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Abstract 
β-thalassemia is an inherited blood disorder in hemoglobin synthesis that results in 

anemia, growth retardation and certain pathological changes. The treatment of choice 

for β-thalassemia is the repeated blood transfusion, but unfortunately it results in an 

iron overload with additional risk factors. The present study aims to evaluate iron 

profile in transfusion dependent β-thalassemia patients and the effects of repeated 

blood transfusion on serum ferritin level and the possibility of using the total number 

of blood transfusion to predict serum ferritin level. 40 transfusion dependent β-

thalassemia patients were included in the present study all dependent on blood 

transfusion only with age range 1-4 years old. A control group of 20 apparently 

healthy children with age range 1-4 years old was used for comparison.  Blood sample 

of 5 ml was collected from each individual and tested for serum levels of iron, TIBC, 

% saturation, and serum ferritin.  The present study revealed significant changes in 

the levels of iron profile parameters between patients and control subjects manifested 

by significantly elevated serum iron and ferritin levels with significantly decreased 

serum TIBC. Iron status and iron overload in transfusion dependent β-thalassemia 

patients revealed a significant correlation between serum ferritin level and the number 

of transfused RBCs units. However this correlation is a rough correlation and some 

times unpredictable and it could not be used to assess the level of serum ferritin as 

used by some physicians. 
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انعذد الإجماني نمرّات وقم انذم نمرضي انبيتا ثلاسيميا انكبرى يمكه أن أن هم 

؟مستويات فريتيه مصم انذم نذيهمنتقييم  يستخذم  

ى دلال باشياحمذ يحي  

 انخلاصة
ٝؤدٛ إىٚ اظطشاة فٜ  ٗاىزٛ ،ٍشاض اى٘ساثٞتالأ ٕ٘ ٍِ ٗاىَعخَذ عيٚ ّقو اىذً ٍشض اىثلاسَٞٞب ّ٘ع بٞخب

إُ اىعلاج اىَثبىٜ  ٕ٘ . حصْٞع خعبة اىذً ٍَب ٝؤدٛ إىٚ فقش اىذً ٗحأخش اىَْ٘ ٗبعط اىخغٞشاث اىَشظٞت ىيذً

ٕٗزٓ . اىحذٝذ ٗاىزٛ ٝضٝذ ٍِ ع٘اٍو اىخط٘سة عيٚ صحت اىَشظٚ حنشاس ّقو اىذً  ٗاىزٛ ٝؤدٛ إىٚ صٝبدة ّسبت

عيٚ  ىذٙ ٍشظٚ اىثلاسَٞٞب اىنبشٙ ّ٘ع بٞخب ٗحأثٞشاث ّقو اىذً اىَخنشس اىذساست حٖذف إىٚ حقٌٞٞ ٕٞئت اىحذٝذ

  .، ٗإٍنبّٞت حقٌٞٞ مَٞت فشحِٞ ٍصو اىذً ب٘اسطت احخسبة عذد ّقلاث اىذً ىيَشٝطٍسخ٘ٙ فشحِٞ ٍصو اىذً 
سْ٘اث، ٗجَٞعٌٖ  4-1ٍشٝعب ببىثلاسَٞٞب اىنبشٙ ّ٘ع بٞخب حخشاٗح أعَبسٌٕ ٍِ  40ىج ٕزٓ اىذساست شٌ
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سْ٘اث  4-1ٍِ الأغفبه الأصحبء ٗبأعَبس حخشاٗح بِٞ  اٍشبسك 20ٍذُٗ عيٚ ّقو اىذً اىذٗسٛ ىٌٖ ٗ ٍعج

ٗأجشٝج .  ه ٍصو اىذًٍو ٍِ جَٞع اىَشبسمِٞ، ٗحٌ فص 5حٌ اخز َّ٘رج ٍِ اىذً ٍقذاسٓ   . مَجَ٘عت ظببطٔ

عيٚ مو َّ٘رج ىَصو اىذً فح٘صبث ٍسخ٘ٙ اىحذٝذ، ّسبت اىخشبع ببىحذٝذ ، اىقذسة اىنيٞت لاسحببغ اىحذٝذ، ٗمَٞت 

أثبخج ٕزٓ اىذساست ٗج٘د حغٞشاث ٍعْ٘ٝت فٜ اىَعيَبث ىٖٞئت اىحذٝذ بشنو عبً بِٞ ٍشظٚ اىثلاسَٞٞب . اىفشٝخِٞ

قو اىذً فقػ ٗبِٞ اىَجَ٘عت اىعببطت، حٞث مبّج اىضٝبدة ٍعْ٘ٝت ٗٗاظحت اىنبشٙ ّ٘ع بٞخب ٍَِ ٝعخَذُٗ عيٚ ُ

إُ   .فٜ حذٝذ ٍصو اىذً ٗفشٝخِٞ ٍصو اىذً ٍع ّقص ٍعْ٘ٛ فٜ  اىقذسة اىنيٞت لاسحببغ اىحذٝذ فٜ ٍصو اىذً

اىذٗسٛ ٗظعٞت ٕٞئت اىحذٝذ ٗصٝبدة اىحذٝذ فٜ ٍشظٚ اىثلاسَٞٞب اىنبشٙ ّ٘ع بٞخب ٍَِ ٝعخَذُٗ عيٚ ىْقو اىذً 

ٗسغٌ رىل فلا َٝنِ . ىٌٖ أٗظحج ٗج٘د علاقت اسحببغ ٍعْ٘ٝت بِٞ ٍسخ٘ٙ فشحِٞ ٍصو اىذً ٗعذد ّقلاث اىذً

الاعخَبد عيٚ عذد اىْقلاث فٜ حقذٝش مَٞت فشحِٞ ٍصو اىذً حٞث ٝنُ٘ اىخقذٝش حقشٝبٜ ٗأحٞبّب غٞش ٍخ٘قع ٗلا 

. فعو بعط الأغببءَٝنِ الاعخَبد عيٞٔ فٜ احخسبة مَٞت فشحِٞ ٍصو اىذً مَب ٛ
 

Introduction 
β-thalassemia, one of the most 

widespread genetic disease in the 

world, is an autosomal hematological 

disorder that is the result of genetically 

absent or deficient synthesis of the 

beta-globin chains of hemoglobin 
(1, 2)

. 

β-thalassemia affects many population 

groups all over the world with about 

5% carrier rate 
(3)

. It is most prevalent 

around the Mediterranean sea 

countries, also the Middle East, the 

Indian subcontinent and other 

countries
(4)

. β-thalassemia is caused by 

more than 200 different point 

mutations and are extremely 

heterogeneous
(5, 6)

. According to the 

mutation affecting the 2 beta-globin 

genes and the severity of symptoms, β-

thalassemia is classified into β-

thalassemia major, minor, and 

intermedia 
(7)

.  β-thalassemia major, or 

transfusion dependent β-thalassemia, is 

the most sever form of β-thalassemia, 

characterized by ineffective 

erythropoiesis, grossly defective 

synthesis of hemoglobin A (HbA), 

impaired red blood cell (RBC) 

production, increased hemolysis of the 

defective RBCs, and anemia 
(8, 9)

. The 

treatment of choice for β-thalassemia 

major patients is a life long regular 

blood transfusion regimen 
(10)

. It 

consists of 1-3 units of RBCs every 2-

4 weeks since early childhood 
(11)

. This 

treatment option is effective in 

correcting anemia and other 

pathological features associated with 

the disease, and should be aimed to 

keep a minimum hemoglobin level 

above 10 g/dl, thus improving survival 

of the patients 
(12, 11)

. However, 

lifesaving repeated RBC transfusion 

may carry certain complications to β-

thalassemia patients, the most relevant 

of these is iron overload 
(13)

. Chronic 

transfusion therapy may delivers 0.4-

0.5 mg/kg/day of iron, and the patients 

will become iron overloaded within 

relatively short period of therapy, 

whereby iron chelation therapy is 

needed to prevent deleterious 

consequences of iron overload 
(14)

. 

Deferoxamine has been the standard 

iron chelator, used for prolonging and 

improving the quality of life of 

transfusion dependent β-thalassemia 

patients 
(15)

.    When the serum ferritin 

level reaches at 1000 ng/ml, it is 

generally taken as the point to initiate 

iron chelation therapy. The iron burden 

on the body can be estimated by means 

of serum ferritin, iron and TIBC levels. 

The estimation of serum ferritin levels 

is the most commonly employed test to 

evaluate iron overload in β-thalassemia 

major 
(16)

. The present study aims to 

evaluate the level of serum ferritin and 

iron profile in transfusion dependent β-

thalassemia major patients, and the 

effects of multiple blood transfusion on 

serum ferritin level and the possibility 

of using the total number of blood 

transfusion to predict serum ferritin 

level. 

 

Patient and methods 
- Patients (group A):  
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A total of 40 patients of age range 1-

4 years old, all are transfusion 

dependent β-thalassemia patients 

attending the Thalassemia Center in 

Ibn-Alatheer Teaching Hospital were 

enrolled in this study, since the 4
th

 of 

December 2010 to the 1
st
 of June 

2011. The patients were diagnosed as 

having β-thalassemia major 

depending on Hb variant test using 

high performance liquid 

chromatography (HPLC).  

- Control (group B): consist of 

20 non-thalassemic individuals all are 

apparently healthy with age range 1-4 

years old for comparison.  

-   Specimens and methods:  

Venous blood sample (about 5 ml) was 

collected from each individual of the 

studied groups in a plain tube. The 

tubes are placed in a water bath at 

37°C for 15 minutes for blood clotting 

to occur. Serum samples were obtained 

by centrifugation of blood samples at 

4000 rpm for 10 minutes. The serum 

was divided and placed in 1 ml 

eppendroff tubes then freezed at -20°C.  

 All the biochemical analysis were 

performed at the laboratory of higher 

studies in the Department of 

Biochemistry, College of Medicine, 

University of Mosul, Mosul, Iraq. The 

selection of reagents used in this study 

was based on accuracy, reliability, 

availability, and were purchased as 

kits. 

Serum iron was measured by Jaffe 

reaction method 
(17)

, using a kit 

supplied by Randox laboratories (UK), 

by means of UV-VIS 

spectrophotometer (PD-303 UV, 

Japan). 

Serum TIBC was measured by 

enzymatic method 
(18)

, using a kit 

supplied by Biomerieux (France). 

Serum ferritin was measured by an 

enzyme linked assay method 
(19)

 using 

a kit supplied by Biomerieux (France), 

and to be tested automatically with 

Minividas, Biomerieux (France). 

- Statistical analysis: 

       The standard statistical methods 

for the analysis of data in this study 

were used to determine the mean, 

standard deviation (SD), unpaired t-

test, in addition to non linear 

regression 
(20)

. The statistical results 

were considered significant at P≤0.05 
(21)

. 

 

Results 
The results of the present study 

revealed significantly higher mean 

serum levels of iron and ferritin (P ≤ 

0.01), with high significantly 

decreased serum TIBC level (P ≤ 0.01) 

in group A β-thalassemic patients 

when compared with control subjects 

in group B (table 1). The comparison 

between subgroups of different age 

ranges in group A showed significantly 

increased mean serum ferritin level (P 

≤ 0.05). The mean value of transferrin 

saturation % was not significantly 

increased. In addition, no significant 

changes observed in the mean serum 

levels of iron and TIBC. The number 

of blood transfusions was significantly 

increased in older subgroup of patients 

(P ≤ 0.01)  (table 2).  The relation 

between serum ferritin level and the 

number of transfused RBCs units was 

expressed by the non-linear or cubic 

regression as shown by figure (1) and 

represented by the regression equation: 

      y=a+b1X+b2X
2
+b3 X

3
               

    The equation revealed the effects of 

blood transfusion on serum ferritin 

level where: 

y= serum ferritin 

a= constant (represent the level of 

serum ferritin before any blood 

transfusion) 

X= number of transfused RBC units 

b1= constant (represent the amount of 

serum ferritin elevated per each 

transfused RBC unit. 

 b2 and b3= constants      
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According to the data obtained, the 

regression equation was set to be as 

follows: 

  Estimated serum ferritin= 83.2+ 

316.2X + 11.8X
2
 +(– 0.164)X

3 

So that, according to the regression 

equation, each transfused packed RBC 

unit could elevate the serum ferritin 

level by about 316.2 ng/ml. and by 

using this equation, serum ferritin is 

supposed to be calculated and 

estimated depending on the number of 

transfused RBC units. However, the 

results revealed a wide variety between 

the measured and calculated serum 

ferritin in those patients after 

application of this equation.  

                                            
Table (1):- Differences between group A and group B regarding iron profile. 

Serum 

Parameters 

Mean ± SD P- Value 

Group A Group B 

Iron 25.17 ± 10.3 7.5 ± 4.9 0.000* 

TIBC 35.12 ± 14.9 50.6 ± 7 0.006* 

Ferritin  2669.4 ± 1667.7 60.19 ± 53.8 0.000* 

 

Table (2):- Differences between age subgroups of β-thalassemia patients in group A. 

Serum 

Parameters 

Mean ± SD P- Value 

≤ 2 years > 2 years 

Iron 25.15 ± 11.15 25.19 ± 9.32 NS 

TIBC 34.6 ± 14.1 35.8 ± 16.5 NS 

Ferritin 2149.26± 1199.5 3123.4 ± 1411.9 0.023* 

Saturation % 67 ± 41.8 94.5 ± 68.4 NS 

No. of transfusions 12.5 ± 6 22.18 ± 11.7 0.001* 

 

 

 
 
Figure (1):- Regression between serum ferritin level and number of blood 

transfusions in group A. 
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Discussion 
It is obvious that significant 

differences existed between transfusion 

dependent β-thalassemia patients and 

the control subjects concerning iron 

profile. These significant differences 

are definitely caused by repeated blood 

transfusion program since early 

childhood in these patients. So that, a 

significant increase in the mean serum 

iron and ferritin (P ≤ 0.01) is observed 

which is related to the large amounts of 

iron entering the body per each unit of 

transfused RBCs, and that is 

augmented by increased iron 

absorption 
(22)

. The result is a 

saturation of transferrin in the blood by 

overloaded iron leading to increased 

level of non-transferrin bound iron 

(NTBI) which will eventually 

precipitated in the tissues 
(23)

.  In 

transfusion dependent β-thalassemia 

patients, the significant increase in the 

mean serum ferritin level was 

combined with a significant increase in 

the mean number of transfused RBCs 

units when the results were compared 

between different age subgroups of 

patients. These results refer to the tight 

correlation existed between serum 

ferritin level and number of transfused 

RBC units. It also prove the validity of 

measuring serum ferritin as an 

indicator of iron overload in 

transfusion dependent β-thalassemia 

patients. These results are in 

accordance with that of Telfer et. al., 
(24)

, as their results prove the effects of 

blood transfusion on increasing serum 

ferritin level and the validity of 

measuring serum ferritin to indicate 

iron status in the body.  The regression 

equation between  the number of 

transfused RBCs units and serum 

ferritin, by expressing the effects of a 

single blood transfusion on serum 

ferritin level may give a rough 

estimation about serum ferritin level in 

β-thalassemia patients depending on 

the number of transfused RBCs units 

before starting an iron chelating 

therapy. However it is not advised to 

depend on such estimation as it can 

give unpredictable results and it could 

not be used to assess the level of serum 

ferritin as used by some physicians.  

Although blood transfusion to the 

patients constitute the major factor in 

elevating serum ferritin level, however, 

other factors may also affect the level 

of serum ferritin to a certain degree 

e.g. intercurrent infection and 

inflammation. This situation  make it 

inaccurate to estimate the level of 

serum ferritin depending on the 

number of transfused RBCs units 
(11, 

25)
.  

  

Conclusion 
Iron profile measurement shows a 

significant alteration in transfusion 

dependent β-thalassemia patients 

compared with control subjects. In 

addition, a significant correlation was 

existed between serum ferritin and the 

number of transfused RBC units in 

transfusion dependent β-thalassemia 

patients. However, it is difficult to 

estimate serum ferritin level depending 

only on the number of transfused RBC 

units.  

 

 

References 

1. Lahiry P, Al-Attar SA, Hegele 

RA. Understanding Beta-

Thalassemia with Focus on the 

Indian Subcontinent and the 

Middle East. The Open 

Hematol J 2008; 2: 5-13. 

2. Rahim F. Genotyping Of 

Thalassemia In Microcytic 

Hypochromic Anemia Patients 

From Southwest Region Of 

Iran. Pak J Med Sci 2008; 

24(1): 23-28. 



Tikrit Journal of Pharmaceutical Sciences 2013  9(1) 

 35 

3. Farcas MF, Antonesei M, Trifa 

AP, Popp RA, Crisan TO, 

Petrisor F et. al., Molecular  

diagnosis of β-thalassaemia  in 

a romanian population  group. 

Ann RSCB  2009; 23(2): 28-

32. 

4. Olivieri NF. The β-

Thalassemias. N Eng JM 

1999; 341: 99-109. 

 

5. Al-Ali AK, Al-Ateeq S, 

Imamwerdi BW, Al-Sowayan 

S, Al-Madan M, Al-Muhanna 

F, et. al., Molecular Bases of β-

Thalassemia in the Eastern 

Province of Saudi Arabia. J 

Biomed Biotechn 2005; 4: 

322–325.                                                                                                                       

6. Thein SL. Pathophysiology of β 

Thalassemia. A Guide to 

Molecular Therapies. ASH 

Education Book  2005; (1): 

31-37 

7. Charoenkwan P, 

Thanarattanakorn P, 

Chaovaluksakul S, 

Sittipreechacharn S, Sae-Tang 

R, Sanguansermsri T. 

Hematological And Molecular 

Characterization Of Beta 

Thalassemia/Hb Tak 

Compound Heterozygote. 

Southeast Asian J Trop  Med  

Publ Health 2003; 34(2): 415-

419. 

8. Sadeghi-Bojd S, Hashemi M, 

Karimi M . Renal tubular 

function in patients with β-

thalassaemia major in 

Zahedan, southeast Iran. 

Singapore Med J 2008; 49(5): 

410-412 

9. Gardenghi S, Marongiu MF, 

Ramos P, Guy E, Breda L, 

Chadburn A, et. al., Ineffective 

erythropoiesis in β-thalassemia 

is characterized by increased 

iron absorption mediated by 

down-regulation of hepcidin 

and up-regulation of 

ferroportin. Blood 2007; 

109(11): 5027-5035. 

10. Dubey AP, Parakh A, Dublish 

S. Current Trends in the 

Management of Beta 

Thalassemia. Indi J Pediat 

2008; 75(7): 739-743. 

11. Rebulla P., Blood transfusion 

in beta thalassaemia major. 

Transfusion Medicine, 1995; 

5, 247-258. 

12. Hilliard LM, Berkow RL. The 

Thalassemia Syndromes. Prim 

Care Update Ob/Gyns 1996; 

3(5): 157-162. 

13. Galanello R, Origa R., 

Disorders of iron homeostasis, 

erythrocytes, erythropoiesis, 

In: Management of 

thalassemia. Europian school 

of hematology, the textbooks 

2009; pp 264-285.      

14. Wood JC, Diagnosis and 

management of transfusion 

iron overload: the role of 

imaging. Am. J. Hematol. 

2007; 82:1132–1135 

15. Prabhu R, Prabhu V, Prabhu 

RS., Iron Overload In Beta 

Thalassemia – A Review. J 

Bioscience Technol 2009; 

1(1):  20-31. 

16. Ikram N, Hassan K, Younas M, 

Amanat S., Ferritin Levels in 

Patients of Beta Thalassaemia 

Major. Intern J Patho 2004; 

2(2):71-74. 

17. Bartels H, Bohmer M. Kinetric 

determination of creatinine   

concentration. Clinical 

chemistry Acta. 1972; 37:193-

97. 

18. Fawcett JK, Scott JE. A rapid 

and precise method for the 

determination of urea. J. clin. 

Patho. 1960;13:156-159. 



Tikrit Journal of Pharmaceutical Sciences 2013  9(1) 

 36 

19. Koivunen ME, Krogsrud RL. 

Principles of immunochemical 

techniques used in clinical 

laboratories. Labmedicine 

2006; 37(8): 490-497. 

20. Motulsky HJ. Prism 4 Statistics 

Guide −Statistical analyses for 

laboratory and clinical 

researchers. Graph Pad 

Software Inc., San Diego CA 

2003; pp 29-70. 

21. McDonald JH. Hand Book of 

Biological Statistics, 2
nd

 ed. 

Sparky House, Baltimore, 

Maryland, U.S.A. 2009; pp 

17-20. 

22. Shander A, Cappellini MD, 

Goodnough LT., Iron Overload 

And Toxicity: The Hidden Risk 

Of Multiple Blood 

Transfusions. Vox Sanguinis, 

The Intern J Transf Med 

2009; 97: 185–197. 

23. Ivanova M, Morozova E, 

Vasilieva Y, Rudnitskaya Y, 

Nabiev R., Iron overload: 

causes, assessment methods, 

significance in transplantation 

setting and therapeutical 

approaches. Cellu Ther  

Transplan 2009; 1(3): 51-60. 

24. Telfer PT, Prestcott E, Holden 

S, Walker M, Hoffbrand AV, 

Wonke B. Hepatic iron 

concentration combined with 

long-term monitoring of serum 

ferritin to predict 

complications of iron overload 

in thalassaemia major. B J 

Haematol 2000; 110:  971-

977. 

25. Sleem GAA, Al-Zakwani IS, 

Almuslahi M 

Hypoparathyroidism in Adult 

Patients with Beta-Thalassemia 

Major. Sultan Qaboos 

University Med J 2007; 7(3): 

215-218. 

           

 
 
 
 


