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Aims β-Thalassemia is one of the most common groups of hereditary hemoglobinopathies. This 
study aimed to investigate the concentrations of hepcidin, ferritin, some interleukins (IL-6 and IL-
10), and some hormones (Testosterone and follicle-stimulating hormone [FSH]) in β-thalassemia 
patients compared to healthy people. 

Materials & Methods  This study was conducted on 150 male subjects. Individuals were randomly 
assigned to either case group (β-thalassemia patients, n=100) or control group (healthy, n=50) 
based on simple randomization from Azadi Teaching Hospital and Al-Jumhuri Hospital in Iraq, from 
April 2022 to July 2022. Experimental work was carried out at laboratories in Kirkuk, Iraq.  

Findings Our findings showed that the hepcidin and ferritin concentrations had a significant 
increase in the case group (P<0.05) compared to the control group. IL-6 and IL-10 concentrations 
demonstrated a significant rise in patients (P<0.05) compared to the control group. The 
concentration of sexual hormones (Testosterone and FSH) demonstrated a significant reduction in 
the case group (P<0.05) compared to the control group. 

Conclusion β-thalassemia, in addition to hematological abnormalities, is caused by mutations in the 
beta gene. It is involved with other problems, such as immune, inflammatory, and endocrine 
imbalances. Evaluating and monitoring the biochemical, hormonal, and inflammatory factors 
mentioned in the present study can help prevent the iron-overload-induced consequences of 
major β-thalassemia. 
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از    یبرخ  ن،یت یفر  ن،یدیغلظت هپس  یمطالعه بررس  نیهدف از ا است.  یارث  ینوپات یهموگلوب شایع    یهااز گروه  یک ی  یتاتالاسمب  : هدف

  سهی مقا  در یبتاتالاسم  مارانی( در ب(FSH) کول یها )تستوسترون و هورمون محرک فولهورموناز  ی ( و برخ IL-10و IL-6ها )ن ینترلوکیا

 با افراد سالم است.  

 ی به تعدادبتاتالاسم   مارانی گروه مورد )ب  یک  در سازی ساده،یتصادف   به روش. افراد  بود   مرد  150  یدرباره مطالعه    نیا  : ها  و روش  مواد

 ی الجمهور  مارستانیو ب   یآزاد  یآموزش   مارستانیب  ها ازقرار گرفتند. نمونه نفر(    50  به تعداد  سالمافراد  گروه کنترل ) یک    ونفر(    100

 شد.  امعراق انج واقع در کرکوک یها شگاهیدر آزما  یشگاهیآزما   و یعمل  یها. کارانتخاب شدند ،2022 یه یتا ژوئ 2022 لیعراق، از آور

 (.P>05/0داشت )  یداری معن  شی افزا  کنترل،نسبت به گروه    ،مارانیدر ب  نیتیو فر  نی دیما نشان داد که غلظت هپس  یهاافتهی  :هاافتهی 

)تستوسترون   یجنس یهاغلظت هورمون  (.>05/0Pداشت ) یداری معن شیافزا ،نسبت به گروه شاهد ،مارانیدر ب IL-10و  IL-6غلظت  

 (.>05/0Pداشت ) یداری کاهش معن  کنترل،نسبت به گروه  ،مارانی( در ب کولی و هورمون محرک فول

  ی تعادلبی مانند  یگریبا مشکلات د، بیماران را از جهش در ژن بتا یناش  کیمشکلات هماتولوژایجاد علاوه بر  یبتاتالاسم :ی ریگ  جهینت

تواند یحاضر م  یذکرشده در مطالعه   یو التهاب   یهورمون  ،یی ای میوش یعوامل ب  شیو پا  یاب ی. ارزکندمی   ریدرگ   زیر  و غدد درون  یالتهاب   ،ی منیا

 کمک کند.  یبار آهن در بتاتالاسماز اضافه  یاز عواقب ناش یریبه جلوگ
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Introduction  
eta thalassemia is a monogenic disorder 

with defective formation in the beta chain 

of hemoglobin (Hb). Hb is an iron-

containing protein within the red blood 

cells (RBCs) that transports O2 to cells throughout the 

body. In an individual with β-thalassemia, a negligible 

degree of hemoglobin prompts a dearth of oxygen in 

various regions of the body. Influenced people 

experience a paucity of red platelets (iron deficiency), 

which can beget pallid dermis, frailty, lethargy, and 

alarming intricacies [1]. In β-thalassemia, elevated 

amounts of heme iron, especially of free iron, are 

observed. This form of iron may thus represent the 

trigger for the oxidative damage seen in β-thalassemia 

RBCs and macromolecules, including DNA, protein, 

and lipid membranes, and a possible consequential 

accelerated apoptosis may contribute to shortening the 

life span of thalassemia cells [2].  

Hepcidin, a key component in iron hemostasis, could be 

a little antimicrobial peptide and encoded by the HAMP 

gene on 19q13, which contains 2637 bp and comprises 

three exons [3]. It is overwhelmingly communicated 

within the liver and acts by reducing the expression of 

ferroportin (FPN), an iron transporter on the intestinal 

cell surface. FPN is primarily communicated in duodenal 

enterocytes, liver Kupffer cells, periportal hepatocytes, 

and splenic macrophages. Hepcidin-FPN complex is 

regarded as a central negative regulator of iron egress 

from hepatocytes [4]. Hepcidin impacts iron homeostasis 

by three mechanisms; 1) inhibition of iron absorption 

from the duodenum, 2) blocking the release of recovered 

iron from macrophages and 3) controlling the movement 

of iron stores in hepatocytes [5]. These lead to a reduction 

in the amount of iron released from storage, resulting in 

iron being retain within the cell, thereby maintaining 

plasma iron levels within normal range [6]. Hepcidin 

levels in thalassemia patients are low, mainly due to 

reduced synthesis in the liver and are also affected by 

hematopoiesis, anemia and iron overload . 

Literature review shows that one of the problems of 

beta-thalassemia major is iron overload, for which the 

ferritin molecule is the best indicator. Ferritin genes are 

located on chromosomes 11q and 19q. Iron is essential 

for the body to maintain healthy RBCs. Ferritin stores 

iron in the liver and immune cells. The amount of 

ferritin indicates the amount of iron reserves in the 

body. Ferritin is a protein composed of 24 subunits, 

among which two subunits have specifically distinct 

functions. The size of the light chain (L-ferritin) is 19 

KDa and its gene is located on chromosome 11q; the 

size of the heavy chain (H-ferritin) subunit is 21 KDa 

and is located on chromosome 19q. The h-ferritin 

subunit has ferro-oxidation activity and has a site for 

iron binding; however, the L-ferritin subunit lacks this 

site. The complex of ferritin can contain 4,500 to 5,000 

iron atoms [7, 8]. 

One of the affected aspects of β-thalassemia is the 

immune system, which is revealed by identifying and 

measuring the amount of interleukins (ILs). An 

imbalance in the immune system leads to inflammation 

and suppression of the immune system. IL-6 is a cytokine 

with various uses, which is a pro-inflammatory marker  

[9]; IL-10 is also known for its anti-inflammatory 

properties  [10]. The evaluation of these ILs in β-

thalassemia is crucial to check the immune status. 

In β-thalassemia, the balance of the endocrine system is 

also affected, and one of the problems associated with 

these diseases is delayed sexual development [11]. For 

this purpose, we examined some hormones, such as 

testosterone and Follicle Stimulating Hormone (FSH). 

Materials and Methods 

Patients  

A total of 150 individuals were reported for major β-

thalassemia in Azadi Teaching Hospital and Al-Jumhuri 

Hospital, Iraq, from April 2022 to July 2022. 

Experimental work was carried out at private laboratories 

in Kirkuk, Iraq. The volunteers in the current study were 

divided based on simple randomization into two groups:  

healthy volunteers as the control group (n=50) and β-

thalassemia patients as the case group (n=100). Groups 

were matched based on gender and age. The inclusion 

criteria were suffering from major β-thalassemia, 

whereas the exclusion criterion was any other type of 

anemia or any other related diseases.  

Collection of blood samples and processing   

Blood samples were collected from each patient. 

Scientists have differing opinions on the need for a fresh 

blood sample. Therefore, freshly drawn blood is not 

important. From each subject 5 ml venous blood sample 

were collected and divided into EDTA tubes (1.0 ml) and 

vacutainer tubes (4.0 ml). 1 ml of blood in EDTA tube 

was used for hematology tests (RBC, HB, HCT, and 

MCV) using the Sysmax device. 

Vacutainer tubes were left for a short time to allow the 

blood to clot and then centrifuged at 4000 rpm for 10 min 

to obtain clear serum samples. The separated serum was 

placed in five tubes, sealed and stored at -20  0C until 

analysis. Frozen serum samples were thawed at 4-8 ̊C and 

mixed by gentle shaking at room temperature before use  . 

Measurements 

The Hepicidin and Ferritin (Sigma-Aldrich SE120054) 

enzyme-linked immunosorbent assay (ELISA) kits are 

intended for the quantitative measurement of ferritin in 

human serum or plasma. Interleukins (Sigma-Aldrich 
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MSST0018) ELISA Kit is intended for the quantitative 

measurement of IL-6 and IL-10 in human serum or 

plasma. The Testosterone (Sigma-Aldrich SE120119) 

and Follicle Stimulating Hormone (FSH) ELISA kits 

are designed for the quantitative determination of total 

testosterone concentration in human serum or plasma. 

Our ELISA reader of choice was the LABON model 

from China. 

Statistical Analysis 

The collected data were analyzed in IBM SPSS v16.0 

software. Data were presented as mean±SD (standard 

deviation), and values ≤ 0.05 were considered 

statistically significant. The normality of data distribution 

was checked by a Stem and Leaf Plot and Kolmogorov-

Smirnov test. The results of the current study were 

statistically normal; therefore, we used an independent 

samples t-test to look for significant differences between 

the experimental groups by comparing their mean scores. 

Results 

Hepcidin and ferritin  

Table 3.1 tabulates hepcidin and ferritin 

concentrations in β-thalassemia patients, according to 

which hepcidin concentration demonstrated a 

significant rise in patients (289.47±10.75) compared to 

the control group (109.28±12.64). A significant 

increase was observed in ferritin concentration in the 

case group (794.52 ± 67.13) compared to the control 

group (124.08 ± 22.57). In both groups, the distribution 

of data was normal, and we used independent samples 

t-tests for comparing groups. 

 
Table 3.1. Hepcidin and ferritin in studied groups 

 

 Control (n=50) Case (n=100) P-value 

Hepcidin 
(ng/ml) 

109.28±12.64 289.47±10.75 0.001 

Ferritin (ng/ml) 124.08±22.57 794.52±67.13 0.008 

 
The values are based on mean±SD. The data distribution was normal 
and analyzed based on independent samples t-test 

Interleukins  

Table 3.2 gives information about IL-6 and IL-10 

concentrations in β-thalassemia patients; based on 

which IL-6 concentration demonstrated a significant 

boost in case group (10.73±0.46) compared to the 

control group (7.63±0.21). IL-10 concentration showed 

a significant rise in the case group (41.32 ± 1.54) 

compared to the control group (32.7±2.13). In both 

groups, the distribution of data was normal, and we 

used an independent samples t-test for comparing 

groups. 

 

Table 3.2. Interleukin 6 and interleukin 10 concentrations in studied 
groups 

 Control (n=50) Case (n=100) P-value 

IL-6 (pg/ml) 7.63±0.21 10.73±0.46 0.001 
IL-10 (pg/ml) 32.72±2.13 41.32±1.54 0.044 

 

 
The values are based on mean±SD. The data distribution was 
normal and analyzed based on independent samples t-test 

Hormones  

Table 3.3 presents testosterone and FSH concentrations 

in β-thalassemia patients. According to this table, 

testosterone concentration demonstrated a significant 

decrease in case group  (1.38±0.2) compared to the 

control group (5.19±0.31). It was also found that FSH 

concentration had a significant reduction in the case 

group (2.61±0.185) compared to the control group 

(6.73±0.29). In both groups, the distribution of data was 

normal, and we used independent samples t-test for 

comparing groups. 

 
Table 3.3. Testosterone and FSH concentrations in studied groups 

 

 Control (n=50) Case (n=100) P-value 

Testosterone 
(ng/ml) 

5.19±0.31 1.38±0.2 0.005 

FSH 
(mIU/ml) 

6.73±0.29 2.61±0.185 0.004 

 

The values are based on mean±SD. The data distribution was 
normal and analyzed based on independent samples t-test 

Discussion  

Our findings showed that the concentrations of ferritin, 

hepcidin, IL-6, and IL-10 elevated significantly in β-

thalassemia patients (P<0.05) compared to the control 

group. However,  sexual hormones (testosterone and 

FSH) concentration demonstrated a significant reduction 

in β-thalassemia patients (P<0.05) compared to the 

control group. 

Ferritin is a molecule that indicates the amount of iron 

stores, and its decrease is presented as iron deficiency 

anemia, hypothyroidism, and vitamin C deficiency, 

whereas its increase leads to such conditions as  

increased metabolism, tissue damage, and iron overload 

[12]. A rise in ferritin is observed in β-thalassemia 

patients due to repeated blood transfusions. To prevent 

iron overload complications, it is necessary to evaluate 

its amount and become aware of its increase. The 

findings of the present study about ferritin levels are in 

line with those reported by Pootrakul et al. [13], who 

found that serum ferritin levels in β-thalassemia patients 

were higher than the normal level. The same result was 

found by Mishra and Tiwari [14], who found that the 

serum ferritin levels in multi-transfused thalassemia 
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major patients in Bhopal Hospital, India, were higher 

than that in the control group. Easa [15] also studied 

patients with β-thalassemia, including major and 

intermediate types, who attended to Thalassemia Center 

in Karbala Teaching Hospital. The results of this study, 

which was conducted on splenectomy patients, also 

revealed high ferritin levels for splenectomies β-

thalassemia major patients. Examining ferritin in β-

thalassemia major patients is highly important due to the 

fact the ferritin level can be related to various factors, 

such as the level of iron stores, atrial 

electrocardiographic markers, and endocrinopathy [16]. 

Hepcidin is a protein with 25 amino acids rich in cysteine, 

is synthesized in hepatocytes, and its concentration 

increases under the influence of inflammation and 

inflammatory cytokines [17, 18]. When the amount of iron 

is high, hepcidin inhibits the action of ferroportin and 

prevents intestinal absorption of iron. In β-thalassemia 

major patients with occasional blood transfusion, an 

increase in serum hepcidin levels is expected, while, in β-

thalassemia patients without blood transfusion, no 

significant increase in hepcidin levels is observed. The 

amount of hepcidin in patients with β-thalassemia major 

can change based on the time of blood transfusion [19]. In 

this study, the serum level of hepcidin was high in the β-

thalassemia major group compared to normal people, 

which indicated the high iron overload in the studied 

patients. Moreover, there was no significant association 

between the serum levels of ferritin and hepcidin. A similar 

result was obtained by Haghpanah et al., ho reported that 

the serum level of ferritin was higher in the β-thalassemia 

major group [20].  

Iron overload and alloimmunization should be taken 

into account as potential consequences when treating 

individuals with β-thalassemia via blood transfusion [21]. 

As a result, it is important to investigate the ILs involved 

in the immune system. The results of this study 

demonstrated that there was a significant increase in the 

serum IL-6 level in the β-thalassemia patients compared 

to normal subjects. These increments in the serum level 

of IL-6 that can be found in patients with β-thalassemia 

might be attributed to several immunological defects, 

among which the impairment of neutrophil and 

macrophage phagocytic as well as killing functions and 

the production of some cytokines are the most important. 

IL-6 has been found to be a crucial component of the pro-

inflammatory response, and its elevated serum level may 

be associated with the pathophysiology of β-thalassemia 

[22]. Increased production of IL-6 is likely due to the 

overstimulation of macrophages and may contribute to 

abnormalities in iron metabolism [23]. The results of our 

study were in line with those of other studies [22, 24]. In 

a study, the effect of iron chelating drugs on IL-6 was 

evaluated and it was observed that the use of these drugs 

increased the level of IL-6 in β-thalassemia patients [25]. 

IL-10 is an anti-inflammatory cytokine and is produced 

by a large number of immune cells, such as CD8+ and 

CD4+ T cells, NK cells, NK T cells, B cells, dendritic 

cells, eosinophils, mast cells, and monocytes cells [26]. 

Here, we evaluated the serum level of IL-10 in β-

thalassemia patients. Our results suggested that the serum 

level of IL-10 was significantly increased compared to 

the control group. This may be attributed to various 

factors, such as splenectomy, iron overload, and repeated 

exposure to foreign antigens at the time of blood 

transfusion, or multiple blood transfusions may expose 

them to dangerous infections, such as HIV, HBV, and 

HCV [27]. According to Balouchi et al. [28], IL-10 levels 

were significantly higher in β-thalassemia major patients 

than in healthy subjects. They also highlighted that 

immunological abnormalities were characterized in β-

thalassemia major patients, many of which were linked to 

cytokines, and this imbalanced immune condition 

involved inflammation and immunosuppression in 

patients. Similarly, Voskaridou et al. [29] observed that 

IL-10 levels increased in patients with β-thalassemia 

major and IL-10 had a role in the pathogenesis of these 

disorders. In these patients, blood transfusion disrupts 

immunomodulation and causes cytokine changes, 

especially IL-10. 

The results of this study showed a significant decrease 

in the serum Testosterone and FSH hormone levels. Due 

to the accumulation of iron in gonadotropic cells, people 

with beta thalassemia major exprience problems with 

sexual development such as: puberty failure, amenorrhea, 

slow or no sexual development, sexual dysfunction and 

infertility due to hypogonadism [30, 31]. The significant 

increase in ferritin levels in this study is consistent with 

the function of many other gonads and pituitary glands. 

Studies have confirmed primary hypogonadism due to 

iron deposition in the gonads. Secondary hypogonadism 

results from iron deposition on gonadotrophic cells of the 

pituitary gland, as demonstrated by the limited response 

of luteinizing hormone (LH) and FSH to gonadotropin-

releasing hormone (GnRH) stimulation or a combination 

of both primary and secondary hypogonadisms. The 

abnormal gonadotrophin response pulsatilely 

administered GnRH clearly indicates failure of 

gonadotroph cells, which apper to be extremely 

vulnerable to iron damage [32]. According to research by 

T. Hamed and et al, the prevalence of hypogonadism in 

patients with beta thalassemia major patients is 75% [33]. 

consistent with our results, AL-Mahdawi and et al, found 

decreased FSH and Testosterone levels in patients with 

beta thalassemia [34]. A similar study was performed by 

Soliman et al [35], who reported that thalassaemic 

patients had a total absent of pubertal changes in 73% of 

boys and 42% of girls with thalassemia of age from 13 to 
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21 years. De Sanctis et al [36] reported that a significant 

proportion (30%) of patients with beta thalassemia major 

had hypogonadotropic hypogonadism. 

Conclusion 

β-thalassemia, in addition to hematological 

abnormalities, is caused by mutations in the beta gene. It 

is involved with other problems, such as immune, 

inflammatory, and endocrine imbalances. Preventing 

iron-overload-induced consequences of major β-

thalassemia can be achieved by evaluating and 

monitoring the biochemical, hormonal, and inflammatory 

factors mentioned in the present study. An increase in 

ferritin and hepcidin indicates complications of iron 

balance in these patients. An increase in IL-6 and IL-10 

also demonstrates the effect of iron overload on the 

inflammatory and immune system. Another axis of 

disorder caused by the accumulation of iron is the 

imbalance of endocrine hormones, which is indicated by 

a decrease in sex hormones, such as testosterone and 

FSH. Measuring the levels of the mentioned factors is 

crucial in informing people to start iron chelating 

treatment or following the treatment and its dosage. 

Research limitations  

The comparison of ferritin and hepcidin levels between 

the two groups of patients with thalassemia major and the 

control group was the main strength of this study since it 

can demonstrate how the type of thalassemia affects iron 

status markers. The lack of numerous measures of 

hepcidin at different times was one of the weaknesses of 

the study, along with the small number of samples in the 

control group. It is better to study this project in more 

groups, for example, women and men . 
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