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Objectives: We aimed to investigate the levels and diagnostic value of plasma growth differentiation factor-
15 (GDF-15) in children with pulmonary hypertension associated with congenital heart disease (PH-CHD).
Methods: One hundred infants and children with CHD were included in the study; 50 of them with PH-
CHD and another 50 patients with CHD only. Fifty healthy infants and children of matched age and sex
were included as a control group. GDF-15 levels as well as echocardiographic examination were done for
all included subjects. Cardiac catheterization was performed for patients only.

Results: GDF-15 levels were significantly higher in patients with PH-CHD (0.62+0.2) nmol/ml compared
to those with CHD only patients (0.21+0.06) nmol/ml and to control group (0.13+0.02) nmol/ml with
P<0.001. GDF-15 levels were significantly elevated according to the severity of PH; (0.4+0.1) nmol/ml in
mild PH vs (0.7+0.3) nmol/ml in moderate PH vs (1.1+0.1) nmol/ml in severe PH. At a cutoff value of >
0.313 nmol/ml, the sensitivity of GDF-15 as a diagnostic biomarker in PH-CHD children was 95%, the
specificity was 100%, positive predictive value (PPV) was 100%, and negative predictive value (NPV) was
95.2 %.

Conclusion: GDF-15 is elevated in infants and children with PH-CHD and can be a promising diagnostic
biomarker in these patients.

© 2019 Doaa El Amrousy. Hosting by Science Repository.

Introduction

Pulmonary hypertension (PH) is a serious complication of congenital
heart disease (CHD) and early diagnosis and management is vital to
improve the outcome in these children [1, 2]. Several biomarkers were
used for diagnosis and risk stratification of pulmonary hypertension
associated with congenital heart disease (PH-CHD) such as B type
natriuretic peptide and amino-terminal pro-B-type natriuretic peptides
(NT proBNP) [3-5]. Growth differentiation factor 15 (GDF-15) is a
cytokine that was found to be increased in several pathological
conditions such as pressure overload, cardiovascular disease, hypoxia,
and shear stress [6-9]. Additionally, GDF-15 has been reported to
increase in heart failure (HF) and PH [10-12]. However, studies
investigating its level and diagnostic value in infants and children with

PH-CHD are few. So, we performed this study to investigate the levels
and diagnostic value of plasma GDF-15 in infants and children with PH-
CHD.

Material and Methods

This prospective study was carried out on one hundred children with
CHD; 50 of them had PH-CHD and the other 50 had CHD only after
obtaining a written informed consent from all subjects’ parents or
guardians. Patients were selected from infants and children admitted at
Pediatric Cardiology, Tanta University hospital, Egypt during the period
from March 2017 to December 2018. Fifty healthy children of matched
age and sex were included as a control group. The patients were
classified into two groups — Group I: Fifty (50) children with PH-CHD,
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and Group II: Fifty (50) children with CHD and no PH. The inclusion
criteria comprised infants and children CHD with or without PH aged
more than one month and less than 18 years. The exclusion criteria
comprised children with acquired heart disease, children with primary
PH, children with mitochondrial disease, heart failure, diabetes mellitus,
or acute or chronic illness.

Complete history taking and thorough clinical examination were
performed for all included children. Echocardiographic assessment was
performed using Vivid 7 and Vivid 9 ultrasound machine (GE Medical
System, Horten, Norway) with 7 and 4s MHz multi- frequency
transducers. Doppler, two dimensional, and M mode were used for the
complete echocardiographic assessment. Right ventricular diameter was
estimated at end diastole of right ventricle in the apical 4 chamber view.
Right ventricular systolic function was assessed using right ventricular
outflow tract fraction shortening (RVOT FS) that was measured by M
mode from the parasternal short axis view at aortic valve level with
magnified images of RVOT and the cursor was aligned perpendicular to
the anterior RVOT wall. Then RVOT end-diastolic diameter and RVOT
end-systolic diameter were measured. Then RVOT FS can be calculated
by the equation: RVOT FS= (RV end diastolic diameter - RVOT end
systolic diameter) / RV end diastolic diameter x 100 [13]. Right
ventricular diastolic function was measured using tricuspid E/A.

A cardiac catheter was performed to assess mean pulmonary artery
pressure (mMPAP) and pulmonary vascular resistance (PVR). Plasma
GDF-15 levels were assessed using enzyme-linked immunosorbent
assay test (ELISA). PH was defined as mPAP more than 25 mm HG. PH
was classified into mild, moderate, and severe according to the level of
mPAP. Mild PH was defined as mPAP between 26 and 35 mmHg,
moderate PH if mPAP ranged between 36 and 45 mmHg, and severe PH
if MPAP was more than 45 mmHg. The primary outcome was to evaluate
the level of GDF-15 in children with PH-CHD. The secondary outcome
was to evaluate the diagnostic value of GDF-15 in children with PH-
CHD.

Statistical Analysis

Statistical analysis of the data was performed using SPSS V. 21 (SPSS
Inc. Chicago, IL, USA). Continuous data were presented as mean and
standard deviation. Categorical data were presented as number and
percentage. Comparison of continuous data between the three groups
was performed using one-way analysis of variance (ANOVA).
Comparing the mean of two groups was performed using Student t test.
Comparison of categorical data between the three groups was performed
using Chi-Square test. Receiver operating characteristics (ROC) curves
was measured to assess the diagnostic value of PDF-15 in children with
PH-CHD. P value less than 0.05 was considered significant.

Table 1: Demographic, clinical, laboratory and echocardiographic parameters in the studied groups.

Variable PH-CHD patients CHD only patients | Healthy control p p1 p2 ps
Age (months) 8.3+2.6 8.7+3.1 8+2.5 NS

Sex (male: female) 26:24 23:27 25:25 NS

Weight 6.7+0.8 7.2+1.2 9.2+1.3 0.001 NS 0.001* 0.01*
HR(b/m) 124 +21.8 117.3 £23.9 90.5+18.9 0.001* NS 0.001" 0.001*
RR (cycle/m) 46.1+75 43.6 +6.9 35.2+43 0.001* NS 0.001" 0.01*
GDF-15 (nmol/ml) 0.62+0.2 0.21+0.06 0.13+0.02 <0.001" 0.001" <0.001" | <0.001"
mPAP (mm Hg) 47.3+13.8 16.2+45 126 £3.9 <0.001* | <0.001* | <0.001* NS
PVR(Wood unit) 3.1+0.9 1.520.3

RVOT FS% 35.8+8.2 335+7.2 36.9+4.9 NS

RV E/A ratio 1+0.3 1.3+0.2 13+0.1 0.01* 0.001* 0.001* NS

p: p value for comparison between the three studied groups.

p1: p value for comparison between PH-CHD and CHD groups.
p2: p value for comparison between PH-CHD and control groups.
ps: p value for comparison between CHD and control groups.

*means significant, NS: non-significant, HR: heart rate, b/m: beat per minute, RR: respiratory rate, GDF: growth differentiation factor, mPAP: mean
pulmonary artery pressure, PVR: pulmonary vascular resistance, RVOT FS: right ventricular outlet fraction shortening, RV: right ventricle, E/A ratio: ratio

of the early (E) to late (A) ventricular filling velocities.
Results

The study included 50 children with PH-CHD with mean age of 8.3+2.6
m. Children with CHD only had mean age of 8.7+3.1 m, while the
healthy control group had a mean age of 8+2.5 m. The three groups were
comparable as regards age, sex, and RVOT FS. However, there was a
significant decrease of body weight and RV E/A ratio in children with
PH-CHD compared to CHD only patients and control group.
Furthermore, there was a significant increase of RR and HR in children
with CHD compared to healthy control. PDF-15 was significantly higher
in children with CHD compared to normal control and this increase was

Cardiovasc Dis Med doi:10.31487/j.CDM.2019.01.04

more evident in children with PH-CHD (Table 1). PDF-15 levels were
significantly elevated in children with severe PH (1.1 + 0.1) compared
to those with moderate PH (0.7 + 0.3) and those with mild PH (0.4 +0.1)
with P<0.001 (Table 2). When using a cutoff value of > 0.313 nmol/ml,
the sensitivity of GDF-15 as a diagnostic biomarker in PH- CHD
children was 95%, the specificity was 100%, PPV was 100%, NPV was
95.2 %, and area under the ROC curve was 0.97 (Figure 1).

Volume 1(1): 2-4



Plasma Growth Differentiation Factor-15 in Children with Pulmonary Hypertension Associated with Congenital Heart Disease 3

Table 2: Plasma GDF-15 levels in different grades of PH in PAH-CHD
group.

Grades of PH

GDF-15

(nmol/ml) Mild Moderate Severe b
(n=20) (n=14) (n =16)

Mean + SD. 04+01 | 0.7+£0.3 11+01

Post —Hoc Mild vs .

. Mild vs Moderate

analysis moderat
e severe VS severe
p:=0.02* | p,=0.002" | p;=0.001*

p: p value for association between different grades of PH.

pi1: p value for comparison between mild and moderate PH.

p2: p value for comparison between mild and severe PH.

ps: p value for comparison between moderate and severe PH.

*means significant, GDF: growth differentiation factor, PH: pulmonary
hypertension.
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Figure 1: ROC curve for GDF-15 to diagnose PH in CHD patients where

the area under the curve (AUC) was 0.97.

Discussion

GDF-15 is highly expressed by myocardial cells especially in those
exposed to hypoxia, wall stress or ischemia [14]. The present study
aimed to investigate the levels and diagnostic value of plasma GDF-15
in children with PH-CHD. Our study revealed that plasma levels of
GDF-15 were significantly higher in PH-CHD patients compared to
CHD only patients and control group. This agreed with Li et al. who
found that GDF-15 levels were higher in children with PH-CHD [12].
PH leads to an increase of pressure overload on the right ventricle with
a resultant increase of plasma GDF-15 that found to be increased in
conditions characterized by hypoxia or pressure overload [7-9].

Our study revealed that GDF-15 levels were significantly higher in CHD
patients with severe PH compared to those with mild or moderate PH.
This comes in agreement with the results of Li et al. who found that
plasma GDF-15 levels were closely correlated with disease severity of
PH in children with PH-CHD and GDF-15 had a significant positive
correlation with both mPAP and PVR, suggesting a pathological role that
is directly linked to the increased pressure in pulmonary vasculature
[12]. Moreover, Nickel et al. revealed that GDF-15 was abundantly
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found in pulmonary vascular endothelial cells in patients with idiopathic
PH suggesting that it had a role in the pathogenesis of PH [8].

The novel finding in our study is that GDF-15 can be used to diagnose
PH in CHD children with a high sensitivity reaching 95% and a high
specificity of 100% at cutoff level of more than 0.313 nmol/ml denoting
that GDF-15 can be used as a promising biomarker to diagnose PH in
children with CHD. For the best of our knowledge, our study is the one
of the few studies that reported GDF-15 as a good diagnostic biomarker
in children with PH-CHD. Moreover, GDF-15 levels gave an idea about
the severity of the disease in children with PH-CHD that can reflect on
the plan of treatment. The limitations of the study are that it is a one-
center study and comparison of GDF-15 with established biomarker such
as BNP was not performed.

Conclusion

GDF-15 is elevated in infants and children with PH-CHD and can be a
promising diagnostic biomarker in these patients.
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