Journal of the American Heart Association

ORIGINAL RESEARCH

Growth Differentiation Factor-15 Predicts
Mortality and Heart Failure Exacerbation
But Not Ventricular Arrhythmias in Patients
With Cardiomyopathy
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BACKGROUND: Heart failure (HF) has been increasing in prevalence, and a need exists for biomarkers with improved predictive
and prognostic ability. GDF-15 (growth differentiation factor-15) is a novel biomarker associated with HF mortality, but no serial
studies of GDF-15 have been conducted. This study aimed to investigate the association between GDF-15 levels over time and
the occurrence of ventricular arrhythmias, HF hospitalizations, and all-cause mortality.

METHODS AND RESULTS: We used a retrospective case—control design to analyze 148 patients with ischemic and nonischemic
cardiomyopathies and primary prevention implantable cardioverter-defibrillator (ICD) from the PROSe-ICD (Prospective
Observational Study of the ICD in Sudden Cardiac Death Prevention) cohort. Patients had blood drawn every 6 months and
after each appropriate ICD therapy and were followed for a median follow-up of 4.6years, between 2005 to 2019. We com-
pared serum GDF-15 levels within +90days of an event among those with a ventricular tachycardia/fibrillation event requiring
ICD therapies and those hospitalized for decompensated HF. A comparator/control group comprised patients with GDF-15
levels available during 2-year follow-up periods without events. Median follow-up was 4.6years in the 148 patients studied
(mean age 58+12, 27% women). The HF cohort had greater median GDF-15 values within 90days (1797 pg/mL) and 30days
(2039 pg/mL) compared with the control group (1062 pg/mL, both P<0.0001). No difference was found between the ventricular
tachycardia/fibrillation subgroup within 90days (1173 pg/mL, P=0.60) or 30days (1173 pg/mL, P=0.78) and the control group.
GDF-15 was also significantly predictive of mortality (hazard ratio, 3.17 [95% Cl, 2.33-4.30]).

CONCLUSIONS: GDF-15 levels are associated with HF hospitalization and mortality but not ventricular arrhythmic events.
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transforming growth factor-g family of cytokines
that is secreted at low levels by most cells. Its in-
creased expression can be induced by various cellular
stressors, including hypoxia, inflammation, or oxidative
stress.? GDF-15 is reported to be a useful prognostic

GDF-15 (growth differentiation factor-15) is part of the

biomarker for mortality in patients with heart failure (HF)®-
5 or myocardial infarction®’” as well as for thrombosis
among patients with atrial fibrillation.8-'© However, little
information is available about the use of GDF-15 as a bio-
marker for sudden arrhythmic death independent of HF
exacerbations. Additionally, there have been no studies
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CLINICAL PERSPECTIVE

What Is New?

e GDF-15 (growth differentiation factor-15) is a
novel biomarker that was found to predict mor-
tality and decompensated heart failure events
requiring admission with intravenous diuretics
but was not predictive of ventricular arrhythmias.

What Are the Clinical Implications?

e Patients with high-risk heart failure may benefit
from improved prognostication and goal-directed
medical therapy titration using serial GDF-15
measurements when compared with existing bio-
markers such as pro-brain natriuretic peptide.

Nonstandard Abbreviations and Acronyms

ATP antitachycardia pacing

GDF-15 growth differentiation factor-15

hsCRP high-sensitivity C-reactive protein

PROSe-ICD Prospective Observational Study
of the ICD in Sudden Death
Prevention

VT/VF ventricular tachycardia/fibrillation

evaluating longitudinal variations in GDF-15 values to de-
termine if serial GDF-15 levels are a better predictor of
future clinical events than single baseline values.

We conducted this retrospective case—control
study to assess changes in GDF-15 levels in patients
from PROSe-ICD (Prospective Observational Study of
the ICD in Sudden Cardiac Death Prevention), which
enrolled and followed patients with left ventricular ejec-
tion fraction <35% who received guideline-directed pri-
mary prevention defibrillators. We compared GDF-15
levels among 3 groups: patients with hospital admis-
sions for acute decompensated HF or with episodes of
ventricular tachycardia/fibrillation (VT/VF) requiring im-
plantable cardioverter defibrillator (ICD) therapies and a
control group with neither event. We also performed a
secondary analysis to assess the relationship between
serial GDF-15 levels and mortality.

METHODS

The data, analytic methods, and study materials that
support the findings of this study are available from
the corresponding author upon reasonable request.
PROSe-ICD (Prospective Observational Study of the
ICD in Sudden Death Prevention) is a multicenter
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prospective cohort study that enrolled 1189 patients
from 5 sites with ongoing follow-up." The study pop-
ulation consists of primary prevention ICD recipients
between ages 18 and 80years with ischemic or nonis-
chemic cardiomyopathy with an ejection fraction <35%
on optimal pharmacotherapy. Full trial design, blood
draw, and processing procedures have been pub-
lished previously." Briefly, patients in this cohort were
evaluated every 6months after ICD implantation and
soon after any ICD shock with blood work performed
at these study visits. All ICD shocks were reviewed
and electrograms adjudicated by at least 2 electro-
physiologists; a third reviewer resolved disagreements.
An appropriate ICD shock was defined as that deliv-
ered for VT/VF above the rate cutoff for the device.
Antitachycardia pacing (ATP) delivered for an appro-
priate VT/VF event also qualified as VT/VF events. We
included ATP events along with ICD shocks, given pre-
viously published data showing similar outcomes with
either ATP or shock events.'> HF hospitalizations were
determined from medical record review and required
intravenous diuretic therapy. GDF-15 was quantified
using the R&D Human GDF-15 Quantikine ELISA Kit
(R&D Systems, Minneapolis, MN) and reported as pg/
mL. Assay performance in the laboratory yielded a
limit of detection of 2pg/mL, an interassay coefficient
of variance of 3.2%, and an intra-assay coefficient of
variance of 2.5%.

We used a retrospective case—control study de-
sign using available frozen blood samples from 148
patients (637 samples) to identify 2 groups of patients
with events: (1) those with an appropriate ICD therapy,
including appropriate shocks or ATP (VT/VF cohort,
n=39); and (2) those with a hospital admission for HF
(HF cohort, n=36). Control samples were matched
based on ejection fraction, which led to a higher rate
of men in both cohorts. Twelve patients had VT/VF and
hospital admissions for HF and are included in both
subgroups. Importantly, of these 12 patients, none had
a VT/VF and HF event concurrently (within 90days of
each other). We compared GDF-15 levels between
those with blood samples within 90days before and
after (1) an appropriate ICD therapy (VT/VF 90-day co-
hort, n=33) and (2) a hospital admission for HF (HF 90-
day cohort, n=32). The samples were chosen after a
chart review was performed and dates obtained for HF
admission or VT/VF events, as occurring before or fol-
lowing the event (Figure S1-S9). A comparison control
group of 85 patients, defined as patients having no HF
and/or VT/VF events, was identified. Control patients
with follow-up duration of <2years and/or recovered
left ventricular ejection fraction (>40%) were excluded.
Subgroup analysis was further performed among pa-
tients with blood specimens within 30days of the VT/
VF event (n=26) or HF event (n=21). Secondary analy-
sis was performed to assess the relationship between
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serial GDF-15 levels before death and time to death in
the full patient cohort (n=148). As a sensitivity analy-
sis to examine the effects of potential bias in our Cox
proportional hazards regression model, we duplicated
each observation in the control group and reran the
analysis to examine changes.

Categorical data are presented as frequencies and
percentages, and continuous data are presented as
means and SD or medians with 25th and 75th percen-
tiles, as appropriate for the distribution. Chi-squared or
Fisher exact tests were used to compare categorical
variables between groups, and Student t or Wilcoxon
rank-sum tests were used to compare continuous vari-
ables between groups. GDF-15 was log-transformed
for all adjusted analyses. Mixed models were used
to assess differences in log-GDF-15 values between
the control group and each of the cohorts (HF, VT/
VF) separately, accounting for repeated measures of
GDF-15 within a patient; models were run with and
without adjustment for factors with complete data that
were statistically significantly associated with cohort in
bivariate analysis or were considered to be potential
confounders. Survival data were displayed in Kaplan—
Meier survival curves and compared using the log-rank
test, using the GDF-15 value most recently assessed
before the time of event, dichotomized at a thresh-
old of >3000pg/mL versus <3000pg/mL as used by
Lourenco et al.'® Cox proportional hazards regression
models were used to evaluate risk factors for mortal-
ity; factors with complete data that were statistically
significantly associated with mortality in bivariate anal-
ysis or considered to be potential confounders were
included in these models. Date of implant or date of
first GDF-15 sample was used as time zero. GDF-15
was log-transformed and treated as a time-dependent
covariate. Sensitivity analyses were run with only the
Johns Hopkins site included (n=138). SAS v9.4 (Cary,
NC) was used for all analyses, with P values <0.05 con-
sidered to indicate statistical significance. This study
was approved by the institutional review boards of all
participating sites and all patients signed informed
consent for blood draws and clinical data collection.

RESULTS

Baseline characteristics of the study cohort are shown by
event group in Table 1. Patients were well matched with
regards to baseline characteristics in the HF and VT/VF
subgroups, with the notable exception of higher female
prevalence in the HF cohort (44%) when compared with
the control population (22%). Additionally, the HF and VT/
VF subgroups each had higher hsCRP (high-sensitivity
C-reactive protein) levels than the control group, and the
HF subgroup was also found to have higher interleukin-6
levels compared with controls. Among the 148 patients,
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there were 637 blood samples drawn over an average
follow-up period of 4.6years in this study. The control
cohort (n=85) was followed for a median of 5.7 years
(25th percentile, 75th percentile 1, 8.1). The HF cohort
had a significantly shorter median follow-up time with a
time to event of 1.1 years (25th percentile, 75th percentile
0.36, 4.9; P<0.01), but the VT/VF cohort follow-up time
was not significantly different (median 3.9years, 25th
percentile, 75th percentile 1.1, 7.2; P=0.12). The distribu-
tion and timing of the samples are shown in Figure 1.
The control cohort (343 samples, 85 patients) had a me-
dian GDF-15 value of 1062 pg/mL (25th percentile, 75th
percentile 737, 1740), which was not statistically differ-
ent from the VT/VF subgroup at 30days before or after
an arrhythmic event (32 samples, 26 patients, median
1173 pg/mL, 25th percentile, 75th percentile 812, 1548)
or 90days (44 samples, 33 patients, median 1173pg/
mL, 25th percentile, 75th percentile 814, 1766) (Figure 2,
Table 2). In contrast, the HF cohort had significantly el-
evated GDF-15 values at 30days before or after an HF
admission (29 samples, 21 patients, median 2039 pg/
mL, 25th percentile, 75th percentile 1313, 5318) and
90days (47 samples, 32 patients, median 1797 pg/mL,
25th percentile, 75th percentile 1313, 5014) compared
with the control group (Figure 2, Table 2). Notably, 12 pa-
tients had both HF and VT/VF events and were included
in both subgroups, although no HF and VT/VF events
in these patients occurred concurrently (within 90 days
of the other), and they had similar outcomes to the HF
and VT cohorts, respectively. For the 12 patients who
had both VT/VF and HF, median GDF-15 values were
not higher compared with the HF group alone (1227 pg/
mL, 25th percentile, 75th percentile 803, 1688). Atrial
fiorillation was associated with significantly increased
GDF-15 values in all subgroups (Table S1-S9). Both
ischemic and nonischemic cardiomyopathy subtypes
showed no statistically significant difference between
subgroups when adjusted for age at implantation, sex,
race, hsCRP, and interleukin-6 in control, HF, and VT/VF
cohorts (Table S2). In the VT/VF subgroup, there was no
significant difference between median (25%, 75%), GDF-
15 levels between patients who received ICD shocks
(1029 [716-1735] pg/mL) versus those who only re-
ceived ATP treatment (893 [674-1389] pg/mL) (P=0.21).
GDF-15 was positively correlated with other serum bio-
markers, including hslL-6, hsCRP, interleukin-10, tumor
necrosis factor-alpha, and pro-brain natriuretic peptide
(Table S3). We were able to add each biomarker one at
a time to our model with GDF-15 as a time-dependent
covariate. As a result, we found that GDF-15 remains the
strongest marker even after the addition of any of these
biomarkers (Tables S4-S9).

Additionally, GDF-15 was found to be associated
with a significantly greater mortality, in both unadjusted
and adjusted Cox proportional hazards modeling with
log-transformed serial levels (unadjusted hazard ratio,
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Table 1.

to Race, Age, Sex, and Various Cardiac Risk Factors

Baseline Demographics of Overall Study Population, Control Cohort, HF Cohort, and VT/VF Cohort With Respect

Age at device implantation, 58.4 (12.5) 59.0 (13.0) 56.5 (10.7) 56.5 (12.4) 014 0.16
Y

Body mass index, kg/m? 29.4 (5.77) 28.8 (6.08) 30.8 (5.96) 29.8 (4.31) 0.06 0.14
Creatinine, mg/dL 1.1 (0.37) 11(0.4) 116 (0.38) 1.08 (0.22) 0.24 0.88
Glucose, mg/dL 112 (33.7) 109 (23.5) 120 (51.4) 116 (48.6) 0.66 0.47
hslIL-6 1.99 (1.15, 3.93) 1.67 (0.92, 3.01) 2.5(1.69, 6.4)* 217 (1.28, 4.35) 0.0274* 0.09
hsCRP 3.83 (1.59, 9.51) 2.6 (1.25, 7.04) 6.99 (2.65, 13.2)* 4.96 (2.69, 10.3)* 0.0185* 0.0152*
II-10 1.43 (0.9, 2.64) 1.4 (0.86, 2.96) 1.56 (0.96, 2.23) 1.24 (0.77, 2.64) 0.93 0.80
TNF-a 2937 (2236, 4376) | 2979 (2236, 3902) | 2770 (2155, 4450) | 2780 (2095, 3545) | 0.99 0.37
Potassium, mg/dL 419 (0.39) 416 (0.41) 4.24 (0.4) 4.23(0.3) 0.29 0.25
Pro-BNP 2.74 (1.91, 3.9) 2.41 (1.76, 3.39) 3.11 (2.24, 4.23) 2.89 (2, 3.9) 0.052 0.18
Sodium, mg/dL 139 (2.94) 139 (2.76) 138 (3.48) 138 (2.86) 014 0.20
Troponin | 0.01 (0, 0.04) 0(0, 0.02) 0.02 (0, 0.05) 0.01 (0, 0.05) 012 0.18
Ejection fraction, % 20.6 (7.08) 20.3 (7) 18.3 (6.65) 22.3 (7.55) 013 0.16
eGFR CKD-EPI, mL/ 77.9 (24.4) 78.7 (24.3) 73.2 (26.0) 81.3 (21.1) 017 0.90
min/1.73m?

Supine right SBP (mmHG) 120 (19.9) 121 (18.5) 119 (23.0) 119 (19.1) 0.45 0.51
Supine right DBP (mmHG) 72.9 (11.1) 73.6 (10.9) 71.5(11.6) 72.4 (10.3) 0.26 0.60

Female sex 40 (27.0) 19 (22.4) 16 (44.4)* 9(23.1) 0.0143* 0.93

Black race 44 (29.7) 23 (27.1) 16 (44.4) 9(23.1) 015 0.78

White race 102 (68.9) 61 (71.8) 20 (55.6) 29 (74.4)

Never smoker 50 (33.8) 32 (37.7) 12 (33.3) 10 (25.6) 0.88 0.29

Recent smoker 24 (16.2) 12 (14.1) 6 (16.7) 9(23.1)

Biventricular device 4(2.7) 1(01.2 1(2.8) 2(6.1) 0.41 0.38

Dual chamber device 20 (18.5) 8(9.4) 7 (19.4) 6 (15.4)

Dual/Biventricular device 37 (25) 23 (27.1) 9 (25) 8 (20.5)

Single chamber device 87 (58.8) 53 (62.4) 19 (562.8) 23 (59)

History of atrial fibrillation 33 (22.3) 19 (22.4) 7 (19.4) 9(23.1) 0.72 0.93

Hyperlipidemia 56 (37.8) 32 (37.7) 17 (47.2) 11 (28.2) 0.33 0.31

Diabetes 42 (28.4) 23 (27.1) 14 (38.9) 8 (20.5) 0.20 0.43

Hypertension 79 (63.4) 51 (60) 21 (68.9) 11 (28.2)* 0.86 0.0010*

Ischemic cardiomyopathy 71 (48) 42 (49.4) 14 (38.9) 20 (51.3) 0.29 0.85

Nonischemic 83 (56.1) 47 (65.3) 24 (66.7) 21 (53.9) 0.25 0.88

cardiomyopathy

Medication use
ACE inhibitor 103 (69.6) 59 (69.4) 27 (75) 26 (66.7) 0.54 0.76
Beta-blocker 132 (89.2) 77 (90.6) 33 (91.7) 33 (84.6) 0.85 0.33
Calcium channel blocker 12 (8.1) 9 (10.6) 0 3(7.7) 0.0424* 0.61
ARB 33 (22.3) 22 (25.9) 6 (16.7) 8 (20.5) 0.27 0.52
Aldosterone antagonist 30 (20.3) 14 (16.5) 10 (27.8) 10 (25.6) 015 0.238
Digoxin 34 (23) 19 (22.4) 9 (25) 9(23.1) 0.75 0.93
Loop diuretic 101 (68.2) 53 (62.4) 33 (91.7)" 25 (64.1) 0.0011* 0.85
Thiazide diuretic 12 (8.1) 7(8.2) 3(8.9) 3(7.7) 0.99 0.92

(Continued)
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Table 1. Continued

Descriptive

characteristics n (%) n (%) n (%) n (%)
Statin 97 (65.5) 57 (67.1) 20 (55.6) 26 (66.7) 0.23 0.97
Clopidogrel 21 (14.2) 9 (10.6) 6 (16.7) 6 (15.4) 0.35 0.45
Warfarin 52 (35.1) 26 (30.6) 14 (38.9) 18 (46.2) 0.38 0.09
Aspirin 103 (69.6) 59 (69.4) 26 (72.2) 24 (61.5) 0.76 0.39
SSRI 11 (7.4) 7(8.2) 4 (11.1) 1(2.6) 0.62 0.23
Any antidepressant 23 (15.5) 11 (12.9) 9 (25) 5(12.8) 0.10 0.99

Site of follow-up
JHU 138 (93.2) 75 (88.2) 36 (100)* 39 (100)* 0.0317* 0.0255*

P values for heart failure and ventricular tachycardia/fibrillation cohorts, versus control population, are shown. *Significant differences (defined as P value
<0.05). Notably, 12 patients had both heart failure and ventricular tachycardia/fibrillation events and were included in both subgroups.

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CHF, congestive heart failure; eGFR, estimated glomerular filtration
rate, using CKD-EPI equation; hsCRP, high-sensitivity C-reactive protein; hslL-6, high-sensitivity Interleukin-6; JHU, Johns Hopkins University; SSRI, selective

serotonin reuptake inhibitor; and TNF-a, tumor necrosis factor alpha.

2.99 [95% ClI, 2.28-3.93]; adjusted hazard ratio, 3.17
[95% ClI, 2.33-4.30]), and with Kaplan—-Meier analysis
using a cutoff GDF-15 value of >3000pg/mL, com-
pared with patients with lower values, over 7.5years
of follow-up (Figure 3). Sensitivity analyses found no
change in results when limited to the Johns Hopkins
site or with duplication of the control observations.

DISCUSSION

To our knowledge, the current study is the first to as-
sess serial changes in GDF-15 levels and expands our
knowledge by evaluating not only the relationship to HF

events and mortality but also to adjudicated ventricular
arrhythmias in a cardiomyopathy cohort at high-risk of
sudden cardiac death. We found significantly higher
GDF-15 levels as early as 90days preceding a decom-
pensated HF hospitalization compared with controls.
Increasing GDF-15 levels were temporally related to
increased risk for all-cause mortality, analyzed as se-
rial measures or using a threshold of >3000pg/mL.
GDF-15 levels, however, were not associated with risk
of subsequent VT/VF, and levels among those patients
with VT/VF did not differ from that of controls.

The prognostic value of GDF-15 has been com-
pared previously to multiple other biomarkers, including
NT-proBNP (N-terminal pro-brain natriuretic peptide),

GDF-15 value with relation to time to decompensated heart failure admission or VT/VF event
e CHF +VTNF
8000
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.
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4
w .
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.
.
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+ - ’ +
. B + + . g
0 + 4 e . ° + e . B o B ot o . o o * 2
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Days preceding or following admission for HF or VT/VF event

Figure 1. GDF-15 (growth differentiation factor-15) values (pg/mL) with respect to time to decompensated heart failure
admission (blue dots) or ventricular tachycardia/fibrillation (red crosses) event.

Negative numbers indicate days preceding heart failure admission date or ventricular tachycardia/fibrillation event, whereas positive
numbers indicate days after the heart failure admission date or ventricular tachycardia/fibrillation event. CHF indicates congestive
heart failure; GDF-15, growth differentiation factor-15; and VT/VF, ventricular tachycardia/fibrillation.
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* p<0.01 . *

Median GDF-15 Values in HF and VT/VF Cohorts

16000

14000

;

g

GDF-15 (PG/mL)

6000 ~

Control HF (<90 d) Cohort

ﬁ]_

HF (<20 d) Cohort

| |

VT/VF (<30 d) Cohort

VT/VF (<90 d) Cohort

Figure 2. GDF-15 (growth differentiation factor-15) values (pg/mL) for heart failure and ventricular tachycardia/fibrillation
subgroups at 90days and 30days before and after an event, as well as for the control group.

Median GDF-15 values are shown, with the positive interquartile range shown in the gray box and negative interquartile range in
orange. Maximum and minimum values for each group are represented by the whiskers. *P<0.01 from adjusted mixed model. GDF-15
indicates growth differentiation factor-15; HF, heart failure; and VT/VF, ventricular tachycardia/fibrillation.

hsCRP, and high-sensitivity troponin T.8'47 Lok et al
conducted an analysis of the prognostic value of GDF-
15 versus NT-proBNP, hsCRP, high-sensitivity troponin
T, and galectin-3 and found a calculated area under
the curve for all-cause mortality of 0.63 for NT-proBNP
as compared with 0.78 for GDF-15, making the lat-
ter a more powerful predictor of mortality for patients
with HF than NT-proBNP.'® Similar results have been
found for the predictive value of GDF-15 for patients
with myocardial infarction,® although no significant
difference has been found in patients with HF and a
preserved ejection fraction.”® Interestingly, the elevated
hsCRP and interleukin-6 values in the HF and VT/VF
cohorts may help illustrate the higher inflammatory and

oxidative stress burden in patients with HF, especially
around the time of an exacerbation, and may provide
mechanistic insights into GDF-15 elevation.

A recent study by Lourenco et al examined GDF-15
values in patients with acute HF and showed a signifi-
cantly higher 1-year risk of death; hazard ratio, 2.59;
95% Cl, 1.41-4.76, with cutoff values of >3000pg/mL."
Our study adds to the predictive value of GDF-15 by
showing its association not only with mortality but also
HF decompensation in patients with HF with a reduced
gjection fraction. In addition, it helps to illustrate the rel-
atively normal median baseline GDF-15 values around
1200 pg/mL of patients with HF with a reduced ejec-
tion fraction when outside of a 3-month window for a

Table 2. Median GDF-15 Values (in pg/mL) for the HF and VT/VF Cohorts

GDF-15 Median (25th Unadjusted P
Group Samples, n Patients, n percentile, 75th percentile) value Adjusted P value
HF (<90d) cohort 47 32 1797 (1313, 5014) <0.0001 <0.0001
HF (<30d) cohort 29 21 2039 (1313, 5318) <0.0001 <0.0001
VT/VF (<90 d) cohort 44 33 1173 (814, 1766) 0.57 0.48
VT/VF (<30d) cohort 32 26 1173 (812, 1548) 0.28 0.66
Control 343 85 1062 (737, 1740) N/A N/A

The control group includes 343 samples in patients who did not experience a decompensated heart failure or ventricular tachycardia/fibrillation event within
a 30- or 90-day period. Adjusted P values were adjusted for age at implantation, sex, race, atrial fibrillation, high-sensitivity C-reactive protein, and interleukin-6
in the heart failure cohorts, and age at implantation, sex, race, atrial fibrillation, and high-sensitivity C-reactive protein levels in the ventricular tachycardia/

fibrillation cohorts.

GDF-15 indicates growth differentiation factor 15; HF, heart failure; and VT/VF, ventricular tachycardia/fibrillation.

J Am Heart Assoc. 2023;12:8023. DOI: 10.1161/JAHA.122.026003
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Figure 3. Kaplan-Meier curve for patient mortality stratified by GDF-15 level.
Values <3000pg/mL are shown in blue, and values >3000pg/mL are shown in red.
Data were censored after 7.5years of follow-up (P<0.0001). GDF-15 indicates growth

differentiation factor-15.

decompensated HF event. In contrast to a prior study,’
GDF-15 was not elevated in patients with ventricular ar-
rhythmias in our cohort, but significant differences exist
between the 2 studies. The prior study comprised pa-
tients dying suddenly after acute myocardial infarction,
whereas our cohort comprised those with chronic car-
diomyopathy. Most ventricular arrhythmias in patients
with chronic HF occur as a result of scar-mediated reen-
try pathways, rather than ischemic events, which could
further contribute to the lack of association of GDF-15
with ventricular arrhythmias in our study. Additionally, in
our study, VT/VF events occurred largely independent of
HF exacerbations, while the prior study did not separate
HF exacerbations and sudden cardiac death events.
Thus, many arrhythmic events may have occurred in the
setting of worsening HF exacerbations in the prior study.

GDF-15, outside of reproductive organs, has been
shown to have low levels of expression at baseline but
can be induced by cellular stressors, including inflam-
mation, myocardial ischemia, and cancer.® GDF-15
has been described as a cardiokine (analogous to an
adipokine), whose expression increases during cel-
lular stress and functions as a mitochondrial regula-
tor, potentially with a role in energy homeostasis.'®'°
Mechanistically, the hypoxic stress associated with
decompensated HF, along with mitochondrial dys-
function, could explain the GDF-15 elevation in these
cohorts.

Our study has several limitations. First, the study
design is prone to selection bias, especially because

J Am Heart Assoc. 2023;12:8023. DOI: 10.1161/JAHA.122.026003

the number of GDF-15 samples per patient was pro-
portional to the duration of follow-up. Additionally, the
small number of patients in whom HF or VT/VF events
occurred and in whom blood specimens were avail-
able within 90days (33 and 32 patients, respectively)
results in a small effective sample size for which an
event occurred and may not be representative of a
larger population. GDF-15 values may be elevated in a
variety of different conditions, including poor physical
activity, mitochondrial disease, diabetes, kidney dis-
ease, or cancer, and while we controlled for diabetes
and renal insufficiency, these other noncardiac causes
of GDF-15 elevation were not evaluated in this study
and leave the potential for confounding attributable to
noncardiac elevations of GDF-15.29-28 Studies have
also found differences in GDF-15 levels in male versus
female neonates and in pregnant females. While further
studies are needed for elucidating sexual differences in
GDF-15 expression, a female predominance in our HF
group may have theoretically skewed our results.?%3°

Nonetheless, this study has several important clini-
cal implications. First, it helps to illustrate the predictive
value of GDF-15 with respect to mortality and decom-
pensated HF admissions. Second, this study shows
that GDF-15 does not predict future VT/VF events.
Third, elevated GDF-15 values may identify a subset of
patients at high risk of mortality who may benefit from
close clinical follow-up.

Given the significant elevation of GDF-15 values
around decompensated HF events, this biomarker may
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become helpful clinically for the management of HF, al-
though larger prospective studies are required to de-
termine patient subgroups who would derive the most
benefit from monitoring and whether intervening early
could reduce hospitalizations and improve outcome.
We did not find any significant relationship between
ventricular arrhythmic events and GDF-15 values.
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AF no AF
Group N samples | GDF-15 Median N GDF-15 Median | unadj adj
(25, 75) samples | (25, 75) pval pval
26 | 2004 (1352, 133
CHF 5014) 1378 (944, 1859) | 0.0012 | 0.0233
36 | 1476 (823, 144
VT/VF 2950) 1031 (737, 1682) | 0.0059 0.06
69 | 1681 (989, 274
Controls 2984) 984 (733, 1513) | <.0001 0.14

Table S1. Comparison of GDF-15 values for patients with AF versus no AF. Statistically
significant increases were seen for the AF group, regardless of subgroup. Adjusted p-values
were adjusted for age at implantation, sex, race, hsCRP, and IL-6 in the HF cohorts, and age at
implantation, sex, race, and hsCRP levels in the VT/VF cohorts.

Ischemic Nonischemic
Cardiomy Cardiomyopathy
opathy
Group N GDF-15 N samples GDF-15
samples Median (25, Median (25, | Unadjusted | Adjusted
75) 75) p-value p-value
62 97
1504 (1195, 1313 (893,
CHF 2250) 2213) 0.09 0.63
89 91
1463 (908, 866 (672,
VT/VF 1990) 1392) <.0001 0.61
193 150
1164 (850, 894 (644,
Controls 1990) 1421) <.0001 0.37

Table S2. Ischemic and Nonischemic Cardiomyopathy relationship to GDF-15 values.
Adjusted p-values are adjusted for age at implantation, sex, race, hsCRP and IL-6.




Biomarker Spearman R P-
value
hslL-6 0.38794 | <.0001
hsCRP 0.2389 | 0.0042
[I-10 0.16573 | 0.0487
TNF-a 0.46464 | <.0001
Pro-BNP 0.36634 | <.0001

Table S3. Biomarker correlations with GDF-15 values using the first available

GDF-15 measurement.

Parameter Hazard Ratio | 95% Confidence Interval | P-value
Age at device implantation (years) 1.02 0.999 - 1.04 0.06
Male sex 1.42 0.82-2.43 0.21
White race 0.63 0.38 - 1.04 0.07
Ischemic cardiomyopathy 0.88 0.51 - 1.50 0.63
Statin use 0.92 0.52-1.62 0.77
Aspirin use 1.79 1.05 - 3.06 0.0325
(log) GDF-15 (pg/ml) 3.17 2.33-4.30 <.0001

Table S4. Original statistical model with GDF-15 utilized.

Parameter Hazard | 95% Wald Confidence P value
Ratio | Limits
Age at device implantation 1.022 1-1.043 0.0484
(years)
Male sex 1.559 0.885-2.745 0.12
White race 0.639 0.373-1.094 0.10
Ischemic cardiomyopathy 0.792 0.451-1.391 0.42
Statin use 1.199 0.646-2.226 0.57
Aspirin use 1.721 0.989-2.996 0.05
(log) GDF-15 (pg/ml) 2.951 2.083-4.181 <.0001
(log) IL-6 1.262 0.983-1.62 0.07

Table S5. Statistical model from S4, with I1L-6 added.




Parameter HRaz:i_rd 959 Wald Confidence P value
ato | | imits
Age at device implantation 1.022 1.001-1.044 0.0419
(years)

Male sex 1.566 0.893-2.747 0.12

White race 0.609 0.357-1.037 0.07
Ischemic cardiomyopathy 0.861 0.489-1.513 0.60
Statin use 1.16 0.631-2.133 0.63

Aspirin use 1.672 0.96-2.914 0.07

(log) GDF-15 (pg/ml) 3.19 2.306-4.412 <.0001
(log) hsCRP 1.222 1.005-1.485 0.0444
Table S6. Statistical model from S4, with hsCRP added.
Parameter Hélz?rd 95% Wald Confidence P value
atio 1) imits
Age at device implantation 1.021 0.999-1.043 0.06
(years)

Male sex 1.5 0.851-2.644 0.16

White race 0.589 0.349-0.996 0.0481
Ischemic cardiomyopathy 0.803 0.463-1.393 0.44
Statin use 1.075 0.592-1.951 0.81

Aspirin use 1.707 0.979-2.976 0.06

(log) GDF-15 (pg/ml) 3.484 2.538-4.784 <.0001

(log) IL-10 1.077 0.895-1.296 0.43

Table S7. Statistical model from S4, with 1L-10 added.




Parameter HRaazlggd 95% Wald Confidence P value
Limits
Age at device implantation 1.02 0.999-1.042 0.06
(years)
Male sex 1.617 0.903-2.897 0.11
White race 0.579 0.342-0.979 0.0415
Ischemic cardiomyopathy 0.823 0.474-1.428 0.49
Statin use 1.028 0.569-1.859 0.93
Aspirin use 1.72 0.992-2.983 0.05
(log) GDF-15 (pg/ml) 3.371 2.452-4.635 <.0001
(log) TNF-alpha 1.306 0.788-2.165 0.30

Table S8 Statistical model from S4, with TNF-alpha added. Note, potential collinearity
identified between GDF-15 and TNF-alpha)

Parameter H;zgrd 959 Wald Confidence P value
atio | | imits
Age at device implantation 1.021 0.999-1.043 0.06
(years)
Male sex 1.437 0.817-2.527 0.21
White race 0.579 0.341-0.982 0.0427
Ischemic cardiomyopathy 0.802 0.457-1.405 0.44
Statin use 1.082 0.593-1.974 0.80
Aspirin use 1.673 0.961-2.914 0.07
(log) GDF-15 (pg/ml) 3.162 2.267-4.41 <.0001
(log) ProBNP 1.233 0.827-1.838 0.30

Table S9. Statistical model from S4, with ProBNP added.



Figure S1. Retrospective cohort study illustration, showing total patient and sample
numbers, along with 90-day subgroups.
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