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Abstract 

Background: Measurements of copper and zinc in transfusion-dependent thalassemia (TDT) show 

contradictory results. 

Aim of the study: To examine serum levels of these minerals in TDT in relation to iron overload 

indices and erythron variables.  

Methods: This study recruited 60 children with TDT and 30 healthy children aged 3-12 years old. 

Results: Zinc was significantly higher in TDT children than in control children, whilst copper and 

the copper to zinc ratio were significantly lowered in TDT. Serum zinc was significantly associated 

with the number of blood transfusions and iron overload variables (including serum iron and TS%) 

and negatively with erythron variables (including hemoglobin, mean corpuscular volume, mean 

corpuscular hemoglobin). Serum copper was significantly and negatively associated with the same 

iron overload and erythron variables. The copper to zinc ratio was significantly correlated with 

iron, TS%, ferritin, hemoglobin, mean corpuscular volume, and mean corpuscular hemoglobin. 

Albumin levels were significantly higher in TDT children than in control children.  

Conclusion: Our results suggest that the increase in zinc in children with TDT may be explained 

by iron loading anemia and hemolysis and the consequent shedding of high amounts of 

intracellular zinc into the plasma. Increased albumin levels and treatment with Desferral may 

further contribute towards higher zinc levels in TDT. We suggest that the elevations in zinc in 

TDT are a compensatory mechanism protecting against infection, inflammation, and oxidative 

stress. Previous proposals for prophylactic use of zinc supplements in TDT may not be warranted. 
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Introduction 

Beta-thalassemia major (β-TM) is a genetic disorder caused by mutations in the β-globin 

gene resulting in a lack or reduction of the β-globin chain synthesis leading to the globin chain 

imbalances (1). This imbalance is characterized by an excess of free α-globin chains in maturing 

red blood cells (RBCs) that lead to hemolysis with consequent anemia (2). Beta-TM patients 

require frequent blood transfusions to maintain normal hemoglobin levels and to suppress 

ineffective erythropoiesis (3). Frequent RBC transfusions may cause a state of iron overload, 

which may cause precipitation of iron in most vital organs (4-6). As a consequence, patients with 

transfusion-dependent thalassemia (TDT) frequently develop immune disorders including 

decreased synthesis or increased consumption of complement factors (C3 and C4) (7), aberrations 

in cell-mediated immunity (8), lymphocyte proliferative responses to mitogens and antigens (9), 

and antibody production and responses, decreased activity of T- and B-lymphocytes, alterations in 

cytokine responses (10), changes in natural killer cell activity, neutrophil chemotaxis, phagocytic 

and chemotaxis activity of macrophages, and increased susceptibility to infections (11-14). 

Moreover, the accumulation of iron in various tissues is associated with induction of macrophage 

polarization (15) and increased gene expression of inflammatory molecules (16) frequently 

causing harmful inflammatory responses (17). 

Zinc is a metal that is required by the immune system to function normally (18) and 

additionally zinc is involved in the regulation of hepcidin production, which is important in the 

iron absorption process (19). Zinc plays a vital role in immune system homeostasis affecting both 

innate and adaptive immunity (20, 21) and modulates the number and function of immune cells, 

including T and B cells, macrophages, dendritic cells, mast cells, and neutrophils (20-22). This 

may explain that low zinc levels increase T-cell auto-reactivity and alloreactivity, whereas high 
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zinc concentrations suppress T-cells (23). Furthermore, maintaining normal zinc levels seems to 

be essential to avoid negative concentration-dependent effects of zinc on T-cell activation (22). 

The decrease in zinc availability affects the survival, proliferation, and maturation of cells involved 

in innate and adaptive immunity (monocytes, polymorphonuclear cells, natural killer cells) in 

addition to the balance between the different T helper cell subsets (24).  

Another trace element that plays a role in iron metabolism is copper. Copper and zinc, are 

found in enzymes that act on iron metabolism (25) and intracellular copper could prompt RBCs 

hemolysis (26). Moreover, copper can act as a pro-oxidant in addition to its antioxidant activity. 

When copper acts as a pro-oxidant, it promotes harmful free radical effects (27). In the body, free 

radicals occur naturally and they can damage cell membranes and genetic material thereby 

inducing disease (28). When copper acts as an antioxidant, it scavenges the free radicals and 

neutralizes its potentially harmful effects (29). In patients with thalassemia major, serum 

concentrations of copper depends on several factors including the amount of copper intake in the 

daily diet, intestinal uptake of copper, iron accumulation, kidney function, copper to zinc ratio, 

and administration of Desferal (30). 

The published data on serum levels of copper and zinc in major thalassemia show some 

discrepant results with some papers showing decreased or increased levels or no significant 

changes (31-37). Importantly, the levels of these minerals may be affected by iron overload-related 

oxidative stress and the use of chelators, which may cause mineral deficiencies, which, in turn, 

may lead to or aggravate the complications of thalassemia (38). As a consequence, some authors 

advocate the use of zinc supplements in order to treat the oxidative stress which accompanies 

thalassemia (39, 40). However, there is no evidence from randomized controlled trials that zinc 

supplementation has any benefit on the oxidative stress or TDT (41).  
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Hence, the present study aims to examine the zinc and copper levels in TDT in association 

with iron load and erythron indices.  

 

Subjects and methods 

Participants 

This study recruited 90 participants, namely 30 normal controls and 60 TDT children, aged 

3-12 years old and of both sexes. The TDT patients were 31 females and 29 males recruited at the 

Thalassemia Unit at Al-Zahra'a Teaching Hospital, Najaf, Iraq. The diagnosis of β-thalassemia 

major was made by pediatricians and hematologists according to the 2019 ICD-10-CM Diagnosis 

Code D56.1. The diagnosis was based on the typical clinical symptoms (e.g. severe anemia, 

hepatosplenomegaly, and abnormal bone growth), hematological parameters including 

hemoglobin <7g/dl and hypochromic microcytic RBCs with anisopoikilocytosis and increase 

reticulocyte percentage, and by elevated HbA2 levels as assayed using HPLC (VARIANT TM β-

Thalassemia Short Program). The healthy controls were 30 apparently healthy children (13 male 

and 17 female).  None of the controls was anemic or had an obvious inflammatory or systemic 

disease. We excluded patients or controls with splenectomy, systemic diseases such as diabetes 

mellitus, renal failure, or patients with overt inflammation defined as serum C-reactive protein 

(CRP) levels > 6mg/l. The later exclusion criterion is needed to confirm that the increase of ferritin 

is due to iron overload rather than to an acute phase response (42). 

All patients had regular blood transfusions of packed RBCs at two to four-week intervals 

depending on the transfusions needed to maintain the pre-transfusion Hb level above 9 g/dL. The 

patients were on iron-chelating therapy with deferoxamine mesylate USP (Desferal®) infusion at 

a dose range between 25-50 mg/kg/day over 8 hours/day depending on the ferritin level and taken 
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3-5 times/week. TDT patients were also given vitamin C to facilitate the binding of iron to deferral 

through increased iron release from the reticuloendothelial system. One-alpha® capsules were 

administered to TDT patients if they had calcium imbalance due to reduced 1-α hydroxylation. 

Folic acid was also given to most patients to reduce ineffective erythropoiesis. Written informed 

consent was obtained from the patient’s first-degree relatives (mother or father) after appropriate 

oral explanation according to the Declaration of Helsinki. The study was approved by the IRB of 

the University of Kufa number 397/2018.  

 

Measurements 

Five milliliters of venous blood samples were drawn from all participants after an 

overnight fast. The patients' samples were collected just before their blood aspiration session. 

Blood was left at room temperature for 10 minutes for clotting, centrifuged 3000 rpm for 5 minutes, 

and then serum was separated and transported into new Eppendorf tubes. Serum Cu and Zn were 

measured by flame atomic absorption spectrophotometry AA990 (PG Instruments Ltd.). Samples 

were diluted 1:10 with 6% n-butanol as diluent before measurement. This method achieved a 30% 

increase in sensitivity compared to the use of deionized water only due to decrease viscosity and 

the difference in droplet formation that produces more accurate results (43, 44).  

 Serum iron was measured spectrophotometrically by using the kit from LINEAR 

CHEMICALS Co. (Barcelona, Spain) based on the ferrozine method. TIBC was measured by 

saturation of serum transferrin with iron and the unbound iron portion 

is precipitated with magnesium carbonate and the total amount of iron is then determined by the 

ferrozine method. Serum ferritin levels were measured by using ELISA kit supplied by 

Elabscience®, USA. The interassay CV% of ferritin was <6% and for iron was <2.19%. Transferrin 
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saturation percentage (TS%) was calculated from the following equation: TS% = Iron * 100/TIBC 

and transferrin concentrations were estimated from the percentage of transferrin saturation and 

serum iron using the formula: transferrin (g/L) = serum iron (µM) / (3.98 * TS%) (42). The formula 

is based on the maximal binding of 2 moles of Fe3+ to each mole of  mole of transferrin and a 

molecular weight of 79,570 kD for transferrin (42). For samples with highly concentrated analytes, 

we employed sample dilutions. CRP was measured using a kit supplied by Spinreact®, Spain, 

which is based on latex agglutination. Serum albumin was measured spectrophotometrically using 

the bromocresol green method with a kit supplied by LINEAR CHEMICALS (Barcelona, Spain). 

Hematological parameters were measured by a five-part differential Mindray BC-

5000 hematology analyzer (Mindray Medical Electronics Co., Shenzhen, China) and comprised 

hemoglobin (Hb) measured with a cyanide-free spectophotometric method, and an impedance-

based method used for RBCs count, white blood cells count (WBC), packed cell volume (PCV), 

and platelet (PLT) count in subject’s blood. Mean corpuscular hemoglobin (MCH), mean 

corpuscular volume (MCV), and mean corpuscular hemoglobin concentration (MCHC) were 

calculated automatically from the results. All these results were generated automatically by the 

Mindray hematology analyzer.  

 

Statistical analysis 

Analysis of contingency tables (χ2 test) was used to check associations between nominal 

variables and analysis of variances (ANOVAs) to check differences in continuous variables among 

diagnostic groups. Associations between scale variables were computed using Pearson’s product-

moment correlation coefficients. Multivariate general linear model (GLM) analysis was employed 

to investigate the associations between TDT (versus controls) and the biomarkers (dependent 
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variables). We computed a z unit-weighted composite score reflecting the copper to zinc ratio as 

z score of copper (zCu) – z zinc (zCu-zZn).  

 

Results 

Demographic data and Clinical data 

The socio-demographic and clinical data in the TDT and healthy control children are 

presented in Table 1. There were no significant differences in age, sex ratio, and rural/urban ratio 

between the study groups. Our patients are dependent on transfusion with a mean blood transfusion 

number of 97 (SD=59.2). Our data showed results which are typical of the iron overload status in 

TDT, namely a significant increase in serum iron, TS%, and ferritin besides a decrease in 

transferrin, Hb, PCV, RBCs count, MCV, MCH and transferrin concentration. Serum albumin was 

significantly increased in TDT patients when compared with the control group. 

 

Differences in biomarkers between TDT and healthy controls  

Table 2 shows the results of multivariate GLM analysis examining the association between 

serum copper, zinc, and zCu_zZn and diagnosis (TDT versus controls) while adjusting for age and 

sex. We found that there was a significant association between diagnosis and the biomarkers with 

an effect size of 0.172 while there were no significant effects of age and sex. Tests for between-

subject effects and Table 3 show that copper was significantly lower in TDT than in controls, zinc 

was higher in TDT than in controls, while the zCu_zZn ratio was lower in TDT than in controls. 

 

Intercorrelation matrix  
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In the total study group, there was a weak inverse correlation between zinc and copper 

levels (r=-0.212, p=0.045, n=90). The intercorrelation matrix between copper, zinc, and their ratio 

and iron/erythron parameters is shown in Table 4. The results revealed a significant negative 

correlation between copper and both iron and TS% but positive correlations with Hb, MCV, MCH, 

and PCV. Serum zinc was negatively correlated with MCV, MCH, Hb, and PCV and significantly 

positively correlated with the number of blood transfusions, iron, TS%, ferritin, and MCHC. 

Figure 1 shows the partial association between serum zinc and the number of transfusions 

(adjusted for age and sex). Figure 2 shows the partial correlation between serum zinc and serum 

iron (adjusted for age and sex). The composite zCu_zZn score was significantly and negatively 

correlated with number of transfusions, iron, and TS%, and positively with Hb, RBCs, MCV, 

MCH, and PCV. Figure 3 shows the partial regression of zCu_zZn on hemoglobin levels.    

 

Discussion 

Increased zinc levels in TDT patients 

The first finding of our study is that serum zinc was significantly higher in TDT patients as 

compared with controls. Some previous studies reported lowered zinc levels in TDT patients (37, 

45, 46). In another study, the prevalence of zinc deficiency (zinc levels>50 µg/dl) was 22.2% and 

the deficiency rate was higher in males with a duration of illness > 10 years (34). In contrast, 

Kosarian et al. reported that serum zinc levels in major thalassemia patients and controls were 

within normal limits (47). In another study, no significant signs of zinc deficiency were found and 

no differences between patients and siblings of patients (48). Another study showed that 77% of 

thalassemic patients have normal serum zinc levels and the remainder even greater than normal 
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levels (49). In accordance with our study, a statistically significant increase in zinc in TDT patients 

was reported in Iran and these authors noted that zinc deficiency is rare in thalassemia (31). 

A first plausible explanation of the increase in zinc in TDT established in our study is that 

severe hemolysis leads to the shedding of high amounts of intracellular zinc into the plasma (35). 

This theory is supported by the strong intercorrelations between serum zinc and indices of RBC 

variables (e.g. negative correlations with Hb, MCV, and MCH) and iron overload (positive 

correlations with the number of transfusions, iron, and TS%) established in our study. Zinc 

concentrations are up to ten times higher in RBCs than in plasma (50, 51). A second explanation 

is that we omitted participants with increased CRP values thereby excluding those with overt 

inflammation (52, 53). Other papers, on the other hand, did not always mention whether they 

excluded TDT patients with inflammation, which is a prevalent condition in TDT due to the iron 

overload (54) and RBC hemolysis, which releases large quantities of damage-associated molecular 

patterns into the circulation (55). Moreover, zinc concentrations are about 7 times higher in 

leukocytes than in erythrocytes (56) and, therefore, during inflammation, an increased number of 

leukocytes may concentrate a significant amount of zinc and remove it from plasma leading to a 

reduction in plasma zinc levels. Furthermore, in patients with overt inflammation there is a 

significant inverse correlation between serum zinc and inflammatory biomarkers CRP, IL-6, and 

TNFα (57) indicating that - for proper interpretation - zinc levels should be adjusted for the 

inflammatory state in children (58) and elderly people (59). Lowered zinc levels in inflammatory 

conditions may also be explained by lowered albumin levels because zinc is bound to albumin in 

the circulation (60). Hence, the presence of inflammation in thalassemia patients may explain zinc 

deficiency in some of the previous studies (35, 52, 61). Therefore, in order to assess zinc levels, 
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patients with overt inflammation should be excluded to evaluate the independent associations 

between zinc and diagnoses (62).  

  Because zinc acts as a signaling agent to modulate (immune) cell activity (63), both zinc 

toxicosis and zinc sequestration are used as strategies by the human body compartments during 

bacterial and fungal infections (64). Therefore, we suggest that the elevations in zinc in TDT may 

be a compensatory mechanism protecting against infection an providing anti-inflammatory and 

antioxidant effects (65-67). Likewise, the increased albumin levels established in our TDT patients 

may function as a compensatory mechanism because albumin is an antioxidant and is protective 

against oxidative stress toxicity in thalassemia patients (68). However, serum albumin was not 

always significantly different between thalassemia patients and normal subjects (69, 70). Albumin 

binds around 80% of all plasma zinc and is thought to act as a major zinc transporter, while zinc-

albumin complexes have rapid exchange kinetics and contribute to the modulation of free zinc in 

the plasma (71). As such, the increased albumin levels established in our study could be another 

factor explaining increased zinc levels.  

The increased serum zinc levels in TDT patients established in our study and another study 

(31) indicate that findings on zinc deficiency in thalassemia may not be generalized. Therefore, 

the proposals for prophylactic zinc supplements as routine management of TDT may not be 

warranted (34). Even moderate zinc supplementation may interfere with copper metabolism and 

may adversely affect the concentrations of high-density lipoprotein cholesterol (72).  

 

Lowered copper levels and copper to zinc ratio in TDT patients 

In our study, there is a  significant reduction in serum copper in TDT patients as compared 

with controls (73, 74). Our results extend previous findings in TDT (75, 76), whereas other authors 
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sometimes found increased copper levels (77) or no significant changes in TDT (32). As reviewed 

in the Introduction, serum concentrations of copper in patients with thalassemia major depend on 

several factors including iron accumulation, effects of increased zinc, and administration of 

desferrioxamine (Desferal) (78). The inverse correlations between copper levels and indices of 

iron overload established in the present study suggest that lowered copper is indeed associated 

with iron accumulation or with Desferal treatment (79). Our findings that lowered copper is 

significantly associated with lowered Hb, MCV, and MCH may be explained by the knowledge 

that low serum copper aggravates the anemia in TDT patients. Copper deficiency may lead to the 

development of anemia by the reduction of erythropoietin (80, 81). Furthermore, the decrease in 

erythrocyte Cu-Zn superoxide dismutase activity, a key RBCs antioxidant enzyme, may shorten 

the life span of erythrocytes in response to oxidative stress (36, 82).  

The lowered zCu_zZn ratio in TDT and the strong associations with iron overload indices 

(inverse associations) and erythron variables (positive correlations) are a consequence of lowered 

copper and increased zinc levels and the effects of different TDT-related factors on both minerals.    

It was suggested that the copper to zinc ratio may be used as an inflammatory marker in patients 

with sickle cell disease (83). In hemolytic anemia, the copper to zinc correlated positively with 

CRP levels (83). Nevertheless, in our study, we excluded patients with overt inflammation, 

suggesting that the low copper to zinc ratio in TDT is independent from inflammatory processes. 

Also, patients with hemoglobinopathies with complications showed a higher plasma copper to zinc 

ratio than those with normal development (84).  

 

Conclusion 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 June 2020                   doi:10.20944/preprints202006.0001.v1

https://doi.org/10.20944/preprints202006.0001.v1


14 
 

14 
 

     Children with TDT how a significant increase in zinc and decrease in copper levels as compared 

with healthy controls. We suggest that the elevations in zinc in TDT may be a compensatory 

mechanism protecting against infection, inflammation, and oxidative stress. Previous proposals 

for prophylactic use of zinc supplements in TDT may not be warranted. 
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Table 1. Sociodemographic and biomarkers data in children with TDT (transfusion-dependent thalassemia) and healthy children (HC). 

 

Variables HC TDT F/χ2 df p 

Age                years  7.1(2.5) 8.0(3.1) 1.54 1/88 0.217 

Sex            Female/Male 13/17 31/29 0.56 1 0.456 

Residency Rural / Urban 4/26 16/44 2.06 1 0.151 

#Blood transfusion - 97.6(59.2) - - - 

Iron              µM 15.2(3.4) 43.3(8.0) 581.77 1/88 <0.001 

Transferrin   g/l 0.154(0.043) 0.131(0.015) 13.06 1/88 0.001 

TS%               % 26.7(2.6) 82.9(11.7) 544.08 1/88 <0.001 

Ferritin        ng/ml   153.4(44.2) 3298.1(1841.0) 899.55 1/88 <0.001 

Albumin        g/l 39.2(3.7) 43.9(5.9) 16.56 1/88 <0.001 

RBCs *106  Cell/µl 4.49(0.62) 3.38(0.57) 29.79 1/88 <0.001 

Hb                  g/dl 14.11(1.41) 7.92(1.38) 397.19 1/88 <0.001 

MCV              fl     96.06(8.14) 64.87(7.82) 309.28 1/88 <0.001 

MCH              pg 31.67(2.68) 21.06(0.32) 348.02 1/88 <0.001 

MCHC            % 32.97(0.21) 32.48(0.93) 8.06 1/88 <0.001 

PCV                % 42.80(4.23) 24.39(4.15) 389.75 1/88 <0.001 

 

TS%: transferrin saturation percentage, RBCs: red blood cells count, Hb: hemoglobin concentration, MCV: mean corpuscular volume, 

MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, PCV: packed cell volume. 
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Table 2: Results of multivariate GLM analysis examining the differences in zinc (Zn), copper (Cu) and their ratio between children 

with TDT (transfusion-dependent thalassemia) and heathy children. 

 

Tests  

Dependent 

variables 

Explanatory 

variables F  df  p  

Partial 

η2 

Multivariate Cu, Zn, zCu_zZn 

Diagnosis 8.83 2/85 <0.001 0.172 

Age 0.34 2/85 0.713 0.008 

Sex 0.85 2/85 0.432 0.020 

Between-subject effects 

Cu Diagnosis 4.46 1/86 0.038 0.049 

Zn Diagnosis 15.27 1/86 <0.001 0.151 

zCu_zZn Diagnosis 15.77 1/86 <0.001 0.155 

 

 

Diagnosis: TDT versus normal children, Cu: copper, Zn: zinc, zCu_zZn: reflecting the copper to zinc ratio and computed as z score Cu (zCu) – 

zZn.  
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Table 3: Model-generated estimated marginal mean (SE) values in children with transfusion-dependent thalassemia (TDT) and healthy 

children (HC). 

 

 
Dependent Variables HC TDT 

Copper     mg/l 0.808(0.049) 0.693(0.035) 

z Copper (z score) 0.312(0.180) -0.156(0.127) 

Zinc     mg/l 0.573(0.042) 0.782(0.030) 

z Zinc (z score)  -0.550(0.172) 0.275(0.121) 

zCu-zZn (z score) 0.554(0.170) -0.277(0.120) 

 

 

zCu_zZn: reflecting the copper to zinc ratio and computed as z score Cu (zCu) – zZn.  
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Table 4. Intercorrelation matrix of iron and erythron status parameters with Zn, Cu, and their ratio. 

 

Variables Cu Zn zCu-zZn 

Number of blood transfusion -0.065(0.625) 0.340(0.008) -0.265(0.042) 

Iron -0.217(0.039) 0.369(<0.001) -0.399(<0.001) 

TS% -0.253(0.016) 0.341(0.001) -0.398(<0.001) 

Transferrin  0.159(0.135) -0.039(0.717) 0.109(0.304) 

Ferritin -0.174(0.102) 0.237(0.024) -0.275(0.009) 

Albumin 0.102(0.337) 0.155(0.145) -0.044(0.682) 

Hb 0.295(0.005) -0.314(0.003) 0.419(<0.001) 

RBCs  0.192(0.070) -0.136(0.201) 0.231(0.028) 

MCV 0.275(0.009) -0.481(<0.001) 0.505(<0.001) 

MCH 0.264(0.012) -0.404(<0.001) 0.459(0.001) 

MCHC 0.175(0.099) 0.351(0.001) -0.089(0.435) 

PCV 0.299(0.004) -0.375(<0.001) 0.458(<0.001) 
 

Shown are the correlation coefficients with exact p-values. 

TS%: transferrin saturation percentage, RBCs: red blood cells count, Hb: hemoglobin concentration, MCV: mean corpuscular volume, 

MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, PCV: packed cell volume. 
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Figure 1. Partial regression (adjusted for age and sex) of serum zinc levels (in z scores) on the number of blood transfusions in children 

with transfusion-dependent thalassemia.  
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Figure 2. Partial regression of serum zinc on serum iron (after adjusting for age and sex).  
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Figure 3. Partial regression of zCu_zZn (the copper / zinc ratio computed as z score of serum copper – z score zinc) on hemoglobin 

levels. 
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