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BACKGROUND: Growth differentiation factor 15 (GDF-
15) is expressed and secreted in response to inflamma-
tion, oxidative stress, hypoxia, telomere erosion, and on-
cogene activation. Cardiovascular (CV) disease is a major
driver of GDF-15 production. GDF-15 has favorable
preanalytic characteristics and can be measured in serum
and plasma by immunoassay.

CONTENT: In community-dwelling individuals higher
concentrations of GDF-15 are associated with increased
risks of developing CV disease, chronic kidney disease,
and cancer, independent of traditional CV risk factors,
renal function, and other biomarkers (C-reactive protein,
B-type natriuretic peptide, cardiac troponin). Low con-
centrations of GDF-15 are closely associated with lon-
gevity. GDF-15 is as an independent marker of all-cause
mortality and CV events in patients with coronary artery
disease, and may help select patients with non–ST-
elevation acute coronary syndrome for early revascular-
ization and more intensive medical therapies. GDF-15 is
independently associated with mortality and nonfatal
events in atrial fibrillation and heart failure (HF) with
preserved or reduced ejection fraction. GDF-15 reflects
chronic disease burden and acute perturbations in HF
and responds to improvements in hemodynamic status.
GDF-15 is independently associated with major bleeding
in patients receiving antithrombotic therapies and has
been included in a new bleeding risk score, which may
become useful for decision support.

SUMMARY: GDF-15 captures distinct aspects of CV dis-
ease development, progression, and prognosis, which are
not represented by clinical risk predictors and other bio-
markers. The usefulness of GDF-15 to guide manage-

ment decisions and discover new treatment targets
should be further explored.
© 2016 American Association for Clinical Chemistry

Growth differentiation factor 15 (GDF-15)3 is a stress-
responsive member of the transforming growth factor-�
(TGF-�) cytokine superfamily. GDF-15 is synthesized
as a precursor protein that undergoes disulfide-linked
dimerization. Proteolytic cleavage releases the N-terminal
propeptide from the mature GDF-15 protein, which is then
secreted as a dimer with a predicted molecular mass of 25
kDa (1, 2).

In health GDF-15 is weakly expressed in human
tissues with the notable exception of the placenta (3 ),
resulting in very high circulating concentrations of
GDF-15 during pregnancy (4 ). Under pathological con-
ditions, GDF-15 can be produced by many cardiovascu-
lar (CV) and noncardiovascular cell types. The biological
effects of GDF-15 are context-dependent and may vary
with the stage of the disease (5–11). For example,
GDF-15 mediates antiinflammatory effects in mice with
acute MI by directly inhibiting myeloid cell recruitment
(7 ), but promotes indirect proinflammatory effects in
atherosclerosis models (8, 9 ).

Although GDF-15 and TGF-� can signal via the
same receptor complex (12 ), the upstream signals leading
to the expression of GDF-15 are quite distinct. The
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GDF-15 promoter contains 2 p53 transcription factor
binding sites that are required and sufficient for the in-
duction of GDF-15 expression (13 ). Activation of p53 is
a fundamental cellular response to inflammation, oxida-
tive stress, hypoxia, telomere erosion, and oncogene acti-
vation. Although p53 is strongly induced by sporadic and
severe stress, it also responds to low-level, constitutive
stress that is encountered during the everyday rigors of
normal human life (14 ). The circulating levels of
GDF-15 reflect these acute and chronic cellular stressors,
which are associated with aging and disease.

Immunoassays and Preanalytical
Characteristics of GDF-15

GDF-15 concentrations in human serum and plasma
have been measured with a research ELISA (4 ), a research
IRMA (15 ), an ELISA using antibodies from R&D Sys-
tems (now marketed as a Quantikine® ELISA), and a
Luminex sandwich assay developed by Alere (Table 1).
These assays are for research use only. Recently, an auto-
mated electrochemiluminescence (Elecsys®) immunoas-
say has been developed by Roche Diagnostics. This assay
is now available for clinical use in Europe. Precommercial
versions of this assay have been used in several investiga-
tions (Table 1). GDF-15 concentrations measured with
the Elecsys assay correlate well with concentrations mea-
sured by the IRMA or Quantikine ELISA (Roche, per-
sonal communication). The preanalytic characteristics of
GDF-15 have been assessed with the IRMA (15 ) and the
Elecsys assay (Roche, personal communication): concen-
trations of GDF-15 measured in Li-heparin, K2-EDTA,
K3-EDTA, or citrated plasma do not differ significantly
from the concentrations obtained in serum. GDF-15 im-
munoreactivity is resistant to freezing and thawing and
storage at room temperature for at least 48 h, which
should facilitate measurements of the analyte under rou-
tine conditions.

Expression of GDF-15 in CV Disease

With the development of specific immunoassays, CV dis-
ease has emerged as a major driver of increased circu-
lating concentrations of GDF-15 in community-
dwelling individuals and patients (Fig. 1). So far, little
is known about the tissues that produce GDF-15 in
patients with CV disease. Visceral and subcutaneous
adipose tissues are a source of GDF-15 in obese indi-
viduals (16 ). GDF-15 is also expressed in atheroscle-
rotic plaques in the carotid or coronary arteries
(8, 17 ). Moreover, GDF-15 is upregulated in the
heart after an acute myocardial infarction (MI) (6 ). In
patients with chronic nonischemic heart failure (HF),
GDF-15 appears to be produced mainly in peripheral
tissues (18 ). Based on its biology as a stress/p53-

regulated gene and its induction in different disease
settings (Table 2), GDF-15 has limited usefulness as a
diagnostic marker, for example in patients with acute
chest pain or dyspnea (19, 20 ). However, this lack of
cardiac specificity may turn into a strength when it
comes to prediction of CV risk, which is determined
by cardiac, peripheral, and systemic abnormalities,
and by lifestyle, comorbidities, and aging.

GDF-15 in Community-Dwelling Individuals

The circulating concentrations of GDF-15 in
community-dwelling elderly individuals are related to
CV risk factors, most consistently to age, diabetes, and
current smoking, in some studies also to arterial hyper-
tension and low HDL-cholesterol levels. Independent of
these conventional risk factors, GDF-15 is modestly re-
lated to biomarkers of inflammation [high-sensitivity-
C-reactive protein (hs-CRP)], heart disease [B-type na-
triuretic peptide (BNP), N-terminal pro-BNP (NT-
proBNP), cardiac troponin I (cTnI), cardiac troponin T
(cTnT)], and renal dysfunction (estimated glomerular
filtration rate, cystatin C) (21–27). Together, these risk
factors and biomarkers of CV and renal dysfunction ac-
count for less than half of the interindividual variation in
circulating GDF-15, suggesting that the marker carries
additional information.

A study in elderly, community-dwelling twins con-
cluded that genetic factors contribute to the interindi-
vidual variations in GDF-15 (28 ). Indeed, a genomewide
association study identified several single nucleotide poly-
morphisms associated with circulating GDF-15 (25).

Community-dwelling individuals with CV risk fac-
tors or established CV disease have higher levels of
GDF-15 than those without such conditions (22 ). Along
this line, GDF-15 is related to subclinical CV disease in
apparently healthy middle-aged and elderly individuals.
Indeed, associations of GDF-15 with vascular and car-
diac pathologies (increased arterial stiffness, endothelial
dysfunction, atherosclerotic plaque burden in the carotid
artery, coronary artery calcification, left ventricular hy-
pertrophy, left ventricular systolic dysfunction) have
been reported (22, 26, 29, 30 ). These associations per-
sist after adjustment for conventional CV risk factors,
implying that GDF-15 provides nonoverlapping infor-
mation on CV disease burden.

GDF-15 concentrations increase with age but do
not vary by sex in carefully selected cohorts of apparently
healthy elderly individuals (15, 25 ). As indicated by cor-
relations with hs-CRP and cystatin C, apparently healthy
individuals with GDF-15 concentrations at the upper
end of the spectrum may have occult disease (15 ). In 1
study that included 288 men and 141 women with a
median age of 65 years, the median GDF-15 concentration
was 762 ng/L, and 1188 ng/L marked the 90th percentile
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Table 1. GDF-15 in relation to outcome events in exemplary studies.a

Study Population
GDF-15 assay and

concentration
Risks associated with
increased GDF-15b

Community-dwelling
individuals

Women’s Health Study,
Brown et al. (21)

514 women
Age, 60.2 ± 8.6 years
No history of CVD
Follow-up 4 years
Case-control design

Research ELISA
618 (474–833) ng/L in women

who developed a CV event
vs 538 (431–670) ng/L in
those who did not

Fatal or nonfatal CV events ++

Swedish population
and twin registries,
Wiklund et al. (28)

876 men Research ELISA All-cause mortality ++
Age range, 46–80 years 935 (156–9638) ng/L CV mortality +c

Follow-up 5.3 years (median) Cancer mortality +c

324 twins Research ELISA
Age range, 63–93 years 1393 (428–8064) ng/L
Follow-up 9.1 years (median)

Rancho Bernardo
Study, Daniels et al.
(23)

1391 individuals Luminex assay (Alere) All-cause mortality ++
Age, 70 ± 11 years 1268 (962–1781) ng/L CV mortality ++
No history of CVD Non-CV mortality ++
Follow-up 11 years (mean) Cancer mortality ++

Dallas Heart Study,
Rohatgi et al. (26)

3219 multiethnic individuals Luminex assay (Alere) All-cause mortality ++
Age range, 30–65 years 670 (490–930) ng/L CV mortality +
17% with a history of CVD
Follow-up 7.3 years (median)

Framingham Offspring
Study, Wang et al.
(24)

3428 individuals Elecsys assay (Roche) All-cause mortality ++
Age, 59 ± 10 years 1066 (821–1414) ng/L (men) Fatal or nonfatal CV events ++
6% with a history of CVD
Follow-up 11.3 years (mean)

1022 (812–1304) ng/L
(women)

Incident HF ++
Coronary heart disease events

−−

Framingham Offspring
Study, Ho et al. (31)

2614 individuals without chronic
kidney disease

Elecsys assay (Roche)
983 (790–1261) ng/L

Incident chronic kidney
disease ++

Age, 57 ± 9 years
Follow-up 9.5 years (mean)

Rapid decline in renal function
++

ULSAM, Wallentin et al.
(27)

940 men Elecsys assay (Roche) All-cause mortality ++
Age, 71 years 1494 (1216–1882) ng/L CV mortality ++
40% with a history of CVD Fatal or nonfatal CV events ++
6% with a history of cancer Cancer mortality ++
Follow-up 9.8 years (median)

Stable coronary artery
disease

AtheroGene, Kempf
et al. (44)

1352 patients with stable angina
pectoris undergoing coronary
angiography

Follow-up 3.6 years (median)

Research IRMA
1128 (850–1553) ng/L

Coronary heart disease
mortality ++

Nonfatal MI −−

Heart and Soul Study,
Schopfer et al. (50)

984 patients with stable CAD Luminex assay (Alere) All-cause mortality ++
Follow-up 8.9 years (mean) 2166 (1589–3057) ng/L CV events ++

MI ++, HF hospitalization ++

KAROLA, Dallmeier
et al. (46)

1029 patients with stable CAD Elecsys assay (Roche) All-cause mortality ++
58% with a history of MI 1232 (916–1674) ng/L CV events +
47% with a history of CABG
Follow-up 10 years (median)

STABILITY, Hagström
et al. (47)

14 577 patients with stable CAD
and at least one additional
predictor of CV risk

Follow-up 3.7 years (median)

Elecsys assay (Roche)
1253 (915–1827) ng/L

All-cause mortality ++
CV mortality ++
HF mortality ++, HF

hospitalization ++
MI +, stroke +
Non-CV-mortality ++
Cancer mortality ++

Acute coronary
syndrome

GUSTO-4, Wollert
et al. (40)

2081 patients with NSTE-ACS,
�9–15 h after symptom onset

Follow-up 1 year

Research IRMA
1499 (1151–2203) ng/L

(derivation set)

All-cause mortality ++
MI −−

1434 (1035–2078) ng/L
(validation set)

Continued on page 143
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(15). 1200 ng/L, the rounded 90th percentile in that study,
was proposed as the upper limit of the reference interval in
healthy elderly adults (15). This value corresponded to the
79th percentile in a second study (25).

ASSOCIATION WITH CV AND CANCER MORBIDITY AND

MORTALITY

GDF-15 is a strong and independent predictor of CV
and cancer morbidity and mortality in community-

dwelling individuals (Table 1). An association of
GDF-15 with future CV events was first observed in
514 apparently healthy middle-aged women from the
Women’s Health Study (21 ). GDF-15 was modestly
correlated with hs-CRP, but the relationship between
GDF-15 and CV events persisted after controlling for
hs-CRP and CV risk factors (21 ), suggesting that hs-
CRP and GDF-15 reflect nonoverlapping disease
pathways.

Table 1. GDF-15 in relation to outcome events in exemplary studies.a (Continued from page 142)

Study Population
GDF-15 assay and

concentration
Risks associated with
increased GDF-15b

ASSENT-2 and ASSENT-
plus Kempf et al.
(42)d

741 patients with STEMI, before
thrombolysis

Follow-up 1 year

Research IRMA
1635 (1164–2309) ng/L

All-cause mortality ++

Leicester Royal Infirmary
infarct registry, Khan
et al. (43)

1142 patients with NSTEMI or
STEMI, 3–5 days after
symptom onset

Follow-up 1.4 years (median)

ELISA (antibodies from R&D)
1470 (240–31 860) ng/L

All-cause mortality ++
HF hospitalization ++, MI −−

PROVE IT-TIMI–22,
Bonaca et al. (49)

3501 patients with NSTE-ACS or
STEMI, prior to discharge

Follow-up 2 years (mean)

Research IRMA
1362 (1032–1844) ng/L

All-cause mortality ++
MI ++, HF hospitalization ++

IABP-SHOCK-2, Fuernau
et al. (51)

190 patients with NSTEMI or
STEMI and cardiogenic shock
undergoing primary PCI

Follow-up 30 days

Quantikine ELISA (R&D)
7662 ng/L (median)

All-cause mortality ++

PLATO, Hagström et al.
(48)

16 876 patients with NSTE-ACS
or STEMI, within 24 h after
symptom onset

Follow-up 1 year

Elecsys assay (Roche)
1550 (1145–2219) ng/L

All-cause mortality ++
CV mortality ++
MI ++, stroke ++
Non-CABG-related major

bleeding ++

Heart failure

European HF registry,
Kempf et al. (59)

455 patients with HFrEF Research IRMA All-cause mortality ++
Median LVEF 32% 1949 (1194–3577) ng/L
Follow-up 3.3 years (median)

Val-HeFT, Anand et al.
(60)

1734 patients with HFrEF Research IRMA All-cause mortality ++
Mean LVEF 26% 2040 (1426–3027) ng/L Death or nonfatal HF event ++
Follow-up 1.9 years (median)

SHOP, Chan et al. (64) 730 patients with HFrEF
Mean LVEF 28%
186 patients with HFpEF
Mean LVEF 60%
Follow-up 1.9 years (median)

Quantikine ELISA (R&D)
2517 (1555–4030) ng/L in

HFrEF
2862 (1812–4176) ng/L in

HFpEF

Death or HF hospitalization
++

RELAX-AHF, Cotter
et al. (72)

1088 patients with acute HF
Follow-up 180 days

Elecsys assay (Roche)
Baseline, 4013 ng/L (median)

day 2, 3608 ng/L (median)
day 14, 3502 ng/L
(median)e

CV death or rehospitalization
with HF or renal failure at
60 days:

GDF-15 at baseline: +f

GDF-15 change: ++
CV death at 180 days:

GDF-15 at baseline: +f

GDF-15 change: ++

Atrial fibrillation

ARISTOTLE, Wallentin
et al. (76)

14 798 patients with atrial
fibrillation

Follow-up 1.9 years (median)

Elecsys assay (Roche)
1383 (977–2052) ng/L

All-cause mortality ++
Cardiac mortality ++
MI +, stroke +
Major bleeding ++

a Continuous data are presented as median with 25th and 75th percentiles or mean ± SD, unless otherwise stated.
b ++, association persists after adjustment for clinical risk predictors and other plasma biomarker(s); + association persists after adjustment for clinical risk predictors; −−, association

is lost after adjustment.
c Association after adjustment for clinical risk predictors and other plasma biomarker(s) not reported.
d ASSENT, Assessment of the Safety and Efficacy of a New Thrombolytic trial.
e Data are from the placebo group.
f Unadjusted (model adjusted for clinical risk predictors only was not reported).
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The relation of GDF-15 to CV outcomes was fur-
ther analyzed in 3428 middle-aged individuals from the
Framingham Offspring Study (24 ). In models adjusted
for CV risk factors, prevalent CV disease, and other bio-
markers [BNP, hs-CRP, hs-cTnI, soluble suppression of
tumorigenicity 2 (sST2)], GDF-15 was associated with
all-cause mortality, incident HF, and major CV events,

but not with coronary heart disease events. The associa-
tion of GDF-15 with all-cause mortality was particularly
strong compared with the other biomarkers [hazard ratio
(HR) per 1 SD increase in log-transformed biomarkers in
the fully adjusted model: GDF-15, 1.52 (95% CI, 1.37–
1.67); hs-CRP, 1.18 (1.07–1.30); BNP, 1.13 (1.02–
1.24); sST2, 1.12 (1.02–1.24); hs-cTnI, 1.06 (0.97–
1.16)]. Regarding incident HF, BNP, GDF-15, hs-
cTnI, and sST2 performed comparably well, and each
biomarker offered independent information (24 ). In a
related analysis, GDF-15, but not hs-cTnI or sST2,
predicted a rapid decline in renal function and the
development of chronic kidney disease independent of
known risk factors for renal disease, such as diabetes,
hypertension, baseline proteinuria, and cystatin C
(31 ). While the Framingham Offspring Study in-
cluded mostly participants of European ancestry,
GDF-15 was also associated with all-cause mortality
and CV mortality in the Dallas Heart Study that in-
vestigated individuals from different ethnic back-
grounds (26 ).

The association of GDF-15 with all-cause mortality
was further explored in the Rancho Bernardo Study
which included 1391 mostly elderly individuals with no
antecedent CV disease (23 ). GDF-15 was independently
associated with all-cause mortality and both CV and non-
cardiovascular mortality. GDF-15 added to the predic-
tive value of conventional CV risk factors, hs-CRP, and
NT-proBNP [HR per 1 SD increase in log GDF-15:
all-cause mortality, 1.5 (1.3–1.8); CV mortality, 1.4
(1.1–1.8); non-CV mortality, 1.6 (1.4–2.0); cancer mor-
tality, 1.8 (1.3–2.4)]. GDF-15 was a stronger predictor
of all-cause mortality than hs-CRP or NT-proBNP and
was the only 1 of the 3 markers to predict noncardiovas-
cular mortality and cancer mortality in the fully-adjusted
model (23 ).

Similarly, GDF-15 was an independent predictor of
all-cause mortality, CV mortality, and cancer mortality
in the Uppsala Longitudinal Study of Adult Men
(ULSAM) (27 ). ULSAM included an unselected cohort
of 940 71 years-old community-dwelling men, 40% of
whom had a history of CV disease, and 6% a history of
cancer. GDF-15 was analyzed in the context of conven-
tional risk factors, hs-CRP, NT-proBNP, hs-cTnT, and
cystatin C. Of these biomarkers, only GDF-15 indepen-
dently predicted fatal or nonfatal CV events in men with-
out a history of CV disease [HR per 1 SD increase in log
GDF-15, 1.44 (1.22–1.71)], and incident cancer or can-
cer death in men without a history of cancer [1.24 (1.05–
1.47)] (27 ).

Although increased GDF-15 may be an indication
of subclinical CV or malignant disease, GDF-15 alone
appears not to be useful as a screening marker owing to its
lack of tissue specificity (30, 32, 33 ). However, the pres-
ence of subclinical disease may partly explain the associ-
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Fig. 1. Circulating GDF-15 concentrations in carefully se-
lected apparently healthy individuals (15 ), more unselected
community-dwelling individuals (24 ), stable CAD (47 ), ACS
(48 ), atrial fibrillation (76 ), chronic HFrEF and HFpEF (64 ),
and acute HF (72 ).
GDF-15 was measured with the IRMA, Quantikine ELISA, or Elec-
sys assay. Data are presented as median with 25th and 75th per-
centiles (33rd and 66th percentiles in acute HF).

Table 2. Conditions associated with higher GDF-15
concentrations.

Higher age

Current smoking

Diabetes mellitus (metabolic syndrome)

Genetic factors

Acute inflammation (e.g. sepsis)

Chronic inflammation (e.g. rheumatoid arthritis)

Chronic kidney disease

Anemia and bleeding

Vascular disease

Heart failure

Atrial fibrillation

Solid cancers

Terminal illness, cachexia
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ations of GDF-15 with future events. In addition, in-
creased GDF-15 concentrations also seem to indicate a
heightened susceptibility to develop CV disease and can-
cer. This is suggested, for example, by the continued
separation of the cumulative CV event curves in patients
with high as compared to low GDF-15 several years after
the marker was measured (23, 26, 27 ). Along this line,
increased concentrations of GDF-15 were also associated
with incident cancer when patients diagnosed with can-
cer within 2 years after the initial blood draw were ex-
cluded from the analyses (27, 34 ).

POTENTIAL IMPLICATIONS FOR RISK MANAGEMENT

The close and independent associations of GDF-15 with
CV disease and cancer are notable and distinguish
GDF-15 from other biomarkers, including hs-CRP and
the natriuretic peptides (23, 27, 28 ). These relations are
reflected by the robust association of GDF-15 with all-
cause mortality which appears to be stronger than that of
other biomarkers (24 ). CV disease and cancer are the
most common causes of death in high-income countries.
CV disease and cancer accounted for 39% and 25% of all
deaths in the Rancho Bernardo Study and for 43% and
40% of all deaths in the ULSAM population, respectively
(23, 27 ). Although commonly regarded as separate dis-
ease entities, there is a growing recognition that CV dis-
ease and cancer have various similarities, including
shared risk factors (age, diabetes, smoking, physical inac-
tivity, unhealthy diet) that suggest a common biology
(35 ). Chronic inflammation appears to be 1 unifying
causal factor in both diseases. Inflammation is involved in
all stages of atherosclerosis, from its initiation and pro-
gression to its thrombotic complications. Inflammation
also plays a fundamental role in promoting malignant
transformation and tumor progression (35 ).

The American Heart Association endorses 7 metrics
of ideal health that include a combination of health be-
haviors (no smoking, physical activity, healthy diet) and
risk factors (blood pressure, total cholesterol, blood glu-
cose, obesity). Poor adherence to these modifiable health
metrics is associated with higher circulating concentra-
tions of GDF-15 (36 ). Conversely, adherence to these
health metrics reduces CV risk (36 ) and the risk of inci-
dent cancer (37 ). Increased GDF-15 concentrations
could therefore provide individuals with an incentive to
make healthier lifestyle choices and may justify more in-
tense risk factor control and monitoring.

There are also medical therapies that reduce the risk
of CV disease and cancer. For example, use of daily aspi-
rin for the primary prevention of major CV events also
reduces the incidence of cancer and cancer mortality,
although more research is required to identify which in-
dividuals are likely to benefit most (38 ). GDF-15 may
ultimately help target high-risk individuals to preventive
therapies such as aspirin. In fact, a prospective, nested

case-control study has recently suggested that aspirin and
nonsteroidal antiinflammatory drugs are associated with
a lower risk of colorectal cancer specifically in patients
with high GDF-15 concentrations (34 ).

Given its associations with an unhealthy lifestyle,
CV risk factors, and several age-related chronic diseases,
including CV disease, renal disease, cancer, and even cog-
nitive decline (39 ), GDF-15 may be conceptualized as
marker of biological age. In apparently healthy individu-
als, a low GDF-15 concentration as an indicator of gen-
eral health and longevity may be more desirable than a
low hs-CRP which is associated primarily with a lower
risk of CV events (23, 27 ).

GDF-15 in Coronary Artery Disease

Similar to what has been shown in community-dwelling
elderly individuals, GDF-15 concentrations are indepen-
dently related to age, diabetes, current smoking, hs-CRP,
natriuretic peptides, and renal dysfunction in patients
with established coronary artery disease (CAD) (40–
47). GDF-15 concentrations are higher in patients with
multivessel disease (41, 48 ), and in those with a history
of MI or HF (40–43, 48–50). Although GDF-15 is
expressed in the infarcted human heart (6 ), GDF-15
concentrations in acute coronary syndrome (ACS) ap-
pear not to be independently related to the extent of
myocardial damage as reflected by necrosis biomarkers
(40, 41, 43, 51 ) or infarct size (52 ).

Circulating GDF-15 remains remarkably stable over
time in patients with ACS and no acute HF. The average
GDF-15 concentrations decreased by only 4% over the
course of 4–6 months in patients from the Fragmin and
Fast Revascularization During Instability in Coronary
Artery Disease-2 trial (FRISC-2) or the Pravastatin or
Atorvastatin Evaluation and Infection Therapy–
Thrombolysis in Myocardial Infarction-22 trial
(PROVE IT–TIMI-22) (45, 49 ), suggesting that
GDF-15 primarily reflects chronic disease burden in
these patients. This is in contrast to what has been ob-
served with cardiac troponin, hs-CRP, and the natri-
uretic peptides, which increase and decrease during and
after an episode of ACS (45 ).

GDF-15 IN ACS

GDF-15 has been recognized as a consistent biomarker
of mortality and CV events in patients with ACS (40–
44, 48, 49, 51 ) or stable CAD (44–47, 50 ) (Table 1).
As first shown in 2081 patients from the GUSTO-4
(Global Utilization of Strategies to Open Occluded
Arteries-4 trial), admission GDF-15 concentrations are
closely related to all-cause mortality in non–ST-segment
elevation ACS (NSTE-ACS) (40 ). Cumulative 1-year
mortality rates were 1.5, 5.0, and 14.1% in patients with
low (below 1200 ng/L), moderately increased (1200–
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1800 ng/L), and markedly increased (above 1800 ng/L)
concentrations of GDF-15. GDF-15 provided prognos-
tic information beyond that provided by clinical predic-
tors and other prognostic biomarkers, including cTnT,
NT-proBNP, hs-CRP, and creatinine clearance (40 ).
The independent association of GDF-15 with mortality
was later confirmed in other patient populations present-
ing with NSTE-ACS or ST-elevation MI (STEMI)
(42, 43 ).

Lately, the prognostic value of GDF-15 has been
reevaluated in 16876 patients with NSTE-ACS or
STEMI randomized to ticagrelor or clopidogrel in the
Platelet Inhibition and Patient Outcomes trial (PLATO)
(Fig. 2) (48 ). Based on the large number of patients and
outcome events, the PLATO biomarker study was able to
explore the relation of GDF-15 to specific outcome
events during follow-up. After adjustment for clinical
predictors and other biomarkers (hs-cTnT, NT-
proBNP, hs-CRP, and cystatin C), higher GDF-15 con-
centrations were associated with an increased risk of all-
cause mortality [HR per 1 SD increase in log GDF-15,
1.41 (1.31–1.53)], CV mortality [1.41 (1.30–1.53)], MI
[1.15 (1.05–1.26)], and stroke [1.19 (1.01–1.42)] (48 ).

Increased concentrations of GDF-15 also identify
patients at increased risk for adverse left ventricular re-
modeling and hospitalization for HF after ACS
(43, 49, 53 ). In 3501 patients from PROVE IT–TIMI-
22, GDF-15 measured before hospital discharge was as-
sociated with the risks of all-cause mortality, recurrent
MI, and hospitalization for new or worsening HF (49 ).
The prognostic information provided by GDF-15 was
independent of clinical predictors and other biomarkers

including hs-CRP and BNP, indicating that GDF-15
reflects nonoverlapping disease pathway(s) contributing
to the development of HF after ACS. Notably, GDF-15,
in contrast to hs-CRP (54 ), did not decline over time in
response to more intensive statin therapy in PROVE IT–
TIMI-22 (49 ).

GDF-15 IN STABLE CAD

GDF-15 maintains its close association with an adverse
prognosis in patients with ACS when measured at initial
presentation (40–42, 44, 48 ), during the hospital
course (40, 43 ), before discharge (49 ), and during the
transition to the chronic stage of CAD (45, 46 ). In a
serial analysis from FRISC-2, GDF-15 provided similar
independent prognostic information on the composite
endpoint of death or recurrent MI on admission and up
to 6 months after an episode of NSTE-ACS (41, 45 ).
Correspondingly, GDF-15 independently predicted all-
cause mortality and CV events in 1029 patients admitted
to a cardiac rehabilitation program approximately 6
weeks after an acute MI or coronary artery bypass graft
surgery (CABG) (46 ).

In the AtheroGene study, which included 1352 pa-
tients with stable angina pectoris undergoing coronary
angiography, GDF-15 was associated with coronary
heart disease mortality independent of CV risk factors,
clinical predictors, the number of diseased vessels, left
ventricular ejection fraction (LVEF), and other biomark-
ers (cTnI, NT-proBNP, hs-CRP) (44 ). Similarly,
GDF-15 was independently associated with all-cause
mortality, fatal and nonfatal CV events, and HF hospi-
talization in 984 patients with stable CAD from the
Heart and Soul Study (50 ).

The relations of GDF-15 to specific outcome events
have recently been reexamined in 14577 patients with
stable CAD and at least 1 additional predictor of in-
creased CV risk from the Stabilization of Atherosclerotic
Plaque by Initiation of Darapladib Therapy trial
(STABILITY) (47 ). GDF-15 concentrations were asso-
ciated with all-cause mortality [HR 4th quartile vs 1st
quartile, 2.00 (1.53–2.62)], CV mortality [1.61 (1.15–
2.24)], and the composite endpoint of CV mortality, MI,
or stroke [1.36 (1.11–1.67)], independent of clinical pre-
dictors and other prognostic biomarkers (hs-cTnT, NT-
proBNP, hs-CRP, cystatin C). GDF-15 similarly pre-
dicted HF death [1.75 (1.30–2.35)], and hospitalization
for HF [3.19 (1.71–5.98)] in fully-adjusted models.
Likewise, GDF-15 predicted noncardiovascular mortal-
ity [2.62 (1.60–4.29)] and cancer mortality [2.35 (1.23–
4.50)], although the prognosis of these high-risk patients
with established CAD was primarily determined by CV
events (CV mortality and cancer mortality accounted for
62% and 16% of all deaths, respectively) (47 ).
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Fig. 2. Spline plot illustrating the association of circulating
GDF-15 with the composite endpoint of CV death, spontane-
ous MI, or stroke after 12 months in 16 876 patients with ACS
in PLATO (48 ).
Event rate is shown with 95% CI. Median and 25th and 75th per-
centiles are indicated.
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POTENTIAL IMPLICATIONS FOR PATIENT MANAGEMENT

Based on its close and independent association with ad-
verse outcomes, GDF-15 may ultimately support triage
and management decisions in patients with suspected
ACS. Several studies illustrate the potential of the marker
to risk stratify unselected contemporary patient popula-
tions treated outside clinical trials. In a recent investiga-
tion that compared the incremental prognostic value of 9
biomarkers on top of the Global Registry of Acute Cor-
onary Events (GRACE) score in unselected patients with
NSTE-ACS, GDF-15 emerged as the most promising
biomarker (55 ). Underscoring its potential to add infor-
mation to what is clinically available, GDF-15 also added
discriminatory information to GRACE when hs-cTnT
was considered as an additional continuous variable (55 ).
In another study in patients presenting to the emergency
room with acute chest pain, GDF-15 predicted all-cause
mortality more accurately than and independently of hs-
cTnT and NT-proBNP. Using 1200 ng/L and 1800
ng/L as cutoff values, patient subgroups with greatly dif-
ferent 24-month mortality rates could be identified
(0.7%, 6.3%, 21.1%) (19 ).

In the FRISC-2 trial that randomized patients with
NSTE-ACS to an early invasive vs a noninvasive treat-
ment strategy, increased concentrations of both troponin
and GDF-15 identified the patients who derived the larg-
est benefit from early revascularization procedures (41,
56 ). Early revascularization reduced the risks of death or
recurrent MI in patients with GDF-15 above 1200 ng/L,
with the greatest benefit observed in patients with
GDF-15 above 1800 ng/L. Conversely, patients with
GDF-15 below 1200 ng/L were at low risk and did not
benefit from an early invasive strategy (Fig. 3) (41, 56 ).
In the NSTE-ACS subgroup of the PLATO trial,
GDF-15 above 1200 ng/L was associated with an in-
creased risk of CV death and MI and indicated larger
absolute benefits from more intense treatments, i.e., with
more intense platelet inhibition with ticagrelor as com-
pared to clopidogrel as well as with planned early revas-
cularization (57 ).

Thresholds offer a convenient way to classify pa-
tients into risk categories that may be linked to treatment
decisions. However, the use of thresholds may reduce
statistical power given the continuous association of
GDF-15 with CV risk (Fig.2). Alternatively, GDF-15
might be incorporated as a continuous variable into es-
tablished or novel risk scores that can be presented as
nomograms or applications on (handheld) electronic de-
vices. A new bleeding risk score containing GDF-15 pro-
vides an example in this regard (discussed below) (58 ).
New algorithms for decision support in ACS are cur-
rently under evaluation (including variables such as tro-
ponin and GDF-15 showing a significant interaction
with the effects of an early invasive treatment strategy).

GDF-15 in Heart Failure

Most patients with HF with reduced ejection fraction
(HFrEF) have increased concentrations of GDF-15 (59–
61), although a great interindividual variability is ob-
served even in patients with advanced disease scheduled
for left ventricular assist device (LVAD) implantation
(18 ). GDF-15 concentrations increase in relation to HF
severity as reflected by New York Heart Association
(NYHA) class, peripheral edema, and increased concen-
trations of BNP or NT-proBNP and hs-cTnT (59, 60 ).
GDF-15 concentrations are higher in patients with
comorbidities such as diabetes, renal dysfunction, ca-
chexia, and anemia. GDF-15 levels are also related to
age and biomarkers of inflammation (hs-CRP, uric
acid) and neurohormonal activation (plasma norepi-
nephrine) (59, 60 ).

Notably, measured GDF-15 is increased to a similar
degree in patients with HF with preserved ejection frac-
tion (HFpEF) or HFrEF (62–64). In contrast, the cir-
culating concentrations of NT-proBNP and hs-cTnT are
generally lower in HFpEF than in HFrEF (63 ). Systemic
inflammation related to aging, diabetes, and hyperten-
sion has been put forward as a central pathomechanism
in HFpEF (65 ), raising the possibility that GDF-15 re-
flects this inflammatory state. GDF-15 concentrations in
HFpEF are related to echocardiographic indices of dia-
stolic dysfunction, and it has been suggested that
GDF-15 in combination with BNP or NT-proBNP may
support the diagnosis of HFpEF and the differential di-
agnosis of HFpEF vs HFrEF (62, 63 ); larger studies in
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heterogeneous patient populations with dyspnea and sus-
pected HF are lacking, however.

GDF-15 concentrations in HFrEF (59–61, 64 ) or
HFpEF (64 ) are associated with all-cause mortality and
composite endpoints of death or HF events (Table 1)
independent of clinical predictors such as NYHA class,
LVEF, renal function, and prognostic biomarkers, in-
cluding BNP or NT-proBNP, hs-cTnT, and hs-CRP.
For example, in the recent Singapore Heart Failure Out-
comes and Phenotypes study (SHOP), GDF-15 was as-
sociated with the composite endpoint of all-cause mor-
tality or HF hospitalization independent of clinical
predictors, HF type (HFrEF or HFpEF), NT-proBNP,
and hs-cTnT [HR per 1 unit increase in ln-transformed
GDF-15, 1.76 (1.39–2. 21)] (64 ). In a biomarker sub-
study from the Valsartan Heart Failure Trial (Val-HeFT)
in 1734 patients with HFrEF, GDF-15 concentrations
increased by approximately 8% during the course of 12
months, with similar increases in patients randomized to
placebo or valsartan (60 ). Notably, the magnitude of the
increase in GDF-15 was associated with worsening func-
tional status and adverse outcomes after multivariable
adjustment for baseline variables and biomarkers and
their concurrent changes. By contrast, BNP concentra-
tions showed a significant decrease in the valsartan group,
indicating a distinct responsiveness of GDF-15 and BNP
to angiotensin receptor blockade. These data emphasize
that GDF-15 reflects a disease pathway that is not fully
addressed by the therapies prescribed to the patients in
Val-HeFT (60 ). Notably, the intraindividual variation of
GDF-15 in stable HF is lower compared with the intra-
individual variation of the natriuretic peptides, which
may facilitate the interpretation of temporal changes in
GDF-15 (66, 67 ).

Although pharmacological treatments reducing
GDF-15 concentrations in chronic HF remain elusive,
LVAD implantation can lead to a significant decrease of
circulating GDF-15 in patients with advanced HFrEF
(18, 68 ), showing that even large increases in GDF-15
are to some extent reversible in response to a potentially
life-saving therapeutic intervention. In 1 study which fo-
cused on patients with end-stage nonischemic cardiomy-
opathy, GDF-15 expression in the left ventricle was very
low, suggesting that GDF-15 is mainly produced in pe-
ripheral organs (18 ). Patients with advanced HF who
require mechanical circulatory support often present
with end-organ dysfunction as a consequence of tissue
hypoperfusion, inflammation, oxidative stress, and neu-
rohormonal activation. LVAD support improves renal
and hepatic function and augments cerebral blood flow
and leg perfusion in these patients (69, 70 ). Decreases in
GDF-15 may therefore mirror the peripheral effects of
left ventricular unloading (18 ), which contrasts with
BNP, which is reflecting the cardiac effects of LVAD
support (71 ).

Patients with acute decompensated HF present with
higher GDF-15 concentrations than patients with HF
who are hemodynamically stable (72 ). Similarly, patients
with ACS and acute HF can have very high GDF-15
(42, 43 ), especially patients in cardiogenic shock
(43, 51 ), and those who have been resuscitated or are
mechanically ventilated (51 ). GDF-15 concentrations in
cardiogenic shock are related to serum lactate, indicating
that GDF-15, to some extent, reflects peripheral hypo-
perfusion in these patients (51 ). Circulating GDF-15 in
cardiogenic shock is independently associated with 30-
day mortality independent of other relevant risk factors
including serum lactate (51 ). In the Relaxin in Acute
Heart Failure trial (RELAX-AHF) in patients with acute
decompensated HF, GDF-15 decreased from admission
to day 14 as the patients’ clinical status gradually im-
proved (72 ). This decrease was faster and more pro-
nounced in patients randomized to the investigational
vasodilator drug serelaxin, showing, again, that GDF-15
levels may respond to therapeutic interventions (72 ). Pa-
tients experiencing a greater reduction in GDF-15 had
better outcomes in terms of reduced risks of CV death or
rehospitalization with HF or renal failure, even after ad-
justment for baseline variables and for changes in other
biomarkers (NT-proBNP, hs-cTnT, blood urea nitro-
gen) (72 ).

GDF-15 has also been explored in patients with
right-sided HF. In acute pulmonary embolism, GDF-15,
but not NT-proBNP, enhanced the prognostic informa-
tion provided by an echocardiographic assessment of
right ventricular function (73 ). In patients with idio-
pathic pulmonary arterial hypertension, GDF-15 added
prognostic information to hemodynamic variables and
NT-proBNP regarding the long-term risk of death or
lung transplantation (74 ). Changes in GDF-15 over
time after initiation of medical therapy were inversely
related to changes in mixed venous oxygen saturation,
indicating that GDF-15 tracks changes in functional sta-
tus in response to contemporary treatment regimens
(74 ). Based on these initial studies, further research on
GDF-15 and its potential therapeutic implications in
right-sided HF is warranted.

GDF-15 and Bleeding

A strong association of GDF-15 with the risk of bleeding
was observed in patients with ACS receiving dual anti-
platelet therapy in PLATO (48 ). Higher GDF-15 con-
centrations, measured within 24 h after symptom onset,
were associated with non-CABG-related major bleeding
complications. The relation of GDF-15 to bleeding was
consistent across different bleeding locations and inde-
pendent of a comprehensive set of clinical predictors and
other biomarkers (hs-cTnT, NT-proBNP, hs-CRP, and
cystatin C) (48 ). Clinical practice guidelines provide spe-
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cific recommendations for ACS patients deemed at high
risk of bleeding, for example, regarding the length of dual
antiplatelet therapy or the choice of parenteral and oral
anticoagulants. Risk scores have been developed to esti-
mate bleeding risk in ACS but the performance of these
scores is rather poor (75 ). Ultimately, GDF-15 may help
identify patients at higher risk of bleeding who will ben-
efit from closer monitoring and specific measures to re-
duce bleeding complications (e.g., radial vascular access,
shorter duration of dual antiplatelet or triple therapies,
proton pump inhibition).

The close and independent association of GDF-15
with the risk of major bleeding was verified in 14798
patients with atrial fibrillation treated with oral anticoag-
ulation therapy in the Apixaban for Reduction in Stroke
and Other Thromboembolic Events in Atrial Fibrillation
trial (ARISTOTLE) (Fig. 4) (76 ). These findings have
led to the development of the biomarker-based ABC
(age, biomarkers, clinical history)-bleeding risk score for
patients with atrial fibrillation receiving oral anticoagu-
lant therapy (58 ). The score was developed in the
ARISTOTLE population and validated in another 8468
patients with atrial fibrillation from the Randomized
Evaluation of Long-Term Anticoagulation Therapy
trial (RE-LY). The score is based on 5 variables (age,
GDF-15, hs-cTnT or hs-cTnI, hemoglobin, history of
previous bleeding), with GDF-15 being the strongest
contributing factor. The ABC-bleeding risk score per-
formed better than current bleeding risk scores in
atrial fibrillation, and could become useful as decision
support regarding indications for and selection of
treatment with oral anticoagulants in patients with
atrial fibrillation (58 ).

Conclusion and Future Directions

There is now a large evidence base documenting a strong
association of GDF-15 with future CV events in the com-
munity and in patients. GDF-15 captures distinct aspects of
CV disease development, progression, and prognosis that
are not represented by established risk predictors.

GDF-15 has been shown in multiple settings to add
predictive information to traditional risk factors and
other plasma biomarkers, to improve discrimination of
patients with or without events, and to reclassify patients
in the appropriate directions (23, 26, 27, 31, 48, 55, 60,
64, 76, 77 ), indicating that the marker provides incre-
mental value (78 ). For example, GDF-15 adds substan-
tial information to the GRACE score and hs-cTnT in
patients with NSTE-ACS [increase in c statistic, from
0.763 to 0.791; continuous net reclassification improve-
ment (NRI(�0)), 53%] (55 ). Similarly, GDF-15 en-
hances the HAS-BLED bleeding risk score [increase in c
statistic, from 0.633 to 0.677; NRI(�0), 30%] (76), an
observation that has spurred the development of the new
ABC-bleeding risk score (58).

Prospective and preferably randomized studies are
needed to further evaluate the utility of GDF-15 for
guiding management decisions and treatment selection,
in comparison to and in combination with other biomarkers
and clinical predictors. Considering the pathobiology of the
marker, patients with increased GDF-15 concentrations
may potentially benefit from antiinflammatory, anti-
oxidant, or antiaging therapies. With a better under-
standing of the upstream disease pathways reflected by
GDF-15, new treatment targets may emerge. Increas-
ing GDF-15 concentrations over time are indicative of
a worse prognosis in the community and in patients
with CAD or HF (45, 46, 60, 79, 80 ). Further evalu-
ations of the impact of environmental influences, life-
style changes, and (medical) treatments on GDF-15
concentrations over time are eagerly awaited. Eventu-
ally, interventions that lower GDF-15 may be associ-
ated with better health and improved outcomes. Pro-
spective randomized studies of such interventions
stratified for and monitored by GDF-15 concentra-
tions therefore appear to be an exciting opportunity.

Author Contributions: All authors confirmed they have contributed to
the intellectual content of this paper and have met the following 3 require-
ments: (a) significant contributions to the conception and design, acquisition of
data, or analysis and interpretation of data; (b) drafting or revising the article
for intellectual content; and (c) final approval of the published article.

Authors’ Disclosures or Potential Conflicts of Interest: Upon man-
uscript submission, all authors completed the author disclosure form. Dis-
closures and/or potential conflicts of interest:

Employment or Leadership: None declared.
Consultant or Advisory Role: None declared.

Pr
ob

ab
ilit

y 
of

 m
aj

or
 b

le
ed

in
g

0.08

0.06

0.04

0.02

0.00
400 1000 2000 3000 5000 7000

GDF-15 (ng/L)

Event rate

Median25th 75th
95% CI

Fig. 4. Spline plot illustrating the association of GDF-15
with the occurrence of major bleeding after 12 months in
14 798 patients with atrial fibrillation in ARISTOTLE (76 ).
Event rate is shown with 95% CI. Median and 25th and 75th per-
centiles are indicated.

GDF-15 as a Cardiovascular Biomarker Reviews

Clinical Chemistry 63:1 (2017) 149

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/63/1/140/5612831 by guest on 20 August 2022



Stock Ownership: None declared.
Honoraria: None declared.
Research Funding: K.C. Wollert, Roche Diagnostics; L. Wallentin,
institutional research grant from Roche Diagnostics.
Expert Testimony: None declared.
Patents: K.C. Wollert, patent numbers EP 2047275 B1 and US
8951742 B2; T. Kempf, patent numbers EP 2047275 B1 and US

8951742 B2; L. Wallentin, patent numbers EP 2047275 B1 and US
8951742 B2.
Other Remuneration: K.C. Wollert, licensing contract with Roche Di-
agnostics for the development of the GDF-15 assay; T. Kempf, licensing
contract with Roche Diagnostics for the development of the GDF-15 as-
say, L. Wallentin, licensing contract with Roche Diagnostics for the devel-
opment of the GDF-15 assay.

References

1. Bootcov MR, Bauskin AR, Valenzuela SM, Moore AG,
Bansal M, He XY, et al. MIC-1, a novel macrophage in-
hibitory cytokine, is a divergent member of the TGF-�
superfamily. Proc Natl Acad Sci U S A 1997;94:
11514 –9.

2. Bauskin AR, Zhang HP, Fairlie WD, He XY, Russell PK,
Moore AG, et al. The propeptide of macrophage inhibi-
tory cytokine (MIC-1), a TGF-� superfamily member,
acts as a quality control determinant for correctly folded
MIC-1. EMBO J 2000;19:2212–20.

3. Hromas R, Hufford M, Sutton J, Xu D, Li Y, Lu L. PLAB, a
novel placental bone morphogenetic protein. Biochim
Biophys Acta 1997;1354:40 – 4.

4. Moore AG, Brown DA, Fairlie WD, Bauskin AR, Brown
PK, Munier ML, et al. The transforming growth factor-�
superfamily cytokine macrophage inhibitory cytokine-1
is present in high concentrations in the serum of preg-
nant women. J Clin Endocrinol Metab 2000;85:
4781– 8.

5. Xu J, Kimball TR, Lorenz JN, Brown DA, Bauskin AR,
Klevitsky R, et al. GDF15/MIC-1 functions as a protective
and antihypertrophic factor released from the myocar-
dium in association with SMAD protein activation. Circ
Res 2006;98:342–50.

6. Kempf T, Eden M, Strelau J, Naguib M, Willenbockel C,
Tongers J, et al. The transforming growth factor-� su-
perfamily member growth-differentiation factor-15
protects the heart from ischemia/reperfusion injury.
Circ Res 2006;98:351– 60.

7. Kempf T, Zarbock A, Widera C, Butz S, Stadtmann A,
Rossaint J, et al. GDF-15 is an inhibitor of leukocyte
integrin activation required for survival after myocar-
dial infarction in mice. Nat Med 2011;17:581– 8.

8. de Jager SC, Bermudez B, Bot I, Koenen RR, Bot M,
Kavelaars A, et al. Growth differentiation factor 15 defi-
ciency protects against atherosclerosis by attenuating
CCR2-mediated macrophage chemotaxis. J Exp Med
2011;208:217–25.
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