 
(Figure 6). This result is also demonstrated in NSTEMI 
patients. Furthermore, the combined use of GDF-15 
and NT-proBNP to predict prognosis significantly 
improves the accuracy (Kempf et al. 2007a; Foley et al. 

2009). Whether GDF-15 is a better prognostic factor 
or just supplemental and the intrinsic mechanism are 
under investigation.

Conclusions and perspectives

The factor GDF-15, first found a decade ago, has varied 
biological mechanisms. GDF-15 participates in many 
pathological processes, most malignant. In the last 10 
years, investigators have attempted to elucidate the 
association of GDF-15 and cardiovascular diseases. 
Most evidence supports that GDF-15 is a myocardial 
protective cytokine, but the mechanism is still not well 
elucidated.

Clinical trials have revealed that GDF-15 could pro-
tect the heart against hypertrophy, but it is linked to 
poor outcomes in heart failure as well. The mechanism 
of GDF-15 may vary in different stages of heart remodel-
ing and have varied biological functions. Unfortunately, 
laboratory results are insufficient to explain the mecha-
nism. Although GDF-15 may protect the heart func-
tion by reducing myocardial apoptosis with ACS and 
ischemia-reperfusion injury, its effect in myocardial 
hypertrophy, fibration, energy metabolism, and myocar-
dial apoptosis is still uncertain. Whether GDF-15 targets 
other organs such as the kidney or arteries, or has a role 
in systemic inflammation in heart failure, needs to be 
determined. Some investigations showed that GDF-15 
is closely related to angiogenesis in malignant diseases, 
which suggests further investigation of an association of 
GDF-15 and collateral circulation formation of coronary 
arteries. GDF-15 was first found as macrophage inhibit-
ing factor 1, and it may inhibit tumor necrosis factor α 
(TNF-α) secreting from activated macrophages. TNF-α is 
important for recruiting macrophages to change to foam 
cells, a crucial step in atherosclerotic plaque formation. 
Whether GDF-15 may reverse this process needs further 
investigation.

The prognostic value of GDF-15 is additive to that of 
other biomarkers in several cardiovascular diseases. Most 
results support that GDF-15 is related to worse long-term 
outcomes in patients with heart failure, and few results 

Figure 6.  The relation between NT-proBNP,GDF-15 and one year 
mortality of heart failure.
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indicate that GDF-15 may reverse cardiac remodeling. 
GDF-15 also showed considerable value as a biomarker 
for CHD, in evaluating severity, especially in ACS, or 
prognosis. The long-term alteration in the concentration 
and its role in ventricular remodeling, which contribute 
to long-term outcomes, are unclear. The diagnostic value 
of GDF-15 is limited; however, its use as a sentinel marker 
is worthy of investigation.

Future studies should determine whether the myo-
cardial protective effect of GDF-15 demonstrated from 
laboratory investigations could be used in treatment of 
early-stage ischemia events by preventing myocardial 
infarction or protecting cardiac function. Otherwise, 
most reports of medicine-induced GDF-15 expression 
are based on oncological investigation. Few data exist of 
the association of GDF-15 and cardiovascular medicine. 
The PROVE IT-TIMI 22 investigation showed no signifi-
cant interaction between GDF-15 and intensive statin 
therapy for risk of death or myocardial infarction in ACS 
patients (Bonaca et al. 2011). The association of GDF-15 
and other cardiovascular medicines such as aspirin, 
adrenergic receptor blockers or ACEI/ARB remains to 
be determined. Other GDF-15-inducing drugs, which 
are not for cardiovascular use, could be studied for new 
medicine treatment in cardiovascular diseases.
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