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ABSTRACT 

Objective: Zinc is an essential trace element for the body that is involved in various 

significant body functions such as protein synthesis, DNA synthesis, and cellular growth. 

It is found in almost every cell and plays an important role in the immune system, 

affecting both innate and acquired immunity. Patients with beta-thalassemia major are at 

risk of zinc deficiency. Beta-thalassemia major is an inherited disease caused by a 

reduction or complete absence of beta-globin chains and the affected patients need 

repeated blood transfusions to survive. Accordingly, it causes oxidative stress and tissue 

damage, alteration of antioxidant enzymes, and changes in other essential trace element 

levels due to iron overload. Zinc levels in beta-thalassemia major patients were reported 

to be significantly reduced in most of the studies. Serum zinc levels of the patients with 

beta-thalassemia major should be monitored regularly and zinc supplementation should be 

provided to these patients. 
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INTRODUCTION 

Zinc is an essential trace mineral, which is crucial for all living tissues, both as a 

structural component of proteins and because of its important role as a cofactor in enzyme 

catalysis. Zinc is actively involved in many metabolic activities in the human body such 

as protein synthesis, DNA synthesis, cellular growth, wound healing, and fertility. The 

importance of zinc in human body metabolism has been demonstrated by the 

consequences of zinc deficiency, such as impaired wound healing, reduced immune 

response, growth retardation, affected bone mineral density, impaired glucose tolerance, 

neurological disturbances, irritability, and deformed nails (1). 

Zinc is found in high concentrations in animal products such as meat, fish, and egg and 

especially in seafood such as mussels. Zinc, which should be taken in a certain amount 

every day for optimal health, is found in all organs, tissues, and body fluids. Zinc plays a 

role in the functions of more than 300 metalloenzymes and transcription of more than 

2000 genes involved in lipid, protein, and nucleic acid metabolism. It is well known that 

zinc is essential for many functions of the natural and acquired immune system against 

pathogens and tissue damage, and has a protective effect against the damages of free 

oxygen radicals (2). 

The absorption of zinc takes place actively in the intestine, especially in the duodenum. 

Its maximum absorption occurs in the middle jejunum and ileum. Zinc is absorbed by 

enterocytes and goes through the bloodstream. There are special zinc carrier proteins that 

transport zinc into and out of the cell (3). About 80% of the zinc that passed into the 

plasma is bound to albumin, which functions as a major zinc carrier. Alfa-2 

macroglobulin is also another important zinc-binding protein. Zinc, binds to albumin and 

alfa-2 macroglobulin and can pass through the liver, spleen, kidney, bone marrow, and 

erythrocytes, where its metabolism will occur rapidly. Excretion of zinc, which can pass 

into all fluid and membrane structures, is mainly through the feces, then bile, and renal 

route (4, 5). 
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Beta-thalassemia major  

Beta-thalassemia major is an autosomal recessive inherited 

disease that causes a severe clinical picture characterized by 

the absence or scarcity of the beta-globin chains of 

hemoglobin due to homozygous or double heterozygous 

mutations, excess alpha globin chains in erythrocytes, and 

imbalance in chain ratios. The incidence of the disease 

increases with consanguineous marriage (6). The severe 

imbalance of globin chain synthesis causes ineffective 

erythropoiesis, hemolysis, and anemia. Patients with beta-

thalassemia major often have severe transfusion-dependent 

anemia. Transfusion therapy, which is the mainstay of 

treatment, allows normal growth and development and 

suppresses ineffective erythropoiesis, but leads to iron excess 

(6, 7). Excess iron causes oxidative damage and tissue 

siderosis. Iron overload causes various complications, 

including diabetes, hypothyroidism, hypogonadism, heart 

failure, short stature, and liver cirrhosis (8, 9). Complications 

related to iron overloads, such as liver cirrhosis and heart 

diseases are the leading causes of morbidity and mortality in 

patients with transfusion-dependent beta-thalassemia major. 

Therefore, the main treatment strategy is; providing 

transfusion, reducing the iron burden, and increasing the life 

expectancy of these patients.  

Iron chelation therapy  

Iron chelation therapy is a lifelong requirement for patients 

with beta-thalassemia major (10). Iron-binding agents 

desferrioxamine, deferiprone, and deferasirox are used in 

treatment to prevent iron accumulation (11). However, iron 

chelating agents also eliminate various other essential 

elements, including zinc. Desferrioxamine has zinc binding 

affinity and increases urinary zinc elimination and 

hyperzincuria, resulting in gradual zinc depletion and growth 

disturbances, among other symptoms (7, 12). Chelation 

rapidly reduces liver iron, serum ferritin, and myocardial 

siderosis. Besides, chelation improves cardiac functions, 

reverses and prevents endocrine complications, reduces 

cardiac mortality, and increases survival (10, 11). 

Zinc deficiency 

Zinc deficiency is common in developing countries where 

food is usually vegetable-based and rarely contains animal 

products. While zinc is easily absorbed by animal proteins, 

excessive plant meals lead to decreased zinc absorption due to 

its binding to phytates (13, 14). In such countries, zinc 

deficiency results in infection-related diarrhea and 

pneumonia, growth retardation, hypogonadism, increased 

mortality and morbidity due to impaired immune function 

(13, 15). 

Zinc levels in patients with beta-

thalassemia major 

The relationship between zinc and beta-thalassemia major has 

been the subject of many studies. However, there are some 

differences between the results of the studies. Although some 

studies are reporting that zinc levels are not affected in 

patients with beta-thalassemia major (12, 16), the majority of 

studies support the decreased levels of zinc in these patients. 

However, the variation in prevalence among these patients 

draws attention. 

Some studies have reported zinc deficiency in beta-

thalassemia major patients with a prevalence of 25% or less. 

Of these, Kwan et al reported zinc deficiency in only 3 of 68 

beta-thalassemia major patients (17). In another study, a 10% 

prevalence of zinc deficiency was reported in patients with 

thalassemia major (18). Sultan et al (19) included 63 beta-

thalassemia major children aged between 5 and 15 years who 

had been using desferrioxamine for at least 1 year and 

reported zinc deficiency (zinc levels <50 µg / dL) in 14 

patients with a rate of 22.2%. Besides, they also determined 

that the rate of zinc deficiency was higher in the male gender 

and those with a disease duration of more than 10 years. Fung 

et al (20) adopted a cut-off value of <70 mg / dL for zinc 

deficiency and reported decreased zinc levels in 25% of 

patients with beta-thalassemia major and low bone density 

between the ages of 6 and 30. 

However, in many studies, zinc deficiency has been reported 

with a 60% or higher prevalence. Ferdaus et al (21) reported 

low serum zinc levels in 60% of beta-thalassemia patients. In 

the study conducted by Nidumuru et al (22), it was reported 

that the serum zinc levels of 35 transfusion-dependent beta-

thalassemia major pediatric patients between the ages of 5 

and 15 years were lower compared to healthy children with 

similar characteristics. They found serum zinc levels were 

<60 μg / dL in 65% of the patients (26 patients) and evaluated 

these cases as hypozincemia. Based on their results, they 

stated that hypozincemia is common in patients with beta-

thalassemia major. Mahyar et al (23) measured zinc levels in 

the serum of 40 patients with beta-thalassemia major under 12 

years of age and reported that serum zinc levels of <70ug / dL 

in 26 (65%) of them, while it was within the reference range 

in only 14 patients. In the study of Shamshirsaz et al (24), 220 

cases with thalassemia were studied and the prevalence of 

zinc deficiency was reported as 79.6%. Tabatabei et al 

reported that 84.8% of thalassemia major patients were 

having zinc deficiency. They emphasized that the cause of 

zinc deficiency in these patients was due to insufficient 

dietary intake (25). In a study conducted in Tehran 

Thalassemia Center (26), zinc deficiency was reported in 

85.5% of 131 patients with beta-thalassemia major. 

Arcasoy et al (27) reported that serum zinc levels were lower 

in all 30 beta-thalassemia major patients compared to 

controls. Mashhadi et al (28) reported severe zinc deficiency 

in all cases in their study on 333 transfusion-dependent 

patients with beta-thalassemia major. There were no cases of 

normal or increased zinc levels. 

Possible reasons for differences between 

studies 

Differences in the number of patients included in the studies, 

the differences in regular transfusion criteria or the duration 

of transfusions, the differences in chelation therapy, the use of 

different drug doses, and the differences in the duration of the 

disease may be the reason for the different prevalence of zinc 

deficiency in different studies. Besides, the fact that studies 

were conducted in regions with different socioeconomic 

statuses may have caused dietary differences in zinc levels 

(29, 30). Again, as stated in some studies, different zinc cut-
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off values draw attention and we believe that different 

prevalence between the studies may be caused by the 

different definitions of deficiency. 

Beta thalassemia major, zinc, and 

oxidative stress 

Oxidative stress is defined as the disruption of the balance 

between oxidants and antioxidants in the body due to 

excessive peroxide and free radical production. Oxidative 

stress occurs as a result of increased levels of lipid peroxides 

and free radical intermediates and a decrease in total 

antioxidant capacity in patients with beta-thalassemia major 

where frequent blood transfusions are required due to severe 

anemia (31, 32). Increased oxidative stress biomarkers are 

determined with decreased antioxidant levels in patients with 

beta-thalassemia major. Iron overload seen in patients with 

beta-thalassemia major may lead to decreased levels of trace 

elements such as vitamins and zinc as a result of oxidative 

stress caused by hemolysis and inflammation (33, 34). 

The use of iron chelating agents in combination with 

antioxidants may aid in regulating oxidative status in patients 

with beta-thalassemia major (31, 32). Zinc has important 

antioxidant properties (35). Zinc has a protective role in the 

formation of free radicals and oxidative stress. Zinc is 

involved in the structure of superoxide dismutase, an 

antioxidant-effective enzyme, and metallothioneins that 

protect tissues from the harmful effects of free radicals (36). 

Selective administration of essential trace elements such as 

zinc and antioxidant molecules to reduce the degree of 

oxidative damage and related complications in beta-

thalassemia major may be beneficial in reducing oxidative 

stress in these patients. 

Zinc is not stored by the body, so it is important to eat foods 

containing zinc every day to avoid deficiency. Zinc is also 

present in dietary supplements. Intervention strategies to 

combat zinc deficiency include zinc supplements, food 

supplements through the addition of zinc additives to food, 

and dietary alterations (2, 36). 

CONCLUSIONS 

In conclusion, in the light of the literature review, it is seen 

that zinc deficiency is present in most of the patients with 

beta-thalassemia major. Zinc levels were low in most studies. 

It should be kept in mind that zinc levels may be low in 

patients diagnosed with beta-thalassemia major who are under 

follow-up. In beta-thalassemia major patients who are 

transfusion-dependent and treated with chelators, serum zinc 

levels should be monitored and prophylactic zinc supplements 

should be considered in the routine management of these 

patients.  
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