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Abstract

Aims Associations between growth differentiation factor-15 (GDF-15), cardiovascular outcomes, and exercise capacity
among patients with a recent hospitalization for heart failure (HHF) and heart failure with reduced ejection fraction (HFrEF)
are unknown. We utilized data from the ‘Functional Impact of GLP-1 for Heart Failure Treatment’ (FIGHT) study to address
these knowledge gaps.
Methods and results FIGHT was a randomized clinical trial testing the effect of liraglutide (vs. placebo) among 300 partici-
pants with HFrEF and a recent HHF. Multivariable regression models evaluated associations between baseline GDF-15 and
change in GDF-15 (per 1000 pg/mL increase from baseline to 30 days) with clinical outcomes (at 180 days) and declines in ex-
ercise capacity (6 min walk distance ≥ 45 m). At baseline (n = 249), median GDF-15 value was 3221 pg/mL (interquartile range
1938–5511 pg/mL). Participants in the highest tertile of baseline GDF-15 were more likely to be male and have more co-
morbidities. After adjustment, an increase in GDF-15 over 30 days was associated with higher risk of death or HHF [hazard
ratio 1.35, 95% confidence interval (CI) 1.11–1.64]. In addition, higher baseline GDF-15 (per 1000 pg/mL until 6000 pg/mL)
and an increase in GDF-15 over 30 days were associated with declining 6 min walk distance (odds ratio 1.26, 95% CI
1.02–1.55 and odds ratio 1.37, 95% CI 1.12–1.69, respectively). GDF-15 levels remained stable among participants randomized
to liraglutide.
Conclusions An increase in GDF-15 over 30 days among patients in HFrEF was independently associated with an increased
risk of cardiovascular events and declining exercise capacity. These results support the value of longitudinal GDF-15 trajectory
in informing risk of heart failure disease progression.
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Introduction

Patients with recent hospitalization for heart failure (HHF)
and heart failure with reduced ejection fraction (HFrEF) are
at high risk for readmission and mortality.1–3 Strategies to
identify disease progression and increased risk of adverse
outcomes in this patient group remain a clinical priority.

Growth differentiation factor-15 (GDF-15) is a member of
the transforming growth factor-β family and is secreted from
multiple cell groups including adipocytes and myocytes in re-
sponse to oxidative stress, mechanical strain, and ischaemia.4

There is little information on the prognostic role of a single
value or a change in GDF-15 in patients with HFrEF with re-
cent HHF. Furthermore, prior studies have demonstrated

SHORT COMMUNICAT ION

© 2021 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

ESC HEART FAILURE
ESC Heart Failure 2021; 8: 2608–2616
Published online 1 June 2021 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.13348

mailto:michael.felker@duke.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/


conflicting associations of GDF-15 and exercise capacity in
chronic stable HFrEF.5,6 The association of GDF-15 with exer-
cise capacity and clinical outcomes has not been explored in
the high-risk population of people with HFrEF with worsening
heart failure (HF). Recent evidence suggests that GDF-15 may
interact with the glucagon-like peptide-1 (GLP-1) signalling
pathway.7,8 GLP-1 receptor agonists reduce risk of adverse
cardiovascular (CV) outcomes in patients with type 2 diabetes
and are safe in patients with HF.9,10 There is now potential to
determine whether direct therapeutic modulation of this
pathway impacts GDF-15 levels and HF risk.11–15 To address
these knowledge gaps, we used data from the Functional Im-
pact of GLP-1 for Heart Failure Treatment (FIGHT) study16 to
identify (i) whether GDF-15 is associated with an increased
risk of subsequent CV outcomes; (ii) whether GDF-15 is asso-
ciated with declining exercise capacity, change in echocardio-
graphic parameters, and change in HF symptoms; and (iii)
whether liraglutide, a GLP-1 receptor agonist, impacts circu-
lating GDF-15 levels in people with HFrEF with recent HF
hospitalization.

Methods

The results of the FIGHT trial have been previously
reported.16 FIGHT was a double-blind, placebo-controlled,
randomized clinical trial designed to test the efficacy,
safety, and tolerability of liraglutide (vs. placebo) among
300 participants with HFrEF and a recent HHF (within the
prior 2 weeks). The primary endpoint was a composite
global rank score of time to death, time to rehospitalization
for HF, and change in N-terminal pro-brain natriuretic pep-
tide (NT-proBNP) level at 180 days compared with baseline.

Biomarker assessment

Blood sampleswere obtained at baseline, 30, 90, and 180 days.
Samples were collected from the peripheral vein into
EDTA-containing tubes, centrifuged immediately, and stored
at �70°C for subsequent analysis. GDF-15 concentrations
were measured in a core laboratory from samples using sensi-
tive sandwich-immunoassay monoclonal antibodies (Elecsys
GDF-15 assay, Roche Diagnostics, Indianapolis, Indiana).17

Study endpoints

This is a post hoc and hypothesis-generating analysis of the
FIGHT trial. The primary endpoint of interest for the present
analysis was 180 day death or HF hospitalization. Secondary
endpoints included a decrease in exercise capacity, defined
as a ≥45 m decrease in 6 min walk distance (6MWD); im-
provement in patient-reported quality of life, defined as an

increase in Kansas City Cardiomyopathy Questionnaire
(KCCQ) ≥ 5 points; and worsening left ventricular (LV) func-
tion, defined as either a 5% decrement in left ventricular
ejection fraction (LVEF) or a 5% increase in LV volumes. The
changes in secondary endpoints were assessed between
baseline and 180 days.

Statistical analysis

The associations between GDF-15 tertile and baseline charac-
teristics were described (Table 1). Categorical variables were
presented as counts (percentages), and differences between
the two groups were assessed using the Pearson χ2 test or
the Fisher exact test. Continuous variables were presented
as median, 25th and 75th percentiles, and differences be-
tween the three groups were assessed using the Kruskal–
Wallis test. Modelling was performed with complete case
analysis. There were 249 patients at baseline with GDF-15
measurements. The biomarker subset population was demo-
graphically similar to the overall clinical trial population. For
the clinical outcomes of interest, Cox proportional hazard
models were used (the proportional hazards assumption
was assessed and met). Logistic regression assessed the rela-
tionship between baseline and a change in GDF-15 (from
baseline to 30 days) and a decrease in KCCQ ≥ 5 points, a de-
crease in 6MWD ≥ 45 m, and worsening LV function (defined
as either a 5% decrement in LVEF or a 5% increase in LV
volumes).

Regression models were adjusted for age, sex, diabetes
mellitus, LVEF, estimated glomerular filtration rate, NT-
proBNP, troponin, history of myocardial infarction, body mass
index, and atrial fibrillation (with baseline GDF-15 added to
the models assessing the association between change in
GDF-15 and outcomes). All continuous variables were tested
for linearity assumption, and the log transformation or
two-piece linear splines were applied to some variables that
violated the assumption. An interaction term of GDF-15 and
randomized treatment evaluated whether GDF-15 modified
the relationship between randomized treatment and out-
comes. In addition, we evaluated an expanded model that in-
cluded all the variables as indicated earlier and added history
of myocardial infarction, body mass index, and history of
atrial fibrillation. Data were analysed using SAS Version 9.4
software (SAS, Cary, North Carolina). Statistical significance
was based on a P-value of ≤0.05.

Results

Baseline demographics

Among 300 participants enrolled in FIGHT, 249 (83%) had
data for baseline GDF-15 concentration. Median baseline
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GDF-15 value was 3221 pg/mL (interquartile range 1938–
5511 pg/mL). Participants in the highest tertile of baseline
GDF-15 were more likely to be older and male and
tended to have higher concentrations of NT-proBNP and
troponin and lower estimated glomerular filtration rate
(Table 1).

Association between baseline growth
differentiation factor-15 and outcomes

After multivariable adjustment, higher baseline GDF-15 (per
1000 pg/mL increase) was not associated with 180 day clin-
ical outcomes including death or HHF [adjusted hazard ratio
1.05, 95% confidence interval (CI) 1.00–1.11] (Table 2). The
association between baseline GDF-15 and 6MWD was non-
linear: a higher baseline GDF-15 (per 1000 pg/mL) was as-
sociated with a 45 m lower 6MWD [adjusted odds ratio
(aOR) 1.26, 95% CI 1.02–1.55] until 6000 pg/mL, where
higher GDF-15 values were not associated with 6MWD
(aOR 0.92, 95% CI 0.80–1.05). Baseline GDF-15 was not
associated with decreases in KCCQ (aOR 1.00, 95%
CI 0.91–1.08) or worsening LV function (aOR 1.07, 95%
CI 0.95–1.19).

Association between 30 day change in growth
differentiation factor-15 and outcomes

A 30 day increase in GDF-15 was associated with higher risk
of death or HHF at 180 days (per 1000 pg/mL GDF-15 above
a change of �500 pg/mL; adjusted hazard ratio 1.35, 95% CI
1.11–1.64) (Table 2). An increase in GDF-15 over 30 days (per
1000 pg/mL from baseline to 30 days) was associated with an
increased risk of declining 6MWD of more than 45 m (aOR
1.37, 95% CI 1.12–1.69). Change in GDF-15 was not
associated with change in KCCQ score. The results from the
expanded model were consistent with these findings
(Tables A1 and A2).

Interaction of liraglutide and growth
differentiation factor-15

Neither baseline GDF-15 nor 30 day change in GDF-15
modified the association between randomization to
liraglutide versus placebo and changing KCCQ score,
6MWD, worsening LV function, or clinical outcomes at
180 days (all interaction P-values > 0.05). Randomization
to liraglutide versus placebo did not change GDF-15 across
follow-up, with no statistical difference between changes in
GDF-15 from baseline to 30, 90, and 180 days (P > 0.05 at
all time points; Figure 1). Ta
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Discussion

Among participants with HFrEF who had a recent HHF in the
FIGHT trial, we identified the following major findings: (i) an
increase in GDF-15 over time was associated with an in-
creased risk of subsequent CV events; (ii) higher baseline
and increasing GDF-15 over 30 days were both associated
with declining exercise capacity as measured by the 6MWD;
and (iii) treatment with liraglutide did not impact GDF-15
levels. These results suggest that short-term changes in
GDF-15 have a role in identifying HF disease progression in
people with HFrEF with a recent HHF.

The prognostic role of GDF-15 in stable people with HFrEF
has been demonstrated in several studies.5,18–21 Our results
are unique and extend on prior results as they demonstrate
the prognostic value of short-term changes in GDF-15 beyond
the baseline value. Furthermore, the prognostic role of a
change in GDF-15 in people with HFrEF with recent HHF
had not been previously described. These results reinforce
prior data identifying associations between 1 year changes
in GDF-15 and CV outcomes and support the incremental
value of GDF-15 trajectory beyond results of a singular
measurement.18 Our findings contrast with prior analyses in
ambulatory HFrEF and people with HF with preserved ejec-
tion fraction, where GDF-15 and other novel biomarkers
(ST-2 and galectin-3) were only mildly associated with a
change in functional parameters.6

Identifying people with HFrEF who may functionally de-
cline overtime remains a clinically important endeavour, yet

identifying a biomarker that can serve as a surrogate for
exercise capacity remains challenging.6 The Heart Failure: A
Controlled Trial Investigating Outcomes of Exercise Training
(HF-ACTION) trial suggested that among participants with
chronic stable HFrEF, higher baseline GDF-15 was associated
with greater baseline impairments in exercise capacity.5

Similar results were seen in the ‘Iron Repletion effects On
Oxygen UpTake in Heart Failure’ (IRONOUT) trial.6 The
current results extend these prior data by suggesting that both
baseline and 30 day change in GDF-15 are associated with a
subsequent decline in 6MWD, highlighting the potential role
of serial GDF-15 in identifying people at high risk for worsening
functional status following HHF. This aligns with prior analysis
demonstrating the strength of serial biomarker measurement
in HF.22 Furthermore, ongoing trials are now evaluating the
role of GDF-15-based titration of HF therapies.23

Growth differentiation factor-15 is now emerging as a
possible endocrine signal of nutritional stress and a target
for weight loss as it potentially acts through the GLP-1
signalling pathway.8,24 Liraglutide has also demonstrated
efficacy in reducing weight.25–27 To our knowledge, our
analysis is the first to demonstrate that GDF-15 levels are
not impacted by a GLP-1 receptor agonist. GDF-15 levels
were not modified by valsartan (vs. placebo)18 or sacubitril/
valsartan (vs. enalapril).20 Our results extend these prior
results and provide potential insight into the role of GDF-15
in HFrEF, suggesting that GDF-15 is not modified by
therapeutic regulation of the GLP-1, renin–angiotensin, or
neprilysin pathways.

Figure 1 Growth differentiation factor-15 (GDF-15) over time by baseline randomization arm.
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Limitations

Our results are subject to the limitations of a post hoc analy-
sis. The FIGHT trial may not be representative of all people
with HFrEF. Not all participants had samples, and some par-
ticipants were censored after baseline due to death; there-
fore, the results may not be generalizable. However, the use
of available samples to conduct repeated measurements of
GDF-15 at baseline and 30 days in the context of a random-
ized trial enables a hypothesis-generating exploration of the
prognostic value of GDF-15 and changes in GDF-15 with
liraglutide. Our study sample size may be unable to detect
small but meaningful differences in GDF-15 levels in treat-
ment groups. The shorter duration of follow-up of the FIGHT
trial may have limited our ability to identify further associa-
tion between baseline GDF-15, clinical outcomes, and treat-
ment groups. We did not provide data on use of metformin
as the FIGHT trial includes both patients with and without
diabetes mellitus. Hence, any adjustment of results based
on metformin use at baseline would be confounded by indi-
cation and could erroneously create associations. Guideline-
directed medical therapy was not optimally used in our
population, which may impact biomarker levels—however,
these results are reflective of the real-world use of medical
therapy in patients with HFrEF and worsening HF.28

Conclusion

In people with HFrEF with a recent HHF, change in GDF-15
over time was significantly associated with HF disease pro-
gression including CV outcomes and declining exercise capac-
ity. GDF-15 levels remained stable among individuals

randomized to liraglutide. While future studies will be
needed to confirm these results, our findings reinforce the
potential role of evaluating trajectories of GDF-15 in people
with HFrEF for forecasting risk of clinical events and worsen-
ing functional status.
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Appendix A

Table A1 Association of baseline growth differentiation factor-15 and outcomes

Unadjusted Adjusteda

Outcomes Description Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

180 day death or HF hospitalization Baseline GDF-15 per 1000 pg/mL 1.05 (1.01, 1.10) 0.029 1.06 (1.00, 1.11) 0.052
180 day death or CV hospitalization Baseline GDF-15 per 1000 pg/mL 1.03 (0.98, 1.08) 0.234 1.02 (0.97, 1.08) 0.420
180 day death or any hospitalization Baseline GDF-15 per 1000 pg/mL 1.05 (1.00, 1.09) 0.037 1.05 (1.00, 1.10) 0.073
180 day death Baseline GDF-15 per 1000 pg/mL 1.11 (1.03, 1.20) 0.005 1.06 (0.96, 1.16) 0.273

CI, confidence interval; CV, cardiovascular; GDF-15, growth differentiation factor-15; HF, heart failure.
The hazard ratio is for 1 k increase in GDF-15.
aAdjusted for age, sex, diabetes mellitus, left ventricular ejection fraction, estimated glomerular filtration rate, N-terminal pro-brain natri-
uretic peptide, troponin, history of myocardial infarction, body mass index, and atrial fibrillation.
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