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(" Abstract )

Background: Thalassemia is characterized by genetic abnormalities in the synthesis of hemoglobin, leading to a decrease or
missing production of one or more in the globin chains. Consequently, this disrupts the synthesis of hemoglobin molecules,
resulting in anemia, which is a prominent manifestation of thalassemia. Iron is an essential element for cellular health and is
involved in various functions, including oxygen transportation, biomolecule synthesis, respiration, and homeostasis. Hepcidin, a
low molecular weight peptide produced in the liver, plays a crucial role in regulating iron homeostasis.

Objectives: The current study aims to inspect the correlation of Hepcidin with Hemoglobin, Ferritin, and Iron Parameters in
Patients with Beta-Thalassemia Major.

Methods: The serum ferritin of all the subjects was measured by the ELFA technique (Enzyme Linked Fluorescent Assay). The
Serum Hepcidin was measured by the ELISA kit, and Iron, UIBC, and TIBC were measured via colorimetric methods.

Results: The {mean + SD} of ages and genders among the patients and healthy groups were not significant. The {mean + SD} of Hb

and serum levels of Iron, UIBC, TIBC, Hepcidin concentration, and BMI between the patients and healthy groups were statistically
significant. The study results of the correlation between Hepcidin and other markers in the beta-thalassemia patients group
showed a non-significant negative correlation of Hepcidin with TIBC and UIBC. While there was a non-significant weak correlation
between Hepcidin with Hb and Ferritin. The results also showed a non-significant positive correlation between Hepcidin and
Iron.

Conclusion: This study showed a marked reduction in hemoglobin production and high levels of Iron and Ferritin concentrations,

while the concentrations of TIBC and UIBC were observed to decrease in the individuals with this disease compared to the healthy
individuals. This study showed low Hepcidin concentration in the B-TM major patients compared to the healthy subjects.
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chromosome 11(2). The most prevalent blood abnormality
is B -thalassemia, which affects a large region that includes
Melanesia, the Pacific Islands, Southeast Asia, the Indian
subcontinent, the Middle East, portions of Africa, and the
Mediterranean region. The frequency range of B-Thalassemia
carriers in these places is (1-20%)(3). Beta-thalassemia is a
set of genetic blood disorders diseases caused by a lack of
beta-globin chains (B -globin) or their inadequate production
resulting in too many alpha chains. The damage caused by
thalassemia to the circulating RBCs, as well as bone marrow
both, contain precursors to erythropoiesis(4). The two genes
on chromosome 11 which control the production of beta

Introduction:

halassemia is characterized by genetic hemoglobin synthesis

abnormalities in which the production of one or more
hemoglobin is reduced or missing or more globin chains, which
might result in aberrant hemoglobin synthesis molecules, as
a result, induces anemia, a defining sign of the thalassemia
(1). The synthesis of the alpha- or beta-globin subunits of
hemoglobin A is abnormally slowed down in thalassemia. Two
alpha and two beta globin subunits make up this hemoglobin A.
The genes that produce a-globin are located on chromosome
16, whereas the genes that produce B-globin are located on
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globin (B-globin) in human hemoglobin (Hb) are responsible for
this (5).

The liver-expressed antimicrobial peptide which is known as
Hepcidin was discovered in 2000 (6). Hepatocytes, which are
strategically positioned near portal veins and carry dietary iron,
as well as Kupffer cells, which sense pathogens and recycle
erythrocytes, are the main producers of hepcidin. Adipocytes
and macrophages both produce a small amount of Hepcidin
(7,8). The Hepcidin antimicrobial peptide (HAMP) gene is
responsible for encoding Hepcidin. 84 amino acid pre-pro-
hepcidin is first created during its early synthesis. After that, it
is transformed into a pro-hepcidin with 60 amino acids before
being cut into a mature C-terminal (9). In Beta-thalassemia,
Hepcidin suppression enhances the severity of iron overload
by increasing iron absorption in cases of iron overload with
inadequate erythropoiesis, This extra iron collects in non-
hematopoietic tissue’s parenchyma. Because the capacity of
transferrin to carry iron is finally exceeded by increased iron
absorption, suppressed hepcidin causes the synthesis of non-
transferrin-bound iron, which is not useful for erythropoiesis
(10).

Hemoglobin, an oxygen-binding protein found in erythrocytes,
is in charge of transporting oxygen from the lungs to tissues.
Each hemoglobin molecule has a tetramer structure comprised
of four polypeptide globin chains. Each globin subunit
consists of a heme moiety, which is composed of an organic
protoporphyrin ring and a core iron ion in the ferrous state
(Fe+2). The iron molecule found in each heme moiety can
bind and unbind oxygen, allowing the organism to transfer
oxygen. The most common type of hemoglobin in adults is HbA,
which is made up of two alpha- and two beta-globin subunits.
Different globin genes encode different types of globin subunits
(11). Because there are either too few beta-globin chains (B+)
or none at all (B0) in the bone marrow of people with beta-
thalassemia major, an excess of unbound alpha globin chains
precipitates in erythroid precursors, leading to early death
and inefficient erythropoiesis. Thalassemia major is peripheral
hemolysis, which contributes to anemia and happens when
insoluble alpha globin chains rupture the membranes of
peripheral erythrocytes (12).

Iron is necessary for the health of cells. It is found in proteins
that carry out several functions such as oxygen transport,
biomolecule synthesis, respiration, and homeostasis. Numerous
proteins involved in cell cycle development, nucleic acid
metabolism, and repair require iron as a vital component(13).
Because iron is so important in anatomy and physiology and
because it has a limited bioavailability, the body’s iron stores are
strictly controlled to promote conservation and reduce toxicity
(14). Transferrin, a binding protein, transports serum iron. The
ability of the blood to bind iron with the transferrin is called
total iron binding capacity. The serum iron is deducted from
the TIBC to determine the UIBC(15). Transfusion-dependent
thalassemia patients usually have more rapid iron loading due
to the high iron concentration of transfused cells. Accumulation
of iron in the liver, heart, and endocrine organs is the primary
cause of the majority of serious disorders. Iron overload in
beta-thalassemia patients is the main cause of death from
heart disease (16).

The Ferritin protein, which contains iron, is very symmetrical
and stable. It was crystallized, given the name Ferritin, and
discovered in 1937. It is known as the major iron storage
protein because it has a large cavity that can store a lot of
iron (17). In Beta-thalassemia, Iron transporters interact with
transferrin after absorbing iron from various parts of the small
intestine. Transferrin is then stored in the reticuloendothelial
cells of the spleen, liver, and bone marrow, where it binds with
hemosiderin and ferritin. This explains the high level of Ferritin

in patients with thalassemia major, which is considered one of
the diagnostic signs of thalassemia major (18).

The Materials and Methods

The Subjects

The study was conducted on patients who were clinically, and
laboratory diagnosed with Beta-thalassemia Major, and who
attended the Thalassemia Unit of Al-Suwaira General Hospital/
Wasit Health Department in Wasit Governorate/Iraq. The
samplesandallinformation were taken from the patients, as well
as healthy people were selected for the study. Laboratory tests
were carried out in the laboratories of the Clinical Biochemistry
Branch in the College of Medicine at the University of Al-
Qadisiyah. Some laboratory tests were conducted in the Clinical
Chemistry Unit / Laboratory Division of AL-Suwaira General
Hospital. Ninety individuals participated in the study between
November 2022 and March 2023 (for sample collection) and
were divided into two groups. The first group G1 included
Forty-five people who were patients with Beta-thalassemia
Major disease and were selected from the thalassemia ward
at Suwaira General Hospital after confirming their clinical and
laboratory diagnoses. The second group G2 included Forty-five
healthy people who did not have any disease and they were
confirmed after conducting all the required laboratory analyses.
The Blood Samples Collection

Five milliliters of blood were extracted from each patient’s
vein and put into two test tubes, one milliliter in the EDTA
for Gene polymorphism and four milliliters in the Gel tube
for biochemical analysis. The whole blood was processed and
subjected to the necessary analyses directly. While the blood
samples in gel tubes had been centrifuged for ten minutes at a
force of 3000 x g to obtain a sample (serum), which was then
kept in three separate Eppendorf tubes at -20 C in the freezer
until the time of the analysis (19).

The Detection of Ferritin, Iron, UIBC, TIBC, Hemoglobin, and
Hepcidin Concentrations

The Serum Ferritin of all the subjects was measured by the
ELFA technique (Enzyme Linked Fluorescent Assay). The serum
Iron and TIBC were measured by using a spectrophotometer
and UIBC was calculated by the equation Unsaturated iron
binding capacity = Total iron binding capacity — Total Iron(20).
Hb was measured by a Hematology analyzer (Complete blood
count analysis). The Serum Hepcidin levels were measured via
sandwich ELISA.

The Statistical Analysis

The statistical analysis was performed using version 25 of the
Statistical Package for the Social Sciences (SPSS) from IBM on
Windows® platform. Continuous variables were represented
by mean and standard deviation. The comparison between the
Beta thalassemia major patients group and the healthy group
was conducted using the analysis of variance student T-test,
and a P-value of < 0.05 indicated a statistical significance. The
strength and direction of the correlation were measured by
the Pearson correlation coefficient (r) value, with significant
association indicating the direction of the correlation. The
Pearson correlation coefficient (r) measured the strength
and direction of the association between two variables. A
weak correlation was indicated by an R-value less than 0.5, a
moderate correlation was indicated by an R-value between 0.4
and 0.7, and a strong correlation was indicated by an R-value
greater than 0.7.

The Results

The Results of Biochemical Markers

The results revealed that the (mean * SD) of ages and genders
among the participants in G1 and G2 were not significant at (P.
value >0.05). The (mean + SD) of Hb and serum levels of Iron,
UIBC, TIBC, Hepcidin concentration, and BMI for G1 and G2
were statistically significant at (P. value < 0.05) this is illustrated
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in Table (1).

The Correlation of Hepcidin Levels with Some Biochemical
Markers

in G1 and G2

This correlation is illustrated in Table (2) where *in G1 the
results of the correlation showed a non-significant negative
correlation of Hepcidin with TIBC and UIBC. while there was a
non-significant weak correlation between Hepcidin with Hb
and Ferritin. The results also showed a non-significant positive
correlation between Hepcidin and Iron as in Figure (1).

*In G2, the results of the correlation showed a highly significant
weak correlation of Hepcidin with Ferritin at (P <0.01). However
there was no significant negative correlation between Hepcidin
with Iron, and the results showed a non-significant weak
correlation between Hepcidin and Hb, TIBC, and UIBC as in
Figure (2).

The Discussion
It is important to ensure that there was no significant difference
in the patients’ age and gender between the Beta-thalassemia
patients and the healthy group. This is because any such
difference could lead to variations in the results. However, after
analyzing the data, it was found that the mean age and variance
in gender between the two groups were not statistically
significant with a P-value greater than 0.05.
In this study, the body mass index (BMI) had decreased in G1
compared to G2. The reasons for the low BMI in the patients
with Beta-thalassemia Major were due to several reasons, of
which Malabsorption, many people with Beta-thalassemia
Major had an enlarged spleen, which can lead to malabsorption
of nutrients from food. This could result in a reduced intake
of calories and nutrients, leading to a low BMI (21). Moreover,
the increased energy expenditure, where people with Beta-
thalassemia Major have an increased energy expenditure due to
the increased production of red blood cells in the bone marrow.
This can result in a higher caloric requirement, which can be
difficult to meet, especially if there is malabsorption (22,23).

In this study, the hemoglobin level had decreased in G1
compared to G2. In a previous study, it was found that the
reduced hemoglobin production was due to the production
of hemoglobin being impaired in Beta-thalassemia Major
patients due to the lack of beta-globin chains. This leads to a
reduced number of functional red blood cells and, therefore, a
decrease in the total amount of hemoglobin in the blood (24).
A previous research also indicated that hemolysis has a clear
effect on a decrease in hemoglobin levels which hemolysis
refers to the breakdown of red blood cells. In Beta-thalassemia
Major patients, the abnormal red blood cells are destroyed at a
faster rate than normal, leading to a condition called hemolytic
anemia. This results in a decrease in hemoglobin levels as well
(25,26). Studies also showed that iron overload has a clear effect
on the level of hemoglobin in the blood in patients with Beta-
thalassemia Major since the body is not able to use the excess
iron in the absence of beta-globin chains, it accumulates in
the body and can cause organ damage and this can lead to a
decrease in hemoglobin levels as well (27).
In this study, the iron levels had been increased in G1 compared
to G2. The ineffective erythropoiesis that occurred in Beta-
thalassemia Major led to increased absorption of iron from the
gastrointestinal tract due to the increased expression of the iron
transport protein, divalent metal transporter 1 (DMT1), in the
duodenum. A previous study showed that increased expression
of DMT1 in the duodenum of Beta-thalassemia Major patients
was mediated by the transcription factor, hypoxia-inducible
factor 2a (HIF-2a). HIF-2a is activated in beta-thalassemia major
due to chronic hypoxia caused by ineffective erythropoiesis. HIF-

2a induces the expression of DMT1, which leads to increased
iron absorption from the diet and increased iron levels in the
body (28). Additionally, the frequent blood transfusions that
are required to manage the anemia in Beta-thalassemia Major
patients can lead to iron overload, Beta-thalassemia Major
are also at risk for iron overload due to the frequent blood
transfusions they require. Blood transfusions contain iron,
which can accumulate in the body over time and lead to organ
damage (29).

In this study, TIBCand UIBC levels had decreased in G1 compared
to G2. Transferrin is a protein that binds to iron and transports
it throughout the body. Total Iron Binding Capacity (TIBC) and
Unbound Iron Binding Capacity (UIBC) are measures of the
body’s ability to bind and transport iron through transferrin
(30). Studies have shown that in beta-thalassemia major, there
is an increased demand for iron due to the production of new
red blood cells. However, the decreased production of beta-
globin chains leads to ineffective utilization of the absorbed iron,
resulting in an excess of unbound iron in the blood. This excess
iron can cause tissue damage and other complications (31). To
counteract this excess iron, the body produces more transferrin,
which binds to the iron and transports it to the tissues. As a result,
TIBC and UIBC levels can decrease in Beta-thalassemia Major, as
there is less unbound iron available for transferrin to bind. This
decrease in TIBC and UIBC is a compensatory mechanism to
prevent tissue damage that is caused by excess iron (32).

In this study, the Ferritin levels had been increased in G1
compared to G2. Ferritin is an intracellular protein that plays a
critical role in iron homeostasis by storing excess iron in a non-
toxic form. The concentration of ferritin in the blood is directly
proportional to the amount of iron stored in the body. In Beta-
thalassemia Major, the excessive accumulation of iron in the
body results in high ferritin levels (33,34). The studies showed
that serum ferritin levels correlate with the severity of iron
overload in Beta-thalassemia patients. The high levels of ferritin
in these patients can lead to organ damage, particularly in the
heart, liver, and endocrine systems, which can significantly affect
their overall health and quality of life(35,36).

In this study, the Hepcidin level had decreased in G1 compared
to G2. The decrease in hepcidin level in the Beta-thalassemia
Major can be attributed to several factors. Ineffective
erythropoiesis, which is a hallmark of Beta thalassemia Major,
leads to the release of large amounts of erythroferrone (ERFE)
into circulation. ERFE is a hormone that suppresses hepcidin
expression in the liver, leading to increased iron absorption
and release from macrophages to support erythropoiesis (37).
The iron overload that occurs in the Beta-thalassemia Major
can also play a role in the decrease in Hepcidin level. Iron
overload leads to increased expression of transferrin receptor
2 (TfR2) on hepatocytes, which enhances hepcidin expression.
However, this effect is blunted in Beta-thalassemia Major due
to the increased expression of erythroferrone (38,39). Another
study showed that the ERFE binds to the bone morphogenetic
protein (BMP) co-receptor hemojuvelin (HJV) and prevents BMP
signaling, which is necessary for hepcidin expression (40).
The present study indicated that there was a weak correlation
between hecidin protein levels with hemoglobin and Ferritin
levels in G1. Hepcidin is a key regulator of iron metabolism,
and its deficiency could lead to increased iron absorption from
the gastrointestinal tract and decreased release of iron from
macrophages. This could contribute to the development of iron
overload and anemia in patients with Beta-thalassemia Major.
This study showed a positive correlation between hepcidin
with Iron in G1. Patients with this disease require regular blood
transfusions to manage their anemia, which can lead to iron
overload in the body (41). In Beta-thalassemia Major, chronic
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transfusion therapy leads to increased iron absorption in the gut
and deposition of iron in various organs of the body, including
the liver, heart, and endocrine glands (42). However, the patients
in this study also had low levels of Hepcidin in their blood. The
results of this study showed a negative correlation of hepcidin
with TIBC and UIBC in G1. The results of the correlation showed
a weak correlation between Hepcidin and Ferritin in G2. In the
healthy individuals, there was a correlation between hepcidin
and ferritin levels. Hepcidin levels are usually high when iron
stores are sufficient or elevated, and low when iron stores are
depleted this is because hepcidin regulates the release of iron
from ferritin in response to the body’s iron needs. When iron
stores are low, the body produces less hepcidin. Conversely,
when iron stores are high, the body produces more hepcidin
(43,44). This corresponds with the results of the current study
which revealed a negative correlation between hepcidin with
Iron in G2. Hepcidin plays a crucial role in maintaining iron
homeostasis in healthy individuals, ensuring that iron levels
are maintained within a narrow range compatible with optimal
body function(45). In healthy individuals, the relationship
between hepcidin and iron is one of balance. In the present
study, the results demonstrated a weak correlation between
hepcidin and Hb, TIBC, and UIBCin G1. In healthy individuals, the
regulation of hepcidin, Hb, TIBC, and UIBC is tightly controlled
to maintain iron homeostasis. Hepcidin levels are influenced
by various factors, including iron stores, erythropoietic activity,
inflammation, and hypoxia (46,47). In healthy individuals, the
regulation of Hepcidin and Iron metabolism is finely tuned
to ensure that Iron is available for essential physiological
processes while preventing iron overload or deficiency (48). The
correlation between Hepcidin and Hb, TIBC, and UIBC in healthy
individuals is therefore dynamic and subject to the changing
needs of the body for Iron. The results of the present study
were in correspondence with what was mentioned above.

The Conclusions

The study investigated the impact of Beta-thalassemia Major, a
geneticcondition characterized by reduced or absent beta-globin
chains in hemoglobin resulting in severe anemia. The results
showed a marked reduction in hemoglobin production and an
increase in Iron and Ferritin levels, while the concentrations of
TIBC and UIBC were observed to be decreased in the individuals
with this disease compared to the healthy individuals. The
study results revealed a low hepcidin concentration in the Beta-
thalassemia Major patients compared to the healthy subjects. In
this study, the results of the correlation between Hepcidin and
other markers in the Beta-thalassemia patients group showed
a non-significant negative correlation of Hepcidin with TIBC
and UIBC, while there was a non-significant weak correlation
between Hepcidin with Hb and Ferritin. Moreover, there was
a non-significant positive correlation between Hepcidin and
Iron.
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Tables
Biochemical G1 No. 45 G2 No. 45 P-value
Parameters (Mean £SD) (Mean £SD)

[Age 13.47 £ 8.31 13.79 +£9.69 P =0.865
Gender 1.44+0.5 1.53+£0.5 P =0.405

Qad.Med.J.19(1): 9-14, 2023

BMI(Kg/m?) 18.38 +£2.75 19.93 +3.80 P=0.029*

Hemoglobin(g/dl) |8.31+1.19 12.85+1.02 P=0.0001%*
Ferritin(ng/ml) 2963.36+2401.94 |52.96+21.89 P=0.0001**
Iron (mmol/L) 35.37+9.14 14.59+3.91 P=0.0001%*
TIBC (mmol/L) 52.53+5.83 63.72+9.52 P=0.0001%*
UIBC (mmol/L)  |17.53+9.99 49.44+8.52 P=0.0001**
Hepcidin (pg/ml) |1146.20£202.17 |1668.87+460.18 P=0.0001

** highly significant (P.<.,. ), *significant (P<-,-0),SD
(standard deviation), Independent T-test.

Biochemical G1 G2

markers

r-value P-value r-value P-value

Hb 0.134 0.381 0.146 0339

fron 0.97 0.525 -0.081 0.595

TIBC -0.10 0.950 0.136 0372

UIBC -0.133 0.384 0.084 0.585

Ferritin 0.108 0.479 0.395%* 0.007

**Ata(P<-,-)), acorrelation is considered statistically

highly significant (-Ytailed).
Figures
.
. .‘ : .
H 1" . . " ' . Hm LX) L i
] ] "y
£ o ... . Pole s oy .
M ,.l' ° 0 ' :‘: '
L L
. . . .
- ‘e '
™ - . .
§ ""h.l'l.'. B ‘-
s ae i o
. L] . -. -. : N l .
A o
. :: . .
e e e

Hapcidin_G1

I 12 Al-Qadisiyah Medical Journal volume 19 Issue1 January-June 2023



Sameh M. Nahi etal.

Qad.Med.J.19(1): 9-14, 2023

Ferritin_G2
.

Reference

1. Attina’ G, Triarico S, Romano A, Maurizi P, Mastrangelo
S, Ruggiero A. Role of Partial Splenectomy in Hematologic
Childhood Disorders. Pathogens. 2021;10(11):1436.

2. Hamdy M, Shaheen |, EI-Gammal ZM, Ramadan YM. Detection
of Renal Insufficiency in a Cohort of Patients With Beta-
thalassemia Major Using Cystatin-C. J Pediatr Hematol Oncol.
2021;43(8):e1082-7.

3.Modell B, Darlison M. Global epidemiology of hemoglobin
disorders and derived service indicators. Bull World Health
Organ. 2008;86(6):480-7.

4. Harbi NS, Jawad AH, Alsalman FK. Evaluation of adipokines
concentration in Iraqi patients with major and minor beta-
thalassemia. Reports Biochem Mol Biol. 2020;9(2):209.

5. Giardine BM, Joly P, Pissard S, Wajcman H, K. Chui DH, Hardison
RC, et al. Clinically relevant updates of the HbVar database of
human hemoglobin variants and thalassemia mutations. Nucleic
Acids Res. 2021;49(D1):D1192-6.

6. Wolff F, de Verneuil H, Rucheton B, Lefebvre T, Vialaret J, Ropert-
Bouchet M, et al. Hepcidin: immunoanalytic characteristics. In:
Annales de Biologie Clinique. 2018. p. 705—-15.

7. Park CH, Valore E V, Waring AJ, Ganz T. Hepcidin, a urinary
antimicrobial peptide synthesized in the liver. J Biol Chem.
2001;276(11):7806-10.

8. Agarwal AK, Yee J. Hepcidin. Adv Chronic Kidney Dis.
2019;26(4):298-305.

9. Rochette L, Gudjoncik A, Guenancia C, Zeller M, Cottin Y,

Vergely C. The iron-regulatory hormone hepcidin: a possible
therapeutic target? Pharmacol Ther. 2015;146:35-52.
10.Azemin W-A, Alias N, Ali AM, Shamsir MS. Structural and
functional characterisation of HepTH1-5 peptide as a potential
hepcidin replacement. J Biomol Struct Dyn. 2021;1-24.
11.Pandya NK, Sharma S. Capnography and pulse oximetry. In:
StatPearls [Internet]. StatPearls Publishing; 2021.
12.Galanello R, Origa R. Beta-thalassemia. Orphanet J Rare Dis.
2010;5(1):1-15.

13.Morales M, Xue X. Targeting iron metabolism in cancer
therapy. Theranostics. 2021;11(17):8412.

14. Dev S, Babitt JL. Overview of iron metabolism in health and
disease. Hemodial Int. 2017;21:56-20.

15. Song Y, Yang N, Si H, Wang H, Liu T, Geng H, et al. Iron
Overload Induces Vascular Calcification in Rat Aorta.

16. Motta I, Mancarella M, Marcon A, Vicenzi M, Cappellini MD.
Management of age-associated medical complicationsin patients
with B-thalassemia. Expert Rev Hematol. 2020;13(1):85-94.

17. Lee HJ, Choi JS, Lee HJ, Kim W-H, Park SI, Song J. Effect of
excess iron on oxidative stress and gluconeogenesis through
hepcidin during mitochondrial dysfunction. J Nutr Biochem.
2015;26(12):1414-23.

18. Rija FF, Hussein SZ, Abdalla MA. Physiological and
immunological disturbance in rheumatoid arthritis patients.
Baghdad Sci J. 2021;18(2):247-52.

19.Bowen RAR, Remaley AT. Interferences from blood collection
tube components on clinical chemistry assays. Biochem medica.
2014;24(1):31-44.

20.Bishop ML. Clinical Chemistry: Principles, Techniques, and
Correlations, Enhanced Edition: Principles, Techniques, and
Correlations. Jones & Bartlett Learning; 2020.

21.Schnedl WIJ, Schenk M, Lackner S, Holasek SJ, Mangge
H. PB-thalassemia minor, carbohydrate malabsorption and
histamine intolerance. ] Community Hosp Intern Med Perspect.
2017;7(4):227-9.

22.Ayukarningsih Y, Amalia J, Nurfarhah G. THALASSEMIA
AND NUTRITIONAL STATUS IN CHILDREN. J Heal Dent Sci.
2022;2(1):39-52.

23. Al-Shemery MK, Al-Dujaili AN. Estimation of osteoprotgrin
level in B thalassemia patient. In: AIP Conference proceedings.
AIP Publishing LLC; 2019. p. 40011.

24.Shamoun M, Callaghan M. Thalassemia. In: Benign
Hematologic Disorders in Children: A Clinical Guide. Springer;
2020. p. 91-8.

25. Haley K. Congenital
2017;101(2):361-74.
26. Reinish AL, Noronha SA. Anemia at the Extremes of Life:
Congenital Hemolytic Anemia. Anemia Young Old Diagnosis
Manag. 2019;95-135.

27. Hajimoradi M, Haseli S, Abadi A, Chalian M. Musculoskeletal
imaging manifestations of beta-thalassemia. Skeletal Radiol.
2021;50(9):1749-62.

28. Roemhild K, von Maltzahn F, Weiskirchen R, Knlichel R, von
Stillfried S, Lammers T. Iron metabolism: Pathophysiology and
pharmacology. Trends Pharmacol Sci. 2021;42(8):640-56.
29.Mustafa BS. Defining Pathological Iron Status in Children with
Thalassemia. Iragi J Pharm. 2022;19(2):108-16.

30.Ficiara E, Munir Z, Boschi S, Caligiuri ME, Guiot C. Alteration of
iron concentration in Alzheimer’s disease as a possible diagnostic
biomarker unveiling ferroptosis. IntJ Mol Sci. 2021;22(9):4479.
31.Menaka Devi M. Prevalence of Beta Thalassemia Trait among
Antenatal Women Attending a Tertiary Care Centre. Stanley

hemolytic anemia. Med Clin.

© 2023 AL-QADISIYAH MEDICAL JOURNAL, CoLLEGE oF MepICINE, UNIVERSITY OF AL-QADISIVAH 13 I



The Correlation of Hepcidin with Hemoglobin and Iron Parameters Qad.Med.J. 19(1): 9-14, 2023

Medical College, Chennai; 2020.

32. Abbass SAR, Defer IH. Some biochemical parameters in Iraqi
patients with thalassemia and related with DM1. Int J Chem.
2011;1(5):46-56.

33. Quiles del Rey M, Mancias JD. NCOA4-mediated
ferritinophagy: a potential link to neurodegeneration. Front
Neurosci. 2019;13:238.

34.Cleland SR, Thomas W. Iron homeostasis and perioperative
management of iron deficiency. BJA Educ. 2019;19(12):390.
35. Manara R, Ponticorvo S, Tartaglione I, Femina G, Elefante
A, Russo C, et al. Brain iron content in systemic iron overload:
A beta-thalassemia quantitative MRI study. Neurolmage Clin.
2019;24:102058.

36. Majhi SC, Mishra NR, Panda PC, Biswal SS. Serum ferritin
as a diagnostic marker for cardiac iron overload among beta-
thalassemia major children. Indian J Child Health. 2019;269-72.
37.Leecharoenkiat K, Lithanatudom P, Sornjai W, Smith DR.
Iron dysregulation in beta-thalassemia. Asian Pac J Trop Med.
2016;9(11):1035-43.

38. Kowdley KV, Gochanour EM, Sundaram V, Shah RA, Handa P.
Hepcidin signaling in health and disease: ironing out the details.
Hepatol Commun. 2021;5(5):723-35.

39. Silvestri L, Nai A, Dulja A, Pagani A. Hepcidin and the
BMP-SMAD pathway: An unexpected liaison. Vitam Horm.
2019;110:71-99.

40.Xiao X, Alfaro-Magallanes VM, Babitt JL. Bone morphogenic
proteins in iron homeostasis. Bone. 2020;138:115495.
41.Prathyusha K, Venkataswamy M, Goud KS, Ramanjaneyulu
K, Himabindu J, Raj KS. Thalassemia-A Blood Disorder, its Cause,
Prevention and Management. Res J Pharm Dos Forms Technol.
2019;11(3):186-90.

42.De SanctisV, Soliman AT, Tzoulis P, Daar S, Fiscina B, Kattamis C.
Pancreatic changes affecting glucose homeostasis in transfusion
dependent B-thalassemia (TDT): A short review. Acta Bio Medica
AteneiParm. 2021;92(3).

43. Vogt A-CS, Arsiwala T, Mohsen M, Vogel M, Manolova V,
Bachmann MF. On iron metabolism and its regulation. Int J Mol
Sci. 2021;22(9):4591.

44. Lal A. Iron in health and disease: An update. Indian J Pediatr.
2020;87(1):58-65.

45.MaW, JiaL, Xiong Q, FengY, Du H. The role of iron homeostasis
inadipocytemetabolism.FoodFunct.2021;12(10):4246-53.
46.Tantiworawit A, Khemakapasiddhi S, Rattanathammethee
T, Hantrakool S, Chai-Adisaksopha C, Rattarittamrong E, et al.
Correlation of hepcidin and serum ferritin levels in thalassemia
patients at Chiang Mai University Hospital. Biosci Rep. 2021 Feb
1;41(2).

47. lanser L, Fuchs D, Kurz K, Weiss G. Physiology and
inflammation driven pathophysiology of iron homeostasis—
mechanistic insights into anemia of inflammation and its
treatment.  Nutrients. 2021;13(11):3732.

48. Winn NC, Volk KM, Hasty AH. Regulation of tissue iron
homeostasis: the macrophage “ferrostat.” JCl insight. 2020;5(2).

I 14 Al-Qadisiyah Medical Journal volume 19 Issue1 January-June 2023



