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Morbidity and mortality patterns of
thalassaemia major patients in Hong
Kong: retrospective study

Objectives. To study the morbidity and mortality patterns of transfusion-depend-
ent thalassaemia major patients in Hong Kong, and compare the outcomes of
these patients according to different periods of birth.
Design. Retrospective study.
Setting. Paediatric departments of three regional hospitals, Hong Kong.
Subjects and methods. Medical records of thalassaemia major patients were
reviewed. Data gathered included demographic and survival data, complications
of iron overload, repeated transfusion, and bone marrow transplantation; the
probability of survival of three cohorts was also estimated.
Results. Two hundred and thirty-two patients were studied at a median age of
15.5 years (range, 1.4-30.3 years). There were 60 patients born before 1980 (cohort
1), 117 patients born between 1980 and 1989 (cohort 2), and 55 patients born
after 1989 (cohort 3). The median age of starting desferrioxamine was 8 years,
4 years, and 3 years for cohorts 1, 2, and 3, respectively. Cardiomyopathy,
diabetes mellitus, and hypothyroidism occurred in 15.1%, 8.6%, and 6.9% of
patients with thalassaemia major, respectively. The above complications devel-
oped in 5% to 12% of cohort 2 patients. Delayed puberty was present in 38.4%
and hormonal replacement for gonadal failure was required in 29.7% of evaluable
patients. Short stature was common and the median height standard deviation
score was -1.63. Twenty patients had died, and cardiomyopathy was the leading
cause of death, followed by complications of bone marrow transplantation. The
probability of survival beyond the age of 20 years was 87.6%.
Conclusion. Despite the use of iron chelation in the past two decades, severe com-
plications of iron overload still occurred even in those who started chelation therapy
early. Cardiomyopathy was the leading cause of death, while endocrinopathies and
short stature were common complications especially in teenagers and adults.
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Introduction

Thalassaemia major (TM) is the most common transfusion-
dependent anaemia in Hong Kong. The carrier rates of
α- and β-thalassaemia are 5% and 3.4%, respectively.1 β-
Thalassaemia is inherited in an autosomal recessive pattern
and is the most common type of TM. α-Thalassaemia major,
haemoglobin Bart’s Disease, previously an invariably fatal
disease, is now occasionally salvageable.2 With the intro-
duction of prenatal diagnosis, the number of newly diag-
nosed TM cases has decreased significantly. The natural
course of TM is modified by the use of the iron chelator
desferrioxamine. Without iron chelation, most TM patients
cannot survive beyond the second decade of life, and mostly
die from cardiomyopathy.3 Complications such as diabetes
mellitus (DM) and hypothyroidism are also common. Since
the early 1980s, the Hong Kong Government has provided
a free supply of desferrioxamine to all TM patients. Patients
receive daily subcutaneous infusion of desferrioxamine at
home. We, however, still encounter patients with complica-
tions of severe iron overload as a result of poor compliance
to desferrioxamine. In the early 1990s, bone marrow
transplantation (BMT) was introduced in Hong Kong as a
curative treatment for TM patients. With introduction of
these new treatment modalities in the past two decades, it is
anticipated that clinical outcomes will improve. This study
aimed to assess the impact of new treatment on morbidity
and mortality patterns of TM patients born during different
periods.

Methods

A retrospective analysis of TM patients treated by paediat-
ric departments of three regional hospitals was performed.
Medical records of all surviving and deceased patients with
retrievable records were reviewed. The patient demographic
data and information regarding treatment and compli-
cations were collected. Survival and complication rates were
compared among three different cohorts: cohort 1 for those
born before 1980, cohort 2 for those born between 1980
and 1989, and cohort 3 for those born after 1989. The
data were complete for one hospital, while the other two
hospitals did not have complete data on those patients who
had died before 1990. Therefore, mortality rates of TM
patients were underestimated for those born before 1990.

Iron chelation therapy among the three hospitals was
uniform. Patients were started on desferrioxamine after they
had received regular blood transfusion for 1 to 2 years,
ie usually at the age of 3 to 4 years. Desferrioxamine was
given as a continuous subcutaneous infusion over 10 hours
on 5 to 6 days per week. Morbidity studied included
cardiomyopathy, DM, hypothyroidism, and hypopara-
thyroidism. Patients were screened annually for echocardio-
graphic and biochemical abnormalities related to the above
complications. Cardiomyopathy was defined as the
presence of congestive heart failure without evidence of
myocarditis. Growth was analysed by height percentiles

according to local growth charts, and a height standard
deviation score (SDS) was calculated for each patient.
Puberty was assessed for all teenagers according to the
local pubertal staging scale, and the absence of signs of
puberty by the age of 16 years was considered as delayed
puberty. Girls were also checked for primary and second-
ary amenorrhoea. Severe infection was recorded and types
of infection were reported. Survival and complication data
were analysed on 1 January 2001 or at time of death.

Bone marrow transplantation was performed centrally
at one hospital. If a patient had a human leukocyte antigen
(HLA)–identical sibling, and was without cardiomyopathy
or cirrhosis of the liver, the patient would be offered BMT.
The patients were prepared for BMT with standard chemo-
therapy conditioning.4 Complication and survival rates of
BMT patients were compared with non-BMT patients. The
outcomes of the three different cohorts were also compared.

The values were expressed as a median and range for
continuous variables. Complication and mortality rates
of different cohorts were compared by Chi squared or
Fisher’s exact test as appropriate. The serum ferritin, liver
iron content, and height SDS were compared by analysis
of variance (ANOVA). The probabilities of survival and
survival without complications were predicted by the Kaplan
Meier test, and the difference among the three cohorts
was tested by the log rank test. P values less than 0.05 were
regarded as significant.

Results

A total of 232 patients were included in the study. The
male to female ratio was equal; there were 118 males and
114 females. There were 60 patients in cohort 1, and they
were all over the age of 20 years. The 117 cohort 2 patients
were aged between 11 and 20 years. The 55 cohort 3 pa-
tients were under the age of 11 years. The number of deaths
in cohort 1 was underestimated because records of some
patients who died before 1990 were not retrievable. Assum-
ing the birth rates in periods of cohorts 1 and 2 were similar,
it would be expected that about 60 patients in cohort 1 would
be missed in this study. The median age of the whole group
at analysis was 15.5 years (range, 1.4-30.3 years). Most of
the patients presented before the age of 1 year. Occasional
patients were diagnosed with TM quite late because they
initially presented as thalassaemia intermedia. Desferri-
oxamine was started in 221 patients. The median age of
starting desferrioxamine was 4 years for the whole group
(range, 1.1-18.0 years). Desferrioxamine was started at the
median age of 8 years in cohort 1 when the drug was newly
introduced in Hong Kong, whereas cohorts 2 and 3 were
started at 4 and 3 years, respectively. The serum ferritin at
time of analysis was 5140 pmol/L for the whole group
(range, 468-48490 pmol/L). The mean serum ferritin levels
were 8810 pmol/L, 6579 pmol/L, and 4525 pmol/L for
cohorts 1, 2, and 3, respectively, and there was a significant
difference among the three groups (P=0.002). Splenectomy
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was performed in 88 (37%) patients at a median age of
9 years, ranging from 1 to 23 years.

Cardiomyopathy was present in 35 (15.1%) patients with
the median age of onset at 16 years. It was more common in
older patients, 33% versus 12% versus 1.8% for cohorts 1,
2, and 3, respectively. The probability of survival without
cardiac disease at 15 years was 91% for both cohorts 1 and
2 (P=0.96). Despite iron chelation therapy being introduced
at rather a young age in cohort 2, the hazard of developing
cardiac disease in the second decade as compared with co-
hort 1 was very similar (Fig 1). Diabetes, hypothyroidism,
and hypoparathyroidism were present in 8.6%, 6.9%, and
3.4% of the patients, respectively. None of the patients in
cohort 3 had developed these endocrine complications. The
median age of developing these endocrine complications
was around 16 years, and they were more common in co-
hort 1 (Table 1). The probability of survival without DM
or hypothyroidism between cohorts 1 and 2 did not
differ significantly. Of the 46 patients treated with BMT,
only one developed DM, and none had cardiomyopathy or
endocrine complications during a median follow-up of 5

years. The median age of BMT patients at time of analysis
was 15 years (range, 6-26 years).

Of 138 patients evaluable for puberty, delayed puberty
was observed in 53 (38.4%). Among 48 females over the
age of 16 years, 13 (27.1%) did not have menarche, and
three girls had menarche but subsequently developed
secondary amenorrhoea. Hormonal replacement, either
testosterone for males or oestrogen for females, was required
in 41 (29.7%) patients. The median height percentile was
10% and the median height SDS was -1.63. In patients
below the age of 10 years, the height SDS in cohort 3
was significantly lower as compared with cohorts 1 or 2
(P<0.001) [Table 2]. Short stature was defined as a height
SDS less than -2. There were a total of 69 (29.7%) patients
with short stature, and it was more common in cohort 1
(31.7%) and cohort 2 (40.2%) as compared with cohort
3 (5.5%; P=0.003). Some patients were very short, and
about 20 to 30 cm below the third percentile, or SDS -5 to
-6. Growth hormone deficiency was suspected if the growth
velocity deviated from the normal curve, and was confirmed
by the growth hormone profile after two stimulation
tests. Only one patient was found to have growth hormone
deficiency. The bony abnormality was not systematically
studied for the whole group. Genu valgum was present in
five and platyspondyly in 10 patients with short stature.
Bone infarcts and dysplasia of metaphyseal and epiphyseal
regions have been observed on careful evaluation of
X-ray films or magnetic resonance imaging (MRI).5,6

Severe infection occurred in 19 patients. Three patients
died from infection and Klebsiella meningitis accounted for
two cases. Klebsiella brain abscess and sinusitis developed
in another three patients. The types of infection are listed
in Table 3. Severe infection occurred more commonly in
cohort 1. Anti-hepatitis C antibody was present in 32
(13.8%) patients. Elevated liver enzymes were present in
18% of patients, and the anti-hepatitis C virus–positive pa-
tients all had persistent elevation of liver enzymes. Hepa-
titis B surface antigen was uncommon and was present in
only six (2.6%) patients. Liver biopsy was performed in 83
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Table 1. Complications of thalassaemia major in Hong Kong

Cardiomyopathy Diabetes mellitus Hypothyroidism Hypoparathyroidism

No. (%) 35 (15.1) 20 (8.6) 16 (6.9) 8 (3.4)
Year of birth
   Cohort 1 (%), n=60 20 (33.3) 13 (21.7) 10 (16.7) 5 (8.3)
      Median (range) age of onset (years) 17 (9-25) 16.5 (12-21) 19 (10-25) 17 (10-21)
   Cohort 2 (%), n=117 14 (12.0) 7 (6.0) 6 (5.1) 3 (2.6)
      Median (range) age of onset (years) 14 (8.0-18.0) 14 (13.0-16.0) 14.5 (10.0-16.8) 15 (13.0-17.0)
   Cohort 3 (%), n=55 1 (1.8) 0 0 0
Male/female 20/15 10/10 6/10 4/4
Surviving 20 10 11 4
Bone marrow transplantation patients 0 1 0 0

Table 2. Height standard deviation score in thalassaemia major patients

Mean (SD) 95% CI P value

Cohort 1 (>20 years) -1.58 (1.45) -1.97 to -1.19 Cohort 1 vs 2, P=0.43
Cohort 2 (11-20 years) -1.75 (1.27) -1.99 to -1.52 Cohort 2 vs 3, P<0.004
Cohort 3 (≤10 years) -0.51 (1.0) -0.78 to -1.23 Cohort 3 vs 1, P<0.001

Fig 1. Cardiomyopathy according to birth cohort
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patients. The liver iron content was measured in 33 patients;
the median liver iron was 8.7 mg/g dry weight (range,
2.0-41.8 mg/g). Only one patient in cohort 1 had liver iron
content measured, at 13.1 mg/g. Of 24 patients in cohort
2 with liver iron content measured, the median content was
5.1 mg/g. The median liver iron content of eight patients
in cohort 3 was 9 mg/g. There was no significant difference
in the liver iron content between cohorts 2 and 3 (P=0.22).
Liver iron was also graded histologically according to
standard criteria.7 Moderate-to-severe haemosiderosis,
grades 3 and 4, was present in 35% of the whole group,
and was 57%, 30%, and 31.6% in cohorts 1, 2, and 3,
respectively. There was no significant difference in grades
3 and 4 haemosiderosis among the three cohorts (P=0.16).
Hepatic fibrosis was present in 19% of the whole group,
and was 28%, 22%, and 5% in cohorts 1, 2, and 3,
respectively. There was no significant difference in the
incidence of hepatic fibrosis among the three cohorts
(P=0.18). None of the patients had cirrhosis of the liver on
liver biopsy.

A total of 20 patients died during the study period. The
probability of survival for the non-BMT group up to 10 years,
20 years, and 25 years was 100%, 87.6%, and 79.5%,
respectively. The probability of survival for the non-BMT
and BMT groups of the three cohorts is shown in Table 4.
The survival curves for the three cohorts are shown in Fig 2.
The 3-year disease-free survival of BMT patients was 86%.
Bone marrow transplantation patients had similar survival
rates to non-BMT patients. The median age of death was

16.4 years (range, 6.8-27.4 years). Cardiomyopathy
accounted for 65% of all deaths, followed by BMT com-
plications (25.0%). Veno-occlusive disease of the liver and
idiopathic interstitial pneumonitis were the leading causes
of death in BMT patients.

Discussion

Iron chelation therapy has altered the natural course of
TM remarkably. Without desferrioxamine treatment, only
40% of patients would survive up to the age of 25 years.3

With the introduction of iron chelation therapy in Hong Kong
since the 1980s, more and more TM patients are now
surviving into adulthood. The median age of this TM co-
hort is now 16 years. Iron chelation treatment, however, is
an extremely demanding treatment. It requires daily subcu-
taneous infusion of desferrioxamine over 10 hours. The short
half-life of desferroxamine makes continuous infusion the
only effective mode of administration. Poor compliance in
some patients, especially adolescents, is not uncommon.
Morbidity and mortality due to poor compliance with che-
lation therapy have been reported in various studies.8-10

 This study has attempted to analyse all TM patients
treated in these three regional hospitals. At present, there
are about 300 TM patients treated by paediatric depart-
ments in public hospitals in Hong Kong.11 These patients
represent about 60% of all TM patients in Hong Kong.
Since treatment of TM is uniform among hospitals in Hong
Kong, the data presented in this report are likely to be

Table 3. Types of infection in thalassaemia major patients

Type of infection No. Cohort 1 Cohort 2 Cohort 3

Central nervous system
Klebsiella meningitis 3 1 1 1
Klebsiella abscess 1 - 1 -
Other brain abscess 1 1 - -

Yersinia infection
Peritonitis 2 1 1 -
Septicaemia 1 1 - -

Peritonitis of unknown organism 1 1 - -
Septicaemia

Staphylococcus 1 1 - -
Pseudomonas 1 1 - -
Other organism 1 1 - -

Klebsiella sinusitis 2 1 1 -
Liver abscess 1 1 - -
Tuberculosis 2 - 2 -
Skin abscess 2 1 1 -
Herpes zoster 1 - 1 -

Table 4. Likelihood of survival for thalassaemia major patients in relation to age

Non-BMT* 10 years 15 years 20 years 25 years

All, n=186 100.0% 94.3% 87.6% 79.5%
Cohort 1, n=53 100.0% 92.3% 86.4% 79.6%
Cohort 2, n=91 100.0% 95.7% 89.2% -
Cohort 3, n=42 100.0% - - -

BMT P value (non-BMT vs BMT)

All, n=46 97.7% 91.6% 75.4% 75.4% 0.24
Cohort 1, n=7 100.0% 100.0% 85.7% 85.7% 0.67
Cohort 2, n=26 100.0% 91.6% 71.3% - 0.132
Cohort 3, n=13 91.0% - - - 0.148

* BMT bone marrow transplantation
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representative of the Hong Kong TM population. Cardio-
myopathy is still the leading cause of death. It has been
reported that of patients who started chelation therapy late,
at around the age of 15 years, only 55% survived without
cardiac disease after 15 years of chelation therapy.8

More frequent use of desferrioxamine has been shown to
protect TM patients from cardiac disease and also to reduce
cardiac death. In cohort 1, patients were started on
desferrioxamine at the median age of 8 years, and the rate
of survival without cardiac disease at 15 years after
starting chelation treatment was 71%. This, however, must
be an overestimation because the number of patients in
this cohort probably only represented 50% of the original
number of patients born during that period. The other
50% of patients missed in cohort 1 probably died from
complications of treatment, but unfortunately the records
were not retrievable. We believe that the actual survival of
cohort 1 would be much lower than what we reported
here. Cohort 2, with complete data and desferrioxamine
started at the age of 4 years, was anticipated to have fewer
complications. However, the probability of developing
cardiomyopathy was very similar to that of cohort 1. The
median age of onset of cardiomyopathy for cohorts 1 and 2
were 17 and 14 years, respectively. This poor outcome is
related to the poor compliance with medical treatment,
especially in the adolescent age-group. Whether the new
oral chelators may improve compliance and reduce mortal-
ity is still unknown.12

Endocrinopathies are common in the older age-group as
well. As expected, cohort 1 had a higher prevalence of
DM, hypothyroidism, and hypoparathyroidism. Diabetes
mellitus and hypothyroidism were common in the patients
in this study: 21.7% and 16.7% in cohort 1, compared with
10% and 8%, respectively, in an Italian study in patients
of similar age.13 Whether this discrepancy is due to poorer
control of iron overload or genetic predisposition in these
patients requires further study. The younger patients are still
at risk of developing cardiomyopathy and endocrinopathies
as they grow older. To prevent these complications, there
must be constant control of iron balance for life.

Delayed puberty was common in the adolescent
age-group, and failure of puberty was observed in 38.4% of
patients reaching pubertal age. Hormonal replacement for
gonadal failure was required in 29.7% of patients. Gonadal
failure is related to the age of starting iron chelation. Patients
who started desferrioxamine late and with a high serum
ferritin more commonly experienced gonadal failure.14 Short
stature appeared to be the norm for TM patients; the me-
dian height percentile in this study was only 10% and the
median height SDS was -1.63. Only 9.5% of patients were
above the 50% height percentile, and these were mostly
below the age of 10 years. Chronic anaemia was not the
cause for short stature, as these patients were all regularly
transfused with pretransfusion haemoglobin above 95 g/L.
Endocrine causes were not primarily responsible for short
stature, as there was only one patient with growth hormone
deficiency. Patients with hypothyroidism all received thy-
roxin replacement. Skeletal abnormalities were common in
TM patients receiving desferrioxamine. Early start of
desferrioxamine before 2 years has been shown to produce
rickets-like dysplasia and growth failure.15,16 The patients in
this study were started on desferrioxamine, at a median age
of 3 to 4 years, but they may have been more intensively
chelated leading to more bony damage. We observed a
high percentage of bony dysplasia when radiographs were
carefully studied.5 When MRI was included in the investi-
gations, desferrioxamine-induced bony dysplasia was more
commonly identified.6 Bony dysplasia was not studied sys-
temically in this study, but clinical manifestations of genu
valgum and short trunk due to platyspondyly were observed
in some patients. Disproportionate trunkal shortening has
been demonstrated to be the cause of short stature.17,18 These
patients were usually better chelated with lower serum
ferritin levels, and thus the dose effect of desferrioxamine
accounted for the bony damage. Lowering the desferri-
oxamine dosage may reverse some of the bony abnormalities,
but this may lead to more severe iron overload. The balance
between growth needs and iron overload needs fine-
tuning.

We observed severe infection in some patients and this
led to death in a few of them.19 In non-BMT patients, infec-
tion was the second leading cause of death. The immune
system of TM patients is impaired as a result of repeated
blood transfusion or iron overload.20 Transfusion-transmitted

Fig 2. Survival according to birth cohort

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Follow-up (years)

P
ro

b
ab

ili
ty

 o
f s

ur
vi

va
l

0 10 20 30 40

Cohort 1

Cohorts according to year of birth
3: after 1989
     n=55
2: 1980-1989
     n=117
1: before 1980
     n=60

Cohort 2

Cohort 3



260      Hong Kong Med J Vol 8 No 4 August 2002

Li et al

infection is difficult to avoid completely. Hepatitis C
infection occurred in 14% of all patients. Because of this,
and haemosiderosis of the liver, TM patients may progress
to cirrhosis earlier than non-TM patients. Antiviral treat-
ment should be considered in this group of patients since
they are at higher risk of progression. The only way to elim-
inate all the above complications, however, is to cure the
underlying haematological disease. Bone marrow transplant-
ation has been shown to be effective in curing the disease,
especially if this is performed early.21 Patients with successful
transplants are free from transfusion-related complications
and have a much better quality of life. Unfortunately only
about one third of patients have HLA-identical siblings
available as donors for BMT, and the outcome of unrelated
donor or mismatched donor transplant for TM is poor.22 Gene
therapy provides hope for treatment of hereditary diseases,
such as TM, but may take many years to reach clinical use.

Conclusion

Despite the use of iron chelation therapy in the past two
decades in Hong Kong, severe complications leading to
death or significant morbidities in TM patients remain
evident. Compliance should be reinforced to reduce
complications. Short stature and endocrine dysfunction are
still common in older patients.
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