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Abstract

Aim: Beta-thalassemia major requires regular blood transfusions throughout life, which in turn
leads to iron accumulation in the body. While cardiac T2* MRI is the gold standard in deter-
mining cardiac iron accumulation, it is not always feasible, which has led to the search for new
biomarkers. Herein, the value of growth differentiation factor-15, galectin-3, and N-terminal
pro-B-type natriuretic peptide in predicting cardiac iron accumulation is investigated in asymp-
tomatic children with beta-thalassemia major. Materials and method: Forty-one patients aged
11–21 years and 41 age-, gender-, body mass index-matched healthy controls were included.
Serum growth differentiation factor-15, galectin-3, and N-terminal pro-B-type natriuretic pep-
tide levels were compared between the patients and controls. Additionally, the relations of these
biomarkers with cardiac and liver T2 *MRI were investigated in the patients. Results: In the
patients, growth differentiation factor-15, galectin-3, and N-terminal pro-B-type natriuretic
peptide levels were higher than healthy controls (p< 0.001, p = 0.025, p< 0.001, respectively).
There were no significant correlations of growth differentiation factor-15 and N-terminal pro-
B-type natriuretic peptide levels with both cardiac and liver T2 *MRI measurements. While
there was no significant correlation of serum galectin-3 with cardiac T2 *MRI measurements,
a negative correlation was found with liver T2 *MRI measurements (p = 0.040, rho= –0.325).
Conclusion: All three biomarkers investigated in this study failed to predict myocardial iron
accumulation in asymptomatic children with beta-thalassemiamajor. However, a weak relation
between serum galectin-3 level and hepatic iron accumulation was demonstrated.

Introduction

Beta-thalassemia major is a disorder caused by a defect in the beta-chain of hemoglobin. It
requires regular blood transfusions throughout life, which in turn leads to iron accumulation
in the body. Cardiac complications due to iron accumulation are the most common cause of
death in these patients, and iron-chelation therapy helps to prevent these complications.
Initiation of chelation therapy or dose adjustment is planned according to cardiac relaxation
time T2* MRI and serum ferritin level.1 While cardiac T2 *MRI is the gold standard in deter-
mining cardiac iron accumulation, it is not always feasible, may require sedation and the scan
time is long, which has led to the search for a new biomarker.2

Growth differentiation factor-15 is a protein involved in tissue homeostasis, differentiation,
remodeling, and repair. It is elevated in acute injury, tissue hypoxia, and inflammation.3,4

Galectin-3 is a protein that has been implicated in the pathogenesis ofmany inflammatory, auto-
immune conditions, and cardiovascular remodeling.4–6 N-terminal pro-B-type natriuretic pep-
tide is secreted in response to cardiac stress and volume overload.7 It helps to detect
asymptomatic left ventricular dysfunction in the early diagnosis of cardiac disease.

In this study, the values of serum growth differentiation factor-15, galectin-3, andN-terminal
pro-B-type natriuretic peptide in predicting myocardial iron accumulation based on cardiac
T2 *MRI measurements are investigated in asymptomatic children with beta-thalassemia
major. In addition, it was aimed to compare the levels of these markers in children with
beta-thalassemia major with those in healthy children.
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Materials and method

Study design and selection of participants

This is a cross-sectional study conducted between January 2020
and February 2020. The patients aged 11–21 years who were diag-
nosed with beta-thalassemia major using hemoglobin electropho-
resis and/or genetic mutation analysis from three different tertiary
centers and age-, gender-, and body mass index-matched healthy
controls were included in the study. Patients with congenital/
acquired heart disease, chronic kidney disease, hepatic failure,
autoimmune disease, and infectious disease were excluded from
the study. In addition, patients and controls were evaluated with
two-dimensional echocardiography along with an electrocardio-
gram (ECG) by an experienced pediatric cardiologist. Children
with cardiac dysfunction were not included in either group.

All procedures contributing to this work comply with the eth-
ical standards of the national guidelines on human experimenta-
tion and with the Helsinki Declaration of 1975, as revised in
2008. The study protocol was approved by the Clinical Research
Ethical Committee of Istanbul University-Cerrahpaşa,
Cerrahpaşa Medical Faculty (A-13 on November 15, 2019).
Written informed consent for participation in the study was
obtained from all participants and their parents.

Data collection and clinical evaluation

Patients’ age, gender, age at diagnosis and onset of chelation, the
total number of erythrocyte transfusions received and mean serum
ferritin level in the last year were obtained from the medical
records.

Anthropometric measurements of the patients and controls
were made, and body mass index and body surface area were cal-
culated. Standard deviation scores of height, weight, and bodymass
index were calculated according to the normal values of Turkish
children.8,9 Blood pressure was measured in all participants.

Laboratory investigation and imaging

Complete blood count, serum urea, creatinine, transaminases,
C-reactive protein, and thyroid function tests were measured in
all participants. Patients’ viral serology for hepatitis B, C, and
human immunodeficiency virus was checked from their medical
records. Three centiliters of serum samples were obtained from
the patients one day before erythrocyte transfusion and also from
the healthy controls. The collected samples were centrifuged and
stored at –80°C. In these samples, three biomarkers were analysed:
growth differentiation factor-15 and galectin-3 with enzyme-
linked immunoassay (ELISA) method (Thermo Scientific™,
Massachusetts, USA) and N-terminal pro-B-type natriuretic pep-
tide with chemiluminescence method (Roche Diagnostics™, Cobas
E 411, Mannheim, Germany).

Relaxation time T2 *MRI was performed using a 1.5 Tesla MRI
scanner (Ingenia, PhilipsMedical Systems; Best, Netherlands) with
a 32-channeled phased-array torso coil. For cardiac imaging, each
image was performed with a cardiac-gated, single-breath-hold gra-
dient echo sequence of a single mid-ventricular short-axis slice
with 15 different echo times. First TE: 1.27 ms, delta TE: 1.4 ms,
TR: 22 ms, FA: 20°, matrix size: 224x226, FOV: 450 mm, ST: 10
mm, gap: 0, scan time: 00:24.

For the liver, the mDIXON-Quant sequence was acquired with
a single-breath-hold transaxial slice of the liver and the imaging
protocol was time of repetition (TR): 5.3 ms, number of echoes:
6, first echo time (TE): 0.92 ms, delta TE: 0.7 ms, flip angle

(FA): 5°, matrix size: 132 × 118 mm, the field of view (FOV):
400 mm, slice thickness: 6 mm, gap: –3, scan time (min: sec): 00:12.

Magnetic resonance imaging of all participants was evaluated
by the same experienced pediatric radiologist. Data analyses were
performed at the workstation using dedicated software (Extended
MR workspace version 2.5.3.1, Philips Medical Systems; Best,
Netherlands) with regions of the interventricular septum for the
heart and the largest regions of interest excluding vascular struc-
tures for the liver.

Cardiac T2 *MRI measures> 20 ms were determined as nor-
mal, which indicates an insignificant degree of myocardial iron
deposition, 10–20 ms as moderate, and< 10 ms as severe iron
accumulation. For liver T2 *MRI, the measurements> 6.3 ms
were determined as normal, 2.7–6.3 ms as mild, 1.4–2.7 ms as
moderate, and< 1.4 ms as severe accumulation.10

Statistics

Statistical analyses were performed using the Statistical Package for
Social Sciences (SPSS) software for Windows, version 22 (Chicago,
Illinois). The variables were investigated using visual (histograms)
and analytical methods (Shapiro–Wilk’s test) to determine if the
data were normally distributed. Data were presented as mean
and standard deviation for normally distributed variables and
median (minimum–maximum) for non-normally distributed var-
iables. Student’s t-test or Mann–Whitney U-test was used accord-
ing to the distribution status to compare two independent groups.
To compare the paired groups, paired sample t-test or Wilcoxon
test was used. Spearman correlation analysis was used for non-nor-
mally distributed continuous variables. The statistical significance
was accepted as a p-value of< 0.05. The post-hoc power of the
study was calculated as 87% at an alpha level of 0.05 using
Gpower 3.1.9.2.

Results

The study included 41 patients with beta-thalassemia major and
the same number of healthy controls. There was no statistical dif-
ference between the patients and controls in terms of mean age,
standard deviation scores of body mass index, and gender distri-
bution (17.2 ± 3.1 vs. 17.1 ± 3.2 years, p= 0.347; –0.87 ± 1.26 vs.
–0.75 ± 1.19, p= 0.606, respectively, and male: female = 28:13 in
both groups).

All participants had normal thyroid function tests, serum urea,
creatinine, transaminases, and CRP and negative viral serology for
hepatitis B, C, and human immunodeficiency virus. Also, both
patients and controls had normal ECG, normal left ventricular sys-
tolic functions on echocardiography, and normal blood pressure
according to age, gender, and height. The clinical, laboratory,
and imaging data of the patients are shown in Table 1.

In cardiac T2 *MRI, 31 patients had normal measurements,
6 had moderate, and 4 had severe iron accumulation. Liver
T2 *MRI was performed in 38 patients, and 15 had normal mea-
surements, 10 had mild, 5 had moderate, and 8 had severe iron
accumulation. Cardiac and liver T2 *MRI measurements were
correlated with each other (p< 0.001, rho= 0.654) (Fig 1).

Growth differentiation factor-15, galectin-3, and N-terminal
pro-B-type natriuretic peptide levels were found to be significantly
higher in the patients compared to the controls. Table 2 shows the
serum biomarker levels of the patients and controls.

When the patient group was divided into two subgroups
according to cardiac T2 *MRI measurements (normal and those
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with iron accumulation), there was no significant difference in
terms of growth differentiation factor-15, galectin-3, and N-termi-
nal pro-B-type natriuretic peptide levels (p = 0.379, p= 0.202,
p= 0.225, respectively). Only the mean annual ferritin level was
significantly higher in patients with iron accumulation (p= 0.002).
Similarly, when two subgroups were created according to liver
measurements, a significant difference was found in terms of galec-
tin-3 and mean annual ferritin levels (p= 0.032 and p= 0.003,
respectively). These biomarkers were higher in the subgroup with
iron accumulation. There was no significant difference between the
two subgroups in terms of serum growth differentiation factor-15
and N-terminal pro-B-type natriuretic peptide levels (p = 0.068, p
= 0.276, respectively).

There was no statistically significant correlation between serum
growth differentiation factor-15 and N-terminal pro-B-type
natriuretic peptide levels with both cardiac and liver T2 *MRI
measurements (for growth differentiation factor-15 p= 0.863,
p= 0.066, respectively) (for N-terminal pro-B-type natriuretic
peptide p= 0.609, p= 0.790, respectively). While there was no sta-
tistically significant correlation of serum galectin-3 with cardiac
T2 *MRI measurements, a weak negative correlation was found
with liver T2 *MRI measurements (p = 0.040, rho = –0.325).
A statistically significant negative correlation of mean annual
serum ferritin level was found between both cardiac T2 *MRI
(p< 0.001, rho = –0.563) and liver T2 *MRI measurements
(p< 0.001, rho = 0.589) Table 3.

Discussion

The main finding of this study is the inability of the serum growth
differentiation factor-15, galectin-3, and N-terminal pro-B-type
natriuretic peptide levels to detect cardiac iron accumulation in
asymptomatic children with beta-thalassemia major. There was
a weak relationship between serum galectin-3 levels and iron accu-
mulation in the liver. Ferritin is a good marker to evaluate cardiac
and liver iron accumulation. Serum growth differentiation factor-
15, galectin-3, andN-terminal pro-B-type natriuretic peptide levels
were found to be higher in children with beta-thalassemia major
compared to healthy children, while similar levels were found in
patients with or without cardiac iron accumulation.

Growth differentiation factor-15 is a cytokine that increases in
cardiomyocytes in response to stress, inflammation, and tissue
damage. In cases of stress, such as erythroblast apoptosis in the
bone marrow, it reaches high levels in relation to ineffective eryth-
ropoiesis.11 In this study, the growth differentiation factor-15 value
in children with beta-thalassemia major was found to be approx-
imately 12 times higher than in healthy children. Similarly, high
levels of growth differentiation factor-15 have been shown in

previous studies conducted in patients with both beta-thalassemia
major and thalassemia intermedia.12,13 Pasricha et al.14 investigated
the association of growth differentiation factor-15 with ineffective
erythropoiesis and bone marrow stress by measuring growth dif-
ferentiation factor-15 levels both before and after transfusion.
Growth differentiation factor-15 levels were shown to be signifi-
cantly higher before the transfusion compared to 4–8 days after
the transfusion. This finding suggested that growth differentiation
factor-15 could reflect the effectiveness of the frequency and
amount of erythrocyte transfusion. Our study is the first to inves-
tigate the relationship between growth differentiation factor-15
level and cardiac T2 *MRI in patients with beta-thalassemia
major. Growth differentiation factor-15 was not associated with
the level of cardiac and liver iron accumulation, and their elevated
levels in our patients compared with healthy children were attrib-
uted to ineffective erythropoiesis or factors other than cardiac iron
accumulation, such as anemia and hypoxia.

Galectin-3 is a product of activated macrophages that bind to
cardiac fibroblasts. Its increased levels indirectly reflect increased
myocardial collagen secretion, interstitial fibrosis, transforming
growth factor-beta activation, and thus left ventricular dysfunc-
tion.5,15 It also has a role in ventricular remodeling as well as
the damage and inflammation seen in heart failure.16 In this study,
while serum galectin-3 levels did not show a significant correlation
with cardiac iron accumulation, it was weakly correlated with
hepatic iron accumulation. The relationship between serum galec-
tin-3 levels and cardiac iron accumulation in beta-thalassemia
major has been previously investigated in adults, and likewise,
no correlation was found.17 Galectin-3 levels were found to be
higher in our children with beta-thalassemia major compared to
healthy children, whichmay be attributed to inflammation and fib-
rosis due to factors other than cardiac iron accumulation, such as
anemia and hypoxia. In our study, despite the presence of a corre-
lation of serum galectin-3 levels with liver iron accumulation, a
relation with cardiac iron accumulation could not be demon-
strated. This may be because the patients with severe cardiac iron
accumulation, unlike those with severe liver iron accumulation,
were few in number.

N-terminal pro-B-type natriuretic peptide released from the
ventricles due to cardiac stress and volume overload reduces the
preload with its natriuretic effect.7 In previous studies conducted
with patients with beta-thalassemia major, N-terminal pro-B-type
natriuretic peptide is a sensitive biomarker to detect systolic and
diastolic dysfunction.18–21 Elevated N-terminal pro-B-type natriu-
retic peptide levels have been shown in both adult and pediatric
patients with beta-thalassemia major. In this study, no correlation
could be found between serum N-terminal pro-B-type natriuretic
peptide level and cardiac iron accumulation, which was supported
by previous studies.20,22 Several studies investigated whether
plasma N-terminal pro-B-type natriuretic peptide levels are pre-
dictive of cardiac iron accumulation, based on cardiac T2* assess-
ment by MRI. Kautsar et al.22 studied 68 children with beta-
thalassemia major with a median age of 14 years with no signs
of heart failure and showed no significant correlation of N-termi-
nal pro-B-type natriuretic peptide and cardiac T2 *MRI as in our
study. Accordingly, N-terminal pro-B-type natriuretic peptide lev-
els were not different between the patients with and without car-
diac iron accumulation. Likewise, Mehrzad et al.21 evaluated serum
N-terminal pro-B-type natriuretic peptide levels in 50 adults with
beta-thalassemia major aged 18–46 years with preserved left

Table 1. Clinical and laboratory data of the patients

Age at diagnosis (months) 10.5 (0–72)

Age at chelation onset (months) 36.5 (12–156)

Transfusion amount (unit/year) 31.24 ± 7.85

Mean ferritin in the preceding year (ng/mL) 1084.36 (563.29–4958.09)

Hemoglobin level (g/dL) 9.00 ± 0.55

Data are presented as mean ± standart deviation or median (minimum–maximum)
depending on the distribution.
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ventricular systolic function and found no correlation with cardiac
iron accumulation.21 On the contrary, Goudarzipour et al.23

reported a strong correlation between N-terminal pro-B-type
natriuretic peptide and cardiac T2 *MRI in 35 children with
beta-thalassemia major at a mean age of 17 years. Of these, 26
(75%) had cardiac iron accumulation and 2 had heart failure.
Our study includes a limited number of patients with cardiac iron
accumulation, which may explain the absence of a significant cor-
relation between N-terminal pro-B-type natriuretic peptide levels
and cardiac iron accumulation even though the levels of N-termi-
nal pro-B-type natriuretic peptide were higher in our patients com-
pared with healthy children. High levels of N-terminal pro-B-type
natriuretic peptide in beta-thalassemia major may be due to
anemia rather than cardiac iron accumulation. Anemia is known
to increase N-terminal pro-B-type natriuretic peptide levels. It
causes tachycardia and increased cardiac output resulting in

transmural wall stress. Also, fluid retention caused by the decrease
in renal blood flow increases cardiac stress even more. Lastly, it has
been suggested that changes in volume balance may have a direct
effect on the levels of natriuretic peptides.24

In our study, a moderate negative correlation of mean annual
serum ferritin level was foundwith both cardiac and liver T2 *MRI
measurements, which is consistent with previous pediatric and
adult studies.25–27 In this regard, although a strong correlation
could not be demonstrated, it may be inferred that serum ferritin
is still the best indicator for monitoring iron accumulation and
regulating chelation therapy in centers where T2 *MRI cannot
be performed.

The strength of the study was that biomarker levels were com-
pared with T2 *MRI, which is the gold standard method for
detecting iron accumulation; however, the small number of
patients with severe iron deposition limited this investigation.

Table 2. Biomarker levels and T2* magnetic resonance imaging measurements

Patients Controls p

GDF-15 (pg/mL) 10781.99 (1116.68 – 12438.12) 754.38 (532.55 – 1038.64) < 0.001

Galectin-3 (ng/mL) 14.7 (8.8 – 68.1) 12.65 (7.94 – 24.45) 0.025

NT-proBNP (pg/mL) 60.98 (28.35 – 235.7) 32.73 (14.11 – 99.1) < 0.001

Cardiac T2 * MRI (ms) 28.76 ± 11.62 –

Liver T2 * MRI (ms) 4.5 (0.9–18) –

Data are presented as mean ± standart deviation or median (minimum–maximum) depending on the distribution.
GDF-15: growth differentiation factor-15, NT-proBNP: N-terminal pro-B-type natriuretic peptide.
Bold shows statistical significance.

Figure 1. The correlation of cardiac and liver
T2* MRI measurements.
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Conclusion

Measurements of serum growth differentiation factor-15, galectin-
3, and N-terminal pro-B-type natriuretic peptide levels are not suf-
ficient for early detection of cardiac iron overload in asymptomatic
children with beta-thalassemia major. Galectin-3 level, which is a
precursor of early fibrosis, has been shown to be associated with
iron accumulation in the liver. Since serum growth differentiation
factor-15, galectin-3, and N-terminal pro-B-type natriuretic pep-
tide levels were found to be higher in children with beta-thalasse-
mia major compared to healthy children, these biomarkers may be
useful to show cardiac involvement due to the factors other than
cardiac iron loads, such as anemia and hypoxia.
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