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ABSTRACT

Introduction: Thalassemia-related complications are one of the main factors that increase
morbidity and mortality in aging patients with thalassemia. This study was aimed to report
the prevalence and clinical risk factors for the complications in thalassemia.

Methods: A multi-center prospective cohort study was conducted in patients with thalassemia
aged >10 years old. Thalassemia-related complications were heart failure, pulmonary
hypertension, extramedullary hematopoiesis, endocrine disorders, infections, thrombosis and
leg ulcers. The clinical parameters significantly associated with the complications were
analyzed by logistic regression methods.

Results: The prevalence of thalassemia-related complications was 60.5% in patients with
transfusion-dependent thalassemia (TDT) and 43% in patients with non-transfusion-
dependent thalassemia (NTDT). Splenectomy was statistically associated with complications
in both TDT and NTDT patients (adjusted odds ratio (AOR) = 7.4, p-value =0.0001 and AOR =
2.6, p-value = 0.001). Age >50 years old (AOR = 2.9, p-value = 0.04) and female gender (AOR =
0.5, p-value = 0.03) were statistically associated with the complications in patients with NTDT.
Conclusion: Nearly half of the patients in this cohort had disease-related complications.
Splenectomy and advanced age were important factors for complication involvement. Early
screening for the complications may reduce the morbidity and mortality in patients with
thalassemia.

Introduction Recently, advances in understanding the pathophy-

Thalassemia syndrome is the most common autoso-
mal recessive disorder worldwide. The disease is
caused by a defect in globin genes synthesis resulting
in the abnormality of amount and quality of the
globin chain production. The clinical manifestations
of thalassemia can be classified into three different
phenotypes according to the severity of the disease
that include: (1) transfusion-dependent thalassemia
(TDT), (2) non-transfusion-dependent thalassemia
(NTDT) and (3) thalassemia minor. TDT includes
patients with severe forms of thalassemia, e.g. homo-
zygous B° thalassemia or hemoglobin E/B-thalassemia
who have severe clinical symptoms and require
regular red blood cell transfusions for survival. NTDT
includes patients with moderate forms of thalassemia,
e.g. hemoglobin H disease and some cases of hemo-
globin E/B-thalassemia who have moderate anemia,
moderate splenomegaly and require occasional red
blood cell transfusions [1,2]. Thalassemia minor
includes patients who have no clinical symptoms
and do not require transfusions.

siology of the thalassemia disease introduced novel
treatments and improved the clinical outcomes in
patients with thalassemia. Disease-related compli-
cations seem to be the challenging problem in aging
patients with thalassemia who now survive longer
than in the past [3,4]. There are many thalassemia-
related complications which are found to increase mor-
bidity and mortality of the disease that includes heart
failure [5-7], pulmonary hypertension [8-11], extrame-
dullary hematopoiesis [12-15], osteoporosis [16,17],
cholelithiasis, infections [18-20], thrombosis [21-23]
and endocrinopathies [24,25]. Several studies in the
past few years have shown the clinical risk factors for
disease-related complications that include: advanced
age, anemia, splenectomy, iron overload, severe thalas-
semia genotypes and iron chelation therapy [9,19,26—
30]. Some of these clinical risk factors had strong
associations with the subgroup of thalassemia-related
complications. Iron overload is commonly found to
be a significant risk factor for cardiac complications,
infection and endocrine  disorders  [30-33].
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Splenectomy is a strong risk factor for pulmonary
hypertension; thrombosis and chronic leg ulcers and
these complications are more prevalent in patients
with NTDT than those patients with TDT [9,21,23,27].
Screening for all of the thalassemia-related compli-
cations in all patients with thalassemia may not be
possible in a country with limited resources. Tailoring
treatment based on the patients’ risk factors might
be the best treatment modality in patients with thalas-
semia. A long-term follow-up study is needed in aging
patients with thalassemia to determine the incidence,
clinical risk factors and survival in the era of novel
therapy. Therefore, a prospective cohort study in
patients with thalassemia to determine the incidence,
overall survival and clinical risk factors for disease-
related complications in these patients is needed.

Methods

This is the initial analyses of the baseline clinical charac-
teristics data from the thalassemia registry titled ‘Epide-
miologic Study of Major Complications in Adult and
Adolescent Patients with Thalassemia in Northeastern
Thailand’, designated as the E-SAAN study. The E-
SAAN study is a multi-center prospective cohort study
in patients with thalassemia conducted at Srinagarind
Hospital, Khon Kaen University and Udonthani Hospital
that started in December 2012. This study was divided
into two phases, phase | and phase Il. This phase | study
was aimed to describe the prevalence and clinical risk
factors for major complications in patients with thalas-
semia. The phase Il study will be aimed to determine
the incidence of the major complications, the clinical
risk factors and overall survival of patients with thalas-
semia enrolled in the long-term study. Eligible partici-
pants were patients aged >10 years old with a
diagnosis of thalassemia according to genotype data.
All participants were evaluated for a history of
disease-related complications, the number of red
blood cell transfusions, iron chelation therapy and clini-
cal risk factors for the disease-related complications,
including age, gender, genotype groups by hemo-
globin typing and DNA analysis, age at first diagnosis,
age at first blood transfusion, physical examination,
complete blood count, liver function tests, renal func-
tion tests, nucleated red blood cell counts, serum ferri-
tin, serum lactate dehydrogenase, hepatitis profiles,
ultrasonography, echocardiography, bone mineral
density (if clinically indicated), computed tomography
scan (CT scan) (if clinically indicated) and magnetic res-
onance imaging (MRI) (if clinically indicated).

Disease-related complications are the sequelae of
thalassemia syndromes including;

(1) Heart failure that was defined as the presence or
the history of signs and symptoms of heart
failure according to the Framingham criteria [34].

(2) Pulmonary hypertension risk defined as a peak tri-
cuspid regurgitation velocity >2.9 m/s by trans-
thoracic echocardiography (AlokaProSound F75
sonographic system; Hitachi-Aloka Medical, Ltd,
Tokyo, Japan) [35].

(3) Extramedullary hematopoiesis defined as the
presence of clinical symptoms or evidence of
extramedulaary hematopoiesis by ultrasonogra-
phy, CT scan or MRI.

(4) Cholelithiasis was defined as the presence of gall-
stones in the gall bladder by ultrasonography.

(5) Diabetes mellitus was defined as the fasting
plasma glucose >126 mg/dl [36].

(6) Hypothyroidism was defined by the presence of
elevation of serum thyroid stimulating hormone
(TSH) more than the upper limit and the level of
free T4 that was lower than normal range.

(7) Osteoporosis was defined as the presence of
pathological fracture or the bone mineral
density T-score <2.5 SD [37].

(8) Thrombosis was defined by the presence of clini-
cal signs and symptoms of thrombosis or the
evidence of thrombosis by venography, angio-

graphy, doppler ultrasonography, computed
tomography angiogram (CT angiogram), CT
scan or MRI.

(9) Infection was defined as the history or the pres-
ence of clinical signs and symptoms of viral
infection, bacterial infection, fungal infection or
parasitic infections which were confirmed by
the isolation of pathogens from blood, pus,
stool, cerebrospinal fluid or other body fluids.

(10) Leg ulcers were defined by the presence of
chronic venous ulcers on the legs.

Genotype group classification including;

(1) B-thalassemia/hemoglobin E defined as the pres-
ence of B-gene mutation(s) and hemoglobin E
by hemoglobin type testing and or the DNA
analysis.

(2) Combined a and p-thalassemia defined as the
group of patients with Hb H disease, compound
heterozygous Hb H and heterozygous Hb E
(EABart’s disease), compound heterozygous Hb H
and homozygous Hb E (EFBart’s disease), com-
pound heterozygous Hb H with Hb CS and hetero-
zygous Hb E (EABart’'s disease with Hb CS),
compound heterozygous Hb H with Hb CS and
homozygous Hb E (EFBart’s disease with Hb CS),
compound heterozygous Hb H with Hb Pakséand
heterozygous Hb E (EABart's disease with Hb
Paksé).

(3) a-thalassemia defined as the group of patients with
hemoglobin H (Hb H) disease with hemoglobin
Constant Spring (Hb CS), Hb H disease with hemo-
globin Paksé (Hb Paksé).



TDT defined as a group of patients with thalassemia
major who require regular blood transfusions every
2-6 weeks for survival.

NTDT defined as a group of patients with thalasse-
mia who do not require lifelong regular blood transfu-
sions for survival, but may require occasional blood
transfusions in certain clinical conditions, e.g. infection,
pregnancy and surgery [1].

All participants gave consent, and the research pro-
tocol was approved by the Ethics Review Board of the
Faculty of Medicine, Khon Kaen University and
Udonthani Hospital.

Statistical analyses

Baseline clinical characteristics were reported as means
and standard deviations (SD) for continuous variables.
Categorical variables were reported as numbers and
percentages. Clinical risk factors for thalassemia-

Table 1. Baseline clinical characteristics of 380 patients with
thalassemia.

DT NTDT
Characteristics (n=91) (n=289)
Mean age + SD, years (at enrollment) 19.5+10 28 +13.5
Transfusion index = SD (ml/kg/months) 62+15 10+ 14.1
Mean hemoglobin + SD, g/dL 75+09 82+3
Mean platelet count = SD, x 10%/L 483 +265.4 349.8 +
2384
Mean nucleated RBC/100 186.8 + 256 81218
WBC + SD, x 10%/L
Mean serum ferritin + SD, ng/mL 2091 1490 + 1765
1725
Liver size + SD, cm 33+28 2+52
Time after splenectomy 2+115 1+9
Gender, n (%)
Female 56 (61.5) 183 (63.3)
Male 35 (38.5) 106 (36.7)
Splenectomy, n (%)
No 44 (48.4) 71 (24.6)
Yes 47 (51.6) 218 (75.4)
Previous complications, n (%)
No 36 (39.5) 165 (57)
Yes 55 (60.5) 124 (43)
Previous blood transfusion, n (%)
No 0(0) 16 (5.5)
Yes 91 (100) 273 (94.5)
Current iron chelation, n (%)
No 7(7.7) 130 (45)
Deferoxamine 17 (18.6) 24 (8.3)
Deferiprone 32 (35.2) 110 (38.1)
Deferasirox 3(3.3) 5(1.7)
Combined deferoxamine and 32 (35.2) 20 (6.9)
deferiprone
Genotype group, n (%)
B-Thalassemia/Hb E 91 (100) 139 (48.1)
Hb H disease 0 (0) 32 (11.1)
Hb H disease with Hb CS 0 (0) 42 (14.6)
Hb H disease with Hb Paksé 0 (0) 7 (2.4)
EABart’s disease® 0(0) 18 (6.2)
EABart's disease with Hb CS° 0 (0) 44 (15.2)
EFBart’s disease with Hb CS© 0 (0) 2(0.7)
EABart's disease with Hb Paksé® 0 (0) 2(0.7)
EFBart’s disease® 0(0) 3(1)

Notes: Hb CS=Hemoglobin Constant spring, Hb Paksé =Hemoglobin
Paksé

®Compound heterozygous Hb H and heterozygous Hb E.

PCompound heterozygous Hb H with Hb CS and heterozygous Hb E.

“Compound heterozygous Hb H with Hb CS and homozygous Hb E.

dCompound heterozygous Hb H with Hb Pakséand heterozygous Hb E.

€Compound heterozygous Hb H and homozygous Hb E.
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related complications were evaluated using the uni-
variate logistic regression and multivariate logistic
regression methods. All statistical analyses were
performed using STATA statistical software version
10 (StataCorp, College Station, TX, US.A). A p-value
of less than 0.05 was considered statistically
significant.

Results

A total of 380 patients (240 females and 140 males) were
enrolled in the phase | cohort study. Nearly half of the
patients had previous disease-related complications
(180 patients, 47.4%). Baseline characteristics of the
380 patients with thalassemia are summarized in
Table 1. The mean ages of patients with TDT and
NTDT at the time of study enrollment were 19.5 and
28 years. Splenectomy was found in 44 patients with
TDT (48.4%) and 71 patients with NTDT (24.6%).
Disease-related complications were found in 55 patients
with TDT (60.5%) and 124 patients with NTDT (43%). The
mean serum ferritin was higher in patients with TDT
than patients with NTDT (2091 vs. 1490 ng/ml). All of
the patients with TDT were (-thalassemia/Hb E. The
most common genotype in the patients with NTDT
was also B-thalassemia/Hb E (139 patients, 48.1%) fol-
lowed by EABart’s disease with Hb CS (44 patients,
15.2%), and Hb H with Hb CS (42 patients, 14.6%). The
prevalence of disease-related complications in patients
with thalassemia is shown in Table 2. The most common
disease-related complication in this cohort was chole-
lithiasis (20%) followed by infection (11.5%) and pul-
monary hypertension (5.8%). All of the disease-related
complications were more prevalent in the patients
with TDT than the patients with NTDT. Figure 1 shows
the prevalence and number of disease-related compli-
cations in the patients with thalassemia by age group.
The prevalence of disease-related complications
increased with age. The peak prevalence of the
disease-related complications in patients with thalasse-
mia was in the third decade until the fourth decade.
Univariate analysis of the clinical risk factors for

Table 2. Prevalence of disease-related complications between
patients with TDT and NTDT.

TDT, n (%) NTDT, n (%) Total, n (%)
Complications n=91 n=289 n=380
No 36 (39.5) 165 (57.1) 201 (52.9)
Pulmonary hypertension 0 (0) 22 (7.6) 22 (5.8)
Heart failure 4 (4.4) 6 (2.1) 10 (2.6)
Extramedullary hematopoiesis 2(2.2) 8 (2.8) 10 (2.6)
Osteoporosis 0 (0) 4(1.4) 4 (1.1)
Cholelithiasis 25 (27.5) 51 (17.6) 76 (20)
Diabetes mellitus 3(3.3) 0 (0) 3 (0.8)
Hypothyroidism 4 (4.4) 0 (0) 4(1.1)
Thrombosis 0 (0) 4 (1.4) 4(1.1)
Infection 17 (18.7) 27 (9.3) 44 (11.5)
Leg ulcer 0 (0) 2 (0.7) 2 (0.5)

Notes: TDT = transfusion-dependent thalassemia, NTDT = non-transfusion-
dependent thalassemia.
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Prevalence of complications (%)

10-20 21-30 31-40 41-50 >50
Age (year)

®No icati =1 icati =2 icati 3

Figure 1. Prevalence and numbers of disease-related compli-
cations in 380 patients with thalassemia by age group.

disease-related complications in patients with TDT is
shown in Table 3. Splenectomy was the only clinical
risk factor that was statistically significantly associated
with the disease-related complications in patients with
TDT (odds ratio, OR=6.1, 95% Cl 2.4-15.8 and p-value
=0.0001). Univariate analysis of the clinical risk factors
for disease-related complications in patients with
NTDT is shown in Table 4. There were two clinical
risk factors including: (1) splenectomy (OR= 2.5, 95%
Cl 1.5-41 and p-value=0.00031) and (2) female
gender (OR=0.5, 95% Cl 0.3-0.9 and p-value =0.02)
that were statistically significantly associated with
the disease-related complications in patients with
NTDT. In the multivariate analysis of clinical risk
factors for disease-related complications in patients
with TDT (Table 5), splenectomy remained statistically
proven to be associated with the disease-related com-
plications (adjusted odds ratio (AOR) = 7.4, 95% Cl 2.4-
22.1 and p-value = 0.0001). The multivariate analysis of
clinical risk factors for disease-related complications in
patients with NTDT is shown in Table 6. There were
three significant clinical risk factors including: (1) sple-
nectomy (AOR=2.6, 95% Cl 1.4-44 and p-value=
0.001), (2) female gender (AOR=0.5, 95% ClI 0.3-0.9
and p-value =0.03) and (3) age more than 50 years
old (AOR=2.9, 95% Cl 1.1-8.7 and p-value =0.04).
These factors remained the independent risk factors
for the disease-related complications in those patients
with NTDT.

Table 3. Univariate analysis of risk factors for disease-related
complications in 91 patients with TDT.

Table 4. Univariate analysis of risk factors for disease-related
complications in 289 patients with NTDT.

Variables OR 95% Cl of OR p-Value
Age group
10-20 year old 1.0 - -
21-30 year old 1.0 0.6-1.7 0.9
31-40 year old 2.1 0.9-4.9 0.07
41-50 year old 0.7 0.3-1.8 0.4
More than 50 year old 2.6 0.9-7.6 0.07
Genotype group
a-thalassemia 1 - -
Combined a and B-thalassemia 12 0.6-2.6 0.5
B-Thalassemia/Hb E 1.7 0.8-3.2 0.1
Female gender 0.5 0.3-0.9 0.02
Splenectomy 2.5 1.5-4.1 0.0003
Hemoglobin <8 g/dl 15 0.9-24 0.09
Serum ferritin >800 ng/ml 1.1 0.3-3.1 0.9

Notes: OR = odds ratio, 95% Cl =95% confidence interval.

Discussion

Disease-related complications were common in aging
patients with thalassemia. The disease-related compli-
cations were more prevalent in the patients with TDT
than those patients with NTDT (60.5 vs. 43%). Splenect-
omy was the significant risk factor for disease-related
complications in patients in both TDT and NTDT. The
prevalence and the numbers of disease-related compli-
cations increased with age in patients with thalassemia.
The disease-related complications were strikingly
increased at the third decade until the fourth decade;
this finding is similar to the previous reports of the
complications in patients with thalassemia [27,38]. An
interesting finding was that the prevalence of
disease-related complications in this cohort decreased
after the fourth decade of life. This result may be
explained by two main reasons: (1) this cohort study
recruited both transfusion-dependent and NTDT
patients. There were a wide variety of the genotypes
and phenotypes of the patients. The patients who
were diagnosed later in life were more likely to be
milder cases, and may not have presented with
disease-related complications and (2) some of the
patients who had several thalassemia-related compli-
cations might have died after the third decade of life.

Almost all of the disease-related complications were
more prevalent in patients with TDT than the patients
with NTDT. Cardiomyopathy, endocrinopathies and

Table 5. Multivariate analyses of risk factors for major
complications in 91 patients with TDT.

Variables OR 95% Cl of OR p-Value Variables AOR 95% Cl of AOR p-Value
Age group Age group
10-20 year old 1.0 - - 10-20 year old 1 - -
21-30 year old 1.0 0.3-3.2 0.9 21-30 year old 0.6 0.1-2.6 0.5
31-40 year old 41 0.4-36.1 0.2 31-40 year old 49 0.4-54.9 0.1
41-50 year old 13 0.1-15.8 0.8 41-50 year old 3 0.1-46.1 04
More than 50 year old ND ND ND More than 50 year old ND ND ND
Female gender 0.5 0.2-13 0.2 Female gender 0.5 0.2-16 03
Splenectomy 6.1 24-15.8 0.0001 Splenectomy 74 2.4-22.1 0.0001
Hemoglobin <8 g/dl 0.7 0.2-1.7 0.4 Hemoglobin <8 g/dl 0.4 0.1-1.3 0.1
Serum ferritin >1000 ng/ml 1.1 0.3-3.1 0.9 Serum ferritin >1,000 ng/ml 1.2 0.3-4.7 0.7

Notes: OR=odds ratio, 95% Cl=95% confidence interval, ND = not
determined.

Notes: AOR = adjusted odds ratio, 95% Cl = 95% confidence interval, ND =
not determined.



Table 6. Multivariate analyses of risk factors for major
complications in 289 patients with non-transfusion-
dependent thalassemia.

Variables AOR  95% Cl of AOR  p-Value
Age group
10-20 year old 1.0 - -
21-30 year old 0.7 04-14 0.3
31-40 year old 18 0.7-44 0.1
41-50 year old 0.7 0.3-19 0.5
More than 50 year old 29 1.1-8.7 0.04
Genotype group
a-Thalassemia 1.0 - -
combined a and -B-thalassemia 1.0 0.4-2.2 0.9
B-Thalassemia/Hb E 1.1 0.5-2.2 0.9
Female gender 0.5 0.3-0.9 0.03
Splenectomy 26 14-4.4 0.001
Hemoglobin <8 g/dI 14 0.8-23 0.2
Serum ferritin >800 ng/ml 1.1 0.6-1.7 0.9

Notes: AOR = adjusted odds ratio, 95% Cl =95% confidence interval.

infections are more prevalent in the patients with TDT
than those patients with NTDT. These disease-related
complications are believed to be associated with trans-
fusion-related iron loading in these patients
[6,19,31,33]. Pulmonary hypertension, thrombosis and
leg ulcers are the unique complications in the patients
with NTDT and rarely seen in those patients with TDT.
These findings are similar to the previous study by
Taher et al. [2]. They found that extramedullary hema-
topoiesis, leg ulcers, gallstones and thrombophilia
were more common in the patients with NTDT than
those patients with TDT.

Splenectomy is well established as a clinical risk
factor for several disease-related complications in tha-
lassemia, for example, pulmonary hypertension
[9,11,29,35], thrombosis [21-23] and infection
[18,19,39]. Taher et al. also found that splenectomy is
an important risk factor for almost all disease-related
complications in patients with thalassemia intermedia
[27]. This finding suggested that the splenectomized
patients were at a high risk for developing disease-
related complications. The splenectomized patients,
therefore, should be regularly screened for thalasse-
mia-related complications.

Advancing age is one of the important risk factors
for disease-related complications in patients with tha-
lassemia in many studies [26,27,29,35,38]. In this
study, advanced age was a significant risk factor for
disease-related complications in the patients with
NTDT. In patients with TDT, age was not found to be
a significant risk factor. This finding may be explained
by two main reasons: (1) the patients with TDT had
shorter survival than those patients with NTDT. The
peak incidence of disease-related complications in
patients with TDT was in the third decade of life and
(2) there were a small number of the patients with
TDT in this cohort.

An interesting finding is that in females there was a
decrease in the risk for disease-related complications in
patients with NTDT. These results may be due to the
nature of long-term follow-up in patients with NTDT.
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Female patients came more regularly for scheduled
follow-ups than male patients.

Iron overload is one of the important risk factors for
most of the major complications in patients with tha-
lassemia. Musallam et al. demonstrated that high
serum ferritin levels increased the morbidity risk in
patients with thalassemia. Their study showed that
patients with multiple thalassemia-related morbidities
had higher mean overall serum ferritin levels compared
to the patients who did not have any related morbid-
ities [40]. In this current study, however, iron overload
was not found to be a significant risk factor for
disease-related complications in neither patients with
TDT nor NTDT.

The limitation of this study is that the gold standards
for the diagnosis of the disease-related complications
were not performed in all patients. This is the initial
analyses of the baseline clinical characteristics of the
patients in the prospective cohort study. Therefore,
most of the diagnoses were based on the clinical
signs and symptoms of the complications. However,
the patients were and will be followed up in the
study. The long-term follow-up data will show more
strong evidence of the clinical risk factors and the treat-
ment outcomes in the patients with thalassemia.

In conclusion, disease-related complications were
found in almost half of the aging patients with thalas-
semia. Splenectomy and advanced age were the main
risk factors for disease-related complications in these
patients. Regular screening for the disease-related
complications should be performed in patients with
thalassemia, particularly in the high-risk patients to
improve the treatment outcomes and reduce the mor-
bidity and mortality in patients with thalassemia.
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