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ABSTRACT
Thalassemia is a heterogeneous group of genetic disorder with the defective synthesis of one or more globin chains. βthalassemia is a global disease with high prevalence in Africa, Southeast Asia and Mediterranean countries. In Malaysia,
the α and β-thalassemia are the commonest. In the articles that we reviewed, transfusion-dependent β-thalassemia is
highly associated with complications related to thalassemia such as cardiovascular disease, endocrine disorders, skeletal
deformities and others. Following advancements in β-thalassemia major treatment, cardiovascular disease remains the
leading cause of mortality in β-thalassemia major patients. Thalassemia-associated cardiac pathology includes several
conditions, such as myocardial dysfunction, arrhythmias and atrial fibrillation. Endocrine disorders, caused by iron
deposition in the gland, resulting in impaired endocrine function. The commonest presentation is short stature followed
by impaired puberty, abnormal thyroid function and diabetes mellitus. Moreover, skeletal complications remain a
challenge. The most prevalent complications are malocclusion of the teeth, frontal bossing and chipmunk facies whilst
osteoporosis, osteopenia and fracture are seen in a minority of the patient. Although comprehensive care has resulted
in long-term survival and good quality of life, poor management will lead to complications that increase the treatment
cost. However, genetic study (DNA analysis) examines the deletions and mutations in the α and β-globin-producing
genes that help to correct diagnosis and improve management in thalassemia patients.
Keywords: β-thalassemia major, Hemosiderosis, Cardiomyopathy, Endocrinopathy, Skeletal complications

INTRODUCTION
β-thalassemia major is an inherited hemoglobinopathy
which is passed to an individual following mutation within
the genes coding the β-globin chain.1 It’s an autosomal
recessive genetic disorder characterised by a reduced or
absent β-globin chain synthesis. β-thalassemia is
profoundly common in Africa, Mediterranean nations and
Southeast Asia, including Malaysia. The latest study done
in June 2020 showed 6.8% of Malaysian are thalassemia
carriers and likely to have various degrees of anaemia.
Meanwhile in Malaysia, an expected total of thalassemia
patients was 4541 as reported by Malaysian Thalassemia
Registry. The number of heterozygous carriers of β-

thalassemia patients in Malaysia has reach 4.5% of its
population. This may cause increase in the total number of
patients in the country.2 There are two key types of
thalassemia which are α-thalassemia and β-thalassemia.
They are named because of the defects in α-globin and βglobin chain. In β-thalassemia patients, β-globin chain is
either reduced (β+) or absent (β0). This will lead to an
excessive amount of α-globin chain in the red blood cells
which precipitate in the red blood cell precursors within
the bone marrow. This will cause mechanical and
oxidative damage to the red blood cell precursors in the
bone marrow leading to ineffective erythropoiesis.
Shortening of the life span of the red blood cells is seen
due to associated haemolysis.3-6
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β-thalassemia is divided into thalassemia minor,
intermedia and major. The red blood cells are generally
smaller in size and survival rate of the cells change from
15 to 20 days compared to normal red blood cells which
last up to 120 days.7 The clinical features of thalassemia
major are usually seen a few months after birth. Affected
infants failed to thrive and become progressively pale. The
individuals who are untreated or poorly treated are
probably going to encounter growth retardation, paleness
and skeletal changes resulting from the expansion of the
bone marrow. These skeletal deformities include typical
craniofacial changes, long-bone deformities of the legs and
osteoporosis.8 Thalassemia is also further classified into
transfusion-dependent thalassemia (TDT) and nontransfusion dependent thalassemia (NTDT). Individuals
that develop severe anaemia due to β-thalassemia need
regular blood transfusions for survival and optimal growth.
Over time, regular blood transfusions will result in iron
overload. Such iron accumulation over a prolonged period
may result in iron-toxicity and prompt complications such
as heart failure, malocclusion of the teeth, infections and
endocrine abnormalities.6
Objective and methodology
The objective of the study was to determine the association
between β-thalassemia major and its key complications.
We had reviewed published articles in indexed journals
from the year 2010 to the year 2020 about the key
complications associated with β- thalassemia major. The
search-engines used to find the articles were pubmed,
sciencedirect, research gate, google scholar, clinical key
and others. The keywords used to search the articles were
β-thalassemia major, hemosiderosis, cardiomyopathy,
endocrinopathy, skeletal complications.
DISCUSSION
Cardiovascular complications
Management
protocol
of
transfusion-dependent
thalassemia consists of repeated transfusions of red blood
cells along with iron chelation to get rid of excess iron
introduced with transfusions. The toxic effects of excess
accumulation of iron are mediated by free-radicals
(‘Fenton reactions’) that cause cardiac muscle injury and
ion-channel dysfunction especially when non-transferrinbound iron (NTBI) is oxidatively-active and can enter the
heart through non-specific, poorly regulated channels of
cation, leading to an overload of cardiac iron. Once labile
iron within myocyte is increased, it causes impairment of
the mitochondrial, sarcoplasmic and lysosomal
membranes further increasing oxidative stress to the
myocyte. Sodium, calcium and potassium ions are
disrupted causing conduction/repolarization disturbances
and diastolic and systolic dysfunction.9
Thalassemic cardiomyopathy and arrhythmias caused by
myocardial siderosis are the most severe side effect of iron
overload in patients with β-thalassemia contributing to

mortality and morbidity; and they account for 71% of
global deaths related to β-thalassemia major.10 The clinical
presentation of cardiac failure varies from affecting
ventricular pathology to pulmonary hypertension, to
symptomatic supraventricular arrhythmias which will
cause sudden death.11 β-thalassemia cardiomyopathy is
typically characterised by two different phenotypes, a
dilated type, left ventricular dilatation and reduced
contractility, and a restrictive type of restrictive left
ventricular filling, pulmonary hypertension and right heart
failure.12
Arrhythmia
Cardiac pathologies such as an increase in left atrial
diameter, interventricular septum diameter, and left
ventricular posterior wall diameter seem to contribute in
the
pathogenesis
of
arrhythmias,
particularly
supraventricular arrhythmias.13 In addition to atrial
fibrillation and flutter, the most common thalassemiarelated arrhythmias were premature atrial contractions,
premature
ventricular
contractions,
ventricular
hypertrophy and atrioventricular, ventricular tachycardia
and cardiac arrhythmia.12 In terms of electrocardiographic
and echocardiographic parameters, thalassemia major
patients displayed increasement of the length of P wave,
and increased length of QRS relative to normal controls.
Additionally, prolonged P wave and dispersion of P wave
are seen in patients with thalassemia major, and that they
were related to increased risk of episodes of atrial
fibrillation. It has been shown that increased length of
QRS, even among normal limits, predicts mortality within
the general population.9
Heart failure
Until chelation was introduced till late 1960s, heart failure
used to be the most common cause of death in thalassemia
major patients undergoing daily transfusions. 14 Magnetic
resonance imaging assessment of iron overload using T2*
imaging is used to measure iron loading in all organ
systems, including the heart, prior to clinical
manifestations. A cardiac T2* below 20 ms is indicative of
cardiac iron and a T2* below 10 ms carries substantial
prospective risk of cardiac dysfunction.13 Latest autopsy
data showed that iron deposition in the myocardium in
thalassemia major patients occurs preferentially in the subepicardium and iron is highly representative of total
cardiac iron in the interventricular septum.
Changes in the heart that occurs in addition to ventricular
systolic impairment include the following: (a) decreased
left atrial activity due to ventricular stiffening or direct
atrial toxicity; (b) impaired right ventricular function that
may result from increased sensitivity of the right
ventricular to the consequences of iron deposition due to
its thin wall; (c) impaired endothelial function in iron
overload; (d) impaired diastolic function by tissue of the
cardiac iron overload in Doppler imagery.14
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Pericarditis and myocarditis
Pericarditis appears to be another common cardiac
complication of the disease, along with the presence of
cardiomyopathy. Thus, in a cohort of 202 well-treated
patients, only 5% of the individuals had a history of acute
pericarditis. Myocarditis additionally tends to play a
vicinity within the pathological process of cardiomyopathy
in thalassemia patients. Thus, in an exceedingly giant
cohort of 1048 patients with thalassemia, 4.5% of cases
developed clinical features of acute myocarditis and
histopathology supported in the designation of more than
half of cases.12
Pulmonary hypertension
It is well known that thalassemia, in particular nontransfusion-dependent thalassemia (NTDT), is associated
with an elevated risk of developing pulmonary
hypertension. The key downside of the studies available in
the literature is that they are focused on echocardiographic
data, which could overestimate the important existence of
pulmonary hypertension due to high cardiac activity. 15 The
main risk factors for developing pulmonary hypertension
among β-thalassemia major patients were with
hypertension, older age, history of splenectomy and failure
of iron chelation therapy. Increased age, low body mass
index (BMI) and increasing size of splenomegaly and
hepatomegaly were factors linked to pulmonary
hypertension severity.16 Symptoms for clinical evaluation
of pulmonary hypertension can be counteracted into two
categories, those reflecting elevated pulmonary vascular
resistance and symptoms of right cardiac dysfunction and
failure.3

bound iron will increase in the blood and enters nonhematopoietic cells which may causes cell damage.18
88.4% of β-thalassemia major patients will have at least
one endocrine complication which mostly develops in the
second decade of life.19
Common endocrine complications include growth
disturbance, impaired thyroid function, impaired gonadal
dysfunction and diabetes mellitus.20 Iron deposition in the
endocrine glands lead to low production of hormones
especially growth hormone (GH) and gonadotropin (LH
and FSH).21 A study done among 35 thalassemia major
patients in India showed 87.5% of girls presented with
primary amenorrhea and low FSH and LH level while
89.47% of boys had low free testosterone. 22
Short stature
The commonest presentation of endocrine complication is
short stature.23 It is mainly due to high serum ferritin levels
during puberty.24 This leads to dysregulation of the GHIGF-1 axis and causes deficiency of growth hormone
(GH). It can also be caused by anemia, hypoxia and
chronic liver disease.25 A study was conducted among
thalassemia patients with a mean age of 9.94 which
concluded that 57% of them had short stature. The mean
height was 115.77 cm from the range of 72 cm to 148 cm.26
β-Thalassemia patients who were on oral iron chelation
therapy with deferasirox for six years or more before
reaching puberty had improvement in their final height. 27
Research was done in a hospital in New Delhi also stated
that the combination of deferoxamine and deferiprone can
prevent growth failure.28
Delayed puberty

Infection
Blood transfusions are important for the management of
severe thalassemia major; a safe blood transfusion
procedure is significant to prevent the risk of transfusion
transmitted infections. Frequent blood transfusions in
these patients increase their chance of transmitting
transfusion transmissible infections relative to the general
population.
This disparity is due to lack of properly and organised
equipped transfusion services, resulting in increased risk
of transfusion transmissible infections, hepatoxicity, iron
overload, and cardiac complications. Hepatitis C virus
(HCV) infection is the most prevalent transfusion
transmissible infections in thalassemia following infection
with hepatitis B virus (HBV) and an increased risk of
contracting the human immunodeficiency virus (HIV). 17
Endocrine complications
Endocrine dysfunction is a common complication seen in
transfusion-dependent thalassemia major patient.
Transferrin is fully saturated due to excessive iron
absorption in β-thalassemia patients. Non-transferrin-

β-Thalassemia major patients who had delayed puberty
and hypogonadism were caused by iron deposition mainly
in the pituitary gland (hypogonadotropic hypogonadism)
followed by gonads or both in both pituitary gland and
gonads.29 To ensure normal reproductive lives of patients,
MRI for detection of iron overload in pituitary gland is
needed. Spontaneous fertility is possible for well-chelation
and well-transfused hypogonadism patients. Exogenous
gonadotropin therapy can induce ovulation or
spermatogenesis in hypogonadotropic hypogonadism
patients.18 Combined chelation therapy (use of deferiprone
and deferoxamine), gonadotrophins and sex steroid can be
used as treatment for induction of puberty and fertility. 30
Thyroid dysfunction
Thalassemic patients in the second decade of life have a
higher prevalence of hypothyroidism.31 This is due to
thyroid gland infiltration, chronic tissue hypoxia, organ
siderosis (deposition of excess iron in organ tissue) and
free radical injury. All patients with impaired thyroid
function have high serum ferritin levels. Severe thyroid
hemosiderosis leads to disruption of regulatory hormone
secretions.32 In patients presenting with short stature,
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regular screening for evaluation of endocrine function is
needed.33

craniofacial changes seen are frontal bossing, enlargement
of maxilla and prominent molar teeth.42

Diabetes mellitus

Bone disease

A study showed high prevalence of abnormal glucose
metabolism in β-thalassemia major patients.34 Diabetes
mellitus is commonly seen in transfusion-dependent
thalassemia patient due to excessive iron overload and
leading to the β-cell destruction, insulin resistance
secondary to liver disease and immunity. 35 Among 30 βthalassemia major patients who needed blood transfusion,
reduce in insulin-resistant, fasting insulin and β-cell
function was seen as age increases and the number of units
transfused reached maximum level.36 Risk factors of
impaired fasting glucose and diabetes mellitus include
higher age, mean five-years ferritin, the volume of blood
transfusion and splenectomy.37 Patients with β-thalassemia
major need to go for regular follow up and screening test
for early detection, because diabetes develop gradually and
may not present the early symptoms.38 For severely
symptomatic patients, insulin should be prescribed while
for patients with milder hyperglycaemia, antidiabetic
drugs should be used as treatment.35

Furthermore, osteoporosis and osteopenia are also widely
seen in -thalassemia major patient and it is detected by a
decline in both the bone mineral density (BMD) and bone
turnover. Besides that, it is also known as the significant
complication that leads to morbidity in -thalassemia
major patients.43 The cause of this bone ailment is
multifactorial; both genetic and acquired factors lead to
demineralization of bone. With respect to the genetic
factors, the collagen type la 1 gene which is the COLIA 1
gene that encodes the type 1 collagen which is the
significant protein of the bone is affected. Whereas, with
respect to the acquired factors, the expansion of the bone
marrow caused by inadequate erythropoiesis, also certain
endocrine dysfunctions, impacts of iron overload and
chelation treatment causes this bone disease.44 According
to a study done in Italy, it stated that the highest prevalence
of osteoporosis is seen in males compared to females. 45

Skeletal complication
Another common complication of -thalassemia major is
the skeletal complication. This complication is further
divided into 3 main categories which are orofacial
changes, craniofacial changes, and bone diseases that
compromise osteopenia, osteoporosis and fracture of the
bone.
Orofacial changes
The orofacial change seen in -thalassemia major patients
is the malocclusion of the teeth. The main cause of this
change is due to the overexpansion of bone marrow spaces
which leads to such changes in the orofacial bones.39
Malocclusion of the teeth is characterized as an
unpredictable impediment where the teeth are in an
irregular position comparative with the neighboring teeth
inside a similar jaw while the jaw is closed. The most
common type seen is Class 2 malocclusion. It is said that
this complication occurs due to both marrow hyperplasia
because of chronic anemia that prompts maxillary strength
and also due to mandibular retrusion caused by growth
development by various researchers.40
Craniofacial changes
Moreover, the craniofacial changes seen in -thalassemia
major patient are frontal bossing, depressed nasal bridge,
protrusion of the cheekbones and canting of the eyes which
are collectively known as “chipmunk face” occurs because
of different factors, for example, the age of the patient, the
severity of -thalassemia major, the duration of their
manifestations and the age of initiation of their blood
transfusion treatment.41 However, the most prevalent

Last but not the least, pathologic fractures among thalassemia major patient are not commonly seen but it’s
one of the remarkable skeletal complications. This is
supported by a study which was done in Thailand states
that 35.3% of the Thalassemia patients suffer from fracture
and most of them are having -thalassemia (44.1%) as
compared to those who are having alpha thalassemia
(16.9%).46 The root cause of fracture (usually seen in the
upper limbs whilst the pelvis, spine and hips are least
affected) in -thalassemia major patient is unclear
however there is a possibility that anemia is responsible for
it because there is a reduction in the hemoglobin level
which in turn impairs the oxygen delivery to the skeletal
muscles and bone thus, overtime, it decreases the bone
mineral density and influence the muscle power making it
susceptible to fracture.45,47 However, other studies have
referred to various causes including inadequate
erythropoiesis with medullary expansion, numerous
endocrine dysfunctions, deposition of iron directly to the
bone, deferoxamine-initiated bone dysplasia, and
diminished physical movement.48
CONCLUSION
Beta thalassemia major, especially in the transfusiondependent population, is commonly known to cause
numerous complications. β-thalassemia complications
include infections, iron overload, splenomegaly, delayed
puberty, skeletal deformities and cardiac complications.
Short stature is the commonest complication seen in a child
affected by -thalassemia. Excess of iron can result in
damage primarily to the cardiac, liver and endocrine
system. People with thalassemia have an increased risk of
infection which typically occurred when splenectomy was
performed. Expansion of the bone marrow makes the
bones weak and brittle, which raises the likelihood of
pathologic fractures. Among cardiovascular problems,
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congestive heart failure and arrhythmias are associated
with severe Thalassemia. The most common causes of
mortality among thalassemia patients in Malaysia were
cardiac failures (41.78%) and infections (38.16%).
Till today the bone marrow transplant (BMT), allogeneic
hematopoietic stem cell transplantation (HSCT) remains
the only definitive cure available for patients with
thalassemia. The current management available for βthalassemia major patient in most of the countries is
regular transfusion of packed red cells, effective chelating
therapy and management of complications of iron
overload. Clinical manifestations of iron overload among
regular transfusion-dependent patients progressively
develop into hypogonadism (35-55% of the patients),
hypothyroidism (9-11%), hypoparathyroidism (4%),
diabetes (6-10%), liver fibrosis, and heart dysfunction
(33%). Malaysia government nowadays started in MRI
T2* sequence investing, to evaluate and monitor
myocardial iron concentration specifically. This will help
to optimise chelation therapy for thalassemia patients.
Most of the chelation drugs available in the market are
deferoxamine (DFO), deferiprone (DFP) and deferasirox
(DFX). Prevention β-thalassemia major can be done by
premarital screening, carrier detection and prenatal testing.
Patients survival rate prolonged by transfusion and
chelation therapy into the second decade. Genetic studies
mainly on DNA analysis need to be explored further
especially in investigations of deletions and mutations in
the α and β-globin-producing gene. Current advancements
in the field of medicine and genetics are expected to
provide a better outcome of the β-thalassemia major
patients in the days ahead.
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