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with thalassemia major and intermedia, the role of iron chelator
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Abstract
Patients with beta-thalassemia suffer from iron overload, and hepcidin, as the main regulator of iron hemostasis, can indicate iron
overload better than serum ferritin, but changes in serum hepcidin levels are affected by the type of thalassemia (major or
intermediate) and by type of treatments. The present study aimed to determine the correlation between serum levels of hepcidin
and ferritin in patients with thalassemia major and intermedia under chelation therapy. This cohort study investigated 143 patients
with thalassemia (122 patients with thalassemia major and 21 patients with and thalassemia intermedia) who referred to
Thalassemia Center of Qom University of Medical Sciences, Qom, Iran. The serum level of ferritin was measured twice in all
patients: in the beginning and after taking iron chelator by ECL method. Hepcidin was assayed at the end of the study by ELISA
methods. Demographic data and clinical history of the patients (type of disease, type of drugs used, and blood transfusion history)
were completely recorded. The mean serum level of hepcidin in the TM group (2249.62 ± 1547.37 ng/ml) was greater than the TI
group (1482.43 ± 1314.26 ng/ml) (p = 0.007). However, there was no meaningful difference in serum ferritin level between the two
groups (2997.74 ± 2545.66 vs. 2670.62 ± 2670.04 ng/ml, p > 0.05). Serum ferritin and hepcidin levels were not correlated both in
TMor TI patients (p > 0.05). However, evaluating the trend of changes in serum levels of ferritin with hepcidin showed a significant
association. High serum levels of ferritin indicated high iron overload in both groups, TM and TI, which decreased after treatment
with chelators. The higher hepcidin levels in TMpatients in comparison to TI patients could reflect the higher iron overload in these
patients. However, further cellular studies are needed to evaluate the accuracy of these tests in the assessment of iron overload.
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Introduction

Thalassemia refers to a group of hereditary single gene disor-
ders caused by deficient or absent synthesis of hemoglobin
chains; mutation in the β-globin chain results in β-
thalassemia [1], which is considered the most common type
in Mediterranean, African, and Asian ethnicities [2]. Beta-
thalassemia is a public health problem with an estimated in-
creasing prevalence [3]. Despite the substantial decrease in the
incidence of thalassemia since the implementation of the

National Thalassemia prevention program [4, 5], the disease
burden is still high in Iran and other developing countries [6].

According to disease severity, thalassemia is classified into
major, intermedia, and minor (trait): patients with thalassemia
major (TM) are transfusion dependent and require more than
eight red blood cell (RBC) transfusions per year, while those
with thalassemia intermedia (TI) are non-transfusion dependent
and require no or infrequent transfusions [7]. Although blood
transfusion is the primary treatment of these patients, it is asso-
ciated with several adverse effects, including iron overload, if
untreated results in tissue and organ damages and increases
mortality [8]. Several iron chelators have been suggested to
prevent iron overload [9]. Furthermore, iron overload is ob-
served, independent of blood transfusion, in TI patients [10],
hypothesized to be due to the increased gastrointestinal iron
absorption caused by suppression of hepcidin [11].

Hepcidin, a hormone produced in the liver, regulates iron
hemostasis in the body based on hypoxia, anemia, and iron
stores and controls the serum concentration and tissue
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distribution of iron [12]. Ineffective erythropoiesis (IE) in β-
thalassemia alters the secretion of hepcidin [13]. Several stud-
ies have focused on serum, urinary, and liver concentrations of
hepcidin in patients with β-thalassemia [14, 15]. Due to the
differences in iron distribution according to the cell or
tissue type [16] and variations in ferritin levels, by inflam-
mation and infection, researchers have been searching for
a valid tool indicating iron overload and its tissue distri-
bution in patients with β-thalassemia [17] and hepcidin
can be that solution. Accordingly, the present study aimed
to determine the correlation between serum levels of
hepcidin and ferritin in patients with TM and TI after
treatment with iron chelators.

Patients and methods

Study design

In this cohort study, 143 patients with thalassemia who re-
ferred to Thalassemia Center of Qom University of Medical
Sciences (between 2018 and 2018) were selected (122 with
TM and 21with TI) using convenience sampling.

Inclusion criteria were based on complete blood count
(CBC) and hemoglobin electrophoresis, and patients > 2 years
old who were under regular examination and treatment were
included in the study. Patients requiring regular blood trans-
fusion and chelation therapy (30–40 mg/Kg/day tablet or 40–

50 mg/Kg/day, injection form, Novartis Switzerland) were
sorted to TM group, and patients who did not require regular
blood transfusion and received mainly chelator were sorted to
TI group.

Exclusion criteria, for both groups, C reactive protein
(CRP) positive patients and patients with a history of infection
and fever (during the past 3 months), surgery, cardiovascular
disease, any clinical sign of liver disease, abnormal liver func-
tion tests (evaluated by ALT and AST measurement), or ne-
phrotic syndrome were excluded from the study (Fig. 1).
Furthermore, liver function tests were performed for all the
patients every 2 months.

All the necessary information about the study were given to
the patients and they were included in the study after signing
the informed consent form. Blood transfusions were per-
formed every 2–3 weeks so that hemoglobin levels were sta-
ble within a 9–9.5 range. Demographic data, the type of drugs
used, and blood transfusion was recorded. A blood sample
was taken from each patient (5 ml venous blood sample) in
the early morning after overnight fasting with an exact fasting
time before and after treatment with iron chelators.
Furthermore, blood sampling was performed right before
blood transfusion for patients who needed a blood transfusion.
The samples were processed immediately and sera were re-
moved and stored at − 20 °C until assay. Serum levels of
ferritin and hepcidin were measured by ECL (Roch diagnos-
tics, Germany) and ELISA methods (DRG, Germany)
respectively.

Fig. 1 Instructions in step-by-
step selecting the thalassemia pa-
tients based on the defined exclu-
sion and inclusion criteria
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Statistical analysis

Normal distribution of data was tested using the Kolmogorov-
Smirnov and Shapiro Wilk test. Results showed that serum
levels of hepcidin and ferritin did not have a normal distribution.
Thus, groups were compared using the Mann-Whitney U Test,
and correlations were tested by Spearman’s correlation coeffi-
cient. Data were analyzed using SPSS (Version 18.0, released
2009, Chicago: SPSS Inc.) and expressed as mean ± SD or
median and interquartile range (IQR) if variables were not nor-
mally distributed. p values ≤ 0.05 were considered significant.

Results

The total number of patients included in the study were 143:
122 patients with TM (85.3%) and 21 patients with TI. There
were no significant differences in age between TM (21.57 ±
10.28) and TI group (22.44 ± 9.32). In the TM group, 49.2%
were male and 50.8% were female and in TI group, 57.1%
were male and 42.9% were female.

Median serum level of hepcidin in all patients was
1675 ng/ml (Q1:925–Q3:3184). The mean and median serum
level of hepcidin were significantly higher in the TM group

than the TI group (p = 0.007) (Table 1). This difference
remained significant after controlling the effect of independent
variables (age and sex) (p = 0.025). Figure 2 shows the distri-
bution of serum levels of hepcidin in the two groups and
comparing the median levels between the groups.

Median serum level of ferritin in all patients was
2251 ng/ml (Q1:1011–Q3:4135). Mean ± SD of serum ferritin
level was 2997.74 ± 2545.66 ng/ml in the TM group and
2670.62 ± 2670.04 ng/ml in the TI group and there was no
significant difference between the groups in this regard (p =
0.337), which remained non-significant even after controlling
the effect of independent variables (age and sex). The distri-
bution of serum levels of ferritin in the two groups and median
levels of ferritin in each group are shown in Fig. 3.

Comparing the serum levels of ferritin at the beginning and
the end of the study showed a significant decrease of ferritin
levels from 2307 ng/ml before treatment to 1119 ng/ml after
treatment (p < 0.001.

There was no significant association between serum levels
of hepcidin and ferritin in the TM group (p = 0.51, r = − 0.06)
or TI group (p = 0.071, r = 0.402, Spearman’s correlation).
Evaluating the trend of changes in serum levels of ferritin with
hepcidin showed a significant association (r = 0.347,
p < 0.001, Spearman’s correlation) (Fig. 4).

Table 1 Comparison of mean, median, and interquartile range of ferritin and hepcidin between patients with thalassemia major and intermedia

Variable Group Mean Standard deviation Median Q1 Q3 p value

Hepcidin, ng/ml Thalassemia major 2289.62 1547.37 1796.5 982.25 3584 0.007
Thalassemia intermedia 1482.43 1314.26 922 687.5 2085

Ferritin, ng/ml Thalassemia major 2997.74 2545.66 2307 1092.7 4144.7 0.337
Thalassemia intermedia 2670.62 2670.04 1461 605.5 3910
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Fig. 2 a The distribution of serum level of hepcidin in patients with thalassemia major and intermedia and b comparing the median values of serum level
of hepcidin between patients with thalassemia major and intermedia



Discussion

The results of the present study indicated that serum levels of
ferritin were rigorously high, both in the TM and TI groups
(median 2307 and 1461, respectively), which indicates that
iron overload is an important issue in TM and TI patients.
Iron overload may be a result of blood transfusion [8] and
ineffective and extramedullary erythropoiesis [18]. In the
present study, the significant decrease in ferritin levels after
treatment showed the efficacy of the therapy. Moreover, the
results of this study revealed that patients with TI also suffer
from iron overload, which has to be managed appropriately.
Accumulation of iron in the absence of blood transfusions
may result from inappropriate suppression of hepcidin by an
erythropoietic mechanism [19, 20].

The present study on patients with β-thalassemia showed
high serum level of hepcidin (median 1675 ng/ml), which was
not associated with ferritin levels. Assessment of hepcidin as
the most appropriate tool for evaluating iron overload is of
great importance, as the liver is the main site of both iron
and hepcidin [19].

In this study, the serum level of hepcidin was high in both
groups and significantly higher in patients with TM than those
with TI, which indicates the high iron overload in the studied
patients. However, despite the fact that ferritin in the TM
group was higher in comparison to the TI group, this differ-
ence was not significant. Moreover, there was also no signif-
icant association between serum level of ferritin and hepcidin.
A similar result was obtained by Haghpanah and colleagues,
in their study, serum level of ferritin was also higher in the TM

Fig. 4 The association between
changes in serum levels of ferritin
and hepcidin in patients with
thalassemia major

Fig. 3 aThe distribution of serum level of ferritin in patients with thalassemiamajor and intermedia and b comparing themedian values of serum level of
ferritin between patients with thalassemia major and intermedia
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group [21], while in the present study, the difference was not
statistically significant. Other studies have also suggested the
measurement of urinary concentrations of hepcidin [15] and
liver hepcidin mRNA levels [22] in patients with β-
thalassemia and have reported no correlation with iron indi-
ces, which are in line with the results of the current study. In
addition, our results show that the trend of changes in ferritin
was associated with hepcidin level, which is consistent with
the results of Origa et al. on urinary hepcidin levels [15].

The strength of the current study is comparing ferritin (be-
fore and after treatment with chelator) and hepcidin levels
between the two groups of patients with TM and TI, which
could clearly show the effect of type of thalassemia on iron
status markers. Nevertheless, this study had some limitations,
including the limited number of samples in the TI group and
non-randomized patient selection and the lack of multiple
measurements of hepcidin on several occasions. We also did
not evaluate the iron levels in tissues by molecular studies or
imaging methods, which could indicate tissue iron overload
more accurately.

In conclusion, the results of the present study indicated that
serum levels of hepcidin were high in both groups, significant-
ly higher in the TM group, which shows the dysregulation of
hepcidin in patients with β-thalassemia. Apparently, the iron
excess is not absorbed by the erythropoietic system due to
ineffective erythropoiesis in β-thalassemia, resulting in iron
overload. In the future, measurement of hepcidin along with
ferritin may provide more information about the degree of iron
overload and the maldistribution of iron in thalassemia.
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