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Abstract Iron overload is one of the major prognostic
factor in thallassemia patients. We aimed to evaluate iron
accumulation in the heart and liver by MRI in thalassemia
major, thalassemia intermedia, and S-6 thalassemia
patients and to examine its association with ferritin and
hepcidin levels. Serum ferritin and hepcidin levels were
recorded. Iron overload (IOL) in the heart and liver par-
enchyma was determined based on the standardized T2*
and R2 values measured by MRI. The results were evalu-
ated considering the tissue iron overload, serum ferritin and
hepcidin levels. Comparing the 109 patients with the 30
healthy controls revealed the mean age: 24.4 & 11 versus
31.2 £ 5 years, median levels of serum ferritin: 1693
versus 40 ng/mL, and hepcidin: 1.94 versus 0.355 ng/mL;
p < 0.001, respectively. Comparison of age, serum ferritin
and hepcidin levels and MRI findings of the patients with
or without IOL revealed that, ferritin and T2* were sig-
nificantly different in the patients with IOL in cardiac
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tissue (p = 0.004 and p < 0.001), and, age, ferritin and R2
were significantly different in the patients with IOL in liver
tissue (p = 0.036, p < 0.001 and p < 0.001). The MRI-
based T2* and R2 values were moderately and inversely
correlated with serum ferritin (r = —0.37; p < 0.001 and
r=—046; p <0.001). No correlations were found
between the MRI-based T2*, R2 values and serum hep-
cidin. A moderate and positive correlation existed between
serum ferritin and hepcidin (r = 0.45; p < 0.001). We
considered that, enhanced intestinal iron absorption char-
acterized by decreased serum hepcidin levels in the inter-
vals between successive transfusions were resulted in iron
accumulation in our patients.

Keywords Magnetic resonance imaging - Ferritin -
Hepcidin - Heart - Liver

Introduction

The thalassemias are a group of inherited disorders that are
caused by altered or absent hemoglobin chain synthesis
leading to ineffective erythropoiesis and subsequent anemia
[1, 2]. Transfusion therapy for thalassemia major prevents
many of the complications introduced by in effective ery-
thropoiesis, but produces toxic iron accumulation. Hence,
the inevitably pursuant complications are from iron excess in
various organs such as the heart, and the liver [3].

Serum ferritin is the most common, convenient, least
expensive and regularly used method for assessing iron
overload (IOL) [4]. The correlation between serum ferritin
and liver iron has been established in B-thalassemia major
patients [2].

The anemia and hypoxia resulting from ineffective
erythropoiesis in thalassemia syndromes influence the
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expression of the serum protein hepcidin. Hepcidin nega-
tively regulates iron absorption because it downregulates
the expression ferroportin, a transmembrane protein
responsible for exporting intracellular iron into circulation
and for iron absorption from the gastrointestinal tract [2].

The direct assessment method of tissue iron is the liver
biopsy. The optimal liver iron concentration is 3.2—7.0 mg/
g dry liver weight in patients with thalassemia major [5].
Indirect assessment methods include the measurement of
serum free iron, ferritin and hepcidin levels [6]. Hepatic R2
and cardiac T2* values calculated with MRI provide the
quantitative assessment of iron overload in the tissues.
Hepatic MRI R2 above 6.3 ms and cardiac MRI T2* above
20 ms indicate normal iron concentrations in the hepatic
and cardiac tissues respectively [2, 7, 8].

The aim of the present study is to evaluate iron accu-
mulation in the heart and liver parenchyma of patients with
thalassemia major, thalassemia intermedia, and S8 tha-
lassemia and to examine its association with serum ferritin
and hepcidin levels.

Materials and Methods
Patient and Control Groups

This is a cross-sectional descriptive study conducted in 109
patients who were followed in the Thalassemia Division of
the Department of Hematology at Antalya Research and
Training Hospital. Of these patients, 95 were -thalassemia
major, 11 B-thalassemia intermedia and 3 were SP-tha-
lassemia. They all consented to the use of their medical
data in the study.

Of the 109 patients included in the study, 94 had
comorbid conditions; 43 (39.4 %) had osteoporosis, 22
(20.2 %) had hypothyroidism, 9 (8.3 %) had diabetes
mellitus, 8 (7.4 %) had hypertension, 6 (5.5 %) had vita-
min B12 deficiency, 2 (1.8 %) had major depression, and 1
(0.9 %) had heart failure, arrhythmia, chronic obstructive
pulmonary disease, and Down syndrome. Genotypes of the
patients were also recorded. In the order of frequency,
49.1 % had IVS.I.110.G > A mutation, 7.3 % had
IVS.I1.1.G/A mutation, 6.9 % had IVS. 1.6.T/C mutation,
5.5 % had —30.T > A mutation, 3.7 % had IVS.I.1 and
IVS.I11.745.C/G mutation, 3.2 % had FSC.44.(-C) mutation,
1.8 % had Cod.8. (-AA) mutation, and 0.9 % had HbS,
Cod.44, IVS.1.130, and Cod.27 mutations. Other mutations
were observed with a frequency of approximately 0.5 %.

All patients were receiving blood transfusions, zinc,
folic acid and calcium supplements in accordance with
their requirements and were under chelation therapy with
deferoxamine (DFO) at the time of the study. None of the
patients had any degree of renal insufficiency. Patients
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were further categorized as compliant and noncompliant
according to their attendance at the appointments and the
appropriate use of chelating agents and other drugs in
recommended doses. Of these patients, 27.8 % were found
to be noncompliant to the given therapy and some of them
to splenectomy, although necessary. Hypersplenic patients
in this group that rejected an operation were monitored
closely with transfusions according to their requirements.

Blood counts and serum ferritin and hepcidin levels
were recorded. Because serum hepcidin levels are affected
by transfusions and chelation therapy all blood samples
were drawn in the morning in fasting state before the
transfusions. Cardiac and hepatic MRI-based standardized
T2* and R2 values were used to indicate tissue iron
accumulation. T2* >20 ms indicated normal iron concen-
tration, T2* between 15-20 ms indicated mild, T2*
between 10-14 ms indicated moderate, and T2* <10 ms
indicated severe cardiac iron accumulation. R2 >6.3 ms
indicated normal iron concentration, R2 between
2.8-6.3 ms indicated mild, R2 between 1.4-2.7 ms indi-
cated moderate, and R2 <1.4 ms indicated severe hepatic
iron accumulation [2, 6-8].

The control group consisted of 30 healthy individuals
without a known disease or drug use for the comparison of
results, in which age, serum ferritin and hepcidin levels
were measured and recorded.

By considering the tissue IOL, the results were evalu-
ated between IOL and serum ferritin and hepcidin levels in
the patients with thalassemia syndromes.

Laboratory

Serum hepcidin levels were measured with ELISA using
the Human Hepcidin Kit (catalog no: E1979 h) manufac-
tured by Wuhan Eiaab Science Co. Ltd., and the results
were expressed as ng/mL. Serum ferritin level was mea-
sured using the chemiluminescence method in a Beckman
Coulter Unicel Dxl 800 device, and the results were
expressed as ng/mL. Blood count was measured using the
Coulter LH 780 device based on flow-cytometry methods.
Routine biochemistry was measured using a Beckman
Coulter AUS5800 device based on spectrophotometric
methods.

Written informed consent was obtained from each
patient and all subjects in the control group before the
study. The study protocol was approved by Antalya
Research and Training Hospital Ethics Committee.

Statistical Analysis
Statistical analysis was carried out using SPSS (Statistical

Package for Social Sciences) for Windows 16.0. Data from
the patients and the control subjects were summarized and



Indian J Hematol Blood Transfus (July-Sept 2017) 33(3):389-395

391

tabulated. In addition to descriptive statistics, Student’s
t test was used to compare quantitative data between the
groups, and Pearson’s Chi square test, Fisher’s Chi square
test, and the Mann—Whitney U test were used to compare
qualitative data between the groups. The patients were
divided into two groups according to the presence of tissue
IOL in the heart and liver, and these groups were compared
to the control group. The Kruskal-Wallis test was used in
this comparison and post hoc analysis was performed with
the Bonferroni correction if more than two groups were
compared and a p value <0.016 was considered statistically
significant. Spearman’s correlation analysis was used to
analyze the correlations between the patients’ data. A 95 %
confidence interval was selected, and a p value <0.05 was
considered to be statistically significant.

Results

Of the 109 patients included in the study, 95 (87.2 %) had
B-thalassemia major, 11 (10.1 %) had B-thalassemia
intermedia, and 3 (2.8 %) had SB-thalassemia. The study
included 50 males (45.9 %) and 59 females (54.1 %), and
the control group consisted of 30 healthy adults, 14 of
which were males (46.7 %) and 16 were females (53.3 %).
There was no significant difference between the groups in
terms of gender distribution (p = 0.938). However, the
mean age was higher in the control group (min:19, max:42)
than in the patients group (min:9, max:59) (31.2 £ 5.6 vs.
244 + 11.4 years; p < 0.001).

All patients were receiving blood transfusions in
accordance with their requirements. The frequency of
transfusions according to the diagnoses was 11 days
(6-28 days) in the patients with P-thalassemia major,
18.5 days (15-47 days) in the patients with B-thalassemia
intermedia, and 25 days (21-25 days) in the patients with
SB-thalassemia.

Of these patients, 44 (46.3 %) in the thalassemia major
group, 10 (90.9 %) in the thalassemia intermedia group,
and 1 (33.3 %) in the SP-thalassemia group had undergone
splenectomy.

The median value of serum ferritin levels was 1693 ng/
mL (208-9160) in the patient group and 40 ng/mL (20-43)
in the control group (p < 0.001), and the median value of
serum hepcidin levels was 1.94 ng/mL (0.1-19.64) in the
patient group and 0.355 ng/mL (0.12-1.12) in the control
group (p < 0.001).

According to the MRI findings, 51.37 % of the patients
had excessive iron accumulation in the hepatic tissue and
27.52 % of the patients had excessive iron accumulation in
the cardiac tissue. The lower the MRI-based T2* and R2
values were, the higher the IOL and associated tissue
stiffness would be. The distribution of these values

according to the diagnoses was as follows: Thalassemia
major; T2*: 253 ms (8.7-69.1) and R2: 4.49 ms
(0.7-208); Thalassemia intermedia; T2*: 31.4 ms
(20.4-56.4) and R2: 8.14 ms (2.9-14.3), and SP-tha-
lassemia; T2*: 28.2 ms (21.8-40.9) and R2: 10.35 ms
(1.5-12.03). None of the patients in B-thalassemia inter-
media or SP-thalassemia groups had cardiac IOL (Table 1).

Table 2 and 3 revealed the comparison of patients with
or without IOL in the cardiac and hepatic tissues in terms
of age, serum ferritin and hepcidin levels, and the MRI-
based T2* and R2 values respectively. Data were not
available for 7 patients.

The comparison between three groups (patients without
cardiac/hepatic IOL versus patients with cardiac/hepatic
IOL versus control group) yielded a significant difference
if p < 0.016. We found the median age of control group
was higher than that of both patients groups with and
without cardiac IOL (p < 0.001), and the difference
between the three groups arose from the control group. A
significant difference existed in age between patients with
and without hepatic IOL and the control group (25 vs.
30 years; p = 0.014 and 19.5 vs. 30 years; p < 0.001
respectively), and the difference between the three groups
arose from the patient group with hepatic IOL.

Patients with or without cardiac IOL had significantly
higher serum ferritin and hepcidin levels compared to the
control group (serum ferritin: 2858 ng/ml vs. 1402 ng/ml
vs. 40 ng/ml; p < 0.001 and serum hepcidin: 1.5 ng/ml
vs. 1.89 ng/ml vs. 0.35 ng/ml, p < 0.001). The differ-
ences between the three groups arose from the control
group.

Similarly, patients with or without hepatic IOL had
significantly higher serum ferritin and hepcidin levels
compared to the control group (serum ferritin: 2578 ng/mL
vs. 975.5 ng/ml vs. 40 ng/ml; p < 0.001 and serum hep-
cidin: 1.60 ng/ml vs. 197 ng/ml vs. 0.35 ng/ml;
p < 0.001). The differences between the three groups arose
from the control group.

MRI based T2* and R2 valves were positively corre-
lated to each other (r = 0.49; p < 0.001) as well as the
correlation between age and T2* valve (r = 0.24;
p = 0.016). However, inverse correlation was detected
between age and serum ferritin level (r = 0.45; p < 0.001)
and hepsidin level (r = —0.21; p < 0.011), respectively.

The MRI-based T2* and R2 values were moderately and
inversely correlated with serum ferritin levels (r = —0.37;
p < 0.001 and r = —0.46; p < 0.001, respectively). There
was a moderate and positive correlation between the
severity of cardiac IOL and serum ferritin level (r = 0.39;
p < 0.001), and a strong and positive correlation between
the severity of hepatic IOL and serum ferritin level
(r = 0.57; p < 0.001). No correlations were found between
the MRI-based T2*, R2 values and serum hepcidin levels.
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Table 1 Evaluation of iron accumulation by MRI- based T2* and R2 in the cardiac and hepatic tissues of the patients with Thalassemia

syndromes

Degree of 1ron accumulation Thalassemia major n (%)

Thalassemia itermedia n (%) SB-Thalassemia n (%)

s

*

2" R2 T2 R2 2" R2
Normal 62 (65.3) 40 (42.1) 7 (63.6) 3 (27.3) 3 (100) 3 (66.7)
Mild 18 (18.9) 17 (17.9) 0 (0) 3 (27.3) 0 (0) 0 (0)
Moderate 10 (10.5) 20 (21.1) 0 (0) 0 (0) 0 (0) 1(33.3)
Severe 22.0) 15 (15.8) 0 (0) 0 (0) 0 (0) 0 (0)
Unknown 3(3.2) 332 4 (36.4) 4 (45.4) 0 (0) 0 (0)
Total 95 (100) 95 (100) 11 (100) 11 (100) 3 (100) 3 (100)

MRI-based standardized T2" (cardiac) and R2 (hepatic) values were used to indicate tissue iron overload

Table 2 Age, serum ferritin and hepcidin levels in a total of 102 patients with or without IOL in the heart

Without IOL n = 72 (70. 6 %) median (min—-max) With IOL n = 30 (29. 4 %) median (min—max) p

Age (years) 22 (9-59) 20 (9-34) 0.132
Ferritin (ng/mL) 1402 (208-8985) 2858 (264-9160) 0.004*
Hepcidin (ng/mL) 1.89 (0.1-16.28) 1.50 (0.28-19.64) 0.537
MRI-based T2* values (msec) 30 (20.4-69.1) 15.3 (8.7-19.3) <0.001*
IOL Tron overload
Mann-Whitney U test, ~ p < 0.05 are significant
Table 3 Age, serum ferritin and hepcidin levels in a total of 102 patients with or without IOL in the liver

Without IOL n = 46 (45. 1 %) median (min-max) With IOL n = 56 (54. 9 %) median (min—-max) p
Age (years) 25 (9-59) 19.5 (9-39) 0.036"
Ferritin (ng/mL) 975 (208-8985) 2578 (260-9160) <0.001""
Hepcidin (ng/mL) 1.97 (0.12-19.64) 1.60 (0.1-9.44) 0.909
MRI-based R2 values (msec) 7.17 (0.80-208.6) 1.99 (0.70-59.7) <0.001"

IOL Tron overload
Mann-Whitney U test, ~ p < 0.05 are significant

A moderate and positive correlation between serum ferritin
and hepcidin levels (r = 0.45; p < 0.001) was found.

Discussion

Iron overload in patients with thalassemia is a common
feature which requires continuous chelation therapy and
monitoring. Serum ferritin determination is widely accep-
ted as a simple method for following iron load in patients
with primary hemochromatosis; however, several reports
on thalassemic patients emphasize that ferritinemia is not
accurate and that other methods such as magnetic reso-
nance imaging is more precise [9].

@ Springer

The severity of the clinical manifestations in p-tha-
lassemia varies widely, ranging from patients that are
almost asymptomatic to individuals who suffer from severe
anemia and require regular blood transfusion to sustain life
[10].

The disease occurs with equal frequency in males and
females [11], and the present study reported results similar
to those in the literature. Thalassemia is one of the most
common hereditary diseases in the world. Our study
showed that IVS.I.110.G > A was the most common
mutation with a frequency of 49.1 %, followed by the
mutations IVS.IL.1.G/A in 7.3 % and IVS.I.6.T/C in 6.9 %
of the patients in accordance with the most common [-
thalassemia genotypes in Turkish population [12, 13].
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As a part of the therapy, the timing of splenectomy
which must be determined with meticulous assessment
[11, 14] had been performed in 90.9 % of our patients with
B-thalassemia intermedia and 46.3 % of the patients with
B-thalassemia major. Hypersplenic patients in this group
that rejected an operation were monitored closely with
transfusions according to their requirements.

Iron overload is the principal and multifaceted compli-
cation of B-thalassemia. Physiologically, it is caused by an
increased absorption of iron from the gastrointestinal tract
as a consequence of ineffective erythropoiesis, and is
greatly aggravated by chronic transfusion therapy [10]. The
aim of blood transfusion is to provide Hb levels that would
maintain tissue oxygenation and suppress ineffective ery-
thropoiesis in the bone marrow and would not inhibit
normal growth in patients with thalassemia [15]. The
patients with [-thalassemia major are known to exhibit
higher demand for blood transfusions compared to other
thalassemia types, and the need for transfusion often occurs
in the first year of life. Moderate and mild forms may
require sporadic blood transfusions [11, 14]. In the present
study, the frequency of transfusions according to the
requirements of the patients was significantly shorter in
patients with [-thalassemia major compared to patients
with B-thalassemia intermedia and SpB-thalassemia.

Organ dysfunction caused by iron accumulation in the
body is the most important cause of mortality and morbidity
in thalassemia patients. Thus, transfusion-independent
individuals with thalassemia intermedia have a slower pro-
gression of iron overload and generally develop complica-
tions later in life compared to patients with thalassemia
major who are chronically transfused [2, 10]. Whilst non-
transfusion-dependent thalassemia (NTDT) patients receive
no or only occasional transfusions, their intestinal iron
absorption is continuously upregulated, leading to slow
accumulation of iron in tissues, particularly in the liver [2].
Magnetic resonance imaging using either R2 (1/T2) or R2*
(1/T2*) pulse sequences is a reliable and noninvasive
method for assessing liver iron concentration, and has been
validated against liver biopsy measurements [2]. Magnetic
resonance imaging evaluation of iron overload using T2*
imaging is used to quantify iron loading, before clinical
manifestations, in all organ systems, including the heart [3].
T2* MRI may be used to accurately measure iron concen-
tration in the heart; however, cardiac iron overload is not
typically seen in NTDT patients [2]. Thus, our results
revealed the liver tissue was affected more than the cardiac
tissue in occasionally transfused thalassemia intermedia and
SpB-thalassemia patients compared to frequently tranfused
thalassemia major patients. As a remarkable impact was
observed on the liver, this finding suggested that factors other
than transfusion that were involved in iron balance could
have been implicated in IOL.

In addition to iron accumulation due to repeated
transfusions, enhanced gastrointestinal iron absorption in
anemic thalassemia patients also increases iron accumu-
lation. Hepcidin, the key regulator of intestinal iron
absorption, negatively regulates iron absorption because it
downregulates the expression ferroportin, a transmem-
brane protein responsible for exporting intracellular iron
into circulation and for iron absorption from the gas-
trointestinal tract. The by-passed ferroportin mechanism
in the intestinal epithelium partly explains enhanced iron
absorption. The increased erythropoietic activity and
hypoxia have been also shown to enhance intestinal iron
absorption [2, 16, 17].

In f-thalassemia patients serum hepcidin levels are
expected to be high in those receiving repeated blood
transfusions and with IOL. In the present study, as
expected, serum hepcidin levels of the patients were found
to be significantly higher than serum hepcidin levels of the
control group. However, there was no significant difference
in serum hepcidin levels between patients with IOL in the
heart and liver and patients without IOL. We assumed that
decreased hepcidin concentrations in the intervals between
successive transfusions of patients with IOL caused
enhanced iron absorption and resulted in iron accumulation
[18], considering that all patients were receiving blood
transfusions.

In the present study, in which most of the patients
were adults, increased serum ferritin levels were cor-
related with IOL in the heart and liver. In the study by
Wood et al. [19], yearly iron intake did not correlate
with serum ferritin levels and iron overload in the liver
and heart of the patients. They reported their results on
children, however, in the 15-18 year old age group an
increased tissue damage was observed. In another study
by Mazza [9], analyses of serum ferritin levels and MRI
data was performed in the patients with mild to mod-
erate siderosis and those with severe and very severe
siderosis of the liver. Although, MRI provided a prac-
tical grading of the hepatic iron load based on the
severity of the picture appeared to be in accordance
with our findings, no significant correlation was seen
with ferritinemia levels when different severities of
siderosis were compared. A trend toward significance
was evident only when the ferritin values of patients
with less severe iron load were compared with those of
thalassemic patients with greater iron overload [9]. As
would be expected, the present study showed an inverse
correlation between serum ferritin levels and MRI-
based T2* and R2 values, and a positive correlation
was shown with the severity of IOL indicating iron
accumulation in the heart and liver. No correlation was
found between serum hepcidin levels and MRI-based
iron accumulation. In addition, there was no obvious
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increase in serum hepcidin levels that would reach
statistical significance in patients with IOL than in
patients without IOL in the cardiac and hepatic tissues.
This is considered to have caused enhanced intestinal
iron absorption and tissue iron accumulation. In healthy
individuals, serum hepcidin that has an important role
in body iron hemostasis is known to increase in
response to increased serum iron and iron stores and
inhibit export of iron from the intestines and macro-
phages into the circulation [11, 20]. In patients with
thalassemia, hepcidin levels lower than expected has
been associated with ineffective erythropoiesis and
hypoxia [18].

The effects on intracellular iron on hepcidin mechanism
have not been fully understood. Recently, Growth Differ-
entiation Factor 15 (GDF15) and Twisted Gastrulation
Protein 1 (TWSG1), secreted from the increased amounts
of erythroid precursors as a result of ineffective erythro-
poiesis, are considered to play a role in hepcidin regulation
and act as a suppressor for hepcidin in B-thalassemia
patients [18, 21].

The main limitations of the current study were the
smaller size of the studied cohort and the age differences
between control and patient groups.

Conclusion

Iron intake with repeated transfusions and enhanced
intestinal iron absorption are the two important reasons for
iron accumulation in transfusion-dependent thalassemia
patients. The decrease in hepcidin levels has been sug-
gested as the most important cause of enhanced iron
absorption and impaired regulation of the release of iron in
the macrophages. Assessment of iron overload (IOL) in the
liver and cardiac tissue can be determined by the stan-
dardized R2 and T2* values calculated on MRI as well as
the simple laboratory method by measuring serum ferritin
and hepcidin levels in these patients. Correlations between
tissue IOL, serum ferritin and hepcidin concentrations may
help us to predict organ dysfunction before clinical
manifestations.
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