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ABSTRACT 

Background: The thalassemia syndromes are a group of inherent hemolytic 

anemias characterized by the decrease or absence of the synthesis of one or more 

globin chains of hemoglobin. Elevated levels of NOD-like receptor protein 3 

(NLRP3) and ferritin, along with oxidative stress markers such as 

malondialdehyde (MDA) and catalase activity, have been linked to thalassemia 

disease progression and prognosis. Aim: This study aims to investigate the 

relationship between serum levels of NLRP3, ferritin, MDA, and catalase activity 

in beta-thalassemia patients compared to healthy controls, providing insights into 

potential diagnostic and prognostic biomarkers. Materials and Methods: (75) 

patients with beta-thalassemia major aged 6-18 years who were selected at the Al-

Zahra Teaching Hospital/ALNAJAF AL ASHRAF CITY along with (45) normal 

people of the same age without any history of hematological diseases, chronic 

diseases, acute illness, or infection. Patients who met the selection criteria were 

included in the study. All subjects were enrolled in this study between November 

2024 and January 2025; Serum levels of NLRP3, ferritin, MDA, and Catalase were 

analyzed using enzyme-linked immunosorbent assay (ELISA) and 

spectrophotometric methods. For data collection and statistical analysis, Microsoft 

Office Excel 2013 and GraphPad Prism 9.2.0 were utilized. Results: The study 

found elevated levels of NLRP3 in thalassemia patients (7.006 ± 1.014) compared 

to the healthy group (1.35 ± 0.2868), with a P value of 0.0003. Ferritin levels were 

also higher in patients (1576 ± 85.09 ng/ml) compared to the healthy group (73.1 ± 

13.67 ng/ml), with a P value of <0.0001. MDA levels increased in patients (0.157 ± 

0.01964) compared to the healthy group (0.06813 ± 0.0149), with a highly 

significant P value of 0.0007. In contrast, catalase activity was significantly lower 

in the patient group (0.5321 ± 0.07339) than in the healthy group (0.8746 ± 0.1104), 

with a P value of 0.0129. These findings suggest that an increase in NLRP3, ferritin, 

and MDA levels and a decrease in catalase activity are associated with an 

increased risk of thalassemia disease. Conclusion:  Elevated NLRP3, ferritin, and 

MDA levels, alongside reduced catalase activity, are associated with thalassemia 

disease progression. These biomarkers could serve as valuable tools for early 

detection and monitoring therapeutic responses in thalassemia patients. 
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1. Introduction 

Thalassemia is caused by mutations in the genes that encode the alpha- or beta-globin chains of adult 
hemoglobin (Hb), which are referred to as alpha-thalassemia and beta-thalassemia, respectively. The 
disease's distinguishing feature is the resulting alpha/non-alpha-globin chain imbalance, which causes 
inefficient erythropoiesis and peripheral hemolysis, eventually leading to chronic hemolytic anemia. The 
severity of anemia and the requirement for transfusion therapy are strongly related to the underlying 
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genotype, although many molecular and environmental variables remain at play (1). Beta-thalassemia is 
a group of inherited blood diseases characterized by anomalies in hemoglobin beta chain synthesis, which 
can result in a wide variety of phenotypes, from severe anemia to clinically asymptomatic individuals. 
The global annual incidence of symptomatic people is estimated at one in 100,000, with one in 10,000 in 
the European Union.  

Thalassemia is classified into three types: major, intermediate, and minor (2). Individuals with 
thalassemia major usually develop severe anemia in their first two years of life, necessitating regular red 
blood cell (RBC) transfusions. Individuals with thalassemia major who are untreated or poorly transfused 
exhibit growth retardation, pallor, jaundice, weak musculature, hepatosplenomegaly, leg ulcers, the 
formation of masses from extramedullary hematopoiesis, and skeletal abnormalities caused by bone 
marrow expansion (2). Several treatment options exist, including hydroxyurea or other drugs to modulate 
gamma-globulin chain synthesis, transfusion, splenectomy, and stem cell transplant. Many of these 
individuals need iron chelation therapy, even if they have not been transfused (3). Patients with beta-
thalassemia who rely on transfusions encounter a variety of difficulties as a result of their permanent need 
for packed red blood cells. These include blood-borne infections, iron excess, the toxicities of iron 
chelation, and bacterial infections (4). Furthermore, frequent blood donations can lead to iron overload, 
which can cause hypogonadism, diabetes mellitus, hypothyroidism, hypoparathyroidism, and other 
endocrine disorders (5). Iron excess can result in serious problems, such as cardiac disease and osteopathy. 
In the second decade of life, myocardial iron overload leads to cardiomyopathy and heart failure 
mortality. severe liver damage, leading to cirrhosis and hepatocellular cancer (6).  

Multiple blood transfusions, insufficient erythropoiesis, and increased gastrointestinal iron absorption 

all contribute to the body's iron overload. Iron overload impairs the immune system, making patients 

more susceptible to infection and disease. The serum ferritin levels can be used to assess iron overload 

(7). Progressive iron deposition disrupts and destroys multiple organs, including the bone marrow, heart, 

liver, and glands, such as the hypophysis, thyroid, parathyroid, suprarenal, and pancreas. Circulating 

iron surplus can directly raise the amounts of blood ferritin (an iron-binding molecule) (8). Ferritin is a 

diagnostic marker of iron overload in thalassemia patients, increasing due to inadequate erythropoiesis, 

iron overload, and transfusion (8). The ferritin serum concentration is an indirect sign of iron overload(9). 

Iron overload in thalassemia patients results in oxygen-free radicals and peroxidative lipid damage. 

MDA, a molecule generated during lipid peroxidation, may signal oxidative stress (9). Oxidative stress 

has a significant role in the progression of β-thalassemia major and other disorders, including 

cardiovascular failure, cancer, renal and neurological diseases, infections, and more. This process is 

distinguished by increased metabolic generation of reactive oxygen species (ROS) and enhanced lipid 

peroxidation (LPO). Oxidative stress surpasses the capacity of antioxidant defenses (antioxidant 

concentration and enzyme activity). In patients with β-thalassemia major, it causes oxidation of both 

internal and surface components of red blood cells (10). A variety of endogenous and external defensive 

systems can neutralize and prevent the harmful effects of labile iron and its related reactive compounds. 

Endogenous antioxidant enzymes, such as superoxide dismutase, catalase, glutathione peroxidase, and 

ferroxidase, may directly or progressively end the activity of ROS (11). Catalase was first discovered by 

Louis Jacques Thenard in 1818. It is an intracellular enzyme made up of four polypeptide chains that 

include four porphyrin heme groups. Catalase is responsible for detoxifying hydrogen peroxide within 

cells (12).  

Inflammasomes are multimeric protein complexes that are assembled by intracytoplasmic pattern 

recognition receptors. They play an important role in innate immunity. Jurg Tcholop first proposed them 
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in 2002. Macrophages, dendritic cells, neutrophils, and epithelial cells all contribute to the formation of 

the inflammasome (13). When the body is invaded by pathogenic microorganisms or injured by 

endogenous danger signals, pattern-recognition receptors (PRRs) recognize pathogen-associated 

molecular patterns (PAMPs) and danger-associated molecular patterns (DAMPs), induce the assembly of 

the inflammasome, and promote the release of the proinflammatory cytokines interleukin (IL)-1β and IL-

18, the occurrence of an immune response, and pyroptosis, which exerts significant positive effects on 

immune defense (13). NLRs serve an important function in detecting chemicals associated with 

intracellular infection and stress. Thus, they detect a number of general stimuli that suggest intracellular 

microbial infection and damage, including variations in ion concentrations and the formation of reactive 

oxygen species (ROS) (14). The NLRP3 inflammasome in the innate immune system activates caspase-1 

and releases proinflammatory cytokines IL-1β/IL-18 in response to cellular damage or microbial infection. 

Several inflammatory disorders, including cryopyrin-associated periodic syndromes, Alzheimer's 

disease, diabetes, and atherosclerosis, have been linked to abnormal activation of the NLRP3 

inflammasome over time (12). This study aims to investigate the relationship between serum levels of 

NLRP3, ferritin, MDA, and catalase activity in beta-thalassemia patients compared to healthy controls, 

providing insights into potential diagnostic and prognostic biomarkers. 

2. Materials and Methods 

2.1. Study Population  

(75) patients with beta-thalassemia major aged 6-18 years were chosen at the Al-Zahra Teaching 

Hospital/ALNAJAF AL ASHRAF CITY, along with (45) healthy people of the same age who had no 

history of hematological disorders, chronic diseases, acute sickness, or infection. Patients who met the 

selection criteria were included in the study. All subjects were enrolled in this study between November 

2024 and January 2025; they signed a written informed consent form from their father or mother for child 

patients. The study was ethically approved by Najaf Health Directorate (reference letter number 37235 on 

05.11.2024). 

2.2. Methods  

Blood samples (5 ml) were collected from 120 participants. The samples were divided into sections: 

the blood was collected in a gel tube and centrifuged at 3600 rpm for 10-15 minutes to separate the serum. 

The serum was then divided and stored in Eppendorf tubes at -20°C for later analysis of NLRP3, and the 

remaining serum was used for biochemical analysis (MDA levels and catalase activity). The NLRP3 level 

was measured using a sandwich enzyme-linked immunosorbent assay (ELISA) method, and the ferritin 

level was measured by laboratory tests using the i-star500 device from Drawray Biotech in China. The 

iStar-ferritin assay is a sandwich immunoassay using a direct chemiluminescence technique. The iStar-

ferritin assay includes the following steps: 

1. Incubation: Ferritin in the sample reacts with anti-ferritin-coated superparamagnetic 

microparticles and acridinium-labeled anti-ferritin conjugate to form a sandwich (antibody-

antigen-antibody) complex. 

2. Washing: Under a magnetic field, the magnetic microparticles are adsorbed to the wall of 

the reaction vessel, and unbound materials are washed away by the wash buffer. 

https://biomedbiochem.nabea.pub/
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3. Signal triggering and measuring: The pre-trigger and trigger solutions are added to the 

reaction mixture. The resulting chemiluminescent reaction is measured as relative light units 

(RLUs).  

4. The amount of Ferritin in the sample is proportional to RLUs measured by the analyzer's 

optical systems. 

5. Results are determined via a calibration curve: The calibration curve is generated by 3-point 

calibration, and a master curve is provided via the QR code. 

2.3. Inclusion Criteria 

All patients of both genders (6-18 years) met the criteria for thalassemia in Iraq. and the diagnosis was 

confirmed by clinical features, biochemical tests, and hematological criteria. 

2.4. Exclusion criteria  

Patients with other blood diseases and those with any infection or chronic inflammation, congestive 

heart and liver failure, as well as chronic disease, were excluded from the study. 

2.5. Statistical Analysis  

For data collection and statistical analysis, Microsoft Office Excel 2013 and GraphPad Prism 9.2.0 were 

utilized. The data are presented as mean ± standard error of the mean (SEM). For variables that were 

normally distributed, group means were compared using Chi-Square, t-test, one-way ANOVA, and 

Pearson correlation (r). A p-value of less than 0.05 was considered statistically significant. 

3. Results  

3.1. Measurement of Serum Malondialdehyde 

The patient group showed significantly higher MDA concentrations (0.157 ± 0.01964) compared to the 

healthy group (0.06813 ± 0.0149), with a highly significant P value of 0.0007. This indicates a significant 

increase in oxidative stress in patients, as MDA is a byproduct of lipid peroxidation and a marker of 

oxidative damage. As shown in Figure 1. 

Table 1 compares the mean levels of malondialdehyde (MDA) between healthy and patient groups, 

stratified by gender. 

Table 1. Comparing the average MDA levels between the healthy group and the patient group 

according to gender. 

Characteristi

c 

Healthy Patients P-value 

Male Female Male Female 

n=14 n=16 n=33 n=27 

Range 0.003365 - 

0.1481 

0.000942 - 

0.2625 

0.008346 - 

0.2692 

0.009154 - 

0.2692 

0.0015 

Mean ± SEM 0.06884 ± 

0.01475 

0.06747 ± 

0.02587 

0.1746 ± 

0.02051 

0.1351 ± 

0.02109 

** 

n: number of cases; *: significant P < 0.05 
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Figure 1. A comparison of mean serum malondialdehyde (MDA) between the healthy group and the 

patient group shows a significant difference. The figures show a highly significant (p-value = 0.0007) 

difference in the patient's group as compared with the healthy. Data are expressed as means ± SEM. 

Indicates *significant P≤0.05. 

There is a significant increase in MDA levels in the patient group compared to the healthy group. 

Additionally, within the patient group, males have significantly higher MDA levels than females, 

indicating a potential gender-based difference in oxidative stress . As shown in Figure 2. 

 

Figure 2. A comparison of mean serum malondialdehyde (MDA) between the healthy group and the 

patient group shows a significant difference. The figures show a highly significant (p-value = 0.0007) 

difference in the patient's group as compared with the healthy. Data are expressed as means ± SEM. 

Indicates *significant P≤0.05. 

Table 2 provides the results of Tukey’s multiple comparisons test for MDA levels, comparing the mean 
serum MDA concentrations between healthy and patient groups based on gender. 
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Table 2. Tukey’s multiple comparisons of mean serum MDA levels between healthy and patient 

groups based on gender. 

Tukey's multiple comparisons test Summary Adjusted P-Value 

Healthy (Male vs.  Female) ns >0.9999 

Healthy Male vs. Male patients ** 0.0079 

Healthy Male vs. Female patients ns 0.1694 

Healthy Female vs. Male patients ** 0.0054 

Healthy Female vs. Female patients ns 0.1399 

Patient (Male vs.  Female) ns 0.4833 

 ns: No significant; *: significant P = <0.05 

The Tukey’s multiple comparisons test reveals significant differences in MDA levels between healthy 
males and male patients, as well as between healthy females and male patients. However, no significant 
gender differences were observed within the healthy group or among female patients, suggesting that 
MDA levels are more influenced by health status than gender in this context. 

Table 3 compares the serum MDA levels between healthy and patient groups based on age categories 
(6-12 years and >13 years). 

Table 3. Age-Based Comparison of Serum MDA levels between healthy and patient groups. 

Characteristic Healthy Patients P-value 

6-12 years >13 years 6-12 years >13 years 

n=13 n=17 n=23 n=37 

Range 0.000942 - 

0.138 

0.003365 - 

0.2625 

0.008346 - 

0.2692 

0.008346 - 

0.2579 

0.0024 

Mean ± SEM 0.04778 ± 

0.01473 

0.08412 ± 

0.02357 

0.1546 ± 

0.02458 

0.155 ± 

0.01887 

** 

 n: number of cases; *: Significant = <0.05 

This table demonstrates significant differences in serum MDA levels based on age within both the 
healthy and patient groups. In the healthy group, MDA levels tend to increase with age, while in the 
patient group, MDA levels are significantly higher across both age categories compared to the healthy 
group, suggesting that oxidative stress is elevated in patients regardless of age. As shown in Figure 3. 

 

Figure 3. Comparison of mean serum MDA levels between healthy and patient groups based on age. 
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2.7. Measurement of serum Catalase Activity 

Catalase activity was found to be significantly lower in the patient group (0.5321 ± 0.07339) than in the 
healthy group (0.8746 ± 0.1104), with a P value of 0.0129. This suggests that the patient group has a 
reduced antioxidant defense capacity, as catalase is an enzyme that neutralizes reactive oxygen species. 
As shown in Figure 4. 

 

Figure 4. A comparison of mean serum catalase activity between the healthy group and the patient 

group shows a significant difference. The figures show a highly significant (p-value = 0.0129) difference 

in the patient's group as compared with healthy. Data are expressed as means ± SEM. Indicates 

*significant P≤0.05. 

Table 4 compares the catalase activity levels between healthy and patient groups, stratified by gender. 

Table 4. Comparing the average Catalase Activity levels between the healthy group and the patient 

group according to gender. 

Characteristic Healthy Patients P-value 

Male Female Male Female 

n=14 n=16 n=33 n=27 

Range 0.3058 - 1.682 0.1529 - 2.294 0.1529 - 0.9174 0.1529 - 1.988 0.0063 

Mean ± SEM 0.7518 ± 0.09681 0.988 ± 0.1917 0.474 ± 0.04948 0.5428 ± 0.09112 ** 

   n: number of cases; *: Significant = <0.05 

The table highlights significant gender-based differences in catalase activity, with females exhibiting 
higher catalase activity than males in both the healthy and patient groups. The patient group, regardless 
of gender, shows a notable reduction in catalase activity compared to the healthy group, reflecting 
potential alterations in antioxidant defense mechanisms in patients. As shown in Figure 5. 
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Figure 5. Comparison of mean serum Catalase Activity levels between healthy and patient groups 

stratified by gender. 

Table 5 provides the results of Tukey’s multiple comparisons test for catalase activity levels, comparing 
the mean serum catalase concentrations between healthy and patient groups based on gender. 

Table 5. Comparing the average Catalase Activity levels between the healthy group and the patient 

group according to gender. 

Tukey's multiple comparisons test Summary Adjusted P-Value 

Healthy (Male vs.  Female) ns 0.5129 

Healthy Male vs. Male patients ns 0.2895 

Healthy Male vs. Female patients ns 0.5388 

Healthy Female vs. Male patients ** 0.0066 

Healthy Female vs. Female patients * 0.0237 

Patient (Male vs.  Female) ns 0.9561 

   n: number of cases; *: Significant = <0.05 

Tukey’s multiple comparisons test reveals that there are significant gender-based differences in 
catalase activity when comparing healthy females with female patients and when comparing healthy 
females with male patients. However, there are no significant differences within the healthy group, 
between males and females in the patient group, or between healthy males and patient groups, indicating 
that catalase activity is predominantly influenced by health status rather than gender in these 
comparisons. 

Table 6 compares the serum catalase activity levels between healthy and patient groups based on age 
categories (6-12 years and >13 years). 

Table 6. Comparing the average Catalase Activity levels between the healthy group and the patient 

group according to gender. 

Characteristic Healthy Patients P-value 

6-12 years >13 years 6-12 years >13 years 

n=13 n=17 n=23 n=37 

Range 0.3058 - 2.294 0.1529 - 1.835 0.1529 - 1.988 0.1529 - 0.9174 0.0013 

Mean ± SEM 1.098 ± 0.1976 0.699 ± 0.106 0.5307 ± 0.1058 0.492 ± 0.04606 ** 

 n: number of cases; *: Significant P= <0.05 
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This table demonstrates significant differences in serum catalase activity based on age within both the 
healthy and patient groups. In the healthy group, younger individuals (6-12 years) exhibit higher catalase 
activity compared to older individuals (>13 years). In the patient group, catalase activity is reduced across 
both age categories compared to the healthy group, with a slight decrease in activity as age increases. 
These findings suggest that oxidative stress, reflected by catalase activity, may be more pronounced in 
older individuals within the patient group. As shown in Figure 6. 

 

Figure 6. Comparison of mean serum Catalase Activity levels between healthy and             

 patient groups based on age. 

2.8. Measurement of Serum NLRP3  

A significant elevation in NLRP3 levels was observed in the patient group (7.006 ± 1.014) compared to 
the healthy group (1.35 ± 0.2868), with a P value of 0.0003. This suggests that NLRP3 may play a crucial 
role in the inflammatory or immune response in the patient group. As shown in Figure 7. 
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group and the patient group shows a significant difference. 

The figures show a highly significant (p-value = 0.0003) difference in the patient's group as compared 
with the healthy. Data are expressed as means ± SEM. Indicates *significant P≤0.05. 

Table 7 compares the NLRP3 levels between the healthy and patient groups, stratified by gender. 

Table 7. Comparing the average Catalase Activity levels between the healthy group and the patient 

group according to gender. 

Characteristic Healthy Patients P-value 

Male Female Male Female 

n=14 n=16 n=33 n=27 

Range 0.038 - 8.662 0.3916 - 2.111 0.7316 - 20.09 0.8312 - 46.47 0.0026 

Mean ± SEM 1.574 ± 0.6091 1.156 ± 0.1212 6.134 ± 0.8233 8.073 ± 2.022 ** 

   n: number of cases; *: Significant P= <0.05 

The table reveals that NLRP3 levels significantly differ between genders in both the healthy and 
patient groups. In the healthy group, males exhibit higher NLRP3 levels than females. However, in the 
patient group, females show significantly higher NLRP3 levels than males. These results suggest a 
potential gender-related variation in NLRP3 levels, with a notable increase in NLRP3 levels observed in 
females within the patient group. As shown in Figure 8. 

 

Figure 8. Comparison of mean serum NLRP3 levels between healthy and patient groups stratified by 

gender. 

Table 8 presents the results of Tukey's multiple comparisons test for the mean serum NLRP3 levels 
between the healthy and patient groups, broken down by gender. 

 Table 8. Tukey’s multiple comparisons of mean serum NLRP3 levels between healthy and patient 
groups based on gender. 
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Tukey's multiple comparisons test Summary Adjusted P-Value 

Healthy (Male vs.  Female) ns 0.9983 

Healthy Male vs. Male patients ns 0.1574 

Healthy Male vs. Female patients * 0.0228 

Healthy Female vs. Male patients ns 0.08 

Healthy Female vs. Female patients ** 0.0086 

Patient (Male vs.  Female) ns 0.6698 
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n: number of cases; *: Significant P= <0.05 

Tukey’s multiple comparisons test shows significant differences in NLRP3 levels between certain 
subgroups. Notably, female patients have significantly higher NLRP3 levels compared to healthy females, 
while male patients do not show significant differences when compared to healthy males. These results 
suggest that gender may play a role in NLRP3 levels, with a notable difference observed in females within 
the patient group. 

Table 9 compares the serum NLRP3 levels between the healthy and patient groups, categorized by age. 

Table 9. Age-Based Comparison of Serum NLRP3 levels between healthy and patient groups. 

Characteristic Healthy Patients P-value 

6-12 years >13 years 6-12 years >13 years 

n=13 n=17 n=23 n=37 

Range 0.7474 - 8.662 0.038 - 1.473 0.7548 - 27.41 0.7316 - 46.47 0.0038 

Mean ± SEM 1.884 ± 0.5808 0.8873 ± 0.112 7.689 ± 1.568 6.582 ± 1.337 ** 

 n: number of cases; *: Significant P= <0.05 

The table shows a significant difference in serum NLRP3 levels based on age within both the healthy 
and patient groups. In both groups, the 6-12 years age group has significantly higher serum NLRP3 levels 
compared to the >13 years group. This suggests that age may influence NLRP3 levels, with younger 
individuals showing higher levels in both healthy and patient populations. As shown in Figure 9. 

 

Figure 9. Comparison of mean serum NLRP3 levels between healthy and patient groups based on 

age. 

2.9. Measurement of Serum Ferritin 

Ferritin levels were significantly elevated in the patient group (1576 ± 85.09 ng/ml) compared to the 
healthy group (73.1 ± 13.67 ng/ml), with a P value of <0.0001. The marked increase in ferritin suggests an 
inflammatory response, as ferritin is an acute-phase reactant and may reflect iron metabolism 
dysregulation in patients. As shown in Figure 10. 
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Figure 10. Comparison of mean serum ferritin between the healthy group and the patient group 

shows a significant difference. 

The figures show a highly significant (p-value < 0.0001) difference in the patient's group as compared 
with the healthy. Data are expressed as means ± SEM. Indicates *significant P≤0.05. 

Table 10 compares the serum ferritin levels between the healthy and patient groups, categorized by 
gender. 

Table 10. Comparing the average ferritin levels between the healthy group and the patient group 
according to gender. 

Characteristic Healthy Patients P-value 

Male Female Male Female 

n=14 n=16 n=33 n=27 

Range 24.4 - 300 24.4 - 121.7 664-2780 422-2202 <0.0001 

Mean ± SEM 81.82 ± 21.89 60.91 ± 8.936 1594 ± 119 1550 ± 125.7 **** 

n: number of cases; *: Significant P= <0.05 

The analysis indicates that ferritin levels are significantly elevated in the patient group compared to 
the healthy group for both males and females. This suggests that elevated ferritin levels may be associated 
with the condition of the patients and may serve as an important biomarker for the disease in both 
genders. As shown in Figure 11. 
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Figure 11. Comparison of mean serum ferritin levels between healthy and patient groups stratified 

by gender. 

Table 11 presents the results of Tukey’s multiple comparisons test to assess the differences in mean 
serum ferritin levels between the healthy and patient groups, separated by gender. 

Table 11. Comparing the average ferritin levels between the healthy group and the patient group 
according to gender. 

Tukey's multiple comparisons test Summary Adjusted P-Value 

Healthy (Male vs.  Female) ns 0.9994 

Healthy Male vs. Male patients **** <0.0001 

Healthy Male vs. Female patients **** <0.0001 

Healthy Female vs. Male patients **** <0.0001 

Healthy Female vs. Female patients **** <0.0001 

Patient (Male vs.  Female) ns 0.9888 

n: number of cases; *: Significant P= <0.05 

Tukey’s multiple comparisons test highlights significant differences in ferritin levels between healthy 
and patient groups across both genders. Notably, both male and female patients exhibit markedly higher 
ferritin levels than their healthy counterparts, emphasizing the potential role of ferritin as a biomarker for 
the disease. However, no significant difference is observed between male and female patients. 

Table 12 compares the serum ferritin levels based on age groups (6-12 years and >13 years) between 
healthy and patient groups. 

Table 12. Comparing the average ferritin levels between the healthy group and the patient group 
according to gender. 

Characteristic Healthy Patients P-value 

6-12 years >13 years 6-12 years >13 years 

n=13 n=17 n=23 n=37 

Range 30.2 - 90.2 24.4 - 300 422-2780 495-2100 <0.0001 

Mean ± SEM 46.31 ± 5.658 90.3 ± 18.6 1745 ± 137.9 1444 ± 102.8 **** 

   n: number of cases; *: Significant P= <0.05 
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The data indicate that serum ferritin levels are significantly higher in patients compared to healthy 
individuals in both age categories. Ferritin levels in patients, particularly those aged 6-12 years, show 
marked elevation, further suggesting that ferritin may serve as a reliable marker for the condition. The 
significant difference in ferritin levels across all age groups highlights its potential as a diagnostic tool. 

 

Figure 12. Comparison of mean serum ferritin levels between healthy and patient groups based on 

age. 

2.10. Correlation 

2.10.1. NLRP-3 and other variables 

NLRP-3 shows a moderate positive correlation with S. Ferritin (r = 0.576, p-value < 0.0001), suggesting 
a significant relationship. Other variables like MDA and CAT show weak or no correlations with NLRP-
3. 

2.10.2. S. Ferritin and other variables 

S. Ferritin shows a significant positive correlation with MDA (r = 0.233, p-value = 0.148), but the p-
value is just above the threshold for significance (0.05), suggesting a potential relationship that requires 
further examination in larger studies. 

2.10.3. MDA and Other Variables 

MDA shows weak or no significant correlation with other biological markers. The highest correlation 
is with S. Ferritin (r = 0.233), but the relationship is not significant (p-value = 0.148). 

4. Discussion 

The patient group showed significantly higher MDA concentrations (0.157 ± 0.01964) compared to the 
healthy group (0.06813 ± 0.0149), with a highly significant P value of 0.0007. This indicates a significant 
increase in oxidative stress in patients, as MDA is a byproduct of lipid peroxidation and a marker of 
oxidative damage. Increased levels of serum MDA in the thalassemia subjects compared to healthy 
subjects were caused by the absence of beta-globin chains in beta-thalassemia patients, leading to the 
accumulation of excess alpha-globin chains. The presence of excess alpha-globin chains was a primary 
cause of cellular oxidative damage as well as iron overload. As a result of increased levels of plasma iron 
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and non-hemoglobin intracellular iron in thalassemia, the production of ROS will be increased(15). 
Excessive iron in thalassemia patients causes peroxidative damage to tissues, raised MDA levels, and ROS 
production. Iron overload is caused primarily by inefficient erythropoiesis, which results in severe 
anemia, with blood transfusions serving as a secondary influence. As a result, higher iron concentrations 
may make red blood cells and other cellular constituents more vulnerable to oxidative damage(16). 
Catalase activity was found to be significantly lower in the patient group (0.5321 ± 0.07339) than in the 
healthy group (0.8746 ± 0.1104), with a P value of 0.0129. This suggests that the patient group has a 
reduced antioxidant defense capacity, as catalase is an enzyme that neutralizes reactive oxygen species. 
Oxidative stress is defined as the interruption of balance between oxidants and reductants within the 
body due to the excess production of peroxides and free radicals. During the course of metabolism, 
superoxide anion is converted to H₂O₂ by the ubiquitous enzyme SOD. Normally, H₂O₂ is converted to 
innocuous compounds by the action of catalase and peroxidase. But if free iron is available, it reacts with 
H₂O₂ to form hydroxyl radicals, which are extremely reactive species leading to depolymerization of 
polysaccharides, DNA strand breakage, inactivation of functional proteins, and other events(15). The 
results of this study were consistent with previous studies. Kósa et al. revealed a significant decrease in 
catalase activity of 43 β-thalassemia carriers and attributed it to catalase protein damage by increased free 
radicals and H₂O₂ (17).  

A study found that persons with β-thalassemia minor had higher amounts of antioxidant enzymes 
such as SOD, catalase, and GPx in their red blood cells, while those with β-thalassemia major had near-
normal levels. They concluded that β-thalassemia minor RBCs react to increased OxS rising activities of 
antioxidant enzymes, while in β-thalassemia major, normal antioxidant enzyme levels are due to the 
presence of normal RBCs from multiple blood transfusions (18). Ferritin levels were significantly elevated 
in the patient group (1576 ± 85.09 ng/ml) compared to the healthy group (73.1 ± 13.67 ng/ml), with a P 
value of <0.0001. The marked increase in ferritin suggests an inflammatory response, as ferritin is an acute-
phase reactant and may reflect iron metabolism dysregulation in patients. Ferritin is a key indicator of 
iron levels in thalassemia patients.  

However, it can be impacted by inflammation and illness consequences(19). The current study's 
findings revealed a substantial difference between the two groups in terms of ferritin levels. In a similar 
vein, Saraya Ak. et al. did a study to test serum ferritin in thalassemia patients and reported an increase 
in ferritin(20). John C et al. also documented a ferritin rise in their research of cardiac iron overload in 
transfusion-dependent patients(21). In general, this iron overload is caused by two mechanisms: blood 
transfusion and inadequate erythropoiesis (22). In thalassemia, the GDF15 protein, which is the result of 
mutations in such patients, works as the inhibitor of the peptide-hepcidin hormone and sends its reducing 
signal to the liver. Following hepcidin reduction, iron absorption from the diet is increased by ferroportin. 
Therefore, deficient erythrocytes built in the spleen are trapped, resulting in iron release, which 
eventually leads to an increase in ferritin (20-22).A significant elevation in NLRP3 levels was observed in 
the patient group (7.006 ± 1.014) compared to the healthy group (1.35 ± 0.2868), with a P value of 0.0003. 
This suggests that NLRP3 may play a crucial role in the inflammatory or immune response in the patient 
group. In this study, we found that excess cellular labile iron activates the NLRP3 inflammasome, leading 
to secretion of IL-1β in human monocytes. The generation of ROS has been considered to be an upstream 
event for NLRP3 inflammasome activation in response to a wide range of stimuli(23, 24). Our results raise 
the possibility that NLRP3 inflammasome activation might be involved in the production of pro-
inflammatory cytokines in patients with iron overload(25). Given that iron deposition in the 
reticuloendothelial system is commonly observed in patients with iron overload, NLRP3 inflammasome 
activation might occur in reticuloendothelial cells that are exposed to locally high concentrations of iron. 
Because the inflammasome plays a critical role in inflammation-associated organ fibrosis(26, 27).  

Our study showed significant relationships between NLRP3 and ferritin levels. We consistently found 
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that cellular labile iron activates the NLRP3 inflammasome through ROS-dependent mitochondrial 
dysfunction(28). underlining the significance of iron in inflammatory responses. However, the potential 
that excess cellular iron could be detected by an intracellular danger sensor, the inflammasome, has not 
before been investigated. Iron-mediated NLRP3 inflammasome activation, along with the hepcidin-
ferroportin axis, may form a positive feedback loop that enhances inflammation, as IL-1β boosts 
hepatocyte hepcidin synthesis. Further research is needed to better understand the interaction between 
the hepcidin-ferroportin axis and NLRP3 inflammasome activation by cellular iron(29). Iron-mediated 
organ dysfunction is a main cause of the mortality and morbidity in patients with thalassemia major, 
which causes iron overload as a result of increased intestinal iron absorption and/or transfusion 
dependency(30). Our study also found a correlation between ferritin and MDA levels. MDA and ferritin 
levels are markedly elevated in both transfusion-dependent thalassemia (TDT) and non-transfusion-
dependent thalassemia (NTDT). MDA may be utilized as a surrogate marker to assess iron overload in 
beta-thalassemia. Iron overload and oxidative stress can occur in beta-thalassemia in the absence of 
regular blood transfusions (31).  

Our work is unique in that NLRP3 levels were investigated for the first time in thalassemia patients. 
Because there have been no previous studies on this topic, we were unable to locate results in literature 
reviews on NLRP3 levels in thalassemia patients. In our investigation, we discovered that these 
individuals have high NLRP3, ferritin, and MDA levels, implying that they suffer from chronic 
inflammation. The clinical implications of this study include revealing NLRP3, ferritin, MDA, and 
catalase enzyme as key biomarkers with significant diagnostic and therapeutic potential, emerging as 
valuable indicators for monitoring disease progression and evaluating treatment responses, offering 
clinicians objective measures for patient assessment. This study identified NLRP3, ferritin, MDA, and the 
catalase enzyme as possible biomarkers for thalassemia diagnosis and monitoring. However, significant 
limitations limit clinical translation: The small sample size (75 patients, 45 controls) necessitates validation 
in larger cohorts, the observational design cannot establish causality between biomarkers and disease 
progression, and there is no prior research on this specific combination, preventing comparison with 
existing evidence. While these unique findings point to potential clinical therapies, bigger mechanistic 
research is required to confirm causal linkages and therapeutic efficacy before implementing them in 
routine thalassemia management. 

5. Conclusion 

This study underscores the significant biochemical changes associated with thalassemia disease. 
Elevated levels of NLRP3, ferritin, and MDA highlight increased inflammation and oxidative stress in 
thalassemia patients. Conversely, reduced catalase (CAT) activity reflects impaired antioxidant defense 
mechanisms. These findings suggest that NLRP3 and ferritin could serve as valuable prognostic 
biomarkers for thalassemic disease, while MDA and catalase enzymes provide insights into the oxidative 
and antioxidative status of patients. Collectively, these biomarkers have potential clinical applications for 
disease monitoring, risk assessment, and guiding therapeutic strategies in thalassemic disease. 

6. Limitations of the Study 

There were several problems faced in conducting this research, including the difficulty of obtaining 
samples from patients to conduct the research and the absence of previous research studies on this subject. 
In addition, the size of the sample collected was small and insufficient, the high financial cost, and the 
short time constraints. 
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