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ABSTRACT
Over the past few decades, there has been a remarkable
improvement in the survival of patients with
thalassaemia in developed countries. Availability of safe
blood transfusions, effective and accessible iron chelating
medications, the introduction of new and non-invasive
methods of tissue iron assessment and other advances in
multidisciplinary care of thalassaemia patients have all
contributed to better outcomes. This, however, may not
be true for patients who are born in countries where the
resources are limited. Unfortunately, transfusion-
transmitted infections are still major concerns in these
countries where paradoxically thalassaemia is most
common. Moreover, oral iron chelators and MRI for
monitoring of iron status may not be widely accessible or
affordable, which may result in poor compliance and
suboptimal iron chelation. All of these limitations will
lead to reduced survival and increased thalassaemia-
related complications and subsequently will affect the
patient’s quality of life. In countries with limited
resources, together with improvement of clinical care,
strategies to control the disease burden, such as public
education, screening programmes and appropriate
counselling, should be put in place. Much can be done
to improve the situation by developing partnerships
between developed countries and those with limited
resources. Future research should also particularly focus
on patient’s quality of life as an important outcome of
care.

INTRODUCTION
Thalassaemia syndromes are among the most
common genetic disorders. Each year, more than
50 000 new patients are born with a severe form of
thalassaemia worldwide, especially in the
Mediterranean, Middle East, Indian Peninsula and
Southeast Asia.1 2 It is believed that the partial
resistance of thalassaemia carriers against malaria
accounts for its high gene frequency in these trop-
ical regions.3 However, due to the process of
migration, increasing number of patients are now
born in countries where thalassaemia was not ori-
ginally considered an endemic disease.4

While improvement in the care and quality of
life (QOL) of patients with thalassaemia has been
remarkable in developed world, unfortunately most
of the patients with thalassaemia are born in coun-
tries with very limited resources (figure 1). Indeed,
thalassaemia imposes significant burden on health-
care systems of endemic regions so that the lifetime
costs of this chronic disease can be beyond the cap-
acity of some resource-poor countries. It is esti-
mated that only 12% of patients with
transfusion-dependent β-thalassaemia are properly
transfused and of those <40% have access to

adequate iron chelation.2 The burden of thalassae-
mia on the healthcare system is expected to
increase even further in these countries due to a
reduction in childhood and infant mortality from
communicable diseases, malnutrition and other
causes, as a result of improved public health
measures.
In this article, we will provide an overview of the

pathophysiology and advances in the clinical care
and QOL of patients with thalassaemia and will
review the challenges to implement acceptable care
in resource-poor countries. Awareness of physicians
about thalassaemia will not only contribute to the
quality of care of their patients, but it also sets the
stage for the establishment of much-needed inter-
national partnerships and advocacy for the involve-
ment of governmental and international health
agencies in management of this global disease.5

PATHOPHYSIOLOGY OF THALASSAEMIA
Thalassaemia includes a heterogeneous group of
inherited anaemias that are the result of imbalanced
production of the α- and β-globins and subsequently
reduced production of haemoglobins (Hbs). As a
general rule, the degree of imbalance correlates with
the severity of the anaemia which can range from
otherwise healthy individuals with mild microcytic
anaemia (eg, β-thalassaemia carriers), to patients with
moderate anaemia who do not require regular trans-
fusions (non-transfusion-dependent thalassaemias
(NTDTs)) or to the most severe form of the disease,
transfusion-dependent thalassaemia (TDT).6 7

Patients with thalassaemia are divided into two broad
categories: β-thalassaemias and α-thalassaemias.

β-thalassaemias
With the exception of rare cases, β-thalassaemia is
inherited through an autosomal recessive pattern.
Most commonly, single nucleotide mutations of
β-globin gene (HBB) result in thalassaemia alleles
with reduced or absent production of β-globins. In
patients who are homozygote or compound hetero-
zygote for β-thalassaemia mutations, the significant
amount of unpaired α-globins will form molecular
aggregates that will damage the membrane of ery-
throcytes early during erythropoiesis, leading to
cellular apoptosis even before the release of ery-
throcytes into the circulation. This process is called
ineffective erythropoiesis and is the major under-
lying pathophysiology of β-thalassaemia. From the
clinical standpoint, this is highlighted by reduced
reticulocytosis, significant anaemia and expansion
of the bone marrow environment with extramedul-
lary haematopoiesis occurring after the process of
fetal-to-adult Hb switching within the first few
months of life.7
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β-thalassaemia alleles can rarely result from gross gene dele-
tions including deletions of β-globin locus control region.8

Mutations outside of β-globin gene cluster can contribute to the
phenotype of β-thalassaemia. For example, increased production
of α-globins (due to increased number of α-globin genes) may
exacerbate the imbalance of α:β globins in those who are only
carriers for β-thalassaemia and lead to a clinically significant
thalassaemia phenotype.9 HbE-β-thalassaemia, one of the most
common forms of β-thalassaemias, results from compound het-
erozygosity for β-thalassaemia allele and the structurally abnor-
mal HbE mutation. These patients may have anaemia that
ranges from mild to severe TDT (table 1).10

α-thalassaemias
The basic pathophysiology of α-thalassaemia is the same as
β-thalassaemia: the imbalance of α:β globins. Here, however,
there is a relatively excess of β-globins. There are major differ-
ences between α-thalassaemia and β-thalassaemia: first, normal
individuals have four α-globin genes (HBA1 and HBA2), in con-
trast to HBB where there are two alleles. Hence the severity of
the disease can be variable based on the number of affected
genes. Second, α-thalassaemia mutations are most commonly
the result of large deletions that occasionally may involve two
genes on the same chromosome. There are less common, but
important exceptions to this where a single base mutation will

Figure 1 Global distribution of thalassaemias. Reproduced with permission with minor modifications, from Weatherall and Clegg.51

Table 1 Clinical manifestations of β thalassaemia

Thalassaemia
minor Non-transfusion-dependent β-thalassaemia* Transfusion-dependent β-thalassaemia*

Anaemia Mild, microcytic Moderate, microcytic Severe
Transfusion Not required As needed, if symptomatic or complications of the disease

noted
Transfusion-dependent

Iron overload None Starting at the second or third decades of life (due to
ineffective erythropoiesis)

Starting soon after initiation of transfusions (transfusion-related)

Clinical
picture

None Splenomegaly
▸ Ineffective erythropoiesis and extramedullary

haematopoiesis
▸ Complications of iron overload (rare in paediatric age

group)
▸ Gallstones
▸ Increased risk of deep venous thrombosis in adulthood
▸ Endocrinopathies
▸ Leg ulcers

▸ Endocrinopathies
▸ Complications of chronic transfusions and iron overload
▸ Splenomegaly (less common after starting regular transfusions)
▸ Ineffective erythropoiesis and extramedullary haematopoiesis (before

starting regular transfusions)

Hb analysis Increased HbA2 Increased HbA2, increased HbF Increased HbA2, significantly increased HbF (before initiation of
transfusions)

*HbE/β-thalassaemia is one of the most common thalassaemia syndromes in Southeast Asia. It can be associated with mild-to-severe anaemia and may be classified as
transfusion-dependent or non-transfusion-dependent thalassaemia. On Hb analysis, patients have increased HbF, as well as identification of abnormal HbE.
Hb, haemoglobin.
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result in α-thalassaemia (eg, Hb Constant Spring) (table 2).
Third, the switching of globins from embryonic zeta-globin to
α-globin happens during the fetal life. As the result, deletion
involving all four α-genes leads to severe anaemia in the fetus
(hydrops fetalis) that is incompatible with life, unless intrauter-
ine transfusions are provided. Last, in α-thalassaemia, the excess
β-globins will form a haemoglobin called HbH. This Hb has
extremely high oxygen affinity and no tissue oxygen delivery. It
is an unstable Hb and primarily precipitates in older red blood
cells (RBCs). As the result, the underlying pathophysiology in
α-thalassaemia is predominantly a haemolytic process rather
than ineffective erythropoiesis.11 12 Patient with three α-gene
deletions (HbH disease) can present with variable degrees of
anaemia starting at birth with episodes of acute haemolysis and
exacerbation of anaemia with fevers or infections. The single
intact α-globin in these patients is associated with indigenous
production of some α-globins (albeit significantly reduced) so
that these patients are rarely transfusion-dependent (table 2).13

RED BLOOD CELL TRANSFUSION
Without frequent transfusions, patients with the most severe
form of thalassaemia TDT die early, usually in the first decade
of life. The goal of transfusion in thalassaemia is twofold: (1) to
improve the Hb level and eliminate the complications of
anaemia which also promotes normal growth and physical activ-
ity and (2) to suppress the ineffective erythropoiesis and extra-
medullary haematopoiesis.14 15 The decision to start regular
transfusions in a patient with thalassaemia should consider both
of these aspects. In general, patients with a Hb concentrations
of <70 g/L, or those with evidence of extramedullary haemato-
poiesis, facial changes, poor growth or poor bone health,
should be considered for regular transfusions with
leucocyte-reduced packed RBCs (pRBCs).16 In the most severe
forms of thalassaemia, chronic transfusions will be started
within the first 2 years of life. The general goal is to maintain a
pre-transfusion Hb level of 90–100 g/L, which is achieved by
transfusion volumes of 10–20 mL/kg of pRBC every 2–6 weeks.
However, selected patients may need higher Hb levels to
adequately suppress the ineffective erythropoiesis or to reduce
the cardiac burden of anaemia in those with heart diseases.16

Before each transfusion, cross-matching and screening for new
antibodies should be performed and extended antigen-matching
is recommended for prevention of alloantibody formation.16

Another important aspect of transfusion in thalassaemia is the
risk of transfusion-transmitted infections. During his/her life-
time, a patient with TDT will be exposed to more than 1000
units of blood. Even with the best screening programmes, this
would be associated with a risk of transmission of viral infec-
tions. Needless to say, in countries where access to safe blood
may be limited, this risk is significantly higher. Infection with
hepatitis C virus has been the most common cause of hepatitis
in patients with thalassaemia and is associated with a high risk
of liver failure and hepatocellular carcinoma.17 As a result, the
establishment of a safe blood donation programme and meticu-
lous screening for viral infections are paramount. In addition,
strategies for screening and elimination of transfusion-
transmitted malaria, especially in endemic regions should be
implemented.

IRON OVERLOAD IN THALASSAEMIA
In humans the availability of iron as an essential component of
erythropoiesis is tightly regulated. The limited amount of iron
loss from the body is replaced by the absorption of an equal
amount from the gastrointestinal tract.18 The main regulatory
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element of iron absorption is the hormone hepcidin, which is
produced by the liver. Hepcidin induces its function through
inhibition of cellular iron efflux via binding to the transmem-
brane protein ferroportin and subsequent suppression of gastro-
intestinal iron absorption and release of stored iron.19 In animal
models, it has been shown that the suppression of hepcidin is
mediated by a recently identified protein erythroferrone, which
is produced in response to erythropoietin.20 While in normal
conditions this mechanism ensures the availability of iron supply
for the erythropoiesis when needed, in the presence of ineffect-
ive erythropoiesis, this mechanism paradoxically increases the
gastrointestinal absorption of iron leading to excess plasma-free
iron and subsequently tissue iron deposition.21 This disruption
in iron haemostasis, even in the absence of transfusion, is the
leading cause of the gradual iron overload in NTDT.

In patients with TDT, the ineffective erythropoiesis will be
partially ameliorated by frequent transfusions. However, the
high iron content of pRBC will rapidly exhaust the reticulo-
endothelial macrophages and exceed the capacity of transferrin
as the transporter of iron. Ultimately, this non-transferrin-bound
iron deposits in hepatocytes, the myocardium and endocrine
tissues. The accumulation of iron in parenchyma will then
produce cytotoxic effects by free radical formation.22

Subsequently, progressive tissue damage starting early in life
with eventual loss of function ensues.

IRON CHELATION
Before the introduction of iron chelation therapy, iron-mediated
cardiac failure was the cause of early death typically before the
third decade of life. During late 1970s to 1980s, evidence accu-
mulated of markedly improved survival and prevention or delay
in cardiac and liver disease in patients who were adequately che-
lated by deferoxamine.15

Deferoxamine up until recently had been the only approved
iron chelator. Deferoxamine remains the most widely available
and affordable iron chelation in some low-income and
middle-income countries. Deferoxamine has been shown to be
effective in excretion of iron from the tissues. Deferoxamine,
however, has a short half-life and needs to be administered as a
subcutaneous infusion usually for 8–12 h/day. The initiation of
iron chelation is commonly started after the first 10–20 transfu-
sions or when the serum ferritin exceeds 1000 mg/L.16

While the evidence for the effectiveness of deferoxamine is
compelling, the major obstacles to its use, poor therapy adher-
ence and potential side effects (table 3), necessitated the devel-
opment of safe oral iron chelators. The first orally absorbed iron
chelator, deferiprone, seems to be effective in reducing liver
iron concentration (LIC) in some children and especially in
reducing the myocardial iron in adults. Deferasirox is another
orally absorbed iron chelator that has been shown effective on
reducing LIC and myocardial iron. Its once-daily dosing pro-
vides convenience for use in paediatric population. One import-
ant aspect of these medications is their considerably high costs
for the treatment of a chronic disease, which limits their afford-
ability in majority of the countries where thalassaemia is the
most common (table 3).16

In order to optimise the chelation status of patients with thal-
assaemia, it is also imperative to be able to accurately measure
and monitor the organ’s iron burden. Serum ferritin is the most
widely available and affordable laboratory test that is used to
estimate the total body iron. However, ferritin level is inaccurate
in predicting total body iron, especially in patients with NTDT.
It is thus important to establish the patient’s relation of ferritin
with LIC by a gold standard test (liver biopsy or MRI with R2

or R2* window). As ferritin broadly tracks LIC, it can then be
used to monitor the iron status if the resources are limited.
Nevertheless iron-sensitive MRI methods remain the most
accurate non-invasive test to estimate and follow tissue iron
burden.23

ENDOCRINE AND BONE DISEASE
Bone disease, growth impairment and endocrine abnormalities
(including hypogonadism, infertility, growth retardation, dia-
betes, parathyroid and thyroid abnormalities) are among the
most common and often overlooked complications of thalassae-
mia.24 Several factors may contribute to endocrinopathies in
patients with thalassaemia, including the degree and chronicity
of anaemia, effectiveness of iron chelation and toxicities of med-
ications such as deferoxamine.15 Frequent monitoring for the
signs and symptoms of endocrine disorders, regular laboratory
and radiographical investigations, establishment of effective che-
lation and a multidisciplinary approach are important to
improve patients’ health and QOL.16 25

STEM CELL TRANSPLANTATION
Allogeneic stem cell transplant is currently considered the only
curative option that is widely available for patients with thalas-
saemia.26 The outcome of transplant for children with thalassae-
mia has improved considerably due to more effective
preparative regimens with less toxicities and better supportive
care. Patient selection has a significant impact on the success of
transplant; poor chelation status, presence of portal fibrosis and
hepatomegaly are associated with reduced probability of sur-
vival.27 With modern regimens and using human leucocyte
antigen-identical matched sibling donor, a thalassaemia-free sur-
vival of >85% are expected among children.28 Chronic
graft-versus-host disease and infertility, however, remain poten-
tial long-term complications.26 As a result, the decision to
proceed with transplant in children with thalassaemia is compli-
cated and should consider the patient’s risk factors for poor
outcome, availability of high-quality comprehensive transfusion
programme versus access to experienced transplant centre, avail-
ability of optimal stem cell donor/source and also the QOL of
the patient on chronic transfusion versus the situation post-
transplant. Few studies have looked into the cost-effectiveness of
transplant versus chronic transfusion. In a study from Thailand,
transplant was associated with higher lifetime cost but better
clinical outcome and quality-adjusted life year.29 When inter-
preting these results, it is important to keep in mind that the
outcomes and lifetime costs of each approach can vary consider-
ably depending on the local healthcare system. Future research
should focus on the better selection of patients who will benefit
from transplant and improvement of transplant regimens and
donor selection. The challenge for countries where the thalas-
saemia is common but resources for chronic care is limited
would be to establish transplant centres where this curative
option can be successfully implemented.

QOL IN THALASSAEMIA
QOL has been defined by the WHO as ‘an individuals’ percep-
tions of their position in life, in the context of the culture and
value systems in which they live, and in relation to their goals,
expectations, standards, and concerns’.30 Another succinct
description by a UK patient with thalassaemia is ‘the opportun-
ity to have a job, get married and have children’.31 Using that
definition, the situation for patients with thalassaemia is far
from perfect with employment rates of 47%–70%, marriage
rates of 20%–45% and low fertility rates.31–34

1054 Amid A, et al. Arch Dis Child 2015;100:1051–1057. doi:10.1136/archdischild-2014-308112
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Patients with thalassaemia consistently report lower QOL
scores compared to the general population. This has been
demonstrated in both developed and low/middle-income coun-
tries, with the most impact on physical and general health, with
a smaller effect on mental health. In adults, a study found sig-
nificantly worse QOL in most subdomains with the largest
effect size being in general health. Older patients and women,
as well as those with more disease complications, were affected
the most.35 36

Similarly in children, studies have shown significantly reduced
QOL in all physical, emotional, social and school functioning
domains. The QOL seems to be more affected in children from
low-income and middle-income countries (such as Egypt and
Thailand) compare to their North American counterparts.37 38

Additional areas of concern include anxiety and depression in
patients. Of interest, 29% of caregivers reported having signifi-
cant depression, thus reinforcing that the effects of the disease
are not limited to the patient.39

So what can be done to improve the QOL of patients with
thalassaemia? As clearly demonstrated in the paediatric data,
better overall healthcare has a large impact, with children
treated in developed countries self-reporting QOL scores that
approach that of the healthy population. Efforts to improve
healthcare in low-income and middle-income countries would
go a long way to advance the patients’ QOL. Finally, stem cell
transplant, when successful, can significantly improve patients’
QOL.40 As a starting point, thalassaemia clinics should start rou-
tinely measuring QOL to better determine which management
approaches can have the most impact.

NON-TRANSFUSION-DEPENDENT THALASSAEMIA
NTDTs include the group of thalassaemia phenotypes that do
not require regular erythrocyte transfusions for survival. In
these patients, however, the chronic haemolysis and ineffective
erythropoiesis lead to a diverse array of complications such as
leg ulcers, increased risk of thrombotic disease, pulmonary
hypertension, liver disease, increased risk of hepatocellular car-
cinoma, cholelithiasis, endocrine disease and bone disease.41

While regular transfusions theoretically may prevent some of

these complications,42 43 one must balance the commitment to
chronic transfusion and chelation versus the disease-related mor-
bidities. In NTDT, occasional transfusions should be considered
in periods of acute stress or special clinical scenarios such as
pregnancy, surgery, infections or severe haemolytic crises in
HbH disease.44 More frequent transfusions should be consid-
ered in the context of growth failure, declining Hb levels
coupled with significant splenomegaly, skeletal changes or exer-
cise intolerance. In these patients, splenectomy should be
avoided, if possible, as it has been shown to be associated with
an increased risk of complications. As mentioned above, patients
with NTDT are at increased risk of iron overload secondary to
ineffective erythropoiesis, even in the absence of regular transfu-
sions and assessment of iron status should be considered starting
at the second decade of life.43 44

In patients with NTDT, living with an apparently milder thal-
assaemia phenotype may not necessarily translate into better
adaptation of patients with the disease. When compared to
patients with TDT, patients with NTDT are typically diagnosed
at an older age which may limit psychological adaptation to the
disease and lead to increased prevalence of anxiety in
NTDT.45 46 This may also contribute to the poorer QOL
observed in adult patients with NTDT versus patients with
TDT. While appropriate follow-up and treatment may help in
improving QOL in patients with NTDT, future research should
specially emphasise on this important aspect of patient care.

A GLOBAL PERSPECTIVE ON THALASSAEMIA
As stated previously, the availably of comprehensive care, effect-
ive iron chelation and accurate modalities for monitoring of
tissue iron content have translated to significant improvements
in the health and QOL of patients in developed world.
Unfortunately, this cannot be said for those who are born in
resource-poor countries.2 In these settings, safe blood for effect-
ive transfusions may not be readily available and carries the risk
of transfusion-transmitted viral/parasitic infections. In endemic
areas, the impact of thalassaemia on the donated blood pool can
be enormous. For example, in Iran, almost 25% of donated
pRBCs are used for patients with thalassaemia.47 Furthermore,

Table 3 Properties of the three approved iron chelator compounds

Drug name Deferoxamine Deferiprone Deferasirox

Recommended dose 30–60 mg/kg/day 75–100 mg/kg/day 20–40 mg/kg/day
Method of delivery Subcutaneous or intravenous Oral Oral
Dosing frequency Infusion over 8–12 h for 5–7 days a week.

In severe iron overload or in cardiac disease, it can be
given continuously

Three times a day Once daily

Half-life (iron-free drug) 20–30 min 3–4 h 12–18 h
Mode of elimination of
iron-bound drug

Urine, faeces Urine Faeces

Adverse effects Ocular, auditory, growth retardation, local reactions,
allergy

Gastrointestinal upset, arthralgia,
neutropenia/agranulocytosis

Gastrointestinal upset, rash, ocular, auditory
toxicity, increases in creatinine, increased hepatic
transaminases

Available doses 500 and 2000 mg vials 500 and 1000 mg tablets. Oral
solution 100 mg/mL

125, 250 and 500 mg tablets

Approximate cost in
Canada

US$60 per 2000 mg vial US$30 per 1000 mg tablet US$40 per 500 mg tablet

Comments Extensive experience, less cost and availability makes
deferoxamine most widely used iron chelator in
resource-poor setting.
The mode of delivery and its half-life are associated
with poor compliance

Good option for patients with
significant cardiac iron overload.
Limited data on its safety in
children younger than 10 years

Better compliance due to once-daily oral dosing
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effective chelation may not be widely available and is associated
with significant cost for families or healthcare systems resulting
in suboptimal iron chelation. Consequently, many children with
thalassaemia die during adolescence. In such settings, the
emphasis of the healthcare system should be on the establish-
ment of strategies for disease prevention, including effective
screening, family counselling, prenatal diagnosis and the option
of elective termination of affected pregnancies.5 While the
success of prevention programmes has been demonstrated in
several countries,48–50 unfortunately these approaches are
source-intensive, may not be considered acceptable in some soci-
eties due to religious or cultural reasons and can be associated
with significant logistical challenges. To effectively address these
concerns, a coordinated approach is required that involves aca-
demia, governments, non-governmental organisations, religious
authorities and industries. The best programme is the one to be
based on the resources and values of the society in which the
prevention programme is being implemented. Further efforts
should focus on addressing the safety and availability of blood
supplies, effective and yet affordable chelation medications,
accessible surveillance programmes and improving the psycho-
social concerns and QOL of patients.
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