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ABSTRACT   
 

Thalassaemia remains one of the major health problems in Southeast Asia. Majority of the patients are 

dependent on frequent blood transfusions and iron overload is a life limiting complication. Excess iron is 

highly toxic to the tissues which may cause irreversible damage. Twenty multitransfused patients 
comprising 10 cases of HbE Thalassaemia, 8 cases of Thalassaemia major and 2 cases of Thalassaemia 

intermedia having fulfilled the inclusion criteria were selected for study. The aims of the study were to 

evaluate changes in iron profile and any contributing factor to the changes, and to assess iron overload. 

The parameters used were Serum iron, total iron binding capacity (TIBC), transferrin saturation (%) and 
ferritin. The measurements were done at least twice a year. Increased ferritin levels combined with 

increased transferrin saturation is usually taken as iron overload.  There were significant increases of all 

the parameters in Thalassaemia major. The mean serum ferritin levels were 2496±1396.5ng/ml in the 1
st
 

reading and 2773.3±1190ng/ml in the 2
nd

 reading above the recommended level of 1000ng/ml for 

initiating iron chelation. The mean transferrin saturation at two reading points was 220.3±121.6% and 

515.7±132.8% with an increase of 37.9%. The correlation of changes in all the parameters between the 
two readings was highly significant with Pearson´s (r) value varying from 0.72 to 0.99 and p value being 

0.00.Regular monitoring of iron status is essential in multi-transfused thalassaemic patients for early 

detection of iron overload and timely intervention to prevent from irreversible organ damage. 
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INTRODUCTION 

Thalassaemia is an autosomal 

genetic disease characterized by impaired 

synthesis of polypeptide chains of normal 

haemoglobin leading to anaemia. It remains 

one of the major health problems in 

Southeast Asia. 
[1]

 In severe cases, in order 

to improve survival and quality of 

life,multiple blood transfusions are required. 

Iron overload is the life limiting 

complication commonly found in 

thalassaemics, which may be due to 

ineffective erythropoiesis, increased 

gastrointestinal absorption, lack of 

physiologic mechanism for excreting excess 

iron, and above all multiple blood 

transfusions. A unit of red blood cells 

contains approximately 250mg of iron while 

the body cannot excrete more than 1 mg per 

day. 
[2,3] 
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Iron excretion is passive and cannot 

be actively upregulated.  Therefore, patients 

with excessive iron absorption or with 

transfusion dependent congenital or acquired 

anemia are at increased risk for developing 

iron overload. 
[4]

 Iron is capable of 

producing free radicals which can cause 

cellular injury. Major organs affected by 

surplus iron include the heart, lung, liver and 

endocrine glands. In iron overload the 

export of iron from the cells overwhelms the 

ability of transferrin to bind iron (Fe
3+

) 

leading to free, non-transferrin bound iron 

(NTBI). 
[5] 

The redox active component of 

NTBI, termed labile plasma iron (LPI), is 

the toxic compound and facilitates entry of 

iron into cells, causing a marked rise in 

labile cell iron (LCI). 
 
This in turn mediates 

tissue damage through superoxide 

generation, redox reactions, gene 

modulation, and direct interaction with ion 

channels. 
[6] 

Monitoring of iron status has 

become necessary in multi-transfused 

thalassaemic patients for early detection of 

iron overload.  

The study was conducted with the 

aim to evaluate iron status among multi-

transfused thalassaemics and to assess iron 

overload and changes in relation to the 

number of blood transfusions. The 

parameters used were serum iron, serum 

ferritin, total iron binding capacity (TIBC) 

and percentage saturation of transferrin. The 

findings are being highlighted.                    

 

MATERIALS AND METHODS
 

The study was a prospective, non- 

randomized and cross sectional one 

conducted in the Department of 

Immunohaematology and Blood Transfusion 

in collaboration with the Department of 

Biochemistry, Regional Institute of Medical 

Sciences, Imphal, Manipur from October 

2010 to September 2012, after Institutional 

Ethical committee approval and written 

informed consent from the patients.
 

Inclusion criteria: Any multitransfused 

Thalassaemic patient confirmed by 

Haemoglobin Electrophoresis/ High 

performance liquid chromatography (HPLC) 

and having received at least two units of 

blood transfusion in the past one year. 

Exclusion criteria: (a) Any patient on iron 

chelators (b) Patient with positive HIV, 

HBsAg and HCV (c) Patient with chronic 

inflammatory diseases (d) Patient with 

associated malignancy 

Records of age, sex, weight and 

blood transfusion were taken. All the data 

collected were noted in a pre-designed 

proforma. 

The laboratory investigations viz.  

Serum iron, Serum total iron binding 

capacity (TIBC), Transferrin saturation(%)  

and Serum Ferritin  were carried out for all 

cases at least twice a year in addition to the 

routine investigations.   

  Serum iron was performed by 

Photocolorimetry using commercially 

available kit (Human, Germany) with 

procedures as per product manual. The 

reference range was 60-160ug/dl(male) and 

35-145ug/dl(female). TIBC was also 

performed by Photocolorimetry using kit 

(Human, Germany), the reference range 

being 250-400ug/dl. Transferrin Saturation 

(%) was calculated as Serum iron/ TIBC 

x100, the reference range being 15-30%. 

Serum ferritin was done by ELISA 

(Monobind, USA), the reference range being 

60-400ng/ml (male) and 10-150ng/ml 

(female).The observations were subjected to 

appropriate statistical analysis like mean, 

standard deviation for continuous variables, 

proportion for categorical data, etc. 

whichever were appropriate and P≤0.05 was 

deemed significant.  

                                                     

RESULTS  

  In our study, a total of 20 

Thalassaemic patients fulfilling the criteria 

were enrolled during the study period.  HbE 
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Thalassaemia (EThal), Thalassaemia Major 

(ThalM) and Thalassaemia Intermedia 

(ThalN) comprised 10(50%), 8(40%) and 

2(10%) respectively and the male to female 

sex ratio was 1.2: 1 (Table 1). The mean 

blood units received at the time of 1
st
 

measurement were 59.3±28.4,26.0±21.7 and 

18.0±21.2 respectively for ThalM, EThal 

and ThalN and during the period between 1
st
 

and 2
nd

 readings were 3units for ThalM and 

2 each for EThal and ThalN.The mean 

serum iron was 203.3±5.77ug/dl in ThalM in 

1
st
 reading and 253.3±58.5ug/dl in 2

nd
 

reading with an increase of 24.6%, 

150±49.5ug/dl and 168.2±54.6ug/dl in 

EThal and the increase in ThalN was 8.1%( 

Table 2).The mean TIBC in ThalM was 

58.66±18.03ug/dl in 1
st
 reading and 

50.6±12.85ug/dl in 2
nd

 reading, 

78.25±2544ug/dl and 68.87±21.38ug/dl in 

EThal, and 130±98.9ug/dl and 

120±98.9ug/dl in ThalN respectively(Table 

3).The mean transferrin  saturation(%) was 

373.82±135% in 1
st
 reading and 

515.7±132.8% in 2
nd

 reading in ThalM, 

220.3±121.6% and 274.6±145.1% in EThal 

followed by 197.5±187.3% and 

242.3±251.2% in ThalN(Table 4).The mean 

serum ferritin level was 2496±1396.15ng/ml 

in 1
st
 reading and 2773.3±1190ng/ml in 2

nd
 

reading in ThalM, 1202.1+1381.2ng/ml and 

1335.5+1470ng/ml in EThal followed by 

550+636.3ng/ml and 710+834.3ng/ml in 

ThalN (Table 5).The correlation of changes 

in the parameters with respect to the number 

of transfusion between the two readings was 

highly significant with Pearson´s ( r ) value 

varying from 0.72 to 0.99 and P value being 

0.00. 

 

Table 1. Age distribution. 

Age interval 

(years) 

HbE 

Thalassaemia 

Thalassaemia 

Major 

Thalassaemia 

intermedia 

Total 

0-10 3(15%) 2(10%) 0 5(25%) 

11-20 3(15%) 3(15%) 2(10%) 8(40%) 

21-30 2(10%) 3(15%) 0 5(25%) 

31-40 2(10%) 0 0 2(10%) 

Total 10 8 2 20 

 

Table 2.  Serum iron level (µg/dl) at two reading points. 
Diagnosis 1st Reading 

Mean±SD(Range) 

2nd Reading 

Mean±SD(Range) 

 Increase from the 1st reading 

       (%) 

Hb E  

Thalassaemia 

    150±49.5 

     (70-230) 

168.2±54.6 

(80-256) 

      18.2 

 

Thalassaemia Major     203.3±5.77 

     (200-210) 

253.3±58.5 

(210-320) 

      24.6 

 

Thalassaemia Intermedia     154±62.2 

    (110-198) 

166.5±61.5 

(123-210) 
        8.1 

 

 

Table 3. Total iron binding capacity(µg/dl) at two reading points 
Diagnosis 1st Reading 

Mean±SD(Range) 

2nd Reading 

Mean±SD(Range) 

 Decrease from the 1st 

reading(%) 

Hb E  

Thalassaemia 

  78.25±25.44 

     (46-110) 

68.87±21.38 

    (40-100) 

      11.9 

 

Thalassaemia Major    58.66±18.03 

       (40-76) 

  50.6±12.85 

     (38-60) 

      13.7 

 

Thalassaemia Intermedia    130±98.9 

     (60-200) 

 120±98.9 

 (150-190) 

        7.6 

 

.   

Table 4. Transferrin saturation(%) at two reading points 
Diagnosis 1st Reading 

Mean ±SD(Range) 

2nd Reading 

Mean±SD(Range) 

 Increase from the 1st reading 

(%) 

Hb E  

Thalassaemia 

  220.3±121.6 

   (70-434.7) 

274.6±145.1 

(96.4-550) 

      24.6 

 

Thalassaemia Major   373.82±135 

  (236.2-525) 

515.7±132.8 

(375-638.9) 

      37.9 

 

Thalassaemia Intermedia  197.5±187.3 

   (65-330) 

242.3±251.2 

(64.7-420) 

      22.6 
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Table 5. Serum ferritin level (ng/ml) at two reading points. 

Diagnosis 1
st
 reading 

Mean±SD(Range) 

2
nd

 reading 

Mean±SD(Range) 

Increase from the 1
st
 

reading(%) 

HbE Thalassaemia 1202.1±1381.2 

(200- 3600) 

1335.5±1470 

(212-3800) 

      11.1 

Thalassaemia Major 2496±1396.15 

(888- 3400) 

2773.3±1190 

(1400- 3500) 

      11.1 

Thalassaemia  

Intermedia 

550±636.3 

(100-1000) 

710±834.3 

(120- 1300) 

      29.0 

 

 

DISCUSSION  

             The dynamics of iron regulation is 

multifaceted. In thalassaemia intermedia, 

high erythropoietic drive causes hepcidin 

deficiency resulting in hyperabsorption of 

dietary iron and body iron overload. In 

contrast, in thalM, transfusions decrease 

erythropoietic drive and increase the iron 

load, resulting in relatively higher hepcidin 

levels. In higher hepcidin levels, dietary iron 

absorption is moderated and macrophages 

retain iron, but body iron stores increase due 

to the inability to excrete iron in transfused 

red blood cells. 
[7]

 Ferritin is the main iron-

storage protein in the body. It has a central 

in iron homeostasis, because it binds to and 

sequesters intracellular iron. 
[8]

 Serum 

ferritin has been used as an easily accessible 

marker of iron burden, however, a single 

measure may not provide reliable results. 
[9]  

Serum ferritin levels consistently above 

1000ng/ml(1000ug/L) are indicative of iron 

overload and recommended for initiating 

iron chelation. 
[10,11]

 It has been reported that 

increased ferritin levels combined with 

increased transferrin saturation is a sign of 

iron overload. 
[12,13] 

The mean serum ferritin 

levels in ThalM in our study of 

2496±1396ng/ml and 2777.3±1190ng/ml in 

two readings are close to the study 

conducted by Angulo IL et al. 
[14]

 with 

2337±1012ng/ml but lower than 

4236.5±2378.3ng/ml reported by Riaz H et 

al. 
[9]

 and 4098.67±1598.63ng/ml reported 

by Sultana N et al. 
[15] 

The mean serum 

ferritin level of 1202.1±1381.2ng/ml in 

EThal in our study is also lower than 

2232.57±1598.63ng/ml in the study of 

Sultana N et al. 
[15] 

Serum iron is increased 

in iron overload and TIBC is decreased in 

which the relationship is nonlinear. 
[16]

 In 

this study the increase of serum iron from 

the 1
st
 reading to the 2

nd
 reading was 24.6% 

for ThalM, 18.2% for EThal and 8.1% for 

ThalN and the decrease of TIBC was 13.7% 

for ThalM, 11.9% for EThal and 7.6% for 

ThalN.                      

  The transferrin saturation is a 

surrogate marker of NTBI, a toxic fraction 

of plasma iron, which usually appears when 

the saturation is above 70%. 
[17]

 A positive 

correlation between the presence of serum 

NTBI in thalassaemic patients with 

transfusional iron overload and increased 

risk of organopathy has been reported. 
[18]

 In 

our study, the percentage of increase in 

transferrin saturation from 1
st
 to 2

nd
 reading 

was 37.9% for ThalM, 24.6% for EThal and 

22.6% for Thal N. In all the three types of  

thalassaemia, a progressive increase has 

been noted  in serum ferritin, iron and 

transferrin saturation and decrease in TIBC 

across the two reading points.The 

correlation of changes in the parameters 

with respect to the number of transfusion 

between the two readings was highly 

significant, the Pearson´s (r) value being 

0.72 for TIBC, 0.73 for transferrin 

saturation,0.94 for ferritin and 0.99 for iron, 

and p value being 0.00.   

  The liver contains most of the body 

iron stores (70-80%).  The determination of  

liver iron concentration (LIC) after a liver 

biopsy was a reliable approach in the 

evaluation of  iron overload which has been 
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gradually replaced by  non-invasive 

techniques like magnetic resonance 

imaging(MRI) and more advanced 

superconducting quantum interference 

device (SQUID) susceptometry.
[19,20] 

Measurement of  NTBI, LPI and hepcidin 

have promising results and may be feasible 

markers in the future. 
[21,22]

     

                                  

CONCLUSION 

       In the present study, a significant 

increase has been found in serum ferritin 

and transferrin saturation percentage with 

increasing number of blood transfusions. 

The correlation of changes in the parameters 

of serum ferritin, serum iron, TIBC and 

transferrin saturation with the number of 

transfusions are also statistically highly 

significant. Regular monitoring of iron 

status is essential in multitransfused 

thalassaemic patients for early detection of 

iron overload and timely management to 

prevent from irreversible tissue damage.                        
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