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Abstract 

Background: Iron overload and oxidative stress cause cellular 

damage and multiorgan failure in β-Thalassemia major, a severe 

hemoglobinopathy.  This research looks on the imbalances of 

oxidants and antioxidants in Iraqi patients with β-thalassemia who 

rely on blood transfusions. Methods: Fifty transfusion-dependent β-

thalassemia major patients and 50 age- and gender-matched healthy 

controls from Holy Karbala, Iraq, were enrolled. Serum iron, ferritin, 

TIBC, MDA, SOD, GPX and vitamins E and C were measured. 

Statistical analyses included t-tests and Pearson correlation 

coefficients. Results: Compared to controls, patients exhibited 

significantly higher serum iron (p < 0.05), ferritin (1840 ± 420 vs. 82 

± 16 ng/ml, p < 0.001), and MDA (6.22 ± 2.31 vs. 2.38 ± 0.53 μmol/l, 

p < 0.001), indicating iron overload and lipid peroxidation. SOD 

(40.32 ± 10.22 vs. 15.82 ± 8.15 U/ml, p < 0.01) and GPX (15.22 ± 

4.44 vs. 10.22 ± 5.33 U/l, p < 0.05) activities were elevated, 

reflecting compensatory antioxidant responses. Conversely, vitamins 

E (0.61 ± 0.22 vs. 1.61 ± 0.10 mg/dl, p < 0.001) and C (4.86 ± 1.22 

vs. 17.34 ± 4.78 mg/l, p < 0.001) were significantly reduced, with 

negative correlations to ferritin (r = -0.68) and MDA (r = -0.55). 

Conclusion: Iron overload in β-thalassemia major drives oxidative 

stress, depleting non-enzymatic antioxidants despite enhanced 

enzymatic defenses. Monitoring MDA and antioxidant levels may 

optimize chelation therapy and guide antioxidant supplementation to 

mitigate oxidative damage. 

 Keywords: β-Thalassemia, oxidative stress, iron overload, 

antioxidants, Iraq.  

Introduction: 

β-Thalassemia major is a severe autosomal 

recessive hemoglobinopathy prevalent in 

Mediterranean, Middle Eastern, and South Asian 

populations, including Iraq, where 

consanguineous marriages contribute to its high 

incidence [1]. Caused by mutations in the β-globin 

gene, it leads to reduced or absent β-globin chain 

synthesis, resulting in an imbalance with excess α-

globin chains [2]. This imbalance triggers 

ineffective erythropoiesis, hemolysis, and severe 

anemia, necessitating lifelong blood transfusions 

[3]. However, transfusions exacerbate iron 

overload, a major driver of oxidative stress, which 

damages erythrocytes, proteins, and lipids, 

accelerating apoptosis and organ dysfunction [4]. 
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Oxidative stress in β-thalassemia arises from 

reactive oxygen species (ROS) generated by free 

iron and unstable α-globin chains via Fenton 

reactions [5]. Elevated malondialdehyde (MDA), 

a lipid peroxidation marker, reflects oxidative 

damage, while antioxidant defenses, including 

superoxide dismutase (SOD), glutathione 

peroxidase (GPX), and vitamins E and C, are 

often overwhelmed [6]. Iron overload, 

compounded by increased gastrointestinal 

absorption and transfusion, leads to multiorgan 

complications, particularly in the liver, heart, and 

endocrine glands [7]. Chelation therapy mitigates 

iron accumulation, but oxidative stress persists, 

necessitating adjunctive antioxidant strategies [8]. 

In Iraq, β-thalassemia major poses a significant 

public health burden, yet studies on oxidative 

stress in local cohorts are limited. This study 

addresses this gap by evaluating oxidant and 

antioxidant parameters in transfusion-dependent 

patients in Holy Karbala, a region with high 

consanguinity and disease prevalence. We 

hypothesize that iron overload drives oxidative 

damage, depleting non-enzymatic antioxidants 

despite compensatory enzymatic responses. Our 

objectives are to quantify serum iron, ferritin, 

TIBC, MDA, SOD, GPX, and vitamins E and C, 

and to explore their correlations, providing 

insights for optimizing chelation and antioxidant 

therapies.  

Materials and Methods: 

Methods and Subjects Used in the Study: 

Holy Karbala, Iraq's Children's Teaching Hospital 

was the site of this cross-sectional study that ran 

from 2020–2021.  Forty patients with β-

thalassemia major who required blood 

transfusions, ranging in age from 5 to 25 years 

old, with 28 men and 22 females included in the 

study.  In order to be included, participants had to 

have a verified diagnosis of β-thalassemia major, 

receive blood transfusions regularly (every 2-4 

weeks), and not have had any infections recently.  

Because to hypersplenism, several patients had 

their spleens removed.  As controls, fifty healthy 

persons who were age- and gender-matched and 

did not have hemoglobinopathies were used.  Both 

the participants and the hospital's ethics 

committee gave their stamp of approval to the 

study after they read the consent forms [9]. 

Blood Sampling: 

Patients and controls both had three millilitres of 

venous blood drawn into EDTA tubes prior to 

transfusion.  Within 2–24 hours, the samples were 

transferred to a 4°C chilling container and kept 

there until analysis.  For biochemical assays, 

serum was centrifuged to separate it [10].  

Biochemical Assays 

Iron Indices: Serum iron and TIBC were measured 

using Biolabo kits (Biolabo SA, France). Ferritin 

was quantified via enzyme-linked immunosorbent 

assay (ELISA). Serum iron was dissociated from 

transferrin in a weakly acidic medium, reduced by 

ascorbic acid, and complexed with Nitro-PAPS for 

colorimetric detection [11]. TIBC was determined 

by saturating apotransferrin with Fe³⁺, removing 

excess iron with magnesium carbonate, and 

measuring bound iron [12]. 

Oxidative Stress Marker: MDA, a lipid 

peroxidation product, was measured using the 

thiobarbituric acid reactive substances (TBARS) 

method, with absorbance read at 532 nm [13]. 

Antioxidant Parameters: SOD activity was 

assessed using the xanthine/xanthine oxidase 

method, measuring inhibition of formazan dye 

formation [14]. GPX activity was determined by 

the Paglia and Valentine method, monitoring 

NADPH oxidation at 340 nm [15]. Serum vitamin 

E was quantified using an ELISA kit (Cat. No. 

E0922Hu), and vitamin C was measured via 

colorimetric assay [16].  

Statistical Analysis: 

Standard deviation (SD) was used to express the 

data.  We used independent t-tests to compare the 

groups, and we regarded a p-value less than 0.05 

to be significant.  The associations between 

factors (such as ferritin and MDA) were evaluated 

using Pearson correlation coefficients.  To 

measure the extent of the changes, effect sizes 

(Cohen's d) were computed.  We used SPSS 

version 25 to do the analyses [17].  
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Results: 

Participant Characteristics: 

The demographic and clinical details of the fifty 

β-thalassemia patients and fifty controls are 

summarized in Table 1. Patients had a mean age of 

15.2 ± 5.3 years, with 56% males. All received 

regular transfusions (mean frequency: 3.2 ± 0.8 

weeks), and 20% had undergone splenectomy. 

Controls were matched for age (15.4 ± 5.1 years) 

and gender (54% males).  

Iron Indices and Oxidative Stress: 

Patients exhibited significantly higher serum iron 

(p < 0.05), ferritin (1840 ± 420 vs. 82 ± 16 ng/ml, 

p < 0.001, Cohen’s d = 4.8), and MDA (6.22 ± 

2.31 vs. 2.38 ± 0.53 μmol/l, p < 0.001, Cohen’s d 

= 2.3) compared to controls, indicating iron 

overload and lipid peroxidation (Table 2). TIBC 

showed no significant difference (p = 0.12). 

Ferritin positively correlated with MDA (r = 

0.794, p < 0.001), suggesting iron-driven 

oxidative damage (Figure 1).  

Antioxidant Parameters: 

SOD activity was significantly elevated in patients 

(40.32 ± 10.22 vs. 15.82 ± 8.15 U/ml, p < 0.01, 

Cohen’s d = 2.6), as was GPX activity (15.22 ± 

4.44 vs. 10.22 ± 5.33 U/l, p < 0.05, Cohen’s d = 

1.0), reflecting compensatory responses to ROS 

(Table 2). Conversely, vitamins E (0.61 ± 0.22 vs. 

1.61 ± 0.10 mg/dl, p < 0.001, Cohen’s d = 5.9) 

and C (4.86 ± 1.22 vs. 17.34 ± 4.78 mg/l, p < 

0.001, Cohen’s d = 3.7) were significantly 

reduced. Vitamin E negatively correlated with 

ferritin (r = -0.681, p < 0.01) and MDA (r = -

0.552, p < 0.01), indicating depletion due to 

oxidative stress (Figure 1).  
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Figure 1. Correlations in β-Thalassemia Patients 
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Discussion: 

This study confirms that iron overload in 

transfusion-dependent β-thalassemia major 

patients drives oxidative stress, leading to lipid 

peroxidation and depletion of non-enzymatic 

antioxidants, despite compensatory upregulation 

of enzymatic defenses. Elevated serum iron and 

ferritin levels, with a 20-fold increase in ferritin 

compared to controls, highlight the severity of 

iron overload in our Iraqi cohort [7]. The strong 

correlation between ferritin and MDA (r = 0.794, 

p < 0.001) indicates that excess iron catalyzes 

ROS production via Fenton reactions, promoting 

lipid peroxidation and membrane damage [5]. 

These findings align with prior studies reporting 

elevated MDA in β-thalassemia patients, 

underscoring oxidative stress as a central 

pathophysiological mechanism [13, 18]. The Iraqi 

context, characterized by high consanguinity, 

likely exacerbates disease severity due to a higher 

prevalence of severe β-globin mutations, 

distinguishing our cohort from Mediterranean 

populations where β-thalassemia intermedia is 

more common [1, 21].  

The elevated SOD and GPX activities reflect an 

adaptive response to neutralize superoxide and 

hydroxyl radicals, respectively [6]. However, the 

significant depletion of vitamins E and C, with 

negative correlations to ferritin and MDA, 

indicates that non-enzymatic antioxidants are 

insufficient to counter chronic oxidative stress 

[16]. Vitamin E, a lipid-soluble antioxidant, is 

rapidly consumed in the presence of lipid 

peroxides, contributing to erythrocyte rigidity and 

hemolysis [19]. Vitamin C depletion further 

impairs vitamin E regeneration, exacerbating 

oxidative damage [20]. These results are 

consistent with studies in other populations but 

highlight the unique burden in Iraq, where limited 

access to advanced chelation therapies may 

amplify oxidative stress [22].  

Clinically, our findings support optimizing 

chelation therapy to reduce iron burden and ROS 

production. Deferasirox, which effectively binds 

non-transferrin-bound iron, may be particularly 

effective in this cohort [22]. The correlation 

between ferritin and MDA suggests that MDA 

could serve as a biomarker for monitoring 

chelation efficacy, complementing ferritin 

measurements [23]. Additionally, the depletion of 

vitamins E and C supports the potential of 

antioxidant supplementation. Clinical trials have 

demonstrated that vitamin E (400 IU/day) reduces 

erythrocyte ROS and TBARS levels in β-

thalassemia patients, suggesting a viable 

adjunctive therapy [16]. Combined 

supplementation with vitamin C may enhance 

efficacy by supporting vitamin E regeneration 

[20].  

Limitations of this study include its cross-

sectional design, which limits insights into 

temporal changes in oxidative stress, and the 

modest sample size, which may restrict 

generalizability. Future research should include 

longitudinal studies to assess the impact of 

chelation and antioxidant therapies on oxidative 

stress markers [24]. Incorporating genetic 

analyses of β-globin mutations could elucidate 

genotype-phenotype correlations in the Iraqi 

population, enhancing the study’s novelty [25]. 

Additionally, quantifying DNA damage via comet 

assays, as initially planned, could provide 

molecular insights into oxidative stress [26]. 

Despite these limitations, our study provides 

valuable data on oxidative stress in an 

understudied population, offering actionable 

insights for clinical management.  

Conclusion and Recommendations: 

Iron overload in β-thalassemia major drives 

oxidative stress, depleting non-enzymatic 

antioxidants and contributing to cellular damage. 

Elevated MDA and reduced vitamins E and C 

underscore the need for targeted interventions. 

Monitoring MDA and antioxidant levels may 

optimize chelation therapy and guide antioxidant 

supplementation, improving patient outcomes. We 

recommend: (1) routine assessment of MDA and 

ferritin to optimize chelation regimens; (2) clinical 

trials of vitamin E (400 IU/day) and C 

supplementation to mitigate oxidative damage; (3) 

genetic screening for β-thalassemia mutations in 

high-risk Iraqi populations to inform premarital 
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counseling; and (4) longitudinal studies to 

evaluate the impact of antioxidant therapies on 

disease progression. These strategies could 

alleviate the public health burden of β-thalassemia 

in Iraq and similar regions.  
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