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Abstract---The present study was set to investigate the potential 

association between the level of Interleukin-6 (IL-6), as a key 

component of the pro-inflammatory response, with different 
thalassemia’s biological and clinical features. For this purpose, one 

hundred fifty blood samples were collected from 100 beta-thalassemia 

patients, who attended the Genetic Hematology Centre at Ibn Al- Baladi 
Hospital in Baghdad, Iraq, and 50 healthy subjects who were employed 

as a control group. IL-6 levels were estimated using an ELISA Kit, 

whereas other thalassemia-related clinical features (such as HbA, HbF, 
ferritin, blood transfusions, splenectomy status, and the history of 

frequent infection) were additionally assessed. The results of the 

present study showed a significant elevation (P≤0.01) in the levels of IL-

6 in thalassemia patients as compared to healthy controls (57.7763± 
8.94837 vs.  6.3059± 1.90364 pg/ml, respectively). Furthermore, IL-6 

plasma levels seem to be influenced by the number of multiple 

scheduled blood transfusions, with the higher IL-6 mean level 
corresponding to the more frequent transfusions. Also, splenectomized 

thalassemia patients showed significantly higher IL-6 levels than those 

of non-splenectomized patients (61.2687±9.30688 vs. 56.9571±8.71926 
pg/ml, respectively).Additionally, thalassemia patients exhibited a 

significant increase in HbF and ferritin levels in comparison to the 

healthy controls (57.1430 vs. 0.5020 g/dL and 2813.7000 vs.56.8220 
ng/ml, respectively), whereas the levels of HbA showed a significant 
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drop as compared to the control group (26.8118 vs. 96.1340 g/dL). IL-6 

plasma levels correlated positively with ferritin levels (r= 0.611, 

p≤0.0001) and HbF (r= 0.7501, p≤0.0001). However, IL-6 appears to 

correlate negatively with HbA (r= -0.885, P≤0.0001) in β-thalassemia 
patients compared to healthy controls. Overall, the present 

investigation suggests that the levels of IL-6 in β-thalassemia cases 

seem to be affected by the multiple scheduled blood transfusions and 
other disease-associated complications, including splenectomy and 

elevated ferritin levels, which might influence patients’ susceptibility to 

infections. 
 

Keywords---Interleukin-6, beta-thalassemia, splenectomy, ferritin 

level, HbF, HbA, blood transfusion 
 

 

Introduction  

 
Thalassemia is an autosomal regressive disorder characterized by abnormal 

globin chain production. It is caused by mutations in the globin chain-encoding 

genes on chromosome 11. Beta-thalassemia major (β-TM) is caused by β-globin 
gene mutations. Reduced or absent expression of the β-globin gene results in α-

globin imbalance; the insoluble α-globin precipitates as damaged molecules, 

leading also to kill erythroid precursors. Thalassemia is considered as one of the 
most common hereditary diseases worldwide, with a particularly high prevalence 

in tropical and subtropical areas, such as the Middle East, the Mediterranean 

countries, India, Southeast Asia, and North Africa. Beta-thalassemia is classified 
as major (BTM), intermedia (BTI), or minor (BTM), based on the clinical and 

genetic characteristics of the patient [1]. β-Thalassemia major from is a fatal  

childhood disease to a chronic disease  last through life time[2] 

 
The management of β-thalassemia involves broadly applied measures, ranging 

from blood transfusion, bone marrow transplantation, to splenectomy, with the 

primary goal is to improve hemoglobin status. Iron overload damages organs by 
increasing the production of reactive oxygen species (ROS), resulting in chronic 

oxidative stress, chronic inflammation, ferroptosis, impaired phagocytic/immune 

cell function, and an increased risk of immunosuppressive virus transmission; all 
of which result in increased morbidity and mortality in beta-thalassemia patients, 

particularly the major form [3]. Iron accumulation is a significant consequence of 

beta-thalassemia. It is caused by both blood transfusions and inefficient 
erythropoiesis, resulting in organ toxicity and malfunction (in the heart, liver, or 

endocrine glands) [4]. β-thalassemia major (TM) transfusion-dependent patients 

may require splenectomy. This therapeutic option is taken to minimize the blood 

transfusions and the resultant iron overload accordingly [5]. 
 

Interleukin-6 (IL-6), encoded by the IL-6 gene that maps to 7p15.3 in humans, is 

a key pro-inflammatory cytokine and acts as an anti-inflammatory myokine as 
well. It can be synthesized by several immune-related cells, such as macrophages 

and monocytes,  during innate immune response as a consequence to tissue 

injury or infection following the recognition of pathogens through toll-like 
receptors (TLRs) [6].  
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Interleukin-6 (IL-6) has a wide impact on immune and non-immune system cells, 
often exhibiting hormone-like features that influence homeostatic processes. It 

also has context-dependent pro-and anti-inflammatory properties. Numerous 

cytokines have been identified in sites of persistent inflammation, including 
periodontitis, autoimmune disorders, thyroiditis, and rheumatoid arthritis. 

Although rapid production of IL-6 contributes to host defense during infection 

and tissue injury, it is thought that its overproduction is involved in disease 

pathology. Additionally, there is evidence that IL-6 is overproduced in patients 
with thalassemia [7]. IL-6 is a pyrogenic agent and stress signal that mediates 

hepatocytic synthesis of acute inflammatory phase proteins[8]. A previous study 

indicated that patients with thalassemia have a higher pro-resorptive level of IL-6 
[9].  

 

As a consequence of iron overload in thalassemic patients, the elevated levels of 
ferritin, which is an iron storage protein, are believed to cause a reduction of 

some of the innate immune system’s proteins and this, in turn, could maximize 

the risk of infections. In this regard, it is thought that free and excessive iron can 
cause organ toxicity and damage through the formation of free radicals [10]. 

Thalassemia is considered as a risk factor for liver disease, including development 

of hepatocarcinoma, due to liver iron overload and the high prevalence of viral 

hepatitis [11]. The immunity of thalassemia patients is described to be impaired. 
This could be mostly due to the fact that the management of this disease is 

mainly blood transfusion-dependent, which leads to iron overload and affects vital 

body organs, including the spleen. The present study was set to investigate the 
potential association between IL-6 levels and different biological and clinical 

features in Iraqi β-thalassemia patients. 

 
Method  

 

One hundred blood samples were collected from beta-thalassemia patients who 
attended the Genetic Hematology Centre at Ibn Al- Baladi Hospital in Baghdad, 

Iraq, from November 2021 to April 2022. Patients were divided into 64 males and 

36 females, including 50 cases of each of the two groups of major and intermedia, 

with different ages ranging between 1 and 53 years. Patients were diagnosed at 
the aforementioned center according to complete blood count (CBC), hemoglobin 

electrophoresis, ferritin tests, and disease-related clinical features examined by 

the center physicians and consultants.  In addition, blood samples were collected 
from healthy individuals (without hemoglobinopathy) from the Baghdad 

population and used as a control group, including 19 males and 31 females of 

different ages ranging between 19 and 48 years. Approximately 4 ml of peripheral 
venous blood was taken from each patient and control subjects. Each blood 

sample was placed in a plain test tube for 15 minutes to separate the plasma 

before being centrifuged at 3,000 rpm. The collected plasma was stored at -20 ℃ 
in special Eppendorf tubes until used for assessing the level of IL-6 for all the 

samples by using the Human IL-6/Interleukin-6 ELISA Kit, Boster antibody, and 

ELISA experts, USA. The clinical and disease-related data, such as blood 
transfusion, splenectomy status, ferritin level, HbA level, HbF level, and frequent 

infection (viral) were also collected from each patient’s hospital record. The study 

design was approved by the Research Ethical Committee of the College of Science, 
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University of Baghdad (No. CSEC/1021/0055). The results and data from this 

study were all analyzed in Excel. The Statistical Analysis System- SAS (2012) 

program was used to investigate the parameters of this study. t-Test was used 

determine if there is a significant difference between the means of two compared 
groups. 

 

Result 
Elevated plasma IL-6 levels in thalassemia patients   

  

Analysis results of plasma IL-6 levels showed a significant difference (P˂0.01) 
between β-thalassemia patients compared to the healthy controls. Levels of 

plasma IL-6 were able to separate thalassemia patients and healthy controls as 

two distinct groups (mean ±SD 57.7763± 8.94837 vs.  6.3059± 1.90364 pg/ml, 
respectively, Figure 1). Further analysis of the levels of IL-6 of the studied 

thalassemia subtypes (major and intermedia) also showed significant differences 

(P˂0.01). The mean IL-6 level  was higher in thalassemia major patients 

(65.1840±5.73697 pg/ml) as compared to that in thalassemia intermedia patients 
(50.3685±4.10842 pg/ml). 

 

 
 

Figure 1. IL-6 average levels of the studied thalassemia (major and intermedia) 
patients in comparison to the healthy controls. 

 

Mean IL-6 plasma level seems to be influenced by the schedule of blood 
transfusion 

 

The levels of IL-6 seem to be proportionally affected by the duration of the 
scheduled blood transfusion. This was evident when the percentage level dropped 

by approximately 30% in thalassemia patients who required blood transfusion 

every eight weeks in comparison to those who needed transfusion on weekly 
bases (49.53 vs. 70.2 pg/ml, respectively, Figure 2). This observation suggests an 

association between the level of IL-6 and the duration of blood transfusion. 

Another support for this suggestion comes from the lower IL-6 levels in the 

thalassemia-intermedia patients investigated in our study who, as stated earlier, 

Thalassemia Major           Thalassemia intermedia                    Healthy controls 
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required less frequent blood transfusions than those needed by thalassemia 

major patients.  
 

 
 
Figure 2. Plasma IL-6 levels according to the number of blood transfusions in the 

assessed thalassemia patients 

 
Interleukin-6 levels did not seem to be influenced by the gender status of 

the assessed thalassemia patients 

 
A comparison of the average levels of IL-6 in the investigated gender groups have 

provided further support to the observation that the thalassemia type has a clear 

impact on the IL-6 levels. This was evident since IL-6 average levels were almost 
comparable between both gender groups (females/males). Thalassemia females 

showed relatively similar IL-6 average levels to the male patients (54.9989 vs 

59.3386pg/mL, respectively; P≤0.01). Similarly, no significant differences were 

observed in IL-6 level between genders in the healthy control group (Figure3). 
However, the levels of IL-6 differed significantly between genders of thalassemia 

major and intermedia patients. IL-6 level increased by nearly 27.7% in 

thalassemia major females compared with thalassemia-intermedia females 
(P≤0.01). In the same manner, IL-6 levels were increased by 31.4% in males with 

thalassemia major than those with thalassemia intermedia.  
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Figure3. IL-6 levels categorized based on the gender of studied thalassemia 
patients in comparison to the healthy controls.   

 

Splenectomized patients seem to have elevated IL-6 plasma level 

 
IL-6  plasma levels seem to be increased in splenectomized in comparison to non-

splenectomized thalassemia patients (61.2687±9.30688pg/ml vs.  

56.9571±8.71926pg/ml, respectively, table 1). This resulted in significant 
differences  between the two groups. 

 

 
Table 1. IL-6 levels based on splenectomized and non-splenectomized  

thalassemia patients 

Groups IL-6(pg/ml)Means±SD 

Splenectomy (n=19)                                                    61.2687±9.30688a 

 

Non-Splenectomy (n=81)                                            56.9571±8.71926b 

Means with different letters in the same column differed significantly **(P≤0.01). 

 

Viral infection leads to elevated IL-6 plasma level in thalassemia patients 
 

The level of IL-6 in thalassemia patients with viral infections appeared to be 

increased (60.1085±9.81809 pg/ml) and differ significantly (P≤0.01) from those 
with no viral infection (57.3647±8.78429 pg/ml), as shown in table 2. 
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Table 2. Plasma IL-6 levels  in  thalassemia patients based on viral infections. 

 

Viral infection status 

IL-6 (pg/ml, Mean±SD) 

Infection (n=15)                                                        60.1085±9.81809a 

 

Non-infection (n=85)                                                57.3647±8.78429b 

Means having different letters in the same column differed significantly **(P≤0.01). 

 

Plasma IL-6 is positvely corretalted with serum ferritin in thalassemia 

patients 
 

The results obtained in this study exhibited significant elevation (P≤0.01) in 

serum ferritin levels in thalassemia patients, in both major and intermedia 
groups. Serum ferritin raised by approximately 35.8% in thalassemia major in 

comparison to intermedia pateints (3241.6000 vs.2385.8000 ng/ml, respectively, 

Figure 4). Our results also showed significant difference (P≤0.0001 ) in ferritin 
level in patients as compared to healthy controls. Pearson correlation coefficient 

was computed to assess the relationship between serum ferritin and IL-6 levels. 

There was a strong positive correlation between the two assessed variables (r = -
0.611, P≤0.0001), inmplicating involvement of the increased ferritin levels in 

raising IL-6 plasma levels in β-thalassemia patients, 

 

 
 

 

Figure 4. Serum ferritin level in thalassemia patients compared to healthy 

controls 
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Fetal Hb induction in thalassemia patients 

 

Levels of both fetal and adult Hb in thalassemia patients were shown to be 
significantly differeent (P≤0.0001) to those in healthy controls. Fetal Hb levels 

were much higher in thalassemia patients than healthy controls (57.1430 vs 

0.5020 g/dL, repecatively, Figure 5), while those in adults were reduced by about 
72% in thalassemia patients as compared to healthy controls (26.8118 vs 

96.1340 g/dL, respectively).  Also, IL-6 plasma levels were found to be negatively 

correlated with HbA (r=-0.885, P≤0.0001) and positively correlated with HbF 
(r=0.7501, p≤0.0001) in thalassemia patients.. 

 

 
Figure 5. Fetal and adult Hb levels in thalassemia patients in comparison to 

healthy controls 

 
Discussion 

 

These increases in IL-6 levels might be a result of many immunological problems 
commonly reported in patients with β-thalassemia, the most significant of which 

include impairments of neutrophil and macrophage phagocytic activities, as well 

as the production of certain cytokines. Elevated IL-6 level in the serum may play a 

role in the pathophysiology of β-thalassemia. Increased IL-6 production is most 
likely due to macrophage overstimulation and may contribute to iron metabolism 

abnormalities [12]. The data demonstrated a substantial rise in IL-6 levels in TM 

patients when compared to healthy controls; this finding may be explained by the 
inflammation associated with frequent blood transfusions. Increased IL-6 

production may be a result of persistent antigenic stimulation and iron overload 

associated with macrophage activation during transfusion. In this respect, our 
study findings seem to corroborate with that of El-Rasheidy and colleagues 

[13].Similarly, a number of previous studies showed significant increases in IL-6 

levels in β-thalassemia patients in comparison with healthy controls [14, 
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15].However, one study reported lower levels of IL-6 in thalassemia patients than 

in controls[16]. 
 

While blood transfusions may be life-saving for individuals with thalassemia, it is 

linked with certain problems, such as iron overload and platelet and RBC 
alloimmunization. Typically, patients with β-thalassemia intermedia need few or 

no blood transfusions. They may receive transfusions on a sporadic schedule at 

times of sickness (e.g., sepsis) or for brief periods (e.g., during pregnancy). 

Patients with β-thalassemia intermedia who become transfusion-dependent follow 
a similar transfusion schedule to those with β-thalassemia major [17].Early and 

frequent blood transfusions reduce the effects of severe anemia and increase 

survival in people with thalassemia. However, transfusions' beneficial effects are 
reduced in the long term by complications, such as chronic viral infections, 

hemosiderosis, and alloimmunization against RBC[18]. Multiple blood 

transfusions over an extended period are also known to be a significant source of 
immunological disorders. Indeed, recurrent blood transfusions result in chronic 

alloantigen stimulation, which has been linked to autoimmune hemolysis, T and 

B lymphocyte alterations, and monocyte and macrophage functional 
modifications[19]. High IL-6 plasma concentration is predictive of massive 

transfusion in severely injured thalassemia patients, a notion that seems to agree 

with the results of a recent report [20]. 

 
Although questions about gender differences in plasma IL-6 level remain 

unanswered at present, it is believed that it increases with age both in healthy 

males and females [21].However, our study results showed that both males and 
females with thalassemia have higher IL-6 and the levels seemed to be influenced 

by the thalassemia subtype; both genders from the major subtype have higher IL-

6 levels than those of intermedia and healthy controls. This finding suggests that 
plasma IL-6 levels are high in thalassemia regardless of the patients’ gender 

status. Plasma IL-6 levels were also shown to increase in other diseases, such as 

gastric cancer, following blood reinfusions [22, 23]. 
 

Splenomegaly is one of the complications in β-thalassemia patients, and the 

degree of splenomegaly is related to the severity of thalassemia and the frequency 

of blood transfusions. As a result, splenectomy could be an option to avoid 
excessive spleen activity and reduce the mechanical pressure caused by an 

enlarged spleen. Excessive splenic activity accelerates the destruction of 

transfused red blood cells, resulting in an increased requirement for blood 
transfusion in patients. Splenectomy may increase the chance of developing 

thrombotic problems and acute infections after the surgical procedure. This may 

have occurred as a result of abnormal immunoglobulin production, changes in 
the activity of immune-related cells (B cells, T cells, macrophages, and 

neutrophils), as well as altered complement system components 

[24].Splenectomized thalassemia patients are at a higher risk of infection than 
their non- splenectomized counterparts, as indicated by elevated levels of the 

inflammatory marker IL-6 [25]. On the contrary to our study finding, a previous 

study showed that IL-6 levels were not significantly different between 
splenectomized and non-splenectomized patients[26]. 
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According to previous research, the primary predictors of infection in patients 

with thalassemia major are the length of thalassemia after diagnosis, the 

frequency of blood transfusions, splenectomy, and iron chelation. The infection 

episodes were more frequent in post-splenectomy than in non-splenectomy 
patients[27]. It is suggested that IL-6 promotes the differentiation of antibody-

producing cells and that viral proteins stimulate IL-6 synthesis. In this regard, 

elevated IL-6 gene expression was detected in lymphoid tissues from patients with 
viral infection[28]. 

 

A study conducted by Saeed and colleagues showed the prevalence of viral 
infections (HCV, HBV, and HIV) in patients with thalassemia who required blood 

transfusions[29]. IL-6 is released in response to inflammation caused by viral 

infections;, however, it has been shown that the levels of IL-6 considerably 
increase between 24 and 48 hours following infection[30]. 

 

Serum ferritin can be utilised as an indicator of iron status. Thalassemia patients 

are exposed to an increased risk of iron overload complications post-blood 
transfusions[31].Long-term iron overload toxicity is often proportional to the 

number of transfused units[32, 33]. In this regard, our study finding seems to be 

in line with that of Haghpanah and colleagues who noticed that serum ferritin 
levels were higher in the TM group [34].Furthermore, previous investigations 

stated that iron overload could be independent of blood transfusion in TI patients. 

The results indicated that serum levels of ferritin were extremely high in both TM 
and TI groups, which indicates that iron overload can cause serious health issues 

in thalassemia patients if left untreated. Iron overload may be a result of blood 

transfusion and ineffective extramedullary erythropoiesis[35, 36].Howover,ferritin 
elevation may reflect conditions unrelated to iron metabolisms, such as 

inflammation, liver injury, and steatohepatitis [37].Consistent with our finding, a 

previous study suggested that IL-6 may increase ferritin synthesis. Also, both 

ferritin and IL-6 have a significant correlation to affect serum adiponectin, CRP, 
Hb concentration, and platelet count [38]. Cardiac disease caused by the 

complications of transfusional iron overload remains the main cause of death in 

patients with TM over the past 25 years. Also, a significant association between 
serum ferritin levels and the rate of endocrinopathy was proved in a previous 

study [39].It has been observed that splenectomy can affect ferritin levels. 

Splenectomized patients have higher ferritin levels than those in patients with an 
intact spleen. The intact spleen acts as a repository of extra iron and may have an 

excess scavenging effect on iron-free fractions, including non–transferrin iron[40]. 

 
β-thalassemia is characterized by deficit or absence of β-globin protein. In adults 

with thalassemia, β-globin protein is replaced by the presence of elevated HbF. 

This could lead to intracellular excess in free α-globin, which is believed to cause 

oxidative damage to the red cell membrane and apoptosis of erythroid precursors 
[41, 42].In healthy individuals, about 50–80% of hemoglobin is comprised of HbF 

at birth, while the level continues to gradually decline after birth. By 6 months 

postnatally, HbF is reduced to about 8% of the total hemoglobin content. From 
the age of 6 months, HbA is the predominant type of hemoglobin in humans and 

accounts for 95–98% of the total hemoglobin molecules [43]. Simllar to our study 

finding, a previous investigation showed a signifcant decrease in HbA level in 
thalassemia patients [44]. Low HbA levels were related to a decline in physical 
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function in beta-thalassemia patients, which was associated with elevated IL-6 

levels [45]. IL-6 levels in the plasma of thalassemia patients appear to be 
correlated with fetal hemoglobin; increasing IL-6 levels lead to decreased fetal 

anemia [46]. 

 
Conclusion  

 

Overall,β-thalassemia patients are at inceased risk of the disease-assciated 

complications, as manifested by the eleveated plasma level of IL-6, the raise in 
ferritin levels, and the higher susceptibility to infections. Infection is one of the 

leading causes of mortality in patients with thalassemia. This imposes that a 

heightened index of suspicion for the increased risk of infection in patients with 
thalassemia, especially in those with history of splenectomy, should be 

maintained. 
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