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ABSTRACT
Background: In beta thalassaemia major multiple blood transfusions, ineffective erythropoiesis and 

increased gastrointestinal iron absorption lead to iron overload in the body. Iron overload impairs the 
immune system, placing patients at greater risk of infection and illness. Iron overload can be determined 
by serum ferritin measurement.
Objective: The aim of the present study is to assess the serum ferritin levels in multi-transfused Thal-

assaemia major and Thalassaemia intermedia patients. The study was also done to estimate the present 
situation of awareness of iron overload in them.
Methods: Seventy two blood samples from clinically diagnosed thalassaemia major and intermedia 

patients were collected from different tertiary care hospitals in Bhopal, India for their serum ferritin 
estimation. Serum ferritin measurement was performed using indirect enzyme linked immune sorbent 
based serum ferritin assay kit. Data were analyzed to determine association between variables. The as-
sociation between age, sex, and serum ferritin level were established.
Results: 87.4% of the beta thalassaemia major patients showed very high ferritin levels. The mean 

serum ferritin level was found to be 2767.52 ng/ml. 44.4% patients had serum ferritin between 1000 to 
2500 ng/ml, while 43.05% patients had values above 2500 ng/ml. These levels reflect inadequate chela-
tion and vulnerability to develop iron overload related complications.
Conclusion: There is an urgent need to rationalize the chelation therapy and to create awareness 

about the consequences of iron overload in the patients. The study showed high levels of serum ferritin 
beta thalassaemia major patients which give an overall bleak view.
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INTRODUCTION

 
Thalassaemia major is a hereditary 
haemolytic anaemia that is treated 
with multiple blood transfusions (1). 
Studies have shown that the overall 
prevalence of -thalassaemia in In-

dia is 3-4% with an estimate of around 8,000 to 
10,000 new births with major disease each 
year (2). If a line is drawn between Mumbai 
and Kolkata on the Map of India, the region 
above the line has an incidence of 3 to 17%, 
whereas region below the line has incidence of 
less than 3% (3). Iron overload is a common 
com plication of thalassaemia syndromes which 
could lead per se to the development of organ 
damage and increased mortality (4,5). In these 
patients, iron deposition in parenchymal tis-
sues begins within 1 year of starting the regular 
transfusions (6).

Iron stores in the body exist primarily in the 
form of ferritin. In the body, small amounts of 
ferritin are secreted into the plasma. The con-
centration of this plasma (or serum) ferritin is 
positively correlated with the size of the total 
body iron stores in the absence of inflamma-
tion. Normal ferritin concentrations vary by age 
and sex. Concentrations are high at birth, rise 
during the first two months of life, and then fall 
throughout later infancy (7). At about one year 
of age, concentrations begin to rise again and 
continue to increase into adulthood (8). Begin-
ning in adolescence, however, males have hi-
gher values than females; a trend that persists 
into late adulthood.

Although blood transfusions are important 
for patients with anemia, chronic transfusions 
inevitably lead to iron overload as humans can-
not actively remove excess iron. The cumula-
tive effects of iron overload lead to significant 
morbidity and mortality, if untreated (9). A unit 
of red blood cells transfused contains approxi-
mately 250 mg of iron (10), while the body 
cannot excrete more than 1 mg of iron per day. 
A patient who receives 25 units per year, ac-
cumulates 5 grams of iron per year in the ab-
sence of chelation (11). Add to this the in-
creased intestinal iron absorption that is also 
seen in these patients. Research also indicates 
that iron overload can occur in patients with 
non-transfusion dependent thalassaemias 
(NTDT) (12). In Thalassaemia intermedia the 
increased gastro-intestinal absorption of iron, 
which is much higher than that in normal indi-

viduals is most likely due to a paradoxical sup-
pression of hepcidin (13).

As iron loading progresses, the capacity of 
serum transferrin, the main transport protein of 
iron, to bind and detoxify iron may be exceed-
ed. Thereafter, the non-transferrin-bound frac-
tion of iron within plasma may promote gene-
ration of free hydroxyl radicals, propagators of 
oxygen-related damage (14). 

Excess iron is extremely toxic to all cells of 
the body and can cause serious and irreversible 
organic damage, such as cirrhosis, diabetes, 
heart disease, and hypogonadism (15).Fibrosis 
of the liver correlates directly with the age, 
number of units transfused, and the liver iron 
concentration (16).

The iron burden on the body can be esti-
mated by means of serum ferritin, iron and 
TIBC levels. Effective management of iron 
overload in thalassaemia requires monitoring 
both for iron toxicity and the effects of exces-
sive chelation (17). The estimation of serum 
ferritin levels is the most commonly employed 
test to evaluate iron overload in Beta Thalassae-
mia Major. A target ferritin of approximately 
1000 mg/l is generally recommended standard 
practice in thalassaemia major (TIF Guidelines, 
2000) and other forms of iron overload result-
ing from blood transfusion. When the serum 
ferritin level reaches 1000 ng/l (usually after 
10th to 12th transfusion), it is generally taken as 
the point to initiate iron chelation therapy.

Samples and Center of study

A total of 72 blood samples taken from 
-thalassaemia major and thalassaemia inter-
me dia were included in this prospective study. 
The study was conducted at School of Biotech-
nology, Rajiv Gandhi Proudyogiki Vishwavidya-
laya, Bhopal, India.

Sample collection: The known cases of - 
tha lassaemia major and thalassaemia interme-
dia that had been transfused irrespective of 
their age and gender were randomly selected. 
Subjects were classified into three age groups: 
<6 years, in between 6.1-10 years and >10 
years (Figure 1).

Clinical Data: The clinical details of pa-
tients were recorded in a proforma, taking into 
account the age, gender, frequency of transfu-
sions and estimation of serum ferritin levels.
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Serum Ferritin Estimation
About 3 ml of patient’s blood sample was 

collected by a clean venepuncture. The blood 
was allowed to clot. Serum was separated and 
stored at -20°C. Ferritin levels were performed 
by using indirect enzyme linked immunosor-
bent assay (ELISA) kit (Orgentec, Germany) 
along with normal and abnormal controls. Anti-
human-ferritin antibodies were bound to mi-
crowells.  

RESULTS

In this study, a total of 72 cases consisting of 
thalassaemia major and intermedia were ex-

amined, of which 56.9% were male and 43% 
female, with a male to female ratio of 1.32: 1. 
The mean age of males was 5.9 years whereas 
mean age of females was 6.2 years. The age of 
patients at the time of diagnosis of thalassaemia 
ranged from 10 months to 2 ½ years with a 
mean of 1 year and 4 months. The age at the 
time of serum ferritin estimation ranged be-
tween 10 months to 14 years. The interval be-
tween successive transfusions varied between 
15 days and 8 weeks in different patients. In 
55.6% patients (40), the frequency of transfu-
sion was 30 days as suggested in Figure 2.

Serum Ferritin Levels
Figure 3 displays the range of serum ferritin 

levels observed in patients. The mean serum 
ferritin level was 2767.52 (SD 1849.1) ng/ml. 
Only nine patients (12.5%) had serum ferritin 
level less than 1000 ng/ml. Thirty two patients 
(44.4%) had serum ferritin level between 1000-
2500 ng/ml, while 43.05% patients (31) had 
values more than 2500 ng/ml (Figure 3). The 
serum ferritin level increases as the frequency 
of blood transfusion and the age of the patient 
increases as depicted in Figure 4. The mean se-
rum ferritin level in males was found to be 
2900.8 ng/ml and it is comparable to the mean 
serum ferritin level in females i.e. 2591.2 ng/
ml. Thalassaemia intermedia patients showed 
very low increase in their serum ferritin levels.  


DISCUSSIONS

Thalassemias are common genetic disorders 
in the Indian subcontinent. Hyper-transfu-

sion has improved the life expectancy of thal-
assaemic patient over the decades but iron 
overload is an unavoidable complication suf-

FIGURE 1. Age and gender distribution of the study subjects.

FIGURE 2. Clinical history of frequency of blood transfusion in the 
studied subjects.

FIGURE 3. Range of Serum ferritin level observed in subjects 
studied.

FIGURE 4. Relationship between age (in years) and serum ferritin 
Levels (expressed in ng/ml).
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fered by thalassaemia major patients as a con-
sequence of an excessive number of blood 
transfusions. It is so common that it has been 
referred to as “second disease” during treat-
ment of first (18) and it results in a number of 
other diseases and complications. Many stud-
ies concluded that cirrhosis of liver is associated 
with increase in serum ferritin levels (19).

Over the last 20 years, management of thal-
assemia major has improved to the point where 
patients’ life expectancy will reach that of the 
normal population (20). These outcomes result 
from safer blood transfusions, the availability of 
three iron chelators, new imaging techniques 
that allow specific organ assessment of the de-
gree of iron overload (20).

Transfused iron is deposited first within the 
reticuloendothelial cells prior to parenchymal 
iron loading within the heart and liver. How-
ever, as in primary iron overload, the majority 
of morbidity and mortality ultimately results 
from progressive heart and liver failure.

Effective management of iron overload re-
qu i res frequent evaluation of the body iron sto-
res (21). There is, therefore, a need for quantita-
tive, non-invasive methods for measuring body 
iron that are safe, accurate and readily avail-
able. The iron status of the body in overload 
con ditions can be assessed by different meth-
ods. Serum ferritin measurement, although 
easy to perform frequently, offers variable re-
sul ts, still at present, no other serum test is a 
be tter predictor (22).

The liver is the major site of iron overload, 
containing 70% or more of body iron content. 
Liver iron correlates closely with total body iron 
in transfusional iron overload and total body 
iron. Estimation of direct liver iron concentra-
tion is the most accurate method of estimation 
of iron overload. But in our set up this method 
was not available. Indirect method with serum 
ferritin level measurement is reliable, easy to 
perform, low cost, and had no side effects (23). 
In any event, when serum ferritin is greatly in-
creased, whatever the reason, there is cause for 
concern and an increasingly aggressive iron 
chelation treatment should be given. In a study 
by Bandyopadhyay et al., patients even in the 
younger age group showed high serum ferritin 
levels. They found that in 1-5 years age group, 
average serum ferritin was 1750 ng/ml, and this 
increased to 3650 ng/ml in 11-15 years older 
patients (24). The serum ferritin level could not 
be controlled well as only few patients fully 

complied with recommended regimen at home 
(25). Similarly, in our study, the mean serum 
ferritin level was 2767.5 ng/ml, which is mark-
edly higher than the normal recommended 
levels for normal individuals. Normal values of 
serum ferritin for men and women are 12-300 
ng/mL and 12-150 ng/mL, respectively (20).

The values in our study are higher compa-
red with similar regional and international stud-
ies. Cunningham et al in 2004 reported mean 
serum ferritin levels in beta thalassemia patients 
of North America to be 1696 ng/ml (26). How-
ever, Choudhry VP et al in India reported mean 
serum ferritin levels to be 6723 ng/ml (27) even 
higher than in our study. 

The distribution of -thalassaemia gene is 
not uniform in the Indian subcontinent. The 
highest frequency of -thalassaemia trait is re-
ported in Gujarat, followed by Sindh, Punjab, 
Tamil Nadu, South India and Maharashtra (28). 
In various parts of India, the prevalence of 
-thalassemia is different: 6.5% in Punjab, 
8.4% in Tamilnadu, 4.3% in South India, and 
3.5% in Bengal. -Thalassaemia has a high pre-
valence in some communities, such as Sindhi, 
Luvana, Tribes, and Rajputs. The incidence of 
-thalassemia in Gujarat is 10% to 15% (28). 
Therefore, in these regions and communities 
proper management and care of thalassaemia 
patients should be done due to iron overload 
in their body.  

LIMITATIONS

The height and weight (and consequently the 
body mass index) of the patients was not 

obtained. The dose and frequency of Desferri-
oxamine infusions or any other iron chelator 
therapy is not investigated and is also a limita-
tion.  

CONCLUSION

The estimation of serum iron can be done 
using ELISA based techniques. There is a 

strong need to create awareness among pa-
tients about the consequences of iron overload 
in their body. The high level of serum ferritin of 
beta thalassaemia major patients noted in this 
study supports the rationale for regular follow-
up of transfusion dependent thalassaemic pa-
tients with respect to iron overload to ensure 
proper management of iron overload associat-
ed complications. Proper chelation of iron 
overload could improve the quality of life of 
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these patients. The problems of poverty, low 
education level and inadequate provision of 
health care are the main stumbling blocks in 
effective treatment of iron overload in thal-
assaemic patients which is the main cause of 
morbidity and mortality in thalassaemia major.  


RECOMMENDATIONS

Routine measurements of serum ferritin lev-
els, adherence to guidelines, awareness 

amongst the public for prevention of the dis-

ease and antenatal diagnosis are some of the 
methods which can decrease the suffering of 
not only the patients, but also of their families.
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