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Growth differentiation factor-15 levels in the blood around the
pulmonary artery is associated with hospitalization for heart
failure in patients with pulmonary arterial hypertension
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Abstract

Despite no significant differences of growth differentiation factor-15 expressions in peripheral, right atrial, and right ventricular

blood, in the pulmonary arterial blood, there was a significantly high level of growth differentiation factor-15 in Group I pulmonary

arterial hypertension patients subsequently developing heart failure. During right heart catheterization, collecting pulmonary blood

samples is suggested to measure growth differentiation factor-15.
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To the editor

Growth differentiation factor-15 (GDF-15), a stress-respon-
sive member of the transforming growth factor-� cytokine
superfamily, participates in differentiation, remodeling, and
repair.1,2 GDF-15 is abundantly expressed in plexiform
lesions in patients with pulmonary arterial hypertension
(PAH) and affects the proliferation and apoptosis of pul-
monary endothelial cells.3 The expression of peripheral
GDF-15 increases in patients with tissue hypoxia and
PAH.1,3,4 Given that circulating levels of GDF-15 are influ-
enced by renal function and co-existence of systemic disease,
this value may not be a timely or reliable indicator of disease
prognosis with respect to PAH.5 In clinical practice, right
heart catheterization (RHC) is mandatory at diagnosis and
subsequent follow-up of PAH. RHC-derived blood samples
provide direct information on the intracardiac and pulmon-
ary expressions of biomarkers and insight into the patho-
physiology of PAH. However, whether GDF-15 levels of the

intracardiac and pulmonary arterial blood have a clinical
impact remains indeterminate. This study aimed to evaluate
the association of GDF-15 expression of the intracardiac
and pulmonary arterial blood with the clinical outcomes
of patients with WHO Group I PAH.

In this longitudinal prospective study, we enrolled
patients with Group I PAH at a pulmonary pressure
above 25mmHg and pulmonary vascular resistance> 3
woods as detected by RHC. Among the 76 subjects, 25
were idiopathic, 28 had connective tissue disease, and 23
had congenital heart disease (CHD)-related pulmonary
hypertension. Each patient provided informed consent.
This study was conducted according to the recommenda-
tions of the 1975 Declaration of Helsinki on Biomedical
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Research involving human subjects and was approved by
the local ethics committee (IRB: B-ER-106-056). We pro-
spectively collected the subjects’ peripheral, right atrial,
right ventricular, and main pulmonary arterial blood sam-
ples separately during RHC. Blood samples collected in
EDTA tubes were centrifuged at 3000 r/min for 15min at
4�C and the derived sera was temporarily stored at –80�C.
For GDF-15 measurement, a Quidel Triage ELISA kit
(BIOSITE, San Diego, CA) was applied according to the
manufacturer’s instructions. RHC and echocardiography
were conducted at diagnosis, while no PAH-specific thera-
pies including prostacyclin, endothelin ETA receptor antag-
onist, or phosphodiesterase type 5 inhibitor were prescribed
at the time. The average follow-up duration was four years.
The primary endpoint was hospitalization for heart failure
(HF), which has been reviewed by a blinded reviewer to
determine that the hospitalization was for HF. The continu-
ous data were represented as the means� standard devi-
ations or as the medians and interquartile ranges.
Dichotomous data were represented as numbers and per-
centages. Chi-square tests or Fisher’s exact tests were used
for the categorical variables. Comparisons were conducted
using Student’s t tests and nonparametric tests for continu-
ous variables that were and were not normally distributed.
The Kaplan–Meier method was used with a log-rank test to
compare the survival rates. Using Cox regression analyses,
we further studied the factors that were associated with the
hospitalization for HF. The parameters sensitively asso-
ciated with hospitalization for HF (p< 0.05) were included
in multivariable analysis. In Model 1, GDF-15 was counted
as a continuous variant, while in Model 2, GDF-
15> 1000 ng/l was counted as a binary variant. Age and
gender were adjusted. The SPSS software (version 22.0,
IBM SPSS Inc., Chicago, IL) was used for the statistical
analyses.

Among the 76 patients, 14 reached the endpoint. The
average ages and etiologies of those with PAH were similar
between the two groups, whereas the hospitalized patients
were prone to be male. In the clinical and echocardio-
graphic parameters, there were lower systolic blood pres-
sures (102.8� 8.4 vs 119.8� 13, p¼ 0.03) but larger echo-
derived right atria areas (15.7� 6.9 vs 14.5� 7.9, p¼ 0.04)
in the patients with decompensated HF compared with
those free from decompensation (Table 1). Regarding the
RHC of both groups, all of the patients had increased right
heart, PA pressures and pulmonary vascular resistance with
low wedge pressures while their cardiac indexes were gener-
ally below 2.5 l/m2. Both groups of patients had lower six-
minute walk distances. Most of the patients were at an
intermediate risk of REVEAL scores while there were
more patients at a high risk in the group of HF hospital-
ization. Patients with decompensated HF had a higher ratio
of digoxin use (28.5% vs 12.9%, p¼ 0.03). Despite a rela-
tively higher level of GDF-15 in the peripheral, right atrial,
and right ventricular blood in patients developing HF com-
pared with those free from HF, it was not insignificant

(Fig. 1a and b). In contrast, there was a significantly high
expression of GDF-15 in the pulmonary arterial blood in
patients subsequently developing HF compared with those
free from HF (1299.8 (576–2083) vs 761.4 (308–1197),
p¼ 0.0001) (Fig. 1c). Of note, using the cut-off value of
1000 ng/l, GDF-15 level in the pulmonary arterial blood
sensitively predicted the subsequent hospitalization for HF
in those patients (Fig. 1d). In the Cox regression, only
GDF-15 level in the pulmonary arterial blood above
1000 ng/l and REVEAL score were sensitively associated
with the end-point of hospitalization for HF (HR: 5.46,
CI: 1.69–17.6, p¼ 0.004 vs HR: 1.41, CI: 1.13–1.77,
p¼ 0.003, respectively) (Table 2), compared with systolic
blood pressure, right atria area, and digoxin use.

GDFs family abundantly expressed in various organs
including neurons, muscles, pulmonary, and cardiac circu-
lations.1,6 Among them, GDF-15 has been reported with a
high expression in plexiform lesions in PAH and affects the
proliferation and apoptosis of pulmonary endothelial
cells.1–3,7 As a stress-responsive protein, GDF-15 is upregu-
lated under a pathologic stress, including acute injury, tissue
hypoxia, inFammation or oxidative stress.6,8 Although Yu
and colleagues also indicated that GDF-11 may promote
abnormal proliferation in pulmonary endothelial cell, to
date, GDF-15 remains more remarkable in PAH.1,9 Serum
levels are also increased in scleroderma and systemic scler-
osis (SSc)-PAH patients compared with SSc patients with-
out PAH and positively correlate with PA pressure.4

Circulating GDF-15 levels are elevated and independently
related to the risk of death or transplantation in patients
with idiopathic PAH.1 The information provided by
GDF-15 is additive to that of established hemodynamic
and biochemical markers. In addition to idiopathic and
SSc-PAH, circulating GDF-15 levels also increased in
patients with CHD-related PAH compared with those
with CHD free from PAH.8 Similarly, a higher level of cir-
culating GDF-15 has been reported as a predictive factor for
the development of chronic thromboembolic pulmonary
hypertension secondary to acute pulmonary embolism.10

To note, the increased right ventricular afterload could
induce stresses on cardiomyocytes and subsequently trigger
the activation of GDF-15.1 Nevertheless, whether GDF-15
can be widely applied to patients with Group I PAH
remains unknown. Also, although Nickel et al. reported
an abundant expression of GDF-15 in plexiform lesions in
patients with PAH, the clinical applicability of intracardiac
and pulmonary GDF-15 requires exploration.3 In this study,
we found that in patients with Group I PAH, the level of
GDF-15 significantly increased in the blood around pul-
monary artery compared with those in the peripheral,
right atrial, and right ventricular blood. The level of
GDF-15 in the pulmonary arterial blood was also associated
with hospitalization for HF in these patients. Upon clinical
observations, although patients with PAH have similar pul-
monary arterial pressures, the outcomes and probabilities of
subsequent HF vary.11 Our findings support that GDF-15
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Table 1. The baseline clinical, echocardiographic, functional, hemodynamic, and serologic parameters of patients with Group I pulmonary

arterial hypertension (PAH).

HF hospitalization (–)

N¼ 62

HF hospitalization (þ)

N¼ 14 p Values

Clinical parameters

Age (y/o) 53.1� 14.9 53.4� 13.2 0.9

Gender, N (%) 19 (29) 6 (43) 0.08

Body height (cm) 149.8� 33.6 145.8� 44.7 0.7

Body weight (kg) 60.4� 13.7 51.4� 20.3 0.1

Diabetes, N (%) 5 (8) 2 (14) 0.4

Systemic HTN, N (%) 15 (24) 1 (7) 0.01

Atrial fibrillation, N (%) 3 (5) 1 (7) 0.4

Smoking, N (%) 0 (0) 1 (7) 0.1

Cancer, N (%) 5 (8) 2 (14) 0.2

Etiologies

IPAH, N (%) 21 (33.8) 4 (28.5) 0.5

CHD, N (%) 20 (32.2) 3 (21.4) 0.6

CTD, N (%) 21 (33.8) 7 (50) 0.4

Functional capacity

NYFc I, N (%) 18 (29) 2 (14) 0.3

NYFc II, N (%) 31 (50) 8 (57) 0.8

NYFc III, N (%) 7 (11) 3 (21) 0.4

NYFc IV, N (%) 6 (9.6) 1 (7) 0.3

6MWD (m) 407.1� 60 402.6� 74.9 0.8

%Predicted DLCO 58.6� 18.9 52.8� 28.9 0.5

Serologic markers (peripheral blood)

Hemoglobin (mg/dl) 14.4� 16.5 11.5� 5.5 0.2

eGFR (mL/min/1.73 m2) 96.3� 45 81.6� 48.2 0.3

ALT (IU/l) 25.1� 16.6 24.9� 16.3 0.9

Bilirubin (mg/dl) 1.2� 1.1 1.5� 1.85 0.7

Na (mmol/l) 133.1� 27.7 125.8� 39.4 0.5

Echocardiographic parameters

LVEF (%) 68.8� 9.7 72� 4.3 0.1

RA area (cm2) 14.5� 7.9 15.7� 6.9 0.04

TAPSE (cm) 1.4� 0.4 1.3� 0.3 0.2

S’ (cm/s) 10.4� 2.2 9.8� 2.1 0.3

PAP (mmHg) 60.6� 29.1 78.4� 38.4 0.5

Pericardial effusion, N (%) 22 (35.4) 5 (35.7) 0.1

Right heart catheterization

Heart rate (bpm) 84.9� 10.9 86.5� 12.5 0.6

SBP (mmHg) 119.8� 13. 102.8� 8.4 0.03

DBP (mmHg) 71.3� 8.8 70.4� 7.8 0.6

SaO2 (%) 95.3� 2. 94.7� 5.2 0.1

RA pressure (mmHg) 9.6� 5.5 10.9� 4.5 0.5

mRV pressure(mmHg) 29.6� 12.3 36.1� 8.3 0.1

mPA pressure (mmHg) 39.1� 17.9 44.1� 13.5 0.3

Wedge (mmHg) 11.5� 3.7 13.5� 2.5 0.07

Cardiac index (l/m2) 3.7� 1.5 3.1� 0.8 0.1

PVR (woods) 6� 5.3 8.9� 5.6 0.1

Peripheral GDF-15 (pg/ml) 809 (224–1521) 856 (158–1376) 0.28

RA GDF-15 (pg/ml) 817 (150–1483) 975 (458–1233) 0.08

(continued)
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Fig. 1. The expression of GDF-15 in the blood samples of (a) right atrium, (b) right ventricle, and (c) pulmonary artery between Group I patients

with and without hospitalization for heart failure. (d) Using the cut-off value of 1000 ng/l, GDF-15 levels in the blood around the pulmonary artery

Table 1. Continued.

HF hospitalization (–)

N¼ 62

HF hospitalization (þ)

N¼ 14 p Values

RV GDF-15 (pg/ml) 643.5 (108–1573) 835.3 (489–1208) 0.05

PA GDF-15(pg/ml) 761.4 (308–1197) 1299.8 (576–2083) 0.0001

Medications

Diuretics, N (%) 37 (59.6) 10 (71.4) 0.3

Digoxin, N (%) 8 (12.9) 4 (28.5) 0.03

CCB, N (%) 3 (4.8) 1 (7) 0.4

Anti-coagulants, N (%) 7 (11.3) 2 (14) 0.5

REVEAL risk score

Mean 1.8� 0.6 6.6� 0.5 0.02

Median 2 8 0.01

Range 1–9 4–12 0.01

High risk (> 8) 10 (16.1) 5 (35.7) 0.01

Intermediate risk (6–8) 25 (40.3) 5 (35.7) 0.2

Low risk (< 6) 27 (43.6) 4 (28.5) 0.12

Notes: Normally distributed parameters are expressed as mean� standard deviation. Non-normally distributed parameters are expressed as the medians and

interquartile ranges. eGFR< 60 mL/min/1.73 m2 or renal insufficiency if missing eGFR.

IPAH: idiopathic pulmonary artery hypertension; CHD: congenital heart disease; CTD: connective tissue disease; NYFc: New York functional class; 6MWD:

six-minute walk distance; ALT: alanine aminotransferase; LVEF: left ventricular ejection fraction; RA: right atrium; TAPSE: tricuspid annular plane systolic excursion;

S’: Tissue Doppler tricuspid annulus velocity; PAP: pulmonary arterial pressure; RV: right ventricular; PA: pulmonary arterial; PVR: pulmonary vascular resistance;

CCB: calcium channel blocker; SBP: systolic blood pressure; GDF-15: growth differentiation factor-15; HTN: hypertension; DLCO: diffusing capacity for carbon

monoxide; DBP¼ diastolic blood pressure; mRV= mean right ventricular; mPA¼mean pulmonary arterial; eGFR¼ estimated Glomerular filtration rate.
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level in the pulmonary arterial blood could sensitively reflect
the cardiac stress and be a potential surrogate marker for
decompensated HF in patients with PAH.

This report has some limitations. First, among the studied
population, only 14 patients developed decompensated HF,
which attenuated the statistical power. Second, given no abso-
lute GDF-15 reference values, our cut-off value may not be
widely applicable to all other PAH populations. Second, dif-
ferent from a previous study showing an association between
high peripheral GDF-15 levels and an increased risk of mor-
tality,1 in this cohort, peripheral GDF-15 failed to differenti-
ate patients from decompensated HF. Instead, GDF-15 level
in the pulmonary arterial blood strengthened the differences.
Third, in this study, ELISA was used to measure the level of
GDF-15 in the blood collected from peripheral, right atrium,
right ventricle and pulmonary artery but alternative measure-
ments including reverse transcription-PCR, immuno-blot ana-
lysis, or immuno-staining could better determine the mRNA
expressions and protein levels of GDF-15 and further corrob-
orate the results of ELISA. Also, other GDF family proteins
should be measured in the future experiments.

Collectively, the GDF-15 level in the pulmonary arterial
blood can be a prognostic marker in patients with Group I
PAH. This study demonstrates using the pulmonary arterial
blood, GDF-15 could facilitate in identifying patients with
an increased risk of decompensated HF. Currently, we are
continuously following those patients to evaluate if any
changes of hemodynamic or serologic parameters after the
treatment of PAH.
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