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Predicting bleeding risk in atrial fibrillation patients with 
more confidence
•  Bleeding risk is a leading concern when selecting oral anti-coag-

ulation (OAC) therapy for stroke prevention in patients with atrial 
fibrillation (AF)33,34

•  GDF-15 is the strongest predictor in the ABC bleeding risk 
score.36 It provides physicians with an improved understanding of 
each patient’s bleeding risk profile and can inform treatment 
decisions36

Better decisions in acute coronary syndrome
•  GDF-15 is strong independent prognostic marker to anticipate 

all-cause mortality and reinfarction in patients with acute 
coronary syndrome (ACS)20-23

•  The addition of GDF-15 to TnT-hs can facilitate the selection of 
patients with non–ST elevation acute coronary syndrome 
(NSTE-ACS) who would benefit from early revascularization and 
more intensive medical therapies21,39

Get the full picture in heart failure
•  Heart failure (HF) is a complex syndrome, affecting not only the 

heart but also extra-cardiac tissues40,41

•  GDF-15 is independently associated with mortality and non-fatal 
events in HF with reduced (HFrEF) or preserved ejection fraction 
(HFpEF)45

•  Together with NT-proBNP and TnT-hs it provides a comprehen-
sive clinical picture and helps to identify high-risk patients who 
benefit from intensified management45 

Growth differentiation factor-15 (GDF-15)
in cardiovascular disease



Unmet needs in cardiovascular disease
Risk stratification and personalized medicine

Challenges in cardiovascular disease
Cardiovascular disease (CVD) is the leading cause of mortality 
and disability worldwide.1,2 An estimated 17.5 million people died 
from CVD in 2012 alone representing 31 % of all global deaths.3 
The World Economic Forum estimates that the total global cost of 
CVD will exceed $1 trillion per year by 2030.4

Numerous strategies are available for the prevention and 
 management of CVD.5–7 However, the cost-effective use of these 

therapies requires accurate risk stratification to identify those 
patients who will benefit from medications and interventions and 
those who will not. Therefore, identifying individuals at high risk  
of CVD is the cornerstone of CVD prevention.8 Clinical scores, 
such as the Framingham risk score, are widely used to predict 
cardiovascular events.9 However, 20 % of all CVD events occurring 
in the general population cannot be inferred from conventional 
risk factors alone.10

Cardiovascular diseases typically involve multiple organ systems 
(e.g. heart, vasculature, kidneys) and are associated with systemic 
perturbations (e.g. inflammation, oxidative stress). Considering the  
truly systemic nature of CVDs, biomarkers reflecting cardiac and 
peripheral abnormalities can provide additional insights into the 
individual patient’s risk, beyond that of conventional clinical risk 
factors and established cardiac risk markers.8,11–15

Growth differentiation factor-15
Growth differentiation factor-15 (GDF-15) is a member of the 
transforming growth factor β cytokine superfamily. GDF-15 is 
weakly expressed under healthy conditions (with the exception of 
pregnancy), but expression increases sharply in response to 
pathological or environmental stress signals including hypoxia, 
oxidative stress, inflammation, tissue injury, and remodeling.11,16 
Under pathological conditions, GDF-15 can be produced by  
several cardiovascular and non-cardiovascular cell types.11  
Consequently, GDF-15 levels integrate information from both 
cardiac and extra-cardiac disease pathways.11

Figure 1: Circulating GDF-15 concentrations in carefully selected apparently healthy individuals, more unselected community-dwelling individuals, stable 
coronary artery disease (CAD), acute coronary syndrome (ACS), atrial fibrillation, chronic heart failure (HF) with reduced (HFrEF) or preserved (HFpEF) 
ejection fraction, and acute HF. Adapted from Wollert 2017.11
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GDF-15 levels increase across the continuum of CVDs (figure 1) 
and reflect the  overall disease burden and severity.11 GDF-15 
levels correlate with disease progression in CVD and consistently  
predict adverse outcomes including all-cause mortality independ-
ent of established clinical risk factors or other biomarkers.17–27 
Data from multiple large trials involving over 20,000 patients  
support the independent prognostic value of GDF-15 in CVD.20-25,30

Circulating GDF-15 remains remarkably stable over time in 
patients with ACS and no acute HF.11 This stability suggests that 
GDF-15 may be an indicator of chronic underlying disease burden 
and may explain its persistent relation to long-term outcome.28



Predicting bleeding risk in atrial fibrillation 
patients with more confidence
Clinical value of GDF-15 in atrial fibrillation

Predicting bleeding risk
An estimated 33 million people globally have Atrial Fibrillation (AF) 
and the incidence and prevalence are increasing. By 2030, 14 –  
17 million AF patients are anticipated in the European Union, with 
120.000 – 215.000 newly diagnosed patients per year.31,32 These 
individuals have an elevated risk of stroke which can be effectively 
reduced with anti-coagulation therapy. However, approximately 
half of the patients with AF do not receive guideline-recommended 
treatment due to concerns over bleeding risk and other factors.33,34

Clinical risk scores can be used to help balance the risk of 
bleeding and the risk of stroke in patients considered for 
 anticoagulation therapy. Until recently, these scores had only 
modest predictive ability and did not consider biomarkers. Better 
markers of bleeding risk were urgently needed.

In the ARISTOTLE study (which compared the efficiency and 
safety of apixaban versus warfarin in patients with AF), baseline 
GDF-15 levels strongly predicted bleeding risk (figure 2).33

The prognostic value of GDF-15 was independent of clinical 
parameters, including those incorporated in the HAS-BLED score. 
Adding GDF-15 to the HAS-BLED score substantially improved 
the identification of patients at risk of bleeding (with a net 
reclassification improvement of 30 %).33

The ABC-bleeding risk score
GDF-15 was the strongest independent predictor of major 
bleeding risk of all tested variables in the ABC-bleeding risk  
score (figure 3).36 This score comprises:
• Age
• Biomarkers (GDF-15, TnT-hs, hemoglobin)
• Clinical history of bleeding

The independent prognostic value of GDF-15 is recognized in  
the 2016 European Society of Cardiology guidelines on the 
management of AF.35
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Figure 2: Cumulative hazard rate (HR) of major bleed according to GDF-15 
quartile (n = 14,798). Adapted from Wallentin 2014.33

Incorporating GDF-15 measurement into
the assessment of your AF patients improves 
bleeding risk prediction.

The ABC-bleeding risk score predicted the risk of major bleeding 
in AF patients better than the HAS-BLED score:
• AUC = 0.71 vs 0.62, p <0.0001, respectively

Improved prediction of bleeding risk in AF patients can enable a 
more personalized selection of treatment with oral anticoagulants. 
Importantly, the ABC bleeding score includes biomarkers which 
allow for dynamic risk prediction and patient reassessment.36

Figure 3: Importance of variables considered 
for inclusion in the ABC-bleeding score 
(ARISTOTLE derivation cohort; n = 14,537)  
as assessed by Wald Regression. Adapted from 
Hijazi 2016.36
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Better decisions in acute coronary syndrome
Clinical value of GDF-15 in acute coronary 
syndrome

Supporting clinical decision making
Identifying which patients with acute coronary syndrome (ACS) 
are at risk of future CV events is central to guiding the appropriate 
use of intensive therapies aimed at reducing morbidity and 
mortality.28,37

GDF-15 levels in patients with non ST-segment elevation ACS 
(NSTE-ACS) or ST-elevation MI (STEMI) strongly predict all-cause 
mortality and reinfarction independent of established risk factors 
including TnT-hs and NT-proBNP.20–30

The close association between GDF-15 and adverse outcomes  
is seen at initial presentation, during hospitalization, before 
discharge, and during the transition to the chronic stage of 
coronary artery disease.11

Analysis of over 2,000 NSTE-ACS patients from the GUSTO-IV 
(Global Utilization of Strategies to Open Occluded Arteries IV) trial 
showed that the levels of GDF-15 and NTproBNP together with 
age and a history of previous myocardial infarction contributed 
0independently to 1-year mortality risk.20 Importantly, the  
combination of GDF-15 and NT-proBNP further improved the 
prediction of mortality rates in NSTE-ACS patients (figure 4).

GDF-15 levels continue to predict adverse outcomes in ACS 
patients for several years after clinical stabilization.28,29,38 The 
change in GDF-15 levels over time, after ACS or coronary artery 
bypass graft, predicts the risk of major adverse cardiac events; 
risk is highest in patients with larger increases.29,38 Serial assess-
ment of GDF-15 levels post-ACS may therefore help to identify 
patients who would benefit from closer monitoring and more 
aggressive therapy.

GDF-15 levels may support triage decisions for NSTE-ACS
The FRISC-II trial (which compared early invasive versus non-
invasive treatment in patients with NSTE-ACS) showed that 
GDF-15 levels can guide initial treatment decisions.21,39

Early revascularization in patients with GDF-15 levels >1,800 pg/
mL at admission to the emergency department reduced the 2-year 
risk of death/MI by >50 % compared with a conservative strategy 
(figure 5).11,21 Patients with baseline GDF-15 levels <1,200 pg/mL 
did not benefit from invasive treatment.21

Fifteen year follow-up of the trial showed that this translated to 
postponed death or new MI by an average of 45 months.39

Figure 4: Death at 1-year follow-up among 2,081 patients with NSTE-ACS enrolled in the GUSTO-IV trial according to tertiles 
of GDF-15 levels and NT-proBNP levels on admission.The number of deaths per number of patients is shown for each column. 
Adapted from Wollert 2007.20 
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Figure 5: Composite endpoint of death or MI after 2 years according to 
baseline GDF-15 level and randomized treatment strategy in patients with 
NSTE-ACS in FRISC-II (n = 2,079). Adapted from Wollert 2017.11
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GDF-15 testing can help you to identify ACS patients  
who benefit from more intensive therapies aimed at  
reducing the risk of reinfarction and other adverse outcomes.



Get the full picture in heart failure
Clinical value of GDF-15 in heart failure

Complementing natriuretic peptides
Heart failure (HF) is a complex clinical syndrome that affects 
multiple organ systems.40,41 Natriuretic peptides indicate the 
degree of cardiac stretch in response to stress and are the 
cornerstone of HF diagnosis and prognosis.6,42 GDF-15  
pathophysiologies levels reflect both cardiac and extra-cardiac 
abnormalities and thus capture different aspects of HF pathology 
(e.g. inflammation, peripheral hypoperfusion, end-organ damage).11

GDF-15 levels are increased to a similar degree in patients with 
HF with reduced (HFrEF) or preserved ejection fraction (HFpEF).11 
In contrast, the circulating concentrations of NT-proBNP and 
TnT-hs are generally lower in HFpEF than in HFrEF. Systemic 
inflammation related to aging, diabetes, and hypertension has 
been put forward as a central pathomechanism in HFpEF, raising 
the possibility that GDF-15 reflects this inflammatory state.
Approximately one-quarter of patients with HF are re-hospitalized 
within 30 days43 and over half within 6 months,44 indicating that 
better risk assessment of HF patients is urgently needed. Baseline 
GDF-15 levels were independently associated with the risk of 

GDF-15 levels add prognostic information in HF to that  
of established clinical and biochemical markers
The New York Heart Association (NYHA) class, left-ventricular 
ejection fraction (LVEF), and NT-proBNP are commonly used for 
risk stratification in patients with stable HF.18

GDF-15 levels added significant independent prognostic informa-
tion to these established risk markers (figure 7).

re-hospitalization and death after adjustment for NT-proBNP and 
TnT-hs in patients with HFrEF and HFpEF (figure 6).45 Moreover, a 
≥20% increase in GDF-15 levels during six months was associated 
with a 68 % higher risk of death or first HF re-hospitalization.

GDF-15 adds independent prognostic information to e 
stablished risk factors enabling you to risk stratify your  
HF patients with more confidence.
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Figure 6: Cumulative incidence of first re-hospitalization n=379 
according to tertiles of baseline GDF-15 (n=916 patients with HF).45
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A multi-marker approach in CVD
GDF-15, NT-proBNP, and TnT-hs

In a multi-marker approach, GDF-15 may complement established cardiac biomarkers such as NT-proBNP and TnT-hs. All are 
available on the Elecsys system from Roche.

Predicting bleeding risk in atrial fibrillation  patients with more confidence36,47 

Better decisions in acute coronary syndrome21,26–28,38,39,48

ABC-bleeding risk score
GDF-15, TnT-hs, hemoglobin, age, 
history of bleeding.

GDF-15 for risk stratification and 
selection of invasive vs conservative 
therapy of NSTE-ACS patients

ABC-stroke risk score
NT-proBNP, TnT-hs, age, history  
of prior stroke/TIA

AF patient  
suitable for OAT

Reinfarction/ 
mortality risk 

>1800 pg/mL Consider invasive strategy

GDF-15, TnT-hs and NT-proBNP (cardiac 
stress, strain, stretch and damage) Identify patients in need of more 

intensive therapy

Consider conservative management

GDF-15 before hospital discharge

<1200 pg/mL

Get the full picture in heart failure18,19,45,49,50

Better risk stratification

Predict risk of re-hospitalization

Independent  
and complementary 
information

NT-proBNP  
(cardiac stress, strain, stretch)

TnT-hs (myocyte damage)

GDF-15 (inflammation,  
oxidative stress, hypoxia)

ACS, acute coronary syndrome; AF, atrial fibrillation; HF, heart failure; OAT, oral anti-coagulation therapy
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